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I. Introduction

Definition of epidemiology

What is epidemiology? A 1964 definition (Conci-
se Oxford Dictionary) defined it precisely, though
not very usefully, as the “science of epidemics”.
Then, in 1970, MacMahon and Pugh were a bit
more precise, formulating it as a “study of the
distribution and determinants of diseases”. Their
definition briefly identified two central elements
of traditional epidemiology: among whom (whe-
re and when) and why do diseases develop? The
final wording, from the Dictionary of Epidemio-
logy (Last JM. 2001), extends its validity not only
to diseases but also to general health by two steps,
and highlights its role in disease surveillance.
Thus:

“Epidemiology is the study of the distribution of
health-related conditions or events and the fac-
tors influencing their occurrence in a particular
population and the application of its results in
the treatment of health problems”.

The key concepts in this definition reflect some
important principles of epidemiology.

Study - Epidemiology is a scientific discipline. It
uses data-centric, systematic, and unbiased sci-
entific methods to collect, analyze, and interpret
data. Epidemiological methods are usually based
on careful observation and the use of valid control
groups to assess what is being experienced, such
as the number of illnesses in a given area over a
given period or the frequency of exposure among
those suffering from the disease. It also relies on
methods from other disciplines, including bios-
tatistics, computer science, biology, economics,
and social and behavioral sciences. In fact, it is
often described as a basic science in public health,
and for a good reason. It examines health-related
phenomena, including risk factors for disease
development, morbidity and mortality data, and
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includes evaluations of public health measures
and the effectiveness of health care.

Distribution - Epidemiology deals with the frequ-
ency and pattern of health-related events in a po-
pulation:

Frequency refers not only to the number of disea-
se-related events (such as the number of cases of
meningitis or diabetes in a population), but also
to the proportion of that number to the size of the
population. The resulting ratio allows epidemi-
ologists to compare the incidence of diseases in
different groups.

The pattern refers to the occurrence of health-re-
lated events according to time, place, and per-
son-specific characteristics. Patterns of time can
be annual, seasonal, weekly, daily, hourly, week-
days or weekend, or any other time breakdown that
may affect the incidence of diseases or events. Lo-
cation patterns include geographical differences,
urban / rural differences, and the location of jobs
or schools. Person-specific characteristics include
demographic factors that may be associated with
the risk of illness, injury, or disability, such as age,
gender, marital status, and socioeconomic status,
as well as behavior and exposure to environmen-
tal risks. Descriptive epidemiology characterizes
events by time, place, and person.

Influencing Factors - Any factor, event, char-
acteristic, or other identifiable entity that alters a
health condition or other specified characteristic.
Epidemiology is also used to search for determi-
nants. Epidemiologists assume that the disease
does not occur randomly in a population, but only
if there is an appropriate accumulation of risk fac-
tors or determinants. To identify these determi-
nants, we use analytical epidemiological studies
to answer the questions “why?” and “how?”. We
examine whether groups with different disease
numbers differ in their demographic, genetic, or
immunological characteristics, behaviors, envi-
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ronmental exposure, or other so-called potential
risk factors. Ideally, the results provide sufficient
evidence to take immediate and effective public
health action.

Health-Related Conditions or Events - Epide-
miology originally focused on infectious disease
epidemics, later shifting the focus to endemic
infectious and non-communicable diseases. By
the middle of the 20™ century, advanced research
methods had been developed and applied in the
fields of chronic diseases, injuries, birth defects,
and youth, occupational, and environmental
health sciences. They then began to examine be-
haviors related to health and well-being. Nowa-
days, molecular testing methods can take import-
ant steps in the study of genetic markers of disease
risk. In fact, the term health-related conditions or
events can be considered anything that affects the
well-being of the population. Nevertheless, unfor-
tunately, the term “illness” continued to be used to
refer to health-related conditions and events.
Specific populations - Epidemiologists and cli-
nicians have different interpretations of the “pa-
tient”. The clinician focuses on the health of the
individual, while the epidemiologist focuses on
the health of the community, and the population.
The “patient” of the clinician is the individual; the
“patient” of the epidemiologist is the community.
For example, when a patient presents with diar-
rhea, the clinician focuses on treating and caring
for the individual, while the epidemiologist focus-
es on identifying the exposure or source that is
causing the disease and prevents the opportunity
for further spread in the community.

Application - Epidemiology is not only the study
of the health status of the population, it also in-
cludes the synthesis of the knowledge gained
during the studies, and its transfer to communi-
ty-based practice. The clinician uses his or her sci-
entific knowledge, experience, and patient pref-
erences to make a diagnosis and treatment. The
epidemiologist also draws on the scientific meth-
ods and experience of descriptive and analytical
epidemiology, while using an understanding of
the epidemiological situation and local conditions
to assess community health.

The shift to evidence-based medicine and eviden-
ce-based decision-making in the clinical setting
and in health care in general is a direct benefit of
the field of clinical epidemiology, with a focus on
applied decision-making to improve patient out-
comes. Therefore, the principles and methods of
epidemiology are applied to the evaluation or app-
lication of clinical research regarding prevention,
diagnosis, prognosis improvement, and treatment
of patients.

History of the development of
epidemiology

Although epidemiology as a discipline has flouris-
hed since World War II, epidemiological thinking
began in the wake of Hippocrates (460-370 BC).
Hippocrates, the father of medicine, among other
things, studied the external and internal causes of
illness. He observed the geographical specificity
of some diseases, such as the higher incidence of
malaria or yellow fever in wetlands. He recogni-
zed that lifestyle and the physical environment
play key roles in the development of diseases and
the maintenance of health.

The average life expectancy at birth in medieval
society was 30 to 35 years, due to epidemics of
plague, influenza, tuberculosis, and typhus. John
Graunt’s (1620-1674) work, “The Nature and Po-
litical Observations Made Upon the Bills of Mor-
tality” published in 1662, which analyzed London
births and deaths, can be seen as a defining mile-
stone in development. He was the first to write
about higher birth and death rates for men, high
infant mortality, and seasonal fluctuations in mor-
tality rates. He recognized the importance of rou-
tine data collection in the study of diseases, thus
laying the foundations for modern epidemiology.
However, practical application of the new meth-
ods was delayed for nearly two centuries. Then in
1839, the English physician, William Farr (1807-
1883) organized a routine registration of the cause
and number of deaths at the Central Registry of
England and Wales. He compared mortality data
of married and single people as well as different
occupational groups. The introduction of a num-
ber of new concepts and methods can be linked
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to his name, such as the precise definition of the
population exposed to a risk factor, control group,
and other factors influencing the disease (age, du-
ration of exposure, general health).

In the 19" century, in addition to previously
known epidemics, diseases that were concentrat-
ed in large cities and clearly linked to poor hy-
giene were becoming more frequent, and a solu-
tion for one of them was due to the findings of
another physician, John Snow (1813-1858). He
was researching outbreaks of cholera to find out
the cause of the disease and prevent it from re-
curring. He made a map showing the location of
the water pumps and then looked for a connec-
tion between the households with cases of chol-
era and the location of the pumps. Based on these,
he recognized the territorial inequalities in mor-
tality, which suggested that water was the source
of the infection. To confirm his assumptions, he
gathered information about where the cholera suf-
ferers got their water from. He noticed that there
were more affected households around pump A
(“Broad Street”) than around pump B or C. Water
consumption from pump A was thus the only com-
mon factor among cholera patients. After Snow
presented his findings to municipal officials, the
pump handle was removed and the epidemic end-
ed. During his study, Snow examined the frequen-
cy and distribution of cholera and determined the
source of the infection.

In his later study, Snow observed that cholera
mortality rates were significantly dependent on
water providers in London, due to differences in
the location of water extraction and the applica-
tion of water treatment procedures. At the time of
the cholera epidemic, two providers, the Lambert
Company and the Southwark and Vauxhall Com-
pany, provided water to the areas with the highest
mortality rates. At that time, both companies were
extracting water from the River Thames, form the
part where London’s sewage had already signifi-
cantly polluted it. In 1952, the Lambert Company
relocated the water extraction site to the part of
the River Thames where the river was still free
of London sewage. The incidence of cholera then
declined significantly in the areas supplied by the
Lambert Company, while remained unchanged in
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the areas supplied by the Southwark and Vauxhall
Company. These data were consistent with the hy-
pothesis that water from the sub-London section
of the River Thames was the source of cholera.
Snow demonstrated in his epidemiological studies
that water was the source of infection and that ep-
idemiological information could be used to guide
immediate public health measures.

From the mid-19" century onwards, major ep-
idemics abated, with local epidemics and infec-
tious diseases taking over. For this reason, this pe-
riod was mainly characterized by learning about
the triggers.

The activities of Ignaz Semmelweis (1818-1865)
created the modern hospital hygiene conditions.
He was the first to show that high-lethality hospi-
tal epidemics were spreading through physicians
and nurses, and also pointed out that consistent
application of antisepsis and asepsis rules could
prevent them. With this recognition, we consider
him to be the founder of the etiology of post-par-
tum fever. His main work was published in Vien-
na in German in 1861 (Die Aetiologie, der Begriff
und die Prophylaxis des Kindbettfiebers: Aetio-
logy, Concept and Prevention of Post-partum Fe-
ver). Semmelweis’s recommendation was, “Any
medical student or physician who enters a ward
for examination should wash their hands tho-
roughly, namely in a chlorine-lime solution, loca-
ted in appropriate washbasins near the entrance to
the ward. This disinfection appears to be suffici-
ent prior to the visit. Between each examination,
the hands are to be washed only with soap and
water (1847)”.

The interpretation and approach of modern epide-
miology later expanded. Classical epidemiology
dealt almost entirely with the epidemic of infec-
tious diseases. However, in the 1930s and 1940s,
the methods of the discipline were extended to
non-communicable diseases. The period since the
Second World War has seen an explosive devel-
opment in the theoretical foundations of research
methods and epidemiology. It has been applied
to a full range of health-related conditions, beha-
viors, and knowledge and attitudes. The princip-
les of study design, data collection and analysis
techniques were formulated after World War 1II to
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help clarify and assess the risk factors for chronic
diseases. Doll and Hill’s study of the link betwe-
en lung cancer and smoking, a study of cardio-
vascular disease among residents of Framingham,
Massachusetts, are two examples of how pioneer
researchers have used epidemiological methods to
learn about chronic non-communicable diseases
since World War II. As early as the 1980s, epi-
demiological methods were used to study injuries
and violent incidents. In the 1990s, related fields
of molecular and genetic epidemiology also emer-
ged. Meanwhile, infectious diseases continue to
be a challenge with the emergence, re-emergence
or alteration of new infectious agents (Ebola virus,
Human Immunodeficiency virus (HIV) / Acquired
Immunodeficiency Syndrome (AIDS)), Resistant
Mycobacterium tuberculosis, avian influenza,
SARS-CoV - Severe acute respiratory syndrome
coronavirus).
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I1. Fundamentals of Epidemiology

The main field where epidemiology is used is the
identification of the causes of diseases, which is
essential in all areas of public health science. If
we can find out what leads to deteriorating health,
we can work on prevention. The most common-
ly used epidemiological indicators are discussed
below, including how they are calculated and the
strengths and limitations of their application. The
chapter will then review test methods that can be
used to measure the incidence of diseases and will
also outline possibilities for the comparison of
different populations.

The calculation of relative risk and odds ratio is
presented for each research type separately.

Basic types of epidemiological
indicators

Types of calculated indicators
The easiest way to get information about a particu-
lar disease is to count the number of people with
that disease. However, although it is undoubtedly
a very important piece of data, its further use is
limited. To move forward, it is also essential to
know how many patients (how large a population)
we may need to cover over what period of time.
See Table 1:
o Proportion describes the ratio of the value
of a variable to an integer. The formula =
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A/ N, where A is the fraction of N, can be
expressed in %.

. Ratio compares the frequency of a varia-
ble’s value with another variable’s value.
Formula = A / B, where A is not part of B.

o Rate A measure of the value of a varia-
ble relative to another measured quantity.
Shows the rate at which events accumulate.

Ratios

Ratio is the quotient of two related data. The gen-
eral formula is V = A / B, where A = reference
quantity, B = reference base, V =ratio.

It is generally classified into three major groups,
each of which is essential in the area for which it
has been developed.

Distribution ratio

e shows the size of a part of a population rel-
ative to the whole population.

e general shape: part / whole x 100

e dimensionless quantity, usually used as a
percentage to measure internal ratios. Its
value varies to a certain extent, from 0.0%
to 100.0% in percentage form and from 0.0
to 1.0 in coefficient form.

e Intensity ratio

e a quotient of two different but related data.

e it measures the frequency (intensity) of a
given phenomenon in the observed medi-

Table 1: Formulas for calculating proportion, ratio and rate:

numerator denominator
proportion persons with a particular disease all people (with or without a disease)
ratio persons with a particular disease people free of a specific disease
rate persons with a given disease at all people (with or without a disease)

a given time
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um. The observed medium is usually the
population or a group thereof.

e typical types: birth rates, mortality rates,
performance indicators, density indicators
(e.g. population density)

e general figure: number of events during a
given time / average number of observed
population during the same time x k

o The value of k (constant) depends on the
frequency of the phenomenon. It is usually
1000, or 10,000 or 100,000 when measuring
rare events or phenomena. When choosing
a value, the goal is to make sure the whole
part of the ratio is not zero.

e Dynamic ratio

e aratio expressing change through time; it is
the quotient of data from two time periods
or two dates

e the period or date to be compared is called
the current or reporting period, and the peri-
od or date on which the comparison is based
is called the base period

e the general form: data of the examined pe-
riod (date) / data of the base (comparison)
period (date) x 100

e comparison over time may relate to: dura-
tion / time, longer / shorter time, absolute
numbers / derived indicators

e can be used to analyze time series and deter-
mine the extent of deviations from the mean

Mean values
Mean values represent typical values for the data.

Arithmetic mean (arithmetic mean / simple aver-
age)

e (Calculation: dividing the sum of all values
in the given data/population divided by a
total number of values in the data set / pop-
ulation.

e Moving average

e procedure used to determine long-term
trends in time series. It averages adjacent
elements of longer time series into equal
periods so that the averaging begins at
each step with the next data in the original
data series (second, third, etc.).

e due to its practical importance in reducing
fluctuations and sliding the values to be
merged by one, the nature of the change
can also be traced in the new time series.

e Geometric mean

e itisused for data where the serial relation-
ship is relevant instead of the summary.

e Position means (median, mode)

e the median is the middle value of a data
set, the data that is located in the middle of
the data set, when the dataset is ordered in
an ascending or descending order. If there
is an even number of datasets, the arith-
metic mean of the two adjacent data in the
middle gives the median.

e mode: the most common/frequent value or
item in a dataset. It is used for data where
the serial relationship is relevant instead of
the summary.

Indicators for the description of a disease
Morbidity refers to the frequency of a particular
disease observed in a given population. General
formula: number of patients in one year / average
number of inhabitants in the same year x 100,000.
The incidence of the disease can be characterized
by two fundamentally different data.

One of the data gives the number of new cases
(people with the disease) detected in a given peri-
od. This is called incidence. The other type of data
gives the proportion of people with a particular
disease at a given time. This is called prevalence.

Incidence

Incidence compares the number of new patients
observed over a period of time to the average
number of the population at risk (population at
risk) over a given period. A member of the popu-
lation at risk is considered to be any person who
is still free of the disease at the beginning of the
study period, but may possibly get the disease/be-
come ill during the observation/study period, ie
will become a case. There are two types of inci-
dence indicators.
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The first is the cumulative incidence, which is
calculated for a period of time and the number of
new patients is measured for the same time inter-
val. For example, if the follow-up is annual, we
compare it to the mid-year population.

new cases during the given time period
I= xk
at-risk population

Depending on how the population at risk is de-
fined in the denominator, the calculation can give
different results. Cumulative incidence assumes
that the population as a whole was observed from
the beginning to the end of the study period. In
practice, however, many participants do not par-
ticipate in the study from the beginning (they
join later) or quit before it ends (die, move). As
a result, the follow-up time in a 5-year study may
vary significantly from participant to participant.
Example: Morbidity rate - compares the number
of new cases to the population at risk of infection.
Morbidity rate - example: out of 67 people who
attended a work dinner, 15 had gastroenteritis -
morbidity rate: (15/67) x 100 = 0.223 x 100 =
22.3%

Another type of indicator, the so-called per-
son-year incidence, takes the above phenomenon
into account when calculating the incidence. That
is, the denominator includes total person-time.
A person’s time is the sum of each individual’s
time spent at risk and is usually expressed in the
years of the person at risk. That is, how much time
each person spent exposed to a risk factor. When
a subject develops the disease, dies, or discontin-
ues participation in the study, he or she no longer
contributes to the personal time unit.

number of new patients during
the study period

PYI= xk

all particpants-years during the study period

The term person-year incidence is used in the Hun-
garian literature while in international literature it
is referred to as incidence density. There are some
limitations to its use that need to be mentioned.
To prevent systematic errors (bias), it is neces-
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sary to calculate the incidence for each subperiod
throughout the study. It is important to analyze
whether people discontinuing participation or ex-
cluded from the study form a well-defined group
or not. It is also important to accurately define the
number people/populations at risk in the denomi-
nator. For example, if you want to specify the inci-
dence of uterine cancer, men will automatically be
excluded from the population. However, another
factor is that the number of women who undergo
hysterectomy increases with age, but as they will
not develop the disease in the future, they are not
part of the population at risk any more.

Prevalence

To calculate point prevalence, the number of pa-
tients at a given time is compared to the number of
the population. Therefore, it is always a specified
number of patients at a specific time (e.g. January
1 or December 31) that is used.

persons with the disease at a given
point in time

population at risk

Duration prevalence measures the number of pa-
tients over a given period of time (e.g. one year,
two months).

umber of patients at the beginning
of a period + new patients

population at risk

The relationship between prevalence and inci-
dence can be imagined as follows: the water flow-
ing into the tank (number of new patients) repre-
sents the incidence, while the water in the tank
(total number of patients) represents the preva-
lence. In addition to new cases, the arrival of a
person with the observed disease in the population
(e.g. moving away) also contributes to an increase
in prevalence. Water flowing out of the tank in-
dicates a decrease in prevalence that may result
from spontaneous or therapeutic healing, death,
and migration (leaving the observation popula-
tion, e.g. moving).

Mortality rates presented in detail later are typi-
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cally incidence indicators, regardless of whether
they indicate a raw or cause- specific mortality
rate. They measure the incidence of death in the
population as the final stage of deterioration in
health.

Lethality measures the rate of death relative to
the number of people suffering from a given dis-
ease. In other words, it shows the patient’s risk of
death. It is not a mortality rate, as it does not com-
pare deaths to the population. It can be used as a
measure of the severity of the disease and the risk
of death due to the particular disease. It is usually
expressed as a percentage. E.g.: What percentage
of women diagnosed with malignant cervical can-
cer die from the disease.

A specific prevalence indicator is the incidence
of congenital malformations or specific develop-
mental abnormalities in neonates.

Mortality essentially refers to an incidence in the
population at risk, however, mortality rates relat-
ed to pregnancy, giving birth, and birth, such as
perinatal mortality or loss of the fetus, are gen-
erally not considered to be incidence indicators.
Perinatal mortality can be interpreted as duration
prevalence, as the sum of stillbirths (point preva-
lence) and deaths in the first 7 days of life (inci-
dence) compared to the number of births (live and
stillbirth).

Mortality indicators

Mortality refers to the frequency of deaths ob-
served in a given population.

Mortality is an indicator based on the quantifica-
tion of death as an event. We consider death to
be the definitive cessation of all signs of life at
any time after the birth of a person, without the
capacity for resurrection.

Fetal mortality in this way is not part of mortal-

ity statistics but a separate statistic. In practical
terms, regardless of the above definition, a death
event is one for which a document declaring the
fact of death is issued according to the rules and
regulations of a given country (death certificate,
death report).

Mortality rates

The crude rate is the value calculated for the
entire_population. For the determination of the
mortality rate, the following result is presented in
our example analyzing cancer mortality in 1980
below.

That is, 183.8 deaths per 100 000 population per
year.

Age specific mortality rate which is the most
commonly used category is a specific indicator —
showing mortality rates within an age group. Here
we divide number of deaths in a given age group
by the number of people in that age group.
Group-specific mortality rates are calculated for
a given group, usually for particularly vulnerable
groups (e.g. refugees, orphans).

Period-specific mortality rate is the incidence
rate of mortality in a given period (e.g. mortality
rate in a given month, mortality rate in the pre-ep-
idemic/epidemic/and post-epidemic period).

The cause-specific mortality rate is the rate of
death from a given cause in a population (e.g.
stroke mortality).

The standardized mortality rate indicator is used
to compare the mortality of multiple popula-
tions. In this case, population mortality data are
calculated by weighting the age distribution of a
common, standard-chosen population. The CSO
weights the Hungarian mortality data published in
its yearbooks by the age distribution of the WHO
standard European population.

416.481 deaths

Mortality

crude,1980)

=183,8/10°/year

in 226.546.000 population

4.684 deaths

Mortahty35—39 age group, 1 980:

=33,5 /10°/year

in 13.965.000 population
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Derived indicators

Life expectancy indicators

Life expectancy at birth is the average year that
people born in a given year can live on average
under the age-specific mortality conditions of that
year, assuming that all conditions affecting mor-
tality remain unchanged (medical status, lifestyle,
environmental effects, economic and social condi-
tions, etc.). In practice, this does provide informa-
tion about the life expectancy of the newborn, but
of the population. The actual life expectancy of
those born in a given year is usually much better
than the value calculated using the above method-
ology. Life expectancy at birth is calculated based
on mortality table data. It is the most common in-
dicator of mortality in a given population.

Life expectancy at a given age is the average
number of years that people of different ages can
still expect under the mortality conditions of a giv-
en year, assuming that conditions do not change
and are always subject to age-specific mortality
rates for the year of calculation. Similar to life
expectancy at birth, it is calculated based on the
mortality table. Its value is not the same as the dif-
ference between life expectancy at birth and that
given age, as over time, someone who reaches a
certain age has better chances of reaching longer
old age.

Health-Adjusted Life Expectancy (HALE) refers
to the number of years an individual can expect to
spend in complete health at a given age (usually
at birth), without any impairment, assuming that
his or her circumstances do not change and it is
calculated based on mortality and disease char-
acteristics of the given year. It is calculated on the
basis of life expectancy at birth, but also takes into
account not only mortality but also morbidity.

Premature death

Premature deaths are deaths that, given the current
advances in medicine, could have been prevented
with adequate application (avoidable mortality) of
these. We distinguish two groups of indicators:

1. “Avoidable mortality” means death that can be
avoided by appropriate medical treatment.

2. “Preventable mortality” means mortality that
can be avoided by applying appropriate preven-
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tive measures.

Due to different geographical and socio-economic
characteristics, the opinion of experts differs as to
the age at which deaths may be considered avoid-
able. In developed countries, there is now an in-
creasing emphasis on detecting avoidable deaths
and keeping them as low as possible:

Potential life years lost

It is a measure of premature mortality that shows
the loss of life years due to premature deaths in a
given population as a result of the conventionally
expected average life expectancy (at the time of
the agreement: 70 years). It shows the number of
years not lived out of the potential 70 years of life
expectancy. An indicator calculated from mortal-
ity data can be provided by gender, globally, but
also for a specific disease or group of diseases.
Thus, it allows for the determination of the role of
different causes of death in premature mortailty,
and provides a possibility to plan prevention and
treatment measures.

The following rates are calculated:

e crude ratio: which gives the number of years
not lived from the potential life expectancy
of 0-70 years per given population, usually
per 100 000 inhabitants.

e standardised ratio: where the number of
years not lived from the potential life ex-
pectancy of 0-70 years per given population
group is calculated by weighting the age dis-
tribution of the common population chosen
as a basis for comparison. The CSO weights
the Hungarian mortality data published in
its yearbooks by the age distribution of the
WHO standard European population.

Excess mortaliy

It measures the mortality of a selected popula-
tion against a reference mortality rate. In practice,
this is usually a mortality rate set as a target to
be achieved. Excess mortality thus measures the
deviation of the actual mortality observed in the
study population from the reported mortality rate.
Its method of measurement is primarily indirect
standardization, and the resulting index is one of
the indices.
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Disability-adjusted Life Years

DALY (Disability-Adjusted Life Years) summa-
rizes in a single indicator the number of years of
life lost due to premature death — i.e.mortality
(YLL) and the number of years of lived with dis-
ability (YLD). A ,,DALY” equals one year of life
lost that could have been lived in complete health.
This indicator has been developed to measure and
quantify the burden of a disease.

Basic epidemiological studies

The grouping of epidemiological studies is shown
in Table 2.

Observation studies

In these cases, the investigator is only an observ-
er: they do not interfere in any way with the devel-
opment of the processes. They only observe and
measure the incidence of a health-related event
or disease, and occasionally compare exposed or
non-exposed groups to try to find risk factors as-
sociated with a particular event or disease.

Descriptive studies

Descriptive epidemiology examines the distribu-
tion of diseases, particularly the affected popula-
tion or subpopulation (e.g. by age, sex, occupa-
tion), the geographic areas it is the most or least
common at, and how frequency of the disease
has changed over time. Different types of stud-
ies measure a given phenomenon based on the si-
multaneous examination of three aspects: person,
place, and time.

Time

The incidence of certain diseases changes over
time. Some of these changes happen on a regular
basis, while others are unpredictable. There are
diseases which occur at the same time each year,
such as the flu. In contrast, for example, hepati-
tis B infection or salmonellosis can occur at any
time. In the case of seasonal diseases, their oc-
currence can be anticipated; control measures (for
example, an influenza vaccination campaign) can
be implemented. In the case of sporadic diseas-
es, studies are carried out to identify the causes
and modes of transmission and appropriate target
measures will be developed to monitor and pre-
vent the further occurrence of the disease. In both

Table 2: Main types of epidemiological studies (table by authors)

Type of study
Observational studies
Descriptive studies
Case report

Case series

Cross-sectional (prevalence) study

Ecological (correlation) study

Analytic studies

Ecological (correlation) study
Cross-sectional (prevalence) study

Case-control study

Cohort study

Intervention (experimental) studies

Randomised controlled (clinical)studies
Areal intervention studies

Community intervention studies

Unit of study

an individual
an individual
an individual

population

population
individuals
individuals

individuals

patients
individuals

communities
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cases, visualization of disease incidence through
time patterns through time is important. Time data
is usually displayed on a two-dimensional graph.
The y-axis represents the number of cases; and
the x-axis represents time. The time scale may en-
compass years or even decades depending on the
given disease but may only indicate days or hours.
In the case of chronic diseases, long-term tenden-
cies are more important, while in the case of a
food-borne infection, the time scale ould usually
represent only hors or days. Timely occurrence of
a disease is usually depicted using a line graph or
a histogram.

Place

Local description of the occurrence of the dis-
ease helps to determine the geographical extent
and geographical variations of the problem. The
characterization may include not only the place of
residence but also the geographical area relevant
to the occurrence of the disease. It could be, for
example, the place where the diagnosis was made,
place of birth, school, hospital unit, or even the
most recent travel destination. The unit can be a
continent or country, or even an address, a hospi-
tal wing, or an operating room. Sometimes it does
not refer to a specific place, but to a category of
place (for example: urban or rural, domestic or
foreign). Analysis of the data based on location
can identify communities at increased risk for the
disease. Location data can also be displayed in
table, but representation on a map is often more
useful in everyday practice.

Persons

As personal characteristics can influence the dis-
ease, personalization and analysis of data can re-
late to people’s internal characteristics (age, gen-
der), biological characteristics (immune status),
acquired characteristics (marital status), activities
(occupation, leisure activity), health behavior
characteristics (physical activity, nutrition, alco-
hol consumption) or living conditions (socio-eco-
nomic situation, access to medical care). Age and
sex are usually included in all data sets as they
are the two most commonly studied characteris-
tics. However, depending on the disease and the
available data, it may be necessary to analyze
other personal variables. Personal information is
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usually displayed in tables or graphs.

Descriptive epidemiology thus attempts to answer
the questions “Who?”, “Where?” and “When?”.
It can focus on individual data collection, de-
scription of a disease for a single person (case
study) or even data from national health surveys
in several countries (prevalence study). In addi-
tion, most routinely collected population-level
data, including their appearance in different geo-
graphical areas and their time-varying proportions
(time trends), are also covered by descriptive ep-
idemiology. Descriptive studies and reports are
essential to identify health-related problems and
make suggestions that may answer the question
,Why?”. This allows the generation of a hypothe-
sis that can be used as the basis for analytical epi-
demiological studies presented in the next section.
In this chapter, we take a close look at the most
common types of descriptive data, where they
come from, and review some examples of how to
use these data.

Case presentation and series of cases

The identification of a new or recurrant problem
often begins with studies based on individual data,
which may involve a description of a case or the
preparation of a so-called case series. These are
detailed descriptions of one or more diseases that
are unusual for some reason. This may be because
the disease has not been seen before, or it has oc-
curred in people who are not usually expected to
develop the disease, possibly or in an area where it
has not been reported before. The significance of
the above is that we are able to generate a hypoth-
esis about a given problem based on the informa-
tion from the descriptions. One classic example
of a case report is a 1961 publication reporting
the case of a 40-year-old premenopausal woman
receiving oral contraceptive treatment for endo-
metriosis. She developed pulmonary embolism 5
weeks after starting treatment. Previous evidence
suggests that pulmonary embolism is more com-
mon in older postmenopausal women, so the no-
tifying physician hypothesized that the drug may
have been the trigger in this case.

An example of a series of cases was the diagnosis
of Pneumocystis Carinii pneumonia in five previ-
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ously healthy homosexual young men within half
a year in 1980-1981 from 3 Los Angeles hospi-
tals. This form of pneumonia used to affect almost
exclusively immuno-suppressed elderly people,
which meant it was a new, unknown disease which
was then called acquired immune deficiency syn-
drome. (Acquired Immunodeficiency Syndrome =
AIDS). In 1982, advanced Kaposi’s sarcoma and a
disease of fever of unknown origin, lymphadenop-
athy, were reported in Denmark, in 4 previously
healthy homosexual men, one of whom later died.
Subsequent studies revealed that the patients’ im-
mune systems were severely damaged. Three of
the four patients had never been to the U.S. where
acquired immuno-deficiency syndrome was de-
scribed, but the possibility arose among European
homosexual men admitted to hospital with fever
of unknown origin, splenic lymph node lesion,
opportunistic infection, or Kaposi’s sarcoma. The
following example also highlights the importance
of case studies. In Australia, 78 babies were born
in 1941 with cataract and some with heart fail-
ure. The cases occurred in a similar form over a
certain period of time, in different areas. Based
on these facts, Norman McAlister Gregg hypoth-
esized that there was an association between the
occurrences and that a severe Australian rubella
epidemic, between 1940-41, was responsible for
the congenital abnormalities. They developed as
a result of an infection suffered during early preg-
nancy. Of the 78 children born with cataract, 68
mothers contracted the infection during pregnan-
cy. Based on all this, a congenital triad (deafness,
cataract, heart failure) resulting from the mother’s
rubella infection was described in 1943. Due to
the selective nature of these descriptions and the
limited amount of information they contain, they
provide little evidence of causal relationships and
cannot say much about patterns of disease occur-
rence. However, they can help identify health-re-
lated problems, thus generating a hypothesis and
providing a basis for further detailed studies to
facilitate health promotion activities.

Crossectional study (prevalence)
In these studies, data are collected on a ,cross-sec-
tion’ of the population on health status and / or

factors affecting it at a given time (or in practice
for a short period of time during the study). There
are both descriptive and analytical forms. The
characteristics of the descriptive form are outlined
below. It is not suitable for the exploration of a
causal relationship; it only shows whether the risk
factor was present at the given time, i.e. the point
prevalence.

Numerous surveys have been conducted to meas-
ure the prevalence of various aspects of health,
including diseases that are not recorded in other
routine statistics but relate to more common dis-
ease groups (obesity, diabetes), health behavioral
characteristics (smoking, sunbathing, nutrition),
or access to and utilisation of healthcare services.
These surveys are essential to gain information
about health burden, needs, and services beyond
hospital data. A wide range of sampling and data
collection options are available for conducting
surveys as described above, including question-
naire surveys, phone and in-person interviews,
and sometimes very detailed physical examina-
tions such as the NHANES- National Health and
Nutrition Examination Survey in the USA.

A classic example of prevalence studies in the
United States, following the publication of the
National Health Survey Act in 1956, was the pe-
riodic data collection on the prevalence of acute
and chronic diseases and health care utilization.
This included personal interviews in households,
standard physical examinations and laboratory
tests. The protocol was supplemented in 1971
with a Health and Nutrition Examination Survey
investigating dietary habits of a randomly select-
ed population.

Studies of this kind are primarily aimed at survey-
ing a sample of the population in order to learn
about the prevalence of diseases and determinants
in the community, often to promote health promo-
tion measures.

During the cross-sectional examination, the re-
sults are recorded in a 2x2 contingency table, and
then the point prevalence of the examined disease
/ health behavior/ characteristic and the selected
risk factor is calculated (Table 3.).
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Table 3: Structure of the cross-sectional study

PATIENT
Total
Yes = No
E
X Yes a b a+tb
P
@)
S
E No c d c+d
D
a+tc btd
= atbtct
Total ate bid N = atb+c+d

Point prevalence of the disease examined (P,) in
the exposed population:

a

: .= x k
B,in the exposed population
atb
in the non-exposed population:
C
= x k
.in the non-exposed population
c+d
in the whole population:
atc
PB’ PK,in the whole population: N x k

Point prevalence of the examined risk factor (P, )
among patients:

a

= X k
K.in the diseased population
atc
in the healthy population:
b
. = x k
K.in the healthy population
b+d
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in the whole population:

a+b

x k

K. in the whole population_

N

Ecological (correlation) studies

A descriptive epidemiological study based on ag-
gregated data is called an epidemiological study
using ecological or aggregated data. An example
is when we map the average alcohol consumption
per capita in each country. It does not show who
consumes how much alcohol in each country or
what the distribution is behind the averages, with
regard to individuals or over time. All it reveals
is the amount of alcohol consumed per capita per
year and the differences between the values in the
countries included in the study.

Although descriptive epidemiology cannot pro-
vide strong evidence for the causes of diseases,
the creative use of its methods can provide new
ideas about causation, thus helping to generate
new hypotheses. These hypotheses should then be
tested through analytical studies capable of prov-
ing causal relationships, which will be discussed
in the next chapter.

Analytical studies

Analytical epidemiology examines the causal fac-
tors in the development of diseases. It seeks to find
a relationship between the incidence of the dis-
ease being studied and the presumed causes (e.g.
the relationship between lung cancer and smok-
ing), testing a hypothesis to determine whether a
factor considered as a causal factor may actually
cause (or prevent) the disease studied. It makes
comparisons between sick and healthy people and
between those with and without exposure to the
disease. They try to answer the questions, “Why
and how do some people get the disease?” and
“How strong is the relationship between exposure
and outcome?”. According to different principles,
we have the opportunity to group the methods of
epidemiological studies, but ultimately, almost
everything goes back to the same basic principles.
The difference lies in the health condition exam-
ined and the influencing factors. Therefore, it is
important to remember that the approaches dis-
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cussed in this chapter are general and applicable
to all areas of health research.

Ecological (correlation) studies

Although this type of study has already been dis-
cussed in the previous chapter, it should be men-
tioned here as well, since if we examine the re-
lationship between an assumed risk factor and a
characteristic of a health condition, they can also
be considered as analytical studies. These studies
are also called correlation studies, and according-
ly, the relationship between the phenomena stud-
ied is often plotted on a correlation point diagram,
and the relationship between the parameters is
evaluated using the correlation coefficient.

The advantage of this type of study is that it can
be performed quickly and at relatively low cost as
it usually compares existing data with morbidity,
mortality data, or health system utilization data.
However, without the knowledge of individual
data, they can only be considered as hypothe-
sis-generating studies, not hypothesis testers.

The main limitation of their application is that
risk factors cannot be linked to the disease in a
given person; they allow for establishing popula-
tion-level associations. That is, even if we explore
the association between alcohol consumption
and chronic liver disease, individual risk cannot
be inferred even in the case of a close population
relationship. If this happens, and individual-level
changes are inferred from population-level data it
is an ecological mistake.

An example for an ecological study was a study
conducted in 1975 in which Armstrong and Doll
reported an association between cancer and die-
tary and other variables, based on data from 23
countries. Diet was shown to have been strongly
associated with several types of cancer, particu-
larly meat consumption and colon cancer. Coun-
tries with low daily meat consumption per capita
had the lowest rates of colon cancer. The study
suggested that dietary factors play a role in the
development of tumours, leading to flourishing
research in this area.

Another survey conducted in China in 1990 ex-
amined the association between Helicobacter
pylori morbidity and gastric cancer mortality in

46 counties. It was observed that counties with a
higher prevalence of H. pylori infection had high-
er rates of gastric cancer, low rates of H. pylori,
and lower rates of gastric cancer. This suggests
that H. pylori may play a role in the development
of gastric cancer. However, the fact that H. pylori
has a high prevalence but a low rate of gastric can-
cer in some counties suggests that infection alone
is not enough to cause cancer. There must be other
contributing factors. This was later confirmed by
several analytical epidemiological studies.

Cross-sectional (prevalence) studies

It has already been mentioned in a previous chap-
ter, but we shall highlight it here as well, as if we
collect data on health condition and the factors
influencing it, the main aim is to try to find a cor-
relation between these two, or if we examine the
effect of a risk factor on a particular disease we
are conducting analytical epidemiological studies.
The so-called surveys are typical cross-sectional
studies. The quantity and quality of information
thus collected allows for a much deeper analysis
in determining the relationships between health
behaviors and individual conditions.

For example the Australian National Health Sur-
vey is done in every three years; they collect in-
formation on the health behaviour (alcohol con-
sumption, smoking, physical activity) and health
status (diabetes, injuries, mental problems) of ar-
ticipants with the aim to find associations between
factors survey. According to data collected for the
period between 2004-2005, people reporting high
levels of anxiety were more likely to have been
physically inactive than those with low anxiety
levels.

Cohort studies

Cohort studies are used for establishing supposed
casual relationships between a risk factor and a
disease or illness. In an ideal case, we could the-
oretically test who are and who are not exposed
to a particular risk factor but this would in many
cases be unethical (people cannot be deliberate-
ly exposed to a supposed risk), or unpractical. In
such cases a cohort study is performed (which,
most often, is a prospective, longitudinal study).
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Initially, a cohort can be a group of healthy in-
dividuals who are followed up, to detect and ob-
serve disease incidence or a gruop of patients who
are studied to investigate the outcome of a dis-
ease i.e. the prognosis. Two groups are studied,
the exposed group and the non-exposed group.
The word ’cohort’ in a classic interpretation refers
to a subgroup of the populations established on
the grounds of the individuals belonging to this
subgroup sharing a particular characteristic which
does not change over time (e.g. born in the same
year), the shared feature can also be exposure/or
lack of exposure to the same risk factor. When
choosing the exposed cohort to be observed in-
cubation time should be taken into consideration
as it may influence follow-up time. The level of
exposure should also be determined, it may relate
to the amount of alcohol consumed, the extent of
radiation, or time spent doing physical exercise.
In such cases, subgruops can be formed according
to levels of exposure allowing for separate analy-
ses required for adequate evaluation.

There are two ways of choosing groups/cohorts
to be studied. Cohort studies fo be conducted on
the general population are usually preceded by
a cross-sectional study which helps differentiate
people with and without a disease and we can also
study the presence of a risk factor. These studies,
however, are quite costly and time-consuming
which limits their widespread use.

An example is the classic Framingham Heart
Study started in 1948 with the prior aim to iden-
tify biological and environmental factors which
may contribute to the increase in cardio-vascu-
lar mortality and related disability. 5209 persons
aged between30-60 years, residents of the city
of Framingham were included (both males and
females) and examined regularly to identify risk
factors for coronary heart disease. The study was
later continued in 1971 with the inclusion of the
children and spouses of participants belonging to
the original cohort (5 124 persons); in 2002 the
third generation (grandchildren) were included
and followed up. The more than 50 years of data
collected from residents of Framingham helped
identify risk factors associated with the increased
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risk of cardio-vascular disease including smoking
(1960), high cholesterol levels and high blood
pressure (1967), and obesity and low levels of
physical activity (1967). The identified risk fac-
tors formed an integral part of therapeutic and
prevention strategies in clinical practice.

The other method is a study based on special ex-
posed cohorts, which can also be used to analyze
risk factors that are rare in the general population.
Uranium miners, for example, are such a spe-
cial group. The control group may be an external
group with regard to exposure, such as the gener-
al population or another selected cohort. A major
advantage of the general population is the avail-
ability of mortality rates as a benchmark. Its use,
however, can be limited by the high proportion
of the special exposure cohort studied within the
population. In such cases, the control group can
only be an external, selected cohort.

Of all the observational studies, cohort studies
generally provide the best information about the
causes of the disease and allow for the most direct
measurements of the risks of developing the dis-
ease. Exposure data that are sufficiently accurate
for the study may be collected continuously dur-
ing follow-up; which also allows for the detection
of change. Importantly, however, if a cohort study
has a very long follow-up period and exposure
data were only collected at baseline, people may
have changed their observed habits over time, e.g.
smoking.

In addition, it is possible to compile a retrospec-
tive or historical cohort, which can shorten the
otherwise long follow-up time. To this end, accu-
rate recording and traceability of past exposures
of cohort members is essential to determine their
current health status. In the past, such studies were
more common, for example in the military, where,
in addition to precise personnel records, birth
characteristics (e.g., birth weight and height) were
also used to study the development of diseases.
However, in the absence of close follow-up, such
studies are usually limited to the study of mortali-
ty or the outcome of cancer, given the lack of data
collection on other non-fatal endpoints.

Marking required for analyzing data from the co-
hort study are shown in Table 4. Here again, the
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Table 4: The structure of a cohort study

CASE
Total
Yes | No
E
X Yes a b a+b
P
(0]
S
E No c d c+d
D
Total atc| bt+d N = at+b+ct+d
atc b+d

standard 2 x 2 contingency table is used. A part of
individuals who were heathy at the onset of the
study become cases, so they are placed in the “a”
field if exposed, and in the “c” field if they were
not exposed.

For cohort studies, the incidence rate, for charac-
teristics, see the section on basic types of epidemi-
ological indicators, can be calculated as follows:

a

exposed cohort

atb

C

non-exposed cohort -

c+d

Given that incidence data can be calculated in a
cohort study (as opposed to a case-control study),
they can be used to calculate relative risk (RR).
This expresses the number of times the incidence
of the disease is higher among those at risk than
among those without risk. The higher the value
of the indicator, the more likely it may be that the
risk factor has an influential role.

exposed

non-exposed

The additional risk (AR), which is the addition-
al incidence caused by exposure in the exposed
group, can be calculated as follows:

RR=

exposed ~ non-exposed

The additional risk ratio [ARR (%)], which shows
the proportion in which incidence would decrease
among the exposed population if the risk factor
was not present, calculation is as follows:

AR

Iexposed - Inon—exposed X 100

ARR(%)= x 100

exposed exposed

Main advantages and disadvantages of cohort
studies are summarised below (Table 5).

One of the most significant follow-up studies was
the British Doctors Study launched in 1951 by
Richard Doll and A. Bradford Hill. The cohort
consisted of 34 439 English physicians with a fol-
low-up of 50 years. The aim was to compare the
risks of different smoking habits among men of
different ages and to examine the risk-reducing
role of smoking cessation at different ages. They
found that smoking cessation at 60, 50, 40, or 30
years increased life expectancy by about 3, 6, 9,
or 10 years.

Case control study

In case-control studies, instead of identifying peo-
ple based on their exposure status and waiting to
see who develops the disease, data is collected in
reverse order, moving backwards. The study is
therefore, focused on the past, i.e. retrospective.
We select the people who developed the disease
studied (cases) and a representative sample of
non-patients from the population from which the
cases came (control) and then survey their previ-
ous exposure status. (Some authors prefer to call
the control group the “reference” group). For ex-
ample, if we wanted to know if smoking was as-
sociated with lung cancer, we could compare lung
cancer and non-lung cancer groups to see if their
smoking habits were different.

The case group is composed of individuals with
the disease under study (or with a particular health
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Table 5.: Advantages and disadvantages of cohort studies

Advantages

can be used in rare exposure cases

can measure several effects of one risk factor

can measure the transitional relationship between
the risk factor and the disease

it allows for measuring incidence in both the
exposed and non-exposed cohort based on which
RR can be calculated which can then be used to
calculate additional risk fractions

allows for the exact measurement of exposure

behaviour factor). The most important selection
criterion is the precise definition of the disease
and the detailed breakdown of the disease groups.
Optimally, newly diagnosed patients should pri-
marily be included in the study. In the case of rare
diseases, where the number of cases is very low,
this cannot be solved. Patient selection is usual-
ly based on the patient material of the institution
conducting the study. The advantage of this is that
information about the patients’past medical his-
tory is also available. However, it should be not-
ed that if patients are mainly from an institution’s
catchment area, certain specific risk factors may
occur cumulatively (e.g. in mining areas).

The other popular selection criterion is the territo-
rial principle when patients living in a given area
(city, county, region, etc.) are examined.

Controls should be representative of the popula-
tion from which the cases originated, so that their
frequency of exposure is very similar to the total
non-patient population. A hospital control group
can also be used, in which controls are select-
ed from patients admitted to the same hospitals
only for diseases other than the condition being
studied. Although this is a more efficient and eco-
nomical process than the selection of population
control, it obviously also has significant disadvan-
tages. This is because the controls themselves are
sick and thus different from most healthy people
who live in the source population from which the
cases originate. In fact, the distribution of risk fac-
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Disadvantages

cannot be used in rare diseases
prospective study is costly and time-consuming
loss of particpants to follow u por discontinuation

significantly affects the validity of results

loss of particpants to follow u por discontinuation
significantly affects the validity of results

tors (such as smoking, alcohol abuse, etc.) may be
much more similar to its cases than to its source
population, leading to distortion.

The principle of matching the cases means that the
members of the control group have similar char-
acteristics to the persons belonging to the case
(patient) group. The most common of these char-
acteristics is gender or age. For example, the pair
of 40-year-old male patient in the patient group
should also be around 40 years of age in the con-
trol group. Matching can be very time consuming,
labor intensive, and costly, as it may be more dif-
ficult for some patients to find a control pair.

An important issue in the selection of both cas-
es and controls is that they should be selected re-
gardless of their exposure status. For example, in
the case-control study of the use of an oral con-
traceptive pill and deep vein thrombosis, wheth-
er or not a woman is taking a pill does not affect
her chances of being selected as a case or control.
Knowledge of an individual’s exposure status can
lead to a distortion in recruitment of participants,
which is called selection distortion.

Another type of distortion occurs when the infor-
mation collected from cases and controls is not
comparable. This may occur if the interviewer
generates or interprets exposure information dif-
ferently when the individual’s disease status is
known (interviewer distortion), or because those
with the disease remember their exposure or ex-
perience more accurately than those without the
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disease, or differently than non-sufferers (recol-
lection distortion).

Table 6.: Structure of the
case-controlstudy

CASE
Total
Yes | No
E
X Yes a b a+b
P
0]
S
E No ¢ d ct+d
D
Total ate| brd N =atb+tc+d
atc b+d

During the analysis of the data, i.e. when evalu-
ating the association between the disease and the
presumed risk factor, we examine the proportion
of those exposed in the two groups. The designa-
tions refer to Table 6

a/(a+b) a/b ad
OR = = ~
c/(c+d) a/b be

The ratio of exposed:
in the patient (case) group:

group case

atc

in the control group:

b

control group

b+d

Risk measurement is not feasible in case-control
studies. This is because the incidence data re-
quired to calculate the risk (relative risk, addition-
al risk indicators) cannot be determined. For this
reason, in such studies, a relative risk estimate is
performed by providing an odds ratio. The odds

ratio (OR) compares the odds ratio of exposure
and non-exposure in the case group (a/c) and the
control group (b/d). According to this, if the dis-
ease is rare (low incidence), the number of patient
cases is low in both the exposed and non-exposed
groups. Thus, the total number of exposures (a
+ b) can be approximated by the number of ex-
posures in the control group (b), while the total
number of non-exposures (c + d) is approximately
equal to the number of non-exposures in the con-
trol group (d).

The following formula is used:

a/(a+b) a/b ad
OR = = =
c/(c+d) c/d bc

As already mentioned, additional risk indicators
cannot be calculated for case-control studies.
However, using the odds ratio, we can also esti-
mate the additional risk ratio here, if we substitute
the relative risk with the odds ratio in the formula:

RR-1 OR-1
x 100 =
RR OR

ARR(%) = %100

The main advantages and disadvantages of
case-control studies can be summarized as fol-
lows (Table 7).

A classic case-control study was conducted in
Germany in 1961. Mothers of children born with
an unusual disorder of limb development (cases)
were compared with mothers of healthy children
(control) in terms of exposure during pregnancy.
Of the 46 case mothers, 41 (89%) but none of the
300 control mothers took thalidomide in early
pregnancy. This strongly suggested that the use of
thalidomide in early pregnancy may be responsi-
ble for birth defects. This study was prompted by
data from an earlier series of cases.

Another example is a study in Tasmania, Australia,
on the causes of Sudden Infant Death Syndrome
(SIDS). Based on data from 58 cases and 120 con-
trol infants, it was formulated that infants placed
on the abdomen were found to be four times more
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Table 7.: Advantages and disadvantages of case-control studies

Advantages

relatively fast and cheap

excellent for evaluating long latency disease

optimal for the study of rare diseases

several etiological factors can be examined in
relation to a disease

likely to develop SIDS than infants put to sleep in
other positions. In addition, the risk increases if
the child is dressed too hot, sleeping in an over-
heated room and if he or she has recently suffered
from an illness. The results of the study led to the
launch of campaigns that encourage parents to
make their children sleep on their back to reduce
the risk of having SIDS.

A modern version of the design of case-con-
trol studies is the embedded case study, which
is similar in principle to the case-control study,
combining its advantages with the advantages of
prospective data collection in the cohort study. In
fact, it is a case study that is “embedded” in an ex-
isting cohort study. The cases are the cohorts that
developed the studied disease, but this time the
controls are selected from the cohorts that were
disease-free at the time the cases were diagnosed.

Interventional (expierimental) studies

Interventional (experimental) epidemiology uses
experimental methods to confirm the results of
observational analytical epidemiology. These
interventions are performed in the human pop-
ulation under close ethical control. Intervention
studies seek to demonstrate a causal relationship
between the suspected pathogen and the develop-
ment of the disease. Researchers “intervene” to
change something in the hope that it will improve
participants’ future health. We can study the ef-
fects of therapeutic or preventive interventions.
Therapeutic interventions can be performed at the
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Disadvantages

not suitable for the assessment of rare risk factors
it is usually not possible to calculate an incidence
directly

it is sometimes difficult to elucidate the causal
relationship between exposure and disease

particularly sensitive to distortion
(selection and memory)

level of individual, while preventive interventions
can be performed at the levels of individual and
population.

Randomized controlled (clinical) study

Here we study a procedure that is defined by a
specific so-called reference population to be used
later. Such a reference population may be, for ex-
ample, women over the age of conception, and the
study is a drug that has been developed for this tar-
get population. We must first precisely define the
reference population mentioned above, and then
select from this population the voluntary sample
in which the test is to be performed.

The best way to evaluate a new therapy is to iden-
tify a group of patients with the same condition
and then randomly assign them to different treat-
ments. Preventive testing differs only in that it in-
volves people who are free of the disease but are
at risk of developing the disease.

Participants are randomly assigned to one of two
or more groups defined in the study; this is called
randomization, which ensures that each group
is as similar as possible at the beginning of the
study. Members of the control group do not un-
dergo treatment, but members of the other group
receive some form of treatment. One or more con-
trol or comparison groups may be used to compare
the results of the treated group with those of the
untreated group. Generally, patients in the control
group will either not receive treatment or, if pos-
sible, will receive placebo (similar to real treat-
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ment but not active). If an acceptable standard
treatment is available, the control group should be
given this - it would be unethical to withhold it
- and this is compared to the new therapy. In prac-
tice, a treatment that has previously been shown
to be effective is usually supplemented with a new
therapeutic element, and a comparison of the con-
ventional treatment with the supplemented one is
performed. The two groups therefore differ only
in this respect, in terms of the intervention factor
examined. The effectiveness of the intervention
(treatment) is the difference between the outcome
indicators measured in the members of the inter-
vention and the control group. Because of this as-
pect of randomized controlled trials (RCTs) - the
close similarity of the groups in all respects other
than the intervention - is generally considered to
provide the best evidence of all epidemiological
studies.

RCTs are prospective studies because their design
precedes the study itself. The real experimental
setup includes an intervention, randomization,
and control group.

Another important aspect is the encryption of the
treatment, since, for example, the study of place-
bo effect can only be performed if the participant
does not know whether he or she has received real
or placebo treatment. The experimental design,
i.e. the group to which the participants belong, is
reported only after the end of the treatment. The
layout can be a single-blind experiment when
only participants do not know their classification.
In the double-blind experiment, neither the patient
nor the persons conducting the experiment know
who belongs to the experimental and who to the
control group. And the more recent triple-blind
experiment means that the classification will re-
main secret until the study results are fully eval-
uated and are not known to participants, experi-
ment conductors, or data analysts.

Of Hungarian descent, Lasz16 Tabar and his core-
searchers studied the effect of mammographic
breast screening on breast cancer mortality in two
Swedish counties (Ostergdtland, Koparberg) in a
population-based randomized controlled clinical
trial. The results of the 7-year follow-up show a
25% reduction in the incidence of stage II or high-

er advanced breast cancer and a 31% reduction in
breast cancer mortality.

Community intervention study

These are preventive studies in which the inter-
vention is carried out at the community level, usu-
ally when it would be impossible to carry out or
evaluate the intervention at the level of the indi-
vidual.

An example of this is water fluoridation and den-
tal health studies conducted in different countries.
To assess the effect of adding fluoride to water on
dental health, it is obviously impossible for some
to fluoridate water but not to others, so entire cities
have been designated to participate in the study.
The controlled study was conducted in Newburgh
and Kingston, New York, USA. After 10 years of
fluoridation, children from 6 to 16 years of age in
Newburgh had a DMF index (decayed, missing, or
filled teeth) 50% lower than children in Kingston,
where no fluoridation of drinking water was per-
formed. The assumption underlying the result was
that there was no significant difference between
the cities other than water, which could explain
the effect (i.e., it was not confusing). (Although
this and other studies have clearly shown the ben-
efits of low fluoride level for dental health, the
ongoing debate about the possible harmful effects
of fluoride on other organs in the body, especially
bones, has meant that universal fluoridation of the
water supply has not taken place.)

Another randomized, controlled community study
evaluated the effect of vitamin A supplementation
to prevent childhood death, in 229 villages in In-
donesia, children aged 1-5 years received two
doses of vitamin A, while in 221 control villages,
children received vitamin A only after the study.
Mortality of children in control villages was 49%
higher than in villages receiving vitamin A sup-
plementation.

31



[I. Fundamentals of Epidemiology

References

1.

10.

11.

12.

13.

32

Adany RV, Hajdt P. Epidemiolégiai szotar.
Medicina Konyvkiado, Budapest, 2003.
Egészségtudomanyi Fogalomtar Allami
Egészségiigyi Ellato Kozpont Available
from: https://fogalomtar.aeek.hu/index.php/
Kezd%C5%91lap [Letoltve: Pécs, 2021.
november 2.]

Armstrong B, Doll R. Environmental fac-
tors and cancer incidence and mortality in
different countries, with special reference
to dietary practices. Int J Cancer. 1975; 15:
617-631.

Ast DB, Schlesinger ER. The Conclusion
of a Ten-Year Study of Water Fluoridation.
Am J Public Health Nations Health. 1956;
46(3): 265-271. doi: 10.2105/ajph.46.3.265.
Boncz I, Vajda R, Horvathné Kivés Zs.
Epidemioldgiai alapismeretek In: Boncz 1.
(szerk.) Kutatasmodszertani alapismeretek.
Pécsi  Tudoményegyetem  Egészségtu-
domanyi Kar, Pécs, 2015; pp. 60-113.
CDC. Pneumocystis Pneumonia — Los An-
geles. MMWR 1981. 30(21): 1-3.

Decsi T. A bizonyitékokon alapul6 orvoslas.
Medicina Konyvkiad6 Zrt., Budapest, 2011.
Doll R, Peto R, Boreham J, et al. Mortali-
ty in relation to smoking: 50 years’ obser-
vations on male British doctors. Br Med
J. 2004; 328(7455):1519. doi: 10.1136/
bm;j.38142.554479.AE.

Ember I, Kiss I, Cseh K. (szerk.)
Népegészségiigyi orvostan. PTE AOK,
Pécs, 2013.

Fidy J, Makara G. Biostatisztika. InforMed
2002 Kft., Budapest, 2005.

Forman D, Sitas F, Newell DG, et al. Ge-
ographic association of Helicobacter py-
lori antibody prevalence and gastric cancer
mortality in rural China. Int J Cancer. 1990;
46: 608-611.

Gerald M. Framingham Heart Study:
The First 20 Years. Prog Cardiovasc
Dis. 2010; 53(1): 55-61. doi: 10.1016/.
pcad.2010.03.003.

Gerstoft J, Malchom-Moller A, Bygbjerg I,

15.

16.

17.

18.

19.

20.

21.

22.

23.

et al. Severe acquired immunodeficiency in
European homosexual men. Br Med J. 1982;
285:17-19. doi:10.1136/bmj.285.6334.17

. Gregg NM. Congenital cataract following

German measles in the mother. 1941. Epide-
miol Infect. 1991; 107(1): 3-14 doi:10.1017/
$0950268800048627.

Jordan WM. Pulmonary embolism. Lancet,
1961; 278(7212): 1146-1147. doi:10.1016/
S0140-6736(61)91061-3.

Karamanné Pakai A, Olah A. Elméleti at-
tekintés a tudomanyos kutatasokrol. In: Acs,
P. (szerk.) Gyakorlati adatelemzés. Pécsi
Tudoményegyetem Egészségtudomanyi
Kar, Pécs, 2014; pp. 9-32. (ISBN:978-963-
642-682-8).

Mellin GW, Katzenstein M. The saga of tha-
lidomide: neuropathy to embryopathy, with
case reports of congenital anomalies. N Engl
J Med. 1962; 267: 1184-1193, 1238-1244.
doi: 10.1056/NEJM196212062672305.
Mental health in Australia: a snapshot,
2004-05. Available from: https://www.abs.
gov.au/ausstats/abs@.nsf/mt/4824.0.55.001
[Letoltve: Pécs, 2021. oktober 20.]
Paffenbarger RS, Hyde RT, Wing AL, et al.
Physical activity, allcause mortality, and
longevity of college alumni. N Engl J Med.
1986; 314(10): 605-613. doi: 10.1056/
NEJM198603063141003.

Pakai A, Kivés, Zs. Kutatasrdl apoldknak,
Mintavétel és adatgylijtési modszerek az
egészségtudomanyi kutatdsokban. NOvér.
2013; 26(3): 20-43.

Ponsonby AL, Dwyer T, Gibbson LE, et al.
Factors potentiating the risk of sudden infant
death syndrome associated with the prone
position. N Engl J Med. 1993; 329(6): 377-
382.doi: 10.1056/NEJM199308053290601.
Sommer A, Djunaedi E, Loeden AA, et al.
Impact of Vitamin A supplementation on
childhood mortality: A Randomised Con-
trolled Community Trial. Lancet, 1986;
327(8491): 1169-1173. doi:10.1016/S0140-
6736(86)91157-8.

Tabar L, Yen MF, Vitak B, et al. Mammog-
raphy service screening and mortality in


https://fogalomtar.aeek.hu/index.php/Kezd%C5%91lap
https://fogalomtar.aeek.hu/index.php/Kezd%C5%91lap
https://www.abs.gov.au/ausstats/abs@.nsf/mf/4824.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/4824.0.55.001
https://doi.org/10.1056/nejm198603063141003
https://doi.org/10.1056/nejm198603063141003

Réka Vajda, Zsuzsanna Kivés, Imre Boncz

24.

25.

26.

breast cancer patients: 20-year follow-up
before and after introduction of screening.
Lancet. 2003; 361(9367): 1405-1410. doi:
10.1016/S0140-6736(03)13143-1.

Tabar L, Fagerberg CJ, Gad A, et al. Reduc-
tion in mortality from breast cancer after
mass screening with mammography. Ran-
domised trial from the breast cancer screen-
ing working group of the Swedish National
Board of Health and Welfare. Lancet, 1985;
1(8433):  829-832.  doi:10.1016/s0140-
6736(85)92204-4.

V. Hajdu P, Bojan F. Demografiai és epide-
miologiai modszerek a népegészségiigyben.
Literatira Medica Kiadd, Budapest, 1996.
Webb P, Bain C. Essential Epidemiology
An Introduction for Students and Health
Professionals Cambridge University Press,
Cambridge, 2010.

33



II1. Epidemiological tasks

in public health

Introduction

Due to lack of space, this chapter is not intended
to discuss general and detailed areas and aspects
of epidemiology in depth. Principles and aspects
of classic epidemiology have been outlined in
several textbooks in great detail. These textbooks
were primarily written for medical doctors, with
the aim to help the preparation for the specialist
exam in communicable diseases and preventive
medicine. The information such textbooks pro-
vide, may, on the one hand prove too much, or
from another aspect too little, for students stud-
ying public health. Public health officers do not
take part in treating patients; therefore, they may
not benefit form detailed descriptions of various
therapeutic modalities, while individual epidemi-
ological examinations and investigation proce-
dures might not be detailed adequately in these
works.

Due to the low number of resident physicans in
the area of public health, and the fact that several
positions offered at government or district offices
do not require candidates to have a specific high-
er education degree, fresh public health graduates
can mainly rely on the knowledge they gained dur-
ing their university studies. Public health officers
are expected to do most of their tasks and duties
on their own, including: updating and managing
databases of the National Public Health Center,
providing training and continuous information
for data providers working in their area, analys-
ing and interpreting surveillance data, preparing
documents on individual public health decisions
and forwarding these to the head of the district
public health authority and the county chief med-
ical officer.
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It was an integral part of the work of Dr. Ilona
Straub, the Chief Director of the National Center
for Epidemiology, to provide practical training for
colleagues involved in public health work in area
and to further highlight the necessary theoretical
background. We would hereby like to express our
gratitude to our mentor.

Surveillance

Surveillance = Sufficient information for action.
Surveillance (World Health Organisation [WHO]
definition)

Public health surveillance is the continuous, sys-
tematic analysis and interpretation of health-re-
lated data needed for the planning, implementa-
tion, and evaluation of public health practice and
timely reporting of these to decision-making au-
thorities.

Principles of surveillance

Surveillance can be described as active supervi-
sion: information for action with which we can
prevent or control the spread of disease.

It is a widely applied method for the assessment
and evaluation and follow-up of not only infec-
tious diseases but any other healthcare phenoma.
In order to be able to cut back on, or eliminate
a particular infectious disease according to health
policy plans, prior to implementing targeted
measures, it is imporant to know the incidence
and prevalence of the disease in terms of time and
space, and group(s) of the population affected.
Data collection therefore, is a vital preceding step.
A uniform definition has to be formulated to ena-
ble the comparison of collected data both in time
and space. The subsequent step includes the con-
tinuous collection, validation and analysis of data,
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and the preparation of information which is than
presented to decision makers in the form of re-
ports which would then facilitate the initiation of
adequate measures. Data collection continues, but
at this stage, with the aim to monitor the change
a given measure or intervention has resulted in,
if implemented measures have manifested in the
expected change, whether the targeted issue has
been resolved or if novel problems have surfaced.
It is not only decision-makers (local, county/re-
gional, national) who have to be aware of surveil-
lance data in time, but data providers also need
to be provided regular feedback as this generates
motivation at reporting and seems to improve the
quality of data they provide.

Surveillance is employed in all areas of public
health as this is the guiding principle encompass-
ing the entire thinking in epidemiology-related
work. Surveillance data are not only used for con-
taining infectious or communicable diseases but
also for gainingfurther in-depth knowledge about
various aspects of these diseases (which popu-
lations are more severely affected etc.), in order
to be able design and implement more precisely
targeted treament (age, sex, occupation- specif-
ic) and thus, to further increase the potential of
prevention measures and to contribute to the de-
velopment of science with new information high-
lighting previously unkown associations.

Types of surveillance

e passive surveillance: is the routine collec-
tion of automatic reports containing surveil-
lance data submitted by hospitals, clinics
and public health units to health authorities;

e active surveillance: regular contact is estab-
lished (via phone or e-mail etc.) with health-
care surveillance data providers in order to
facilitate active research into particular cas-
es during an epidemic (e.g. to identify the
cause of an accumulation of cases observed
upon analysing surveillance data or to con-
duct an international search for given cases
during an epidemic etc.);

e integrated in-patient surveillance: gener-
ates a report from data collected through

two channels (evaluation of indicators and
events) with regard to a particular health-
care problem.

indicator-based surveillance (IBS) —

e institutional surveillance: healthcare insti-
tutions send reports daily/weekly/monthy
based on an indicator (e.g. absence rate,
number of respiratory infections etc.);

e case-based surveillance: a collection of
predefined data on specific cases report-
ed by healthcare provider physicians who
are obliged to reporting these (e.g. defined
clinical symptoms and laboratory results)
(infectious/communicable cases) and sub-
sequent analysis of the epidemiological sit-
uation with regard to the given disease with
the aim to plan intervention;

e sentinel surveillance: involes a pre-ar-
ranged, representative set of healthcare
providers (sentinels, physicians looking af-
ter a certain percentage of the population)
who are obliged to report certain diseases;
it serves to help estimate the prevalence and
incidence of common infectious diseases
(influenza, STDs) in the general population;

e syndrome-based surveillance: entails col-
lection of data on patients presenting with a
pre-defined set of symptoms/clinical picture
without laboratory tests, focusing only on
the presence of symptoms. It allows for a
rapid, sensitive collection of data, although
not as specific as case-based surveillance,
whereby, they collect data on etiologically
clarified cases;

e laboratory-based surveillance: relies on the
collection of information on the number of
positive samples sent by healthcare insti-
tutions. It helps monitor change in the ep-
idemiology of a given disease based on its
incidence, regional occurrence, and specific
characteristics of the pathogen (serotype,
antibiotic-sensitivity etc.)

o surveillance of disease-specific care provid-
ers: relies on disease-specific data provid-
ed by instituions providing care for specif-
ic conditions and diseases e.g. TB-, STDs-,
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HIV/AIDS;
event-based surveillance (EBS): Event-based sur-
veillance (EBS) is defined as the organized collec-
tion, monitoring, assessment and interpretation of
mainly unstructured ad hoc information regarding
health events or risks, which may represent an
acute risk to public health:

e unexpected accumulation, epidemic of a par-
ticular disease or syndrome and/or sudden
change in disease characteristics (change
in symptomatology, disease progession, in-
crease in the number of severe cases, mor-
tality, changes in the age-spectrum, changes
in response to routine therapy, disease man-
ifestation despite vaccination, changes in
the pathogen);

e occurrence of a disease among animals that
may be harmful to humans (zoonosis), con-
taminated food or drinking water, environ-
mental pollution (chemicals, radiation);

e threat of exposure to harmful biological or
chemical substances, or radiation, natural or
man-made disasters.

Information on such events is easily accessible in
the media, on internet websites, blogs, soical me-
dia sites etc. Data included in event-based reports
should be confirmed prior to forwarding.

Case definition

Explanation of concepts: The epidemiological sit-
uation regarding a particular disease or condition
is best characterised by numbers: where? (area/
region), when? (time, period), among whom?
(e.g. age, sex, group/community) what? (disease/
symptoms) in what number? has it been detected.
The case definition made for epidemiological pur-
poses is not necessarily the same as the clinical
case defintition, as a disease may present with
various clinical pictures and a combination of
several different symptoms, therefore, the aim of
clinicians if to identify atypical cases beside those
manifesting with the typical symptomatology, in
order to gain further knowledge about the disease
in question, and develop treatment modalities.
Epidemiology, however, aims at identifying and
exploring a standard group, out of all cases of a
particular disease, which may then be uniformly
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described, so that its prevalence values (in num-
bers) could be compared in terms of time, space
and population and consequently, trends and sizes
could be assessed and evaluated. Case definition
may vary with time.

The question arises: how can we uniformly de-
scribe and define a single disease case i.e. to pro-
vide an answer to the What? question from among
all the aspects pertaining to a given public health
situation detailed above.

Structure of a case definition

A case definition usually contains symptoms and/
or epidemiological characteristics and/or labora-
tory test results.

For example a patient is a confimred case of
COVID-19 infection if ,

o they present with at least two symptoms out
of the following: dry cough, fever, shortness
of breath, sudden loss of smell or taste,

AND
e as an epidemiological prerequisite, during
the latency period
o  they were in close contact with a with
a COVID patient, OR

o are residents of an institution where
they treat a COVID patient, OR

o  have visited an area where COVID-19
has been spreading among the popu-
lation

AND

o  their smear test was positive for

SARS-CoV-2.

Levels of case definition refer to the likelihood
of a potential diagnosis:

e suspected—the given disease is only slightly
likely (e.g. only symptoms occur)

e possible — the given disease is moderately
likely (e.g. symptoms and epidemiological
features occur)

e confirmed— the given disease is high likely
(e.g. based on symptoms and laboratory test
results ).
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Sensitive and specific case definition

Data collection may be described sensitive: Sev-
eral cases may fulfil this more general case defi-
nition, resulting in a larger database about the
actual situation, which may however, be quite
heterogenous in quality. For example, if a disease
is only defined by its symptoms (syndrome-based
surveillance, e.g. fever, cough), among the cases
collected, there will be many patients suffering
from different diseases but presenting the same
symptoms. This is a fast method that does not re-
quire much resources and equipmen,t but cannot
distinguish among diseases caused by various res-
piratory viruses (e.g. clinical surveillance of flu:
flu-like illness)

On the other hand, if the data collection is more
specific (e.g. besides symptoms, the detection of a
give pathogen is also required e.g. SARS-CoV-2),
there will be a smaller number of cases, the data
collection process will be slower (e.g. sample tak-
ing and laboratory test - rapid test or PCR will
be needed), consequently, this will be more costly
and due to the equipment needed but will there-
fore, be more informative with regard to the par-
ticular disease.

Uniform data collection enables a comparison of
data, which is important because, if our aim is to
collect data about a certain disease or medical
condition, we have to be able to compare these
data with those collected by other systems (nation-
al, European, Global databases) to make sure that
it is the same phenomenon we are dealing with.
Surveillance data need to allow for monitoring
changes in the prevalence of a disease through
time; using a uniform case definition makes it
possible to convert data reflecting change in the
epidemiology of a disease through time into num-
bers. However, in order to be able to evaluate
data in the long term, it is also important to know
how surveillance changed throughout the given
period: what was the exact case definition used in
that given period, what platform was used for the
collection of information (paper-based, digital)
and whether there were changes in the diagnostics
of the disease in question etc.

Data have to be comparable in time and space
as well in order to allow for the comparison of
the epidemiological situation of different regions
with each other.

There may be several case definitions for the same
disease or medical condition depending on what
the information is intended to be used for.

Steps of surveillance

1. lIdentification and documentation of the
case into a record system — first, it has to
be examined whether the case meets the
criteria of the given case definition, and
what level evidence the diagnosis is based
on (suspicious, likely, confirmed). The time
of data collection also has to be registered
(identification and recording has to be per-
formed immediately upon receiving infor-
mation about the case). Exactness, precision
and completeness of data are crucial : all
data required/rubrics should be completed
if possible (e.g. reception of infectious case
report forms by the National Professional
Information System (OSZIR);

2. reporting: promptly, within the time inter-
val defined by the surveillance (24 hours/
one week, etc.) the case has to be reported
to the surveillance centre (on a general or
disease-specific, unique examination sheet);

3. analysis (time, location, person) and inter-
pretation of data. Data analysis has to be
continuous and regular in order to detect
significant changes of trends in time (e.g.
weekly, monthly, annual analyses and re-
porting );

4. detecting and confirmation of registered
cases/events: local investigation, further
data collection (precise identification of
disease onset, patient characteristics, pre-
disposing factors, special exposure), the use
of a more specific case definition, laborato-
ry confirmation, identifying people at risk
(those exposed and their contacts), (report-
ed cases, case accumulation, investigation
of an epidemic), preventive measures (ed-
ucation of those exposed and diagnosed pa-
tients, prophylaxis, vaccinations etc.) based
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on the location and the cases;

increased preparedness: assessment of
availability of staff with regard to their
number, qualification, educational/training
background and equipment needed (diag-
nostic equipment, vaccines, prophylaxis,
care centers for the exposed cases, medica-
tion supplies etc.) ;

response steps (intervention planning, co-
ordination steps, risk communication plan,
community acceptance);

risk communication: positive feedback on
reporting information, real-time exchange
of information, recommendations, opinion
sharing, informing those at risk;
monitoring, assessment, supervision, revi-
sion and feedback with the aim to devel-
op the surveillance system, it provides as-
sessment on efficacy of surveillance and
response actions: timeliness, information
quality , preparedness (levels, management
of cases),and the implementation of all the
above steps. Feedback to the health care
staff that has sent the report with the aim to
motivate their future cooperation and facili-
tate timely, quality reporting.

Characteristics of surveillance in operation:
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public health significance of the disease un-
der surveillance,

aims and operation of surveillance,
resources required,

evidence for...

o usefulness,

o  characteristics of the system,
o simplicity,

o flexibility,

o data quality,

o acceptability,

o sensitivity,

o  positive predictive value,

o representativeness,

o timeliness,

stability.

Planning surveillance
1) The scope of surveillance (disease,health-

care condition/phenomenon)
e selection of a disease/ phenomenon that
has a significant public health impact
(high morbidity and/or mortality, con-
siderable burden of disease on society),
e ... is effectively preventable by evi-
dence-based public health measures
o via aspecific measures (using hy-
gienic interventions targeting the
source of infection, source of trans-
mission or suspected organism e.g.
through isolation, disinfection,
sterilisation within the transmission
medium e.g. food, drinking water
hygiene etc. ),

o applying disease-specific measures
(e.g. vaccination).

2) Aims of surveillance

e follow-up of aphenomenon with known
epidemiological characteristics and the
evaluation of the efficacy of introduced
measures,

o endemic disease: the aim is to keep
the occurrence of diseases below a
certain level, to detect an epidemic,
to detect accumulation of a disease,
to contain, and in the long run, to
eliminate disases/an epidemic,

o importable diseases, a disease ca-
pable of spreading: the aim to alert
the population, to stop the disease
from spreading and to eliminate it
from a given country;

e novel disease, phenomenon: definition
of fundamental epidemiological char-
acteristics (in time: seasonality, cyclic-
ity; in space:endemic areas; regarding
sexes: female/male dominance; regard-
ing age: high risk age groups, cohort:
age-specific nature, lethality); identi-
fication of factors relating to exposure
and risks, intervention planning etc.)

3) Database design

e decision about the format (excel, etc.);
e single disease/case/event, single record,
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single line-identifier (ID identity (per-
son/case/event identifier);

e application of grouping principles (time
and areal units, age groups, sexes etc.)
respecting national traditions and cus-
toms, and disease characteristics;

e determination of the features of records
(data fields: onset, site/location, name,
date of birth etc. , format — text/ numer-
ic; principles: self-administered/min-
max values/ dictionary);

Analysis of surveillance data

1.)

2)

3.

4.)

5.)

Data cleaning: filtering out duplicates, val-

idation of registered data (quality check of

data fields);

checking completeness of data

e have reports been received from all/
most data providers: identify lack of
data, non-supplier institutions and the
reasons;

e completeness of all fields of a record —
lack of data in a field, quantity check —
a characterisitc of surveillance;

checking timeliness of data ( time interval

between the creation and receiving of data—

min/max/average/optimal — determines the

effectiveness of response to data, upon late

receival of data, response and actions taken

might lose acuity or may result in decreased

efficacy— a vital element of surveillance;

calculation of summed values (all cases/all

deaths reported per area for a time period

etc.);

generation of rates and indices

See chapter on the fundamentals of epide-

miology.

Disease accumulation and epidemics

Explanation of concepts

Accumulation

Cumulative occurrence of an infectious disease,
symptoms or a pathogen within a given time pe-
riod or location that is more than the usual or ex-
pected number of cases.;

Epidemic

refers to an often sudden, significant in-
crease in the number of cases above what is
normally expected or over a certain thresh-
old in a given population or area during a
period of time,

at least two cases that are epidemiologically
associated and the association can be prov-
en by public health evidence;

Therefore, from a public health perspective,
it is not the absolute value of case num-
bers that matters, it can only be determined
whether there has been an increase in the
prevalence of a particular disease or phe-
nomenon in the preceding days/weeks/or
during same time periods of previous years,
through comparison (if the disease shows
seasonal variance).

Disease accumulation is identified through
analysing surveillance data obtained from
functioning, ongoing surveillance systems.
Actual data are always compared to those
obtained on previous days/weeks or corre-
sponding seasons of previous years, and if
increased case numbers are detected an ac-
cumulation is confirmed. It is important to
examine and evaluate the extent of change:
minor change can be completely random
but bigger changes (eg: above 5%)should
be taken into consideration.

Thereafter, the cause of an accumulation
should be investigated:

has there been a change in surveillance?
(Has the reporting system, or the case defini-
tion changed? Have data providers received
feedback and whether they have beed alert-
ed? etc).

has there been a change in laboratory diag-
nostics?,

is the seeming increase in case numbers due
to delayed reporting? etc.,

or is there a real epidemiological reason in
the background (potent infection source or
medium).

Upon detecting disease accumulation, the
focus is not on individual cases, at this stage
there is no information about their potential
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epidemiological connection; only the rise in
case numbers t is detected.

Detecting an epidemic

a.) The detection of an epidemic is not neces-
sarily based on reporting.

b.) The presence of an epidemic can also be
suspected if the analysis of surveillance
data reveals that a part/the majortiy of cases
indicating an accumulation seem to be con-
nected not only in time, but also in space
e.g. (patients are from the same town or
community), and/or share other character-
istics (e.g. belong to the same age-group).

c.) Connection between two individual cases
can be established by their epidemiological
examination. Two cases show an epidemio-
logical connection:

e if one infected patient or symptomless
individual was in contact with the oth-
er infected patient or symptomless in-
dividual during the latency period of
the disease which may have resulted in
transmitting the infection (links in the
chain of infection) or,

e both have been in contact with the same
infection source (/ive organism) or,

e both individuals have been exposed to
the same agent (environmental exposi-
tion: water, food, aerosol etc.).

d.) Laboratory surveillance can also detect an
epidemic by identifying a given sub-group
of a certain pathogen through a laboratory
typing (serotype, phage type, etc.)in some
of the reported cases.

It is important to gain as much information as
possible from the reporting institution/or person.
Subsequent to thorough questioning, data should
be precisely recorded and an official report should
be compiled.

Regarding the reporting person/institution, the
following information should be provided: name,
occupation, status and involvement with respect
to the epidemic, (e.g.head of institute, subordinate
employee, infected person, and patient with diag-
nosed disease), contacts including a phone num-
ber the person can be contacted at.
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Regarding the epidemic: location including exact
adress , the community involved, the event, infor-
mation about onset, number/potential patient size,
place of care ( home/health care institution— se-
verity, the site of the public health examination
), suspceted medium/media (contaminated food,
airborn infection etc.) if known.

Investigation of an epidemic
1.) Preparation for field work

In public health, time lost cannot be made
up for! With regard to dangers and extent of
damage, the point at which a chain of infec-
tion is interrupted by implemeting measures
has considerable impact e.g. at the second
or fifth generation of patients. The investi-
gation of a suspected epidemic is an emer-
gency task in public health. Work does not
end until the confirmation of an epidemic
and its size are determined (whether addi-
tional help is required for the investigation,
whether the epidemic exceeds county or
district boundaries), irrespective of work
hours, weekends or holidays.
Although social media platforms are po-
tential sources of suspicious happenings
and situations an epidemic requires person-
al investigation. Availabilities should be
colllected of all persons possible who can
provide information including those in lead-
ership positions, employees, event partii-
pants, affected patients, exposed persons,
acquintances etc. Although phone numbers
or email addresses may suffice for immedi-
ate contacting, personal and on site collec-
tion of information may prove useful upon
collecting personal or sensitve data - health/
medical information — which may also sup-
port credibility and trust.
Superiors, county/national level authori-
ties should be notified about a suspected
epidemic and also about planned investiga-
tions.
Information has to be collected about previ-
ous epidemiological situations with regard
to the given syndrome/disease in the affect-
ed region, including social and societal im-
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pact, public transport, institutional/organi-
sational structures etc.

A team of investigators should be assigned and

2)

travel to the investigation site should be ar-
ranged (logistics). Furthermore: communi-
cation, sample taking equipment, question-
naires, record books, documents and stamps
etc. should be arranged and provided.

Confirmation of an epidemic and clinical
diagnosis

The questions an epidemiologist wants an-
swers for include: Who? Where? When?
An epidemic has to be investigated imme-
diately!

The investigation starts with data collection.
At first, an experienced professional has to
interview at least 6-8 diagnosed patients in
great detail about the disease, the circum-
stances of disease onset with the aim to
find commonalities. The interviews should
mainly be conducted through open-end-
ed questions that allow patients to enlarge
upon their own personal experience. Based
on these interviews, a fixed, multi-question,
detailed, so-called hypothesis-generating
survey should be completed and subse-
quently analysed to highlight similarities
of the cases which will also help identify at
risk populations/groups.

Further information should be collected
about the results of potential, earlier clin-
ical and microbiological laboratory exami-
nations, if they are still in progress, when to
expect the results, where the results are, and
if it is possible to arrange for more detailed
examinations. Case definition and search
for further cases

A new case definition has to be formulated
for the epidemic that is different from the
one used in surveillance: the new definition
entails only cases of the current epidemic.
Levels of this case definition (suspicious,
likely, confirmed) indicate how likely it is,
that the case belongs to the current epidem-
ic. Case definitions change throughout an
epidemic. Initially, it is more useful to apply

3.)

a more general, sensitive definition in order
to identify ma larger number of cases.

The next step is to detect potential patients
(the more the patients identified, the easier
it is to know how the disease spreads, and
statistical analyses are also more accurate).
Data can be collected from the patients
themselves, or in the case of minors/elderly
from parents/family members, kindergar-
ten/school staff, GP, paediatric GP, hospital
physician (treating physician, pathologist)
or laboratory.

The most important issues include: disease
onset, symptoms, body temperature, phy-
sician visit, medications prescribed, and
whether these improved symptoms, wheth-
er the patient has a history chronic diseases,
what medications they take for these, and
the current status of the patient. Patients
need to be warned about the importance of
seeing a doctor with their symptoms.
Patient data are first collected in a database
which is later converted into an expendable
version to allow for novel aspects of the ep-
idemic to be added.

The next stage is the confirmation of the sur-
veillance of the given disease/syndrome i.e.
the data source - e.g. GP, laboratory - data
provider persons/institutions are informed
about the epidemic and the importance of
reporting cases. They should receive infor-
mation about possible, specific, diagnositic
measures, therapeutic interventions and in-
stitutions providing care. Search for cases
is carried out by health care facilities (hos-
pital, GP’s surgeries, outpatient care units).
Patients are divided into those exposed but
symptomfree (controls) and, those sick with
the disease based on systematically inter-
viewing those at risk.

Identifying at risk populations

Knowing the common points of the hypoth-
esis-generating survey and characteristics
of the most common infectious diseases
(source of infection, characteristic ways of
spreading) it becomes possible to outline
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4.
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the development and spread of the epidem-
ic, and thus, we can determine the popula-
tions that have been potentially exposed and
those at risk.

In case of an endemic, a competent person
has to be asked to make a list of all persons
belonging to the community, which helps
detemine the extent of the endemic in terms
of the number of people potentially ex-
posed at kindergartens, schools per group or
class,; in factories, e.g. per shift and office
workers separately.

In the case of an airborne endemic, usually
the whole community is considered as po-
tentially exposed, it may, however, happen
that the disease manifests only in smaller
groups, e.g. among people attending the
same class. In the case of a foodborne out-
break those considered exposed will ob-
viously include those that have consumed
the food and the kitchen staff. The further
spread of the pathogen through contact
should continuously be monitored which
may result in an increase in both the num-
ber of those exposed and that of those diag-
nosed during the investigation.

A shorter, hypothesis-testing questionnaire
containing closed (yes/no) questions should
be constructed from the long, hypothe-
sis-generating surveycontaining open-end-
ed questions which should then be admin-
istered to as many diagnosed patients and
members of the exposed (at risk) popula-
tion as possible. The results of this survey
will form the basis of the statistical analysis
which will then reveal evidence for sources
of the infection and media of transmission.

Taking microbiological samples

It is essential to know if samples have al-
ready been taken from the patient and
whether there are results pending. If there
have been no prior efforts at an aetiological
diagnosis, no laboratory examination has
been ordered, it is essential to take steps
in this direction as soon as possible, as in
public health “time lost cannot be made up

for”, as with time passing it becomes more
and more difficult to identify the pathogen
from patient samples. Physicians, and in
the case of an enteral illness, patients and
their family members, should be provided
sample-taking kits/tools, the most effective
way is, when these are handed over during
a public health examination subsequent to
a short instruction on how they should take
the sample, and how to complete the exam-
ination request form.

Samples should be collected from /0% of
patients involved in an epidemic, at least
10 patients, in order to be able to more se-
curely identify the pathogen. No conclusion
can be drawn from one positive sample, as
the presence of one particular pathogen can
arise from mere chance or can be a side re-
sult as well. Results thus received cannot be
used for drawing aetiological conclusions.
However, if several pathogens are identified
by the laboratory it has to be decided which
are responsible for the outbreak and which
are mere side results.

If a large number of samples are expected to
arrive at the laboratory, it is crucial to logis-
tically facilitate fast and safe reception of
these samples (official/authorised delivery
as the investigation of an epidemic is an of-
ficial duty). Laboratories always have to be
informed about the potential arrival of sam-
ples and about the examinations requested.:
whether they will require culture media etc.,
so that the staff can prepare for the fast ex-
amination of samples. Laboratories may
receive samples at weekends or holidays as
well in the case of a large-scale epidemic
buti n such cases the laboratory staff has to
be alerted in due time.

If, based on the hypothesis, the disease does
not only spread from human to human but
and environmental vector (water, food,oth-
er media) plays a role in the spread of the
disease, a microbiological sampling should
possibly be carried out in collaboration
with a co-authority. If a pathogen is identi-
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5.)

6.)

fied from such a sample it is of confirmative
value, however, lack of success does not
necessarily prove that there is no common
vector. (Only, there is no proof e.g. as it has
been destroyed etc.).

Data analysis, making a hypothesis

The first step is descriptive epidemiolog-
ical analysis which determines the onset
and location of the epidemic, the number
of patients affected, their epidemiological
features (age, sex distribution, most typi-
cal symptoms, severity of symptoms, labo-
ratory results), and finally a disease curve
is drawn. These are inevitable steps during
the investigation of an epidemic. Statistical
analysis for the verification of a hypoth-
esis

First, the statistical survey is first planned
(retrospective cohort, case-control study),
calculations are made; results are evaluat-
ed to see if the statistical analyses support
the initial hypothesis. If they do, it explains
how the epidemic is spreading but if they do
not, we will have to change the hypothesis
and test it again until it is proven correct.

Planning and implementation of action

Once the spread of an epidemic has been
proven and understood, it can then be ef-
fectively targeted by designing and imple-
menting specific disease control measures.
These will need a supply and routine use of
tools and equipment (e.g. disinfectant, vac-
cines, chemoprophylaxis, and training). The
implementation of measures and actions
should continuously be monitored. Mean-
while supervision of data is started through
the analysis of verified surveillance data,
which also reveals, whether implemented
measures have been effective or not, and
whether these have resulted in a slow-down
of the epidemic. If the spread of the epidem-
ic seems to be slowing down, the hypothe-
sis was correct (indirect evidence), in case
it is not, we need to reconsider the initial
hypothesis and implement adequate, new

measures and assess the effectiveness of
these afterwards.

7.) Final report

The final report summarises the most im-
portant facts established throughout the in-
vestigation (who? - where? - when?), it pro-
vides a description of the pathogen and the
possible mechanism that led to the develop-
ment of the epidemic (hypothesis) together
with epidemiological, microbiological and
statistical evidence in support of the pre-
viously mentioned facts. Final reports out-
line the measures implemented and provide
information on their efficacy (whether the
epidemic in question could be contained),
together with further recommendations with
regard to preventing similar situations in the
future.

Public health
in Hungary

surveillance-systems

Reporting of infectious cases

Aims: Infectious case reporting involves the con-
tiunous reporting of certain infectious/communi-
cable diseases in order to assess and evaluate the
effectiveness of previously introduced measures
in case of an increased prevalence of these dis-
eases or an epidemic, and thereby, to facilitate the
implementation of novel action to contain a pend-
ing epidemic.

It is the first treating physician who is responsi-
ble for reporting a suspected case of a communi-
cable disease that falls within the scope of those
diseases that are to be reported within 24 hours
of suspecting or diagnosisng such a disease, to
the state health care authority the patient belongs
to. The reporting physician or health care worker
should notify the authorities through the National
Professional Information System by submitting a
Communicable disease report form electronically.
Notifying physicians usually are GPs, paediatric
GPs, or infectologists. Cases found post mortem
are reported by the physician making the declara-
tion of death. In inpatient institutions (hospitals,
clinics), hospital hygiene services and infection
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control services assist the work of other depart-
ments in this respect. It is often epidemiology
nurses attending regular ward rounds at hospital
departments who may actually call the attention
of treating physicians to fulfil their duties in this
respect.

Treating physicians are obliged to report deaths
that have occured due to the given infectious dis-
ease cases with complications and those of full
recovery.

The same applies to the reporting of cases where
there are no documents of identification available,
or cases reported for surveillance purposes (HIV/
AIDS, STDs).

Public health officals enter information received
from reporting health care workers into the infec-
tious disease database subsequent to evaluation
and validation of these data (A sub-system of the
infectious case reporting system of the National
Professional Information System, and HIV/AIDS,
STDs sub-system).

Case invesigation

Besides the clarification and confirmation of data,
the aims of investigating a reported infectious/
communicable disease also include the identifica-
tion of:

e location where the patient is recovering,
whether they are isolated (if isolation is re-
quired ),

e the potential source of infection (live organ-
ism),

e the potential trasmission medium/media,
(water, food, aerosol, etc.) through which
the pathogen may have entered the patient’s
body,

e contact tracing (contact search, isolation/
observation),

e people who may have been infected through
contact with the patient (contact search, iso-
lation/ observation),

e level of protection at the time the patient
possibly got infected (vaccinated status,
previous infection etc.)

e persons the patient may have infected, those
that may possibly be in the latency period
and individuals who may need official ob-
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servation ,

e whether the case was single/sporadic or ac-
cumulated as part of an epidemic (case eval-
uation).

e There are general (enteral, airborne etc.) and
disease-specific forms used in the investiga-
tion process (electronic forms are available
from: the National Professional Information
System). These forms contribute towards a
uniform description of cases and circum-
stances, and thereby, facilitate professional,
high-quality reporting nationwide.

Processing of information and data collected
through these forms (analysis of a single database)
may call attention to previously unidentified dis-
ease accumulation and can thus raise the suspicion
of an ongoing epidemic. Such information may
facilitate the identification of a common pathogen
or medium and aid their subsequent elemination
(e.g. a particular food available nationwide).

Special surveillance of infectious/communi-
cable diseases with additional significance
Besides data included in the infectious disease re-
ports, it may be indicated to collect detailed fur-
ther clinical or epidemiological information for
rapid reporting purposes toward the National Pub-
lic Health Centre. Infomation gained help design
and implement adequate prevention measures at
local, regional and a national levels.

Mortality surveillance
Upon investigating death declaration certificates
1ssued in the disctrict/area, the aim is to :

o with regard to diseases that fall under re-
porting obligation: comparing these data
with the public health database provides a
more accurate picture of actual cases, relat-
ed deaths i.e. more exact morbidity, mortal-
iy and lethality numbers — the real disease
burden of the disease upon the society.

e with regard to diseases that do not fall under
reporting obligation: monitoring change in
mortality data may highlight whether dis-
ease-specific surveillance is to be initiated
to improve the control of diseases becoming
more prevalent in the future.
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o with regard to non-communicable diseas-
es: the aim is to be able to determine the
importance of causes of death within the
population, including rates, trends with the
further aim to plan, and implement primary,
secondary and tertiary screening and pre-
vention programmes.

Surveillance of mortality data from infectious dis-
eases, which may seem belated, can however, pro-
vide importent information. The diagnosis should
be made by the physician who declares the cause
of death; data should be entered in row 25.1.d on
the death certificate. In such cases, it is of crucial
importance to review data and to obtain laborato-
ry and epidemiological confirmation of the cause.
When the clinical picture raised the suspicion of
an infectious disease which was also confirmed
by laboratory findings but the disease identified
was not the cause of death, the disease should be
entered as a concomittant disease onto the death
certificate in row 25.11.

Reporting an epidemic

Aims: to identify the source, medium/media and
thus to prevent further spread of a current epidem-
ic and to prevent the development of future epi-
demics. In the case of multiple endemics occur-
ring at the same time and location, caused by the
same pathogen (e.g. household epidemic) further
investigation is required to identify the common
infectious source and transmission to ensure ade-
quate prevention strategies are implemented.
Anyone can report a disease to public health au-
thorities who notices or learns about there being
an accumulation of cases. Reporting is possible
via letter, phone, or e-mail. Public health officials
are obliged to receive all reports and need to reg-
ister and to file them according to rules and reg-
ulations into the system of the concerning public
health authority. There is a function within the in-
fectious case reporting sub-system of the National
Professional Information System which provides
the possibility for health care workers to submit
direct reports electrically to the database of the
public health authority about a disease outbreak
they detected, let it be household, communal or
regional. Upon submitting a report the notifying

person or health care worker gains access to infor-
mation about the disease on the National Profes-
sional Information System website.

All reports are to be taken seriously even if they
seem trivial or unimportant as they may actual-
ly turn out to be threatening the health, or life of
people. Information may happen to come from the
media. Even in such cases a public health investi-
gation should be commenced.

If all the information point towards a real disease
outbreak, after starting an investigation, event
data should be registered into the public health
database, subsequently, updated and finally closed
after the outbreak is over.

If there is no outbreak detected, this fact has to
entered into the file as well, but it remains impor-
tant to pay close attention to incoming infectious
case reports, as they may actually help towards
identifying a disease.

Enteral-surveillance

Aims: Epidemiological evaluation of a pathogen
(species, subtype, or other characteristics based
on other typing methods), characteristics of the
resulting epidemic, investigation of household,
community or regional outbreaks, identification
of the transmission medium/media (e.g.: water,
food) in order to introduce action towards remov-
ing the given medium from public access, imple-
menting stricter and more comprehensive meas-
ures to prevent further spread of the disease in the
community.

An in-depth epidemiological analysis, mainly
allows for the study of a given syndrome (gas-
troenteritis), its prevalence, changes in time and
space, and differences with regard to different age
groups (if local health care workers report sus-
pected cases, not only those confirmed by labo-
ratory results). Even at this stage, the aim is to
investigate disease accumulation in time, space
and age group.

Matching data received from microbiological sur-
veillance, especially those that are greatly detailed
(species of a pathogen, serotype, phage type, PF-
GE-type, and type of sequence) with the cases
enable a more precise selection and grouping of
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data based on the description of the pathogen ac-
cording to e.g. sero-type, phage type etc. Based on
previously mentioned data, monthly analyses are
performed which detail the incidence and preva-
lence of the disease according to the pathogen/
causing agent, including:
e disease location (districts/areas/region),
e typical patient characteristics according to
demographic indices (sex, age group) and,
e c¢pidemiologic features (sporadic/epidem-
ic).

Furthermore, data are collected about new out-
breaks per month, per pathogen, (household,
community, regional), onset of outbreaks, loca-
tion, exact pathogen (type), the number of people
exposed, the number of patients diagnosed, the
means of transmission, the medium and all evi-
dence confirming the above.

If there is a considerable increase in the number
of ’sporadic’ cases caused by the same species/
type pathogen through several months it may in-
dicate the presence of an undetected, ongoing,
regional epidemic, as in this case, individual
cases do not occur within the same community,
and there is no other epidemiological connection
among them, apart from contact with/exposure to
the same pathogen, which is unknown at the time
cases have been reported and investigated (there-
fore: the outbreak qualifies as ’sporadic’). In such
situations public health officials need to repeated-
ly check the report forms of these cases and search
for similarities which may point towards exposure
to the same pathogen (e.g. participation on the
same event, ordering from the same supplier etc.)
If, based on all the above, there is no suspected
medium, knowing the pathogen, patients who
have been identified as sporadic cases need to
be surveyed again with targeted questions in the
direction of potential, typical transmission media
(e.g. drinking water, bath water, foods, prepared
meals, etc.). New information gained through re-
peated survey may increase the chances of inves-
tigating a previously unidentified local/regional
epidemic.
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Flu surveillance

Influenza virus can cause more disease and death
cases within a few weeks than all other commu-
nicable diseases falling under the obligation of re-
porting together, in a year. Consequently, special
preparedness is required prior to flu seasons.
Flu-surveillance in Hungary is based on three pil-
lars:

o Collection of morbidity data — syn-

drome-based clinical surveillance,

o Collection of microbiological data (Res-

piratory pathogen monitor),

e Monitoring absence from communities.
Flu—surveillance is ordered by the chief medical
officer, data collection from the 40th week of the
given calendar year until the 20th week of the fol-
lowing year. Apparently, preparation for the flu
season starts earlier so that all roles, functions and
tasks are properly allocated by week 40.

Collection of morbidity (clinical) data

It is essential that data collection be performed us-
ing a uniform case definition. There is a predeter-
mined set/number of symptoms that indicate the
diagnosis of a flu-like illness e.g.sudden onset fe-
ver, weakness, muscle pains, headache, dry cough
and other symptoms. (In the elderly, it is often not
easy to diagnose flu, especially at the onset of the
flu season, as many older patients may not devel-
op fever, and the only symptom they may present
with is confusion.) Given the fact that approx. 200
pathogens can cause flu-like symptoms, the clini-
cal picture may often not suffice for the identifica-
tion of the exact aetiological cause. Nonetheless,
the trend of the incidence of flu-like illnesses can
clearly indicate the onset and the end of a flu ep-
idemic.

General practice services are key to collecting
morbidity data. It is district health officers who in-
vite general practitioners from their administrative
region whose practices represent districts from
geographical and population statistics aspects
(sentinel —physicians). In practice, this means that
these should include adult, paediatric and mixed
GP’s practices providing care for 20% of the pop-
ulation of the given district in total, representing
the population in terms of age group as well. Data
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providers should be selected so that there are GP
practices from cities, towns, large and small vil-
lages as well. General practitioners thus chosen
are obliged to send reports every Monday on the
number of flu-like cases they diagnosed including
the age distribution of patients.

Collection of microbiological data (Respirato-
ry Disease Monitoring)

As an aetiological diagnosis cannot be established
based on flu-like symptoms, it is of great impor-
tance to know which pathogens circulate in the
immediate or wider environment during the flu
season.

It is the Chief medical officer who determines the
number of GPs who can take part in Respiratory
Disease Monitoring in a given year. From among
GPs, paediatric GP s or those running mixed prac-
tices, who take part in clinical data collection, it is
approximately /00 who can participate in sample
taking. GPs chosen receive detailed instructions
about the number of patients, presenting at at an
early stage of the illness, they can take non-inva-
sive airway samples from on a weekly basis. Sam-
ples taken should be collected and transported by
a delivery service to the assigned laboratory.
Physicans taking the samples and public health
authorities receive results from the laboratories
electronically. Patients will usually have recov-
ered by the time they receive their lab results.
On a community level, however, it is essential to
know which pathogens are present in the district/
region as this information may have significant
prognostic value.

Monitoring absences from communities

As respiratory pathogens spread very easily in
communities, monitoring absence from commu-
nities may provide useful public health informa-
tion. It is the disctrict health officer who invites
directors of various communities (nurseries, kin-
dergartens, schools) to submit a report upon no-
ticing an absence above 30%. Upon receiving a
report, public health autorities initiate an epidemi-
ological investigation with the aim to collect data
on the epidemic, to facilitate microbiological ex-
aminations (to clarify the aetiology of the disease

outbreak via airway samples), and fo introduce
public health measures, and thus, to prevent the
further spread of the disease.

Flu-surveillance means a more than half-year
long process, which is often complicated by an in-
creased awareness and attention among the pop-
ulation.

Duties of public health officers during surveil-
lance

Upon receiving the circular sent by the Chief
medical officer, the initial task is to appoint par-
ticipants of the three-pillar surveillance system.
Timely and exact allocation of information, co-
operation among staff and meeting deadlines are
crucial.

The second task involves supervising clinical data
collection: it needs to be checked hours prior to
deadlines who did and who did not supply data
and also the quality of data that have been sub-
mitted. This allows contacting those who have not
yet sent data, as it is of considerable importance
to have a representative database for the region.
Shortness of time pressure is often responsible
for missing data. Another typical issue, upon not
applying the case definition precisely enough, is
that patients with upper respiratory symptoms are
entered into the database, who only had a simple
cold, and flu was not even suspected. On such oc-
casions reporting health care workers should be
made aware of adherence to the case defintion.
The third task involves supervising whether the
physician appointed to take part in sample- taking
is sending airway samples regularly. If they fail
to do so, they need to be contacted. Reasons for
lack of samples may include: lack of patients in
the given practice who would meet case definition
criteria, e.g. due to the epidemic being mild, or the
physician being overburdened, or having simply
forgotten to report cases.

The fourth task is to construct a database that
enables the continuous monitoring and analysis
of events and the drawing of graphs which can
graphically demostrate the epidemiological situ-
ation of a given region for each reporting physi-
cian, district and age-groups. By creating indices
(flu-like illness-index = % of patients presenting
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with flu-like symptoms, patients diagnosed with
flu-like illness in each age-group) important infor-
mation can be gained. Monitoring absence from
communities is a good predictor of an epidemic,
therefore, it needs to be included in the analysis.
Data collected and analysed throughout the years,
using the same method, may reveal trends; how-
ever, these trends only provide information with
regard to a given district/region. To see where we
stand globally, it is incidence data that need to be
calculated and compared between areal units (dis-
trict, county, regional, national). Such comparison
reveals the position of a given disctrict/region
compared to the national average or other areal
units during an outbreak.

The fifth task is the evaluation of LKM data,
which will idenityl the pathogen circulating in
the given area. It is important to know, from an
epidemiological perspective, for example, if it is
Influenza Type A or Type B, as Type A is usual-
ly responsible for larger epidemics, while Type B
more commonly causes local outbrakes. On the
other hand, virus typing allows for the compari-
son of the circulating virus with strains contained
by vaccines. If there is a considerable overlap/
similarity, we can expect lower number of infec-
tions in the vaccinated population. On the contra-
ry, a big difference between the virus strains may
foreshadow a more severe outbrake.

The sixth task involves compiling a regional re-
port based on the national, weekly report format
which should contain an evaluation of the current
situation and recommendations for prevention.
Sending this report to health care providers aims
to provide feedback and may serve as a form of
training and intends to encourage reporting ef-
forts.

Task seven is the organisation of vaccination
schemes. It is primarily the duty of GPs to inform
eligible patients and to organise, manage and doc-
ument vaccinations. The logistics of allocating
free vaccines is the tasks of public health services.
Vaccinating physicians receive a list of eligible in-
dividuals, who are mostly patients receiving treat-
ment for chronic conditions, the elderly or certain
occupation groups. The vaccination programme
should be organised so that vulnerable patients are
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protected by the time the flu outbreak is expected
to intensify i.e. vaccinations can begin in the sec-
ond half of October.

Hepatitis-surveillance

Aims: Syndrome-based surveillance helps moni-
tor individual patients who belong to an aetiolog-
ically varied and epidemiologically very differ-
ent communicable disease group with the aim to
decrease the prevalence of that particular disease
in the country, and consequently, to reduce the
related disease burden by identifying factors re-
sponsible for the spread and also to introduce of
preventive measures.

Hepatitis A

Resulting from public health measures introduced
during the past decades (water and food hygiene
regulations), and the general improvement of
public health conditions (settlement, and personal
hygiene), there has been a considerable increase
in the number of people vulnerable to faeco-oral
infections. Consequently, single contaminated in-
dividuals may trigger large-scale outbrakes in our
country. Therefore, close monitoring is required
including the incidence of aetiologically verified
cases to detect disease accumulation as early as
possible. This underlines the significance of indi-
vidual public health investigations which search
for the source of single incidences and potential
members/links of the infectious chain.

Hepatitis B

Acute hepatitis B used to be the most prevalent
among health care workers. As a response, a man-
datory vaccination programme was introduced
among students of institutions offering training
in fields of health care within a timeframe which
allows for the development of an adequate lev-
el of protection prior to the start of practice ses-
sions. Health care workers have to be vaccinated
against Hepatitis B which they also have to prove
by a certificate. Maintaining public health securi-
ty has been greatly supported by the introduction
of a ompulsory vaccination programme through
school campaigns, in 1999, among teenagers.
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Hepatitis C

10-20% of cases manifest in the form of an acute
illness; 70-80% result in chronic infection with
aspecific symptomatology; liver involvement is
most commonly revealed by specific examina-
tions. Hepatitis C leads to liver cirrhosis in about
20% of the cases which may later result in the de-
velopment of primary hepatocellular carcinoma.
Although there are no primary prevention meth-
ods to date, and there is no vaccination against the
indfection, beside secondary prevention modali-
ties (blood product safety, search for hidden mor-
bidity) there has been significant advancement in
therapeutic methods resulting in a curability rate
of 95% of the cases.

Acute flaccid paralysis — AFP surveillance
Aims: The WHO initiated the acute flaccid paral-
ysis (AFP programme) for the verification of po-
lio-free status at a global scale. The programme
is a syndrome-based surveillance. It was started to
ensure that all cases of flaccid muscle paralysis of
non-traumatic and non-mailgnant origin among
children under 15 years of age, who fulfil the clin-
ical, diagnostic criteria of acute, anterior poliomy-
elitis, are reported. The aim of this surveillance
programme is to verify and document that a giv-
en clinical presentation is not due to an infection
with the wild polio virus.

As a result of age-specific, mandatory vaccina-
tions, there have been no acute, anterior polio-
myelitis cases detected in Hungary for decades.
Upon changes in the public health situation it is
important, therefore, to perform epidemiological
and laboratory investigations of every case that
meets criteria included in the case definiton of the
syndrome. On suspicion of the diagnosis of acute,
anterior poliomyelitis, the noticing physician
should immediately report the case to the public
health department of the competent regional au-
thority or to the county public health department.
An investigation has to commence immediate-
ly. As the epidemiological situation in Hungary
has been safe for decades, it is mainly diseases
brought into the country from abroad we have to
look for. Urgency is crucial in today’s world of
global travel and movement of populations.

In this case, the investigation initiated involves
collection of personal data, clinical and epidemi-
ological data, and information on vaccination sta-
tus, the commencement of laboratory examina-
tions in due course of time and the establishment
of a preliminary diagnosis

Preferably as soon as possible, but within 14 days
from the onset of paralysis, 2 stool tests are to be
taken, one day apart, and 2 further sterile samples
14 days apart with any anticoagulant therapy sus-
pended.The samples should be sent to the assigned
reference laboratory of the National Public Health
Centre accredited annually by the WHO.

Missed stool testing or delayed sending of sam-
ples threatens the efficacy and success of isolating
the virus and significantly reduces the chances of
correct diagnosis. Absence of paired serology
testing makes it more difficult to prove whether,
despite a negative stool test, symptoms could still
have been caused by an immunological reaction
triggered by the polio virus.

Rapid reporting forms have to be submitted to the
National Public Health Centre by a given dead-
line, where, beside investigations, officials can in-
itiate seeking international legal aid (to search for
sources of infection and/or international search
for exposed individuals), and reports are submit-
ted to international surveillance centres as well.
48 hours from receiving information on a suspect-
ed case of AFP, the public health officer assigned
to investigate the case has to submit a detailed
report by completing the “Epidemiology report
form on an individual case of acute flaccid pa-
ralysis” to the public health department of the
National Public Health Centre. The aim of this
reprort is to inform the superior authority on data
that have been revealed and thus to assist the ini-
tiation of action.

The results of a 60-day clinical follow-up of a re-
ported case of AFP close the case. It is often not
easy to establish the diagnosis, i.e. to actually
identify the cause in the background of the pe-
ripheral paralysis, several consultations may be
required among physicians involved and patient
documentation has to be submitted to an expert
commitee. Surveillance is sensitive enough if the
number of reported and investigated, suspicious
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cases of AFP among the population, under age 15,
is 1:100 000/year.

Invasive meningococcal disease- — meningo-
coccus-surveillance

Aims: to initiate near real-time chemoprophylax-
is of people in potential contact with the patient
who are at risk (individual) and furthermore, to
collect data rapidly and in detail about changes in
the epidemiology of the disease (e.g. sero-group
change, appearance or spread of a clone causing
a more serious disease) with the aim to be able
to plan and implement effective large-scale pre-
ventive measures (risk communication, campaign
targeting population groups etc.).

Infectious meningococcus is seasonal infectious
disease mostly occurring in winter and spring.
Infants and small children are more susceptible.
During other seasons, approximately 5% of the
population is affected, in winter and spring prev-
alence of carriers may reach 80%. Despite the
widespread availability of intensive patient care,
the disease has a very rapid progress and is asso-
ciated with high morbidity. Survivors often suffer
from long-term complications caused by nervous
system damage, or various thrombotic vascular
obstructions that significantly impact quality of
life.

The concomittant presence of other respiratory vi-
ruses may compicate diagnosis (infections caused
by such viruses can help Neisseria meningitidis
bacterium to penetrate through the mucosa, con-
sequently, a concommitant disease may occur).
The fact that the disease is relatively rare may
also hinder timely diagnosis. A GP for example,
may not have met a single case during 50 years
of practice. Therefore, public health officials are
highly recommended to call up a meeting for GPs
praticing in their area, prior to the beginning of
winter, to inform them about the epidemilogical
situation of the area. Such meetings should also
facilitate building stronger contact and may pro-
vide information update. Regular contact with
health care institutions providing inpatient care is
also crucial, as these institutions report most of
the cases.

Apparently, cases of menigococcus infection re-
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quire an urgent public health investigation. The
investigation should primarily aim at gathering a
minimal amount of data that would suffice for the
completion and submission of the “Rapid report
form of Invasive meningococcal disease”. The
rapid report should be submitted to the National
Public Health Centre by an official from a district
authority of the public health department. As dis-
ease progress is very rapid only a few hours are
left for initiating treatment, therefore, laboratory
tests should be commenced as soon as possible,
as it is a further goal of surveillance to evaluate
the situation based on the exact aetiology and to
initiate adequate action (e.g.vaccination).

A public health investigation should be started in
all cases. It is often a very difficult task emotion-
ally to visit a family who has lost their child or to
talk to a community the person belonged to but
the identification of those who would need chem-
oprophylaxis is an urgent task. Cooperation with
the disctrict GP or paediatric GP may be needed
as parenteral prophylaxis can often secure the best
protection.

The document entitled “Public health report form
of Invasive meningococcal disease” has to be
submitted to the Public Health Department of the
National Public Health Centre within two weeks
subsequent to the closing of the case and receiv-
ing reports on progress and outcomes. This re-
port should include information on the patient, the
disease, details of a local investigation performed,
results of the search for exposed individuals and
the prophylaxis therapy applied.

Vaccines are currently available at public pharma-
cies against Neisseria meningitidis; they can be
administered from two months of age. Vaccines
include ones that are effective against serotype
Neisseria meningitis B which is the most common
in Europe. The current epidemiological situation
of A N. meningitidis does not indicate making
vaccinations mandatory. Nevertheless, we should
remember that protection of an individual serves
the interest of the community.

Legionellosis-surveillance
Aims: Identification of sources of infection/ expo-
sure (contaminated air-conditioners, a perlators,
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humidifiers etc.) that may lead to the development
of the disease. The epidemiological importance
of legionellosis was primarily raised by cases
ofvulnerable, immune-compromised patients, the
aging of populations, the development of a built
environment and the increased mobility of pop-
ulations that lead to an increased number of out-
brakes.

Travel-associated legionellosis has to be reported
with urgency upon receiving a report about a case
so that epidemiological data can be forwarded to
the “Travel-associated legionnaires’ disease sur-
veillance system” database of the WHO. (Trav-
el criteria: within 2-10 days prior to their travel,
the patient spent at least one night outside his/her
home, at a rented accommodation, within their
country of residence or abroad. Getting infected
while staying at relatives’ or friends’ homes does
not have to be reported toward European surveil-
lance authorities.)

Lyssa-surveillance

Aims: In case of a danger of a 100% lethal infec-
tion, the cooperation among human and animal
health experts has to be established rapidly and ef-
fectively inorder to protect the person or persons
in danger from getting infected. -

The elimination of lyssa is a global human and an-
imal health concern. There have been no Humane
lyssa cases detected of since 1994, in Hungary.
This does not mean however, that Hungary is free
of lyssa as there have not been any three consec-
utive years without rhabies being diagnosed from
animal samples (recently, most commonly from
bats). Elimination of lyssa is hard to achieve as
there are several countries in the region, where
rhabies in endemic among wild animals, and do-
mesticated animals living in the wild can also
cross borders easily; swimming across rivers is no
obstacle consequently, the infection entering the
country from abroad is a constant threat.
Reporting cases of injury that may have resulted in
getting infected with lyssa is an emergency as the
long incubation period limits intervention time.
It is also an urgent task to inform animal health
authorities (also in writing). The observation of
the animal responsible for causing the injury that

may have resulted in getting infected with lyssa
is to be organised by the authorised veterinary
physician, as it may have legal consequences. It
needs to ensured that the physician attending to
the case has infromed the authorised veterinary
responsible for the area in which the injury hap-
pened as this may not always happen. Deadlines
should also be strictly kept including whether the
report on the health status of the animal submitted
by the veterinary has been received. All the above
stress the need for a close collaboration with the
autorised veterinary.

Furthermore, it is crucial to investigate and record
all details about the circumstances of the injury
promptly, as these data may serve as the basis of
the indication of vaccination. The main aspect that
has to be considered is whether the animal caus-
ing the injury can be identified and found. If yes,
a vaccination is not necessary as the 14-day ob-
servation of the animal will clearly show whether
it had rhabies (it dies) or not (it survives). Thus it
is an important task to collaborate with the owner
of the animal during the observation (make sure
the animal cannot roam away, or get out fromits
enclosure e.g. to avoid the animal getting run over
by a vehicle, that it is properly fed and taken care
of, under all weather conditions) so that it would
survive the observation period.

The authorised veterinary has to be immediately
informed about any change in the animal’s con-
dition or its death. 1t is forbidden to get rid of the
corpse (to bury or to burn it) as a laboratory ex-
amination is mandatory.

If the injured person has to be vaccinated, there is
nothing to wait for, the vaccination has to be or-
ganised. As the vaccinating physician is most of-
ten the GP, paediatric GP or a GP running a mixed
practice, and they are most likely to be using the
vaccine approx. once every two-three years it is
recommended to inform them about the required
vaccination intervals. It is also necessary to get to
know whether the injured has received a rhabies
vaccine in the previous five years as this could
modify the number of vaccines needed. The vac-
cination protocol has to be followed as described
in the methodological letter. Exact dates cannot be
delayed even if it happens to be on a weekend or
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during a public holiday. It may, however, happen
even with all efforts taken, that the person to be
vaccinated comes late; in such cases an expert of
the National Public Health Centre is to be con-
sulted.

Lactating dairy cows suspected of being infected
with lyssa are a special challenge. In such cases
the National Public Health Centre is to be contact-
ed to discuss diagnostics and prevention.

Rules and regulations allow persons, who are at
risk of a lyssa infection (injured, exposed through
milk), to reject post-exposure prophylaxis. None-
theless, all efforts have to be taken to prevent such
cases. If such a situation arises, it has to be well
documented that the subject involved has clearly
understood and is fully aware of the consequences
such conduct may lead to.

HIV/AIDS-surveillance

Aims: To follow-up the epidemiological situation
of the infection/disease on the basis of an anony-
mous surveillance system, and thereby, to notice
changes to them and to identify affected popu-
lation groups with the aim to implement viable,
target measures for the prevention (risk commu-
nication, screening, contact tracing) and therapy
(establishing new treatment centres, expand the
availability of medications).

The identification of an HIV infection and the di-
agnosis of AIDS require a verified HIV-positive
result. The reporting physician is the doctor who
makes the diagnosis. Patient care is carried out in
designated centres. Prevention may include local,
regional or national programmes and initiatives.
It is of pivotal importance fo improve health ed-
ucation/awareness and diagnostic awareness to-
gether with the education of the population about
the disease. Target groups are mainly adolescents
and older younger populations who are the most
vulnerable not only due to their sexual behaviour
but also due to other forms of risk behaviour.
HIV-screening may be open or anonymous. Tests
can be taken free of charge at screening stations
without a referral. Those who prefer an anony-
mous screening do not have to give their personal
identification, only a password with which they
can take the test and receive the results.
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There is councelling prior to the blood test and
after receiving the results. This is a discussion
between the patient and a counsellor with the
counsellor giving information and advice with the
aim of prevention. During councelling the patient
receives information about various forms of risk
behaviour that may lead to getting infected with
HIV infection and also about possible prevention
and risk-lowering measures. This prior consul-
tation may help build trust which might prove
very useful in the situation when the patient is in-
formed about the results. It is very important for
the patient to accept the help offered in the form
of a professional network of specialists. Although
there is no cure for either HIV, or AIDS, individ-
ualised treatment can help achieve a good quality
of life and maintain the ability to work for patients
in the long run as well, turning the infection/dis-
ease into a chronic illness.

Apart from those mentioned above, the timely
and precise completion and submission of other
case-specific epidemiological report forms are
also of great importance but these shall not be list-
ed here due to lack of space.

Vaccination surveillance

About vaccines

As pandemics have become less and less frequent
during the past century populations have lost their
fears about infectious/communicable diseases. In
the 1980s, the view that, with the the advance-
ment of antiobiotics and the spread of their use,
infectious diseases no longer pose a problem for
healthcare became widely shared among the gen-
eral population, and health policy makers as well,
and as a result, infectious disease wards and bed
numbers have started to be considerably reduced
or eventually closed. How much we are at mercy
of pathogens have been clearly demonstrated by
the 2009 HIN1/09 flu-pandemic, the 2012 MERS-
CoV pandemic and the way more massive SARS-
CoV-2 pandemic, starting at the end of 2019. Pan-
demics paralysed tourism, cultural life and caused
severe long-lasting damage to economies world-
wide, they have had serious negative impact on
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education not to mention long-term consequences
on people’s health that is still to be researched.
The most recent Covid pandemic challenged
health care systems at various levels, even though
non-communicable diseases were managed “only’
at the emergency level by AE units resulting in
tremendous harm and considerable excess mortal-
ity. The situation was further aggravated by those
that denied the existence of the virus, and their
regular appearance on social media. This was a
global, not only a typical Hungarian phenomenon.
The fact that some of these people actually got
infected, ended receiving intensive care treatment
and were trying to send messages from behind an
oxygen mask admitting that they had been wrong
or the fact that some of them died, did not change
the situation considerably.

The pandemic has provided numerous scientific
evidence for the efficacy of aspecific protection
measures in preventing the spread of infection
(e.g. personal and food hygiene, social distancing,
isolation, wearing masks covering the nose and
mouth etc.).

It gave a glimpse of hope that SARS-CoV-2 vac-
cines were developed relatively fast, within about
a year. Naturally, however, anti-vaccine prop-
aganda appeared soon after. Undermining the
belief and trust of the population in nature and
science has resulted in a very high number of
preventable deaths and health impairment. Many
people refused the offered disease-specific vacci-
nation protocols, despite the fact, that this is the
most potent way of fighting a pandemic at a glob-
al scale. Aspecific protective measures cannot re-
place specific protection modalities and it is the
combination of the two that has beenproven to be
the most effective.

The role of vaccines in controlling epidemics,
basic principles and concepts

Nowadays, mathematics and informatics are basic
prerequisits for the successful work of epidemi-
ologists. Mathematical modelling of and calcula-
tions made from data collected by epidemiologists
can effectively support decision-making in health
care and can further contribute to the implementa-
tion of adequate action in due time.

The level of vaccination required for containing
an epidemic or pandemic depends on the basic re-
production rate: R .

According to the definition, R = average number
of secondary cases in a totally susceptible popu-
lation who got infected via contact with the same
person. That is, if one infected person spreads the
infection onto two susceptible persons, it is de-
scribed as: R =2/1 =2. Consequently, if

e R > 1, the pathogen spreads effectively and
an epidemic develops as the number of in-
fected cases is less than that of people/the
next generation who got infected via contact
with them.

e IfR_ =1, the pathogen is circulating in the
given area; it is endemic, thus we need to
expect the occurrence of infected cases but
at numbers that are likely to remain roughly
the same through generations

e IfR <1, the epidemic is in remission as the
number of newly infected cases is less than
the number of those spreading the infection.

Using the basic reproduction rate, the mass mmu-
nization threshold can be calculated.

The equation used: mass mmunization threshold =
1 —1/R_, the number has to be multiplied by 100-
to get the result in %. The equation shows that the
higher the R , the smaller the number which is to
be subtracted from 1, that is the higher the mass
mmunization level that has to be achieved to en-
sure that the disease goes into remission and will
not develop into an epidemic. To achieve this aim
the mmunization level will by all means have to
exceed the calculated value.

So far, it has been mostly mathematics and num-
bers but life is unfortunately, much more compli-
cated. First and foremost, there is no vaccine with
100% effectiveness, that is, we cannot expect all
people who have received the vaccines to show
antigen numbers that reach the protective level.
Several factors may modify, and thus, mmunizat
the response of an individual to a vaccine (the an-
tigen producing ability) for example, age, health
status, chronic diseases, medication therapies etc.
These may have an impact on antigen titers, per-
sistence, and the need of booster shoots.

There are always people for whom the vaccination
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is contraindicated i.e people who would normally
be offered the vaccination but due to e.g. an acute
disease causing fever they cannot be vaccinated,
and there are individuals for whom a given vac-
cine is contraindicated for a lifetime due to e.g.
a previous anaphylactic reaction against the vac-
cine or one of its components. These people will
remain susceptible for either a period of time or
lifelong and thus may contribute to the circulation
of the pathogen. If these people are only sporad-
ically present in populations we may rely on as-
pecifc protection measures or the development of
herd immunity.

Themmunization of vaccination schemes can best
be measured by continuous, short- and long-term
monitoring of the incidence and prevalence of the
disease at local and national levels.
Unfortunately, there will always be people who

Table 1.: Basic reproduction rate (R ) and mass
mmunization threshold (%) of some infectious

diseases
Infection R Mass immunisa-
C tion threshold (%)
Diphteria 6-7 85
Pertussis 12-17 92-94
Morbilli 12-18 83-94
Mumps 4-7 75-86
Rubella 6-7 83-85
Polio 5-7 80-86
Source: CDC

are against vaccines or a particular vaccine irre-
spective of the amount of fees they were made to
pay repetitively for refusing vaccinations. These
people will remain susceptible, and apparently,
may get infected and infect others.

In Hungary, the situation with regard to vaccina-
tion levels is favourable and safe in many diseas-
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es, as most parents accept the vaccination proto-
cols offered and the custom of getting children
vaccinated is passed down from generation to
generation.

Rules and regulations on the tasks and duties with
regard to vaccinations are discussed in detail by
the health law and the related executive regula-
tions; specific areal duties are outlined by regu-
lation 18/1998. (V1.3.) NM. An appendix entitled
’Vaccination methodology letter’ is considered
the *Bible’ for the given year.

The structure of the vaccination methodology

letter is as follows

1. Introduction: summary of the legal back-
ground.

1I.  Contraindications for vaccines: There are
several diseases and conditions which do
not contraindicate getting vaccines (e.g. al-
imentary egg white allergy, controlled epi-
lepsy).

IIl.  Vaccinations for special conditions to be
considered individually: in general, these
are conditions or diseases that interfere with
the immune status. A special group is vac-
cines for neonates. A hypothesis/practice
that was prevalent for years was to wait
with vaccinations until the baby or infant
catches up with his/her peers. Today, on the
contrary, it is believed that it is these very
small babies who are the most vulnerable
and therefore, when they reach the age they
should be vaccinated so that they are at least
protected from diseases against which there
are vaccines available.

1IV.  Vaccinations of children who are foreign
nationals (Examination of the vaccination
booklet/certificates will be discussed later.)

Vaccination diary

Mandatory age-specific vaccinations

Continuous vaccinations

Campaign vaccinations

Time intervals between vaccinations

Minimum time intervals between the

administration of human blood and/or

plasma products or vaccines containing
live viruses
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Vi

VII.

Vil

IX.

e Recommended time intervals between
vaccinations and surgical interventions
e Administering missed, mandatory,
age-specific vaccinations
e Recording and reporting about manda-
tory, age-specific vaccinations
This document sets the fundamen-
tal principles for vaccination schemes
for the whole year. The present chap-
ter contains useful information about
sources that could be used as reference
when answerning questions received
through phonecalls.
It can be generally stated that human
blood and/or plasma products are be-
ing gradually removed from the market
to prevent transmittable prion diseases
(e.g.TSE: Creutzfeldt-Jakob-disease,
variant Creutzfeldt-Jakob-disease).
Mandatory vaccinations given at risk of dis-
ease: Special attention is given to the care
and treatment of injuries that are suspicious
of for a lyssa infection, and tasks relating to
the care of babies born to HBsAg-mothers
are going to be outlined in detail as well.
Voluntary, preventive vaccinations free-of-
charge: Atypical example is the influenza
vaccine which has already been mentioned
in connection with flu -surveillance.
Work-specifc vaccinations: This chapter
may prove useful for those working in oc-
cupational health services.
Travel vaccinations: The chapter gives a
summary of non-free vaccinations that are
administered by GPs or at national vacci-
nation centers. Consult the WHO pages for
valid, up-to-date information about vaccines
required prior to travel to given regions of
the world. At present, the vaccine against
yellow fever is mandatory in endemic re-
gions. A yellow-coloured vaccination certif-
icate is issued by vaccination centers upon
a person receiving the vaccine. Neither the
certificate, nor the vaccine is publicly avail-
able in order to prevent forgery and thereby,
to maintain public health safety.
Supply, storage and allocation of vaccines:

X1

This chapter details logistics of free-of-
charge vaccines provided through the pub-
lic health system. Tasks with regard to sit-
uations that fall outside the scope of strict
storage regulations are also outlined here.
Ensuring conditions required for the ade-
quate management, recording and reporting
of vaccinations: The part on Adverse events
after vaccination-surveillance provides fur-
ther details on the topic.

Vaccination with other vaccines: This chap-
ter elaborates on prescription vaccinations
authorised by the National Institute of Phar-
macy and Nutrition, registered by the Eu-
ropean Union, that are available in public
pharmacies.

Local vaccination management
1.) A function of the “Vaccination letter” (ap-

pendix to VML): in larger settlements where
there are several paediatric GPs providing
care for the population, and where the area
belonging to the paediatric GP, and that of
the health visitor, do not overlap. A GP can
be in contact with more health visitors and
a health visitor can be in contact with more
GPs. Health visitors’ service areas are fixed
as they encompass given streets of a set-
tlement. Health visitors contact expecting
mothers and their family is during the preg-
nancy, and keep a record on the pregnancy
and the baby and takes newborn babies into
account when ordering the first (at eage 3
months) and further vaccinations. Health
visitors keep record of only those vacci-
nations which they and the paediatric GP
jointly administered. Health visitors how-
ever, should receive information about vac-
cines administered by other paediatric GPs
through a vaccination report. Therefore, it
is a very important task of health visitors
to keep up-to-date records on vaccinations
received by babies and infants belonging
to their service area. These vaccination
databases are to be regularly updated, and
upon noticing missing records or delayed
administration of vaccinations, they should
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2)

3.

4)
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contact the parents and the paediatric GP as
soon as possible.

In smaller settlements, mixed-practice GPs
provide care for under 18 populations.
Reporting on missed vaccinations. In case
of a delay in vaccinations that exceed a pe-
riod of two months, the appointed physician
sends a report using the designated report
form to the district health visitor who will
than register this report into the National
Professional Information System. Based
on the information and data provided in the
report, an official at the public health de-
partment of the disrict authority shall inves-
tigate the case and may initiate an official
procedure.

Report on age-specific vaccinations admin-
istered through school campaigns: school
health visitors are obliged to submit reports
on vaccinations administered to the public
health department of the disrict authority by
a given deadline.

Tasks and duties with regard to the care of
HBsAg-positive pregnant women and their
newborn.

Hepatitis A and B viruses are oncogene vi-
ruses. During pregnancy care, besides oth-
er types of test, expectant mothers have to
undergo HBsAg screening by the 12th week
of gestation. Mandatory vaccination against
Hepatitis B was introduced to schools in
1999, with eigth graders receiving the vac-
cine, as a result of which, HBsAg positivity
has decreased significantly among women
of child-bearing age. Nonetheless, alertness
has to be maintained as vaccines do not give
100% protection, and unfortunately, there
still are many disadvantaged women living
under difficult circumstances who might not
be aware of being sero-positive.
Authorised laboratories, which carry out
the screening examinations, report positive
cases to the respective main public health
department of the county government of-
fice, which shall then forward it to the re-
sponsible district authority. The physician
requesting the examination is also informed

about the result. The task is, therefore, two-
fold: the district health visitor records the
screening result into the pregnancy record
book; the public health officer performs the
case-specific investigation. The aim of this
investigation is to check whether there are
family members of the expectant mother
who may have been exposed to the virus
through contact with her. Those at risk of ex-
posure should be offered a free vaccination
protocol. The vaccination protocol should
be carried out with the collaboration of the
GP. A public health investigation should
be repeated with every other pregnancy of
the patient as there may occur changes in
their circumstances that can only be noticed
when they are visited at their home.

The subsequent task is to make sure the in-
stitute where the woman is going to deliver
the child receives both the active and the
passive vaccine one month prior to the due
date of delivery. The label on the vaccine
should bear the name of the mother and her
health insurance number. It is recommended
to consult the head physician of the neonatal
unit to make sure it is the newborn who the
vaccine is rightfully meant for, who final-
ly receives it. Vaccines are to administered
within 12 hours after delivery; this is ap-
pointment 0. Then the vaccination protocol
is to be continued one and six months after
receving the first shot. The successful de-
livery of the vaccination protocol requires
the joint effort and cooperation of the pub-
lic health officer, the paediatric GP and the
health visitor. Vaccination documentation
and reports have to be completed and sub-
mitted as defined by rules and regulations
by given deadlines.

Check-up examinations have to be per-
formed at age 15 months, to ensure preven-
tion was successful, including a HBsAg
test and an antigen test. Lab results will in-
dicate if there are steps to be taken which in-
cluding recommended treatment or the need
of booster shots, if the antigen titer against
HBYV is low. As the time between the birth
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and the check-up is more than a year, pub-
lic health officers are recommended to write
a reminder note in their diaries about these
vaccinations. They are also responsible to
arrange check-up examinations, and if need-
ed, to make sure vaccinating physicians re-
ceive vaccines in time. It is also among the
duties of public health officers to check vac-
cination reports.

In cases where pregancy care does not go
according to regulations, and the mothers
HBsAg-status is not known, it is vital to
perform a test as soon as possible. The test
can be done at the laboratory of the institute
where the delivery is going to take place.
In such cases the newborn should receive
an anti-HBV vaccine within 12 hours after
birth. If lab results of the mother come back
positve for HBsAg an HBV immunoglobu-
lin should be administered as soon as pos-
sible or maximum one week after birth. If
the administration of an immunoglobulin is
not indicated and more than one week has
passed since birth; the newborn should re-
ceive fast-acting, active immunisation.
Persons in the immediate environment
of the expectant HBsAg-positive mother
should also undergo public health screening
and upon testing positive, they should be
encouraged to undergo vaccination.

If prior to giving birth, the mother tests neg-
ative for a HBsAg, active immunisation of
the newborn should, nonetheless, be ini-
tiated and completed, meaning that babies
receive the second and third vaccines as de-
scribed above. In these cases, however, pas-
sive immunisation and serology test at age
15 months are not indicated.

Common tasks with regard to vaccines
a) The vaccine

The fact that vaccines are precious commod-
ities has already been emphasized. What
does this actually mean? It does not neces-
sarily refer to vaccine development and pro-
duction, as these fall under the competence
of the National Institute of Pharmacy and

b)

Nutrition. However, after a vaccine leaves
the factory every company, instituion or
person who has anything to do with it bears
a responsibility. This is because the goal is
not only vaccination, but immunisation! —
a prerequisite for achieving this goal is to
ensure the vaccine maintaining its quality
thoughout transportation, i.e. from leaving
being produced until they are administered.
Ordering vaccines

At present, local officers are responsible for
ensuring and controlling economical vacci-
nation allocation. Vaccines are ordered by
vaccinating physicians in collaboration with
health visitors and assistants. Ordering is
done online with adequate IT support. Or-
ders are supervised and reviewed by a mem-
ber of the distric public health department
of the loca government authority. For the
successful completion of this task they need
to know the exact number of persons who
are elligible for vaccination, the amount of
vaccine previously allocated and used; vac-
cination movement between physicians and
further data e.g. loss of vaccines due to in-
adequate refrigeration.

The next level of supervision is the main
public health department of the county
government office. The work carried out
here aims at distributing currently availa-
ble stocks first. It is highly recommended
to withstay the pressure suggesting there
should be ’spare’ vaccines kept in refrig-
erators locally. Close supervision of vac-
cine-management is crucial.

It is a fundamental principle to try to avoid
having to discarde vaccines due to careless-
ness or lack of organisation. How can this
be achieved? It is recommended not to draw
up mulitple doses of vaccines in advance.
Contraindications may occur and vaccines
that have already been drawn into a syringe
cannot be used up later, which may lead to
having to discard them. Vaccines may have
to be discarded for several reasons even
upon taking adequate precautions: e.g. upon
removing air from syringe a small amount
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of vaccine may be lost, or the ampoulle may
be dropped by mistake etc. As all drops of a
vaccine are precious they should be handled
with utmost care and precaution.

Vaccine Storage

Vaccines should be stored according to in-
structions. It is a generally applicable rule
that vaccines should not be kept in refriger-
ator door bins as the temperatures there may
not be adequate for vaccination storage.
Vaccines should be kept grouped according
to expiry date and those with the nearest ex-
piry date should be dispensed and used first.
It is recommended to keep track of vaccines
dispensed from and put into refrigerators. It
is not possible to utilise the whole refrigera-
tor volume, as boxes containing the vaccines
are not allowed to touch the wall, as they
may absord moisture and lead to the freez-
ing and consequent damage of vaccines. It
is important to provide proper circulation
of cold air in storage spaces and shelves
and thus to ensure the same temperature
everywhere in the refrigerator. All refriger-
ators used for storing vaccines or medicines
should have a digital display unit which can
give information on the actual storage tem-
perature without having to open the door.
Storage temperatures need to be entered
into a diary including the year, month, day,
hour, minute, the name and signature of the
supervising person. Storage temperatures
should be checked at least twice daily, upon
starting and finishing work.

Distant monitoring of refridgerators through
the internet is considerably safer. Such sys-
tems have the advantages of continuously
monitoring and registering adjusted param-
eters, and upon registering change, they
alert the person who can then intervene and
has the right and means to enter the build-
ing (entry code, keys to main door etc), on
public holidays as well. It is recommended
to keep records including these colleagues
and such events.

Vaccine storage rooms should be protected
from entry by any unauthorised persons as

d)

e)

for example if someone unplugs a refriger-
ator and forgets to plug it back by mistake
it can lead to the refrigerator melting which
could then lead to having to discard all vac-
cines.

Besides vaccines, only medicines are al-
lowed to be stored in the same refrigerator.
Under no condition can human samples
(e.g. blood, stool or liquor), food stuffs
(foods, drinks) or anything else be stored
together with vaccines. It is essenetial for
refrigerators to be in proper technical con-
dition. Upon purchasing a new refrigerator,
it is the new machine that has to be used
for the storage of vaccines and the other can
then be used for other purposes. (e.g. storing
dangerous medical waste that is delivered
away after 48 hours).

It is essentail to make sure the storage space
of refrigerators is disinfected regularly. This
procedure is best performed at times when
there are fewer vaccines stored, meanwhile,
adequate storage temperatures are continu-
ously provided.

Transportation of vaccines

Nowadays, vaccines are delivered by pro-
fessional delivery services in closed refrig-
erated containers that have a temperature
monitor. The organisation of delivery is
centralised. Upon opening the container
boxes for the first time, all information is
available on temperatures from the moment
of preparing the vaccines for transportation.
This should be documented upon handing
over and receiving the boxes.

The delivery can be made to the address of
the county or district auhority or that of the
vaccinating physician. If this is not possi-
ble, it has to be ensured that vaccines are
delivered and then refridgerated through the
shortest way possible.

Preparation of vaccines

The fact that vaccines are precious and
should therefore be used with utmost care,
inorder to avoid wasting them, has alread
been mentioned. There are a few further
aspects that need to be considered. It is im-
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D

ortant to observe the adequate hand hygiene
protocol and to provide a work environment
which can guarantee that vaccines do not get
contaminated. The first step is choosing the
vaccine, followed by checking the validity
date of both the vaccine and the dilutant, in
case a dilutant is needed. Ampoulles should
be disinfected, a separte needle is to be used
for drawing up the vaccine; the needle has
to be of adequate length and diameter. It is
imortant to make sure the needle is tightly
attached to the syringe to make sure it will
not move due to the pressur occurring upon
injecting the vaccine. Until the vaccine is
actually injected, the cap should be kept
on the needle. Empty ampoulles should be
placed next to the vaccines drawn up so that
the vaccinating physician can check them
and thereby avoid vaccination accidents.
Administration of vaccines

According to law, vaccines can only be
administered by physicians but there may
occur other circumstances. Hand hyigiene
is of pivotal importance. Disinfecting the
injection area should be done by spraying
one puff of disinfectant on the skin surface
where the needle is going to penetrate. It
is forbidden to remove/wipe off the disin-
fectant or to touch the area with the fingers
even with protective gloves on. Time should
be given for the disinfectant to abdorb and
evaporate as presribed by instructions on
the bottle. There is no need for further puffs,
the vaccine can then be injected through the
needle. Upon wiping the disinfectant off or
not waiting long enough for the disinfectant
to evaporate it may either not take proper ef-
fect or the remnants of the liquid may dam-
age the vaccine.

g) Documenting vaccinations

What data should be documented? When is

a vaccine legally valid?

To ensure the legal validity of a vaccination,

the following information/data need to be

provided:

e Personal details of the vaccinated per-
son (name, date of birth, address, health

h)

insurance number).

e Name of the vaccinating physician,
their signature, address of the vaccina-
tion centre, copy of the physician’s reg-
istered stamp.

e Name of the vaccine, manufacturing
number, the date of the administration
of the vaccine, the administration route,
tthe body part and side of administra-
tion.

The vaccinating physician has to record
these data onto the medical database system
used and provide paper-based documenta-
tion about the vaccination to the vaccinated
person (e.g. via documenting the vaccina-
tion into the vaccination booklet). District
health visitors, school health visitors, and in
some cases, employers (work-specific vac-
cinations) are under an obligation to record
vaccinations.
Health care provider institutions (vaccina-
tion centres) have to keep health care re-
cords for 30 years.
Vaccination of foreign nationals
It is Chapter IV of Government Decree
VML which details rules and regulations
regarding the vaccination of children who
are foreign nationals. The same rules and
regulations apply for people settling in
Hungary from other countries. Upon mak-
ing a vaccination plan, only those vaccines
can be taken into consideration which have
been documented as described above. It is
of utmost importance to check and verify
that the given documentation truly belongs
to the person in question. A vaccine which is
not documented ’does not exist’.

Upon making a specific vaccination plan for

an individual the following has to be consid-

ered: age, previous vaccinations, and dates
of previous vaccinations. This has to be
compared with the Hungarian vaccination
requirements and a Hungarian vaccination
diary which will then give a clear picture
about the vaccines the child still needs to
receive and the age by which these vaccines
will have to or should be administered. In
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case of delayed or missed vaccinations the
administration is officially ordered.

Benefits of the Hungarian vaccination system

o [tis free-of -charge
The term ’free’ should be avoided; vacci-
nations are given free-of-charge for elligi-
ble persons. Vaccines and all the tools and
equipment needed for their administration
have considerable costs, not to speak of the
salaries payed for employers, the mainte-
nance of the infrastructure required and ad-
ditional expenses (water, electricity, clean-
ing, disinfection, collection, transportation
and elimination of dangerous waste etc.).
We should be aware of the fact that public
health safety costs the government billions
covered by the income from taxpayers con-
tributions. This is why economical vaccina-
tion management is crucial.

o Available for all
All Hungarian children have equal rights
to vaccinations irrespective of the finantial
situation of their families. If a child missed
a vaccine, and there is no contraindication,
the vaccine should be administered as soon
as possible upon the child reaching the re-
quired age.

e Time of vaccinations is optimised

Vaccination time — the age at which a child
should receive the vaccine — is determined
by the pathogen. The aim, here, is to make
sure the child is protected by the time mor-
bidity in the given age-group reaches a peak
during the natural course of an infection
with the pathogen, i.e. immunity will have
developed, at least 14 days have passed
since the day of receiving basic immunisa-
tion.
It is not the parent who should decide when
their child is vaccinated. The most com-
mon misconception is that a child’s immune
system is not strong enough, and thus, the
vaccination should be delayed. Pathogens
infect unprotected organisms immediately.

e  Use of safe vaccinations
Only authorised vaccines are used; refridg-
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eration chains are monitored and document-
ed to ensure we do not only vaccinate but
immunise the population.
e [tis a dynamic system

Depending on the actual situation, the sys-
tem can be modified if necessary: novel
vaccines can be introduced, vaccination
times can be modified, certain vaccines can
be discontinued for the proir aim to contain
and eliminate diseases... etc.

Surveillance of mandatory vaccinations by
authorities

Monitoring vaccination coverage

High vaccination coverage and adequate vacci-
nation schedules are the major prerequisits for
maintaning public health safety. Surveillance is
supported by an up-to-date IT system.
Vaccination reports on conitnuous vaccinations
have to be submitted by a certain deadline every
month for each district. The reason(s) for vaccina-
tions delayed for more than two months also have
to be reported.

Analyses of data received thereby have to be car-
ried out every month for each district, county and
at country level too, highlighting tendencies and
possible need for intervention. The same applies
for school vaccination campaigns.

Continuous vaccination monitoring

Basic documents are printed for every district af-
ter monthly deadlines. First, acute monthly re-
ports on continuous vaccinations are reviewed;
these monthly reports should contain the number
of people to be vaccinated and those who have
been vaccinated for each type of vaccine.

This allows us to calculate the monthly vaccina-
tion coverage = (number of people who have been
vaccinated / number of people to be vaccinated) x
100 (to receive the rate in %). Evaluation of these
data is very easy, for example, if all babies born
in a given months undergo vaccination it gives a
100% vaccination coverage. The number of peo-
ple to be vaccinated may vary in a given district
due to moveg in or moving away from the area be-
longing to the competent district authority. Appar-
ently, in case of missed vaccinations, vaccination
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coverage is less than 100%. Vaccination coverage
is an important and useful index despite the fact,
that it does not give information on the progress
of vaccination coverage.

Why is it important to have information on the
progress of vaccination coverage? The answer is:
for the sake of maintaining public health safety, as
the prior goal is to make sure every elligible child/
person is vaccinated as soon as possible when
reaching the designated age, so that the vaccine
can activate immune cells, and thereby, can con-
tribute toward reducing at risk populations.

The table below presents data on progress of vac-
cination coverage for a given month. Columns are
to be analysed from bottom up. The last entry in
the column showing year /month of birth refers to
the actual month. The next column gives the age
of the infant in full months.

For example: if a child was born on 21.03.2015,
he/she child is two months old on 21.05.2015
but on 22.05.2015 he/she has passed age of two
months that is, they become elligible for the vac-
cine to be received at two month of age on this
day.

Before the evaluation of the progress of vaccina-
tion coverage it should be considered that the last
row in all the columns refers to the actual month,
which means, that this is not a completed month,
and therefore, these data cannot be evaluated.
Data in the two rows immediately above show
vaccination coverage in the two months subse-
quent to the month the child is due to receive the
vaccination. Vaccination progress is considered to
be quite good if the rate reaches at least 98%. If it
is reached only by the third month, it is regarded
to be good, if only by month four, it is considered
average, if the required rate is reached by month
five, it is termed as prolonged, if it requires half a
year or longer it is significantly prolonged.
Should monthly reports reveal a worsening ten-
dency or lack or improvement of an unfavourable
situation, an investigation into the causes should
be initiated, and both district- and county-level
authorities should plan and implement adequate
preventive measures to avoid more serious poten-
tial problems.

Comparing the above two tables, we can identify
children who remained unvaccinated even after
two months of becoming elligible for each vac-
cine type. To give an example: if the progress of
vaccination coverage goes beyond 98% in two
consecutive months we need to check the num-
ber of children to be vaccinated from the report
(DPT4, HIB4, IPV4 = 4 persons). In the table on
“Missed vaccines > the persons/children can be
identified by entering the date of birth and the
vaccination type, of course ,only if such data have
been registered and reported. The next task is to
thoroughly investigate the underlying cause. For
the clarification of the situation the public health
officer working on the case may have to contact
the child’s paediatric GP, health visitor, or vacci-
nation consellor. It is very important to remember
that the main duty of public health officers is to
help maintain public health safety and not to suc-
cumb to parental pressure or pressure from other
persons to issue a certificate of exemption from
vaccination on unvalid, illegal grounds.

Upon organising school campaigns, it is important
to provide new dates within the given time period
for missed vaccination appointments to ensure as
high vaccination coverage as possible. Vaccina-
tion covergage should then be assessed and evalu-
ated based on the reports submitted. Upon detect-
ing a deteriorating tendency, school directors, and
parents should be contacted with the aim to find
an adequate solution for the problem of missed
vaccines.

It is also important to devote some words to the
vaccination of adults. The new corona virus
(COVID) epidemic has been a great example; in
other cases it is mainly the devotion of GPS to the
cause of facilitating vaccinations that is the most
determinant factor in this respect. It would be very
important to ensure that the elderly are vaccinated
at least against pathogens there are vaccines for
(e.g. Streptococcus pneumoniae), as they are con-
sidered immune-supressed due to their age, and
are more likely to use health care service, as they
often suffer from a variety of chronic illnesses.
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Table 2. REPORT

On the state of continuous vaccination at the end of March 2015., Public Health Department of the
District Authority at the area of the County Government Office

|
vacci-
year/ nated
month
2013/05 66
2013/06 78
Total 422
2013/07 64
2013/08 91
2013/09 72
2013/10 73
2013/11 82
2013/12 64
Total 446
2014/01 63
2014/02 71
2014/03 63
2014/04 63
2014/05 58
2014/06 77
Total 395
2014/07 85
2014/08 90
2014/09 81
2014/10 74
2014/11 87
2014/12 88
Total 505
2015/01 81
2015/02 66
2015/03 83
Total 230
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vaccinated
BCG DPTI
66 66
78 78
422 422
64 64
91 91
72 72
73 73
82 82
64 64
446 | 446
63 63
71 71
63 63
63 63
58 58
77 77
395 | 395
85 85
90 90
81 81
74 74
87 87
88 86
505 = 503
79 63
66 0
79 0
224 63

HIB1

66

78

422

64

91

72

73

82

64

446

63

71

63

63

58

77

395

85

90

81

74

87

86

503

63

63

IPV1

66

78

422

64

91

72

73

82

64

446

63

71

63

63

58

77

395

85

90

81

74

87

86

503

63

63

DPT2

66

78

421

64

91

72

73

82

64

446

63

71

63

63

58

76

394

85

90

81

74

82

57

469

HIB2

66

78

421

64

91

72

73

82

64

446

63

71

63

63

58

76

394

85

90

81

74

82

57

469

IPV2 DPT3 HIB3

66

78

421

64

91

72

73

82

64

446

63

71

63

63

58

76

394

85

90

81

74

82

57

469

66

78

421

64

91

72

73

82

64

446

63

71

63

63

58

76

394

85

90

78

67

40

360

66

78

421

64

91

72

73

82

64

446

63

71

63

63

58

76

394

85

90

78

67

40

360

IPV3 MMR DPT4 HIB4

66

78

421

64

91

72

73

82

64

446

63

71

63

63

58

76

394

85

90

78

67

40

360

66

78

421

64

90

70

69

72

48

413

66

74

417

60

73

50

66

74

417

60

73

50

1PV4

66

74

417

60

73

50
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Table 3.: Progress of Vaccination coverage for March 2015.
Public Health Department of the District Authority at the area of the County Government Office

Date of
birth Full
year/  months

months BCG DPT1 HIB1 [IPV1 DPT2 HIB2
2013/05 22 100,0% = 100,0% | 100,0% | 100,0% = 100,0%  100,0%
2013/06 21 100,0% | 100,0% @ 100,0% = 100,0% & 100,0% | 100,0%
2013/07 20 100,0% | 100,0%  100,0% = 100,0% & 100,0% = 100,0%
2013/08 19 100,0% = 100,0% | 100,0% | 100,0% = 100,0% = 100,0%
2013/09 18 100,0% = 100,0% | 100,0% | 100,0% = 100,0% = 100,0%
2013/10 17 100,0% | 100,0% @ 100,0% = 100,0% & 100,0% | 100,0%
2013/11 16 100,0% | 100,0%  100,0% = 100,0% | 100,0% | 100,0%
2013/12 15 100,0% = 100,0% | 100,0% @ 100,0% = 100,0% = 100,0%
2014/01 14 100,0% = 100,0% | 100,0%  100,0% = 100,0% = 100,0%
2014/02 13 100,0% | 100,0% @ 100,0% = 100,0% & 100,0% | 100,0%
2014/03 12 100,0% | 100,0% @ 100,0% = 100,0% & 100,0% = 100,0%
2014/04 11 100,0% = 100,0% | 100,0% | 100,0% = 100,0% = 100,0%
2014/05 10 100,0% = 100,0% | 100,0% @ 100,0% = 100,0%  100,0%
2014/06 9 100,0% | 100,0% | 100,0% = 100,0% = 98,7% | 98,7%
2014/07 8 100,0% | 100,0% @ 100,0% = 100,0% & 100,0% | 100,0%
2014/08 7 100,0% = 100,0% | 100,0% | 100,0% = 100,0% = 100,0%
2014/09 6 100,0% = 100,0% | 100,0% @ 100,0% = 100,0% = 100,0%
2014/10 5 100,0% | 100,0% | 100,0%  100,0% | 100,0% 100,0%
2014/11 4 100,0% | 100,0% = 100,0% = 100,0% = 943% | 94,3%
2014/12 3 100,0% = 97,7% | 97,7% | 97,7% = 648% = 64,8%
2015/01 2 97,5% | 778% | 77.8% | 77,8%
2015/02 1 100,0%

2015/03 0 95,2%

Adverse events reported after

vaccination

Aims: to conclude the quality control process of
a vaccine. Unfortunately, the significance of this
type of surveillance has not yet gained sufficient
appreciation among physicians either.

According to the defintion: adverse events subse-
quent to vaccination include any unwanted event

IPV2 DPT3 HIB3 I1PV3 MMR DPT4 HIB4 IPV4
100,0% | 100,0% = 100,0% = 100,0% = 100,0% @ 100,0% | 100,0% @ 100,0%
100,0% | 100,0% | 100,0% = 100,0% | 100,0% = 94,9% 94,9% | 94,9%
100,0% | 100,0% | 100,0% = 100,0% | 100,0% = 93,8% 93,8% | 93,8%
100,0% | 100,0% | 100,0% = 100,0% | 100,0% = 80,2% 80,2% 80,2%
100,0% | 100,0% & 100,0% = 100,0% = 98,9% @ 69,4% 69,4% | 69,4%
100,0% | 100,0% | 100,0% = 100,0% | 97,2%

100,0% | 100,0% | 100,0% = 100,0% | 94,5%

100,0% | 100,0% | 100,0% = 100,0% | 87,8%

100,0% | 100,0% = 100,0% = 100,0% = 75,0%

100,0% | 100,0% | 100,0% = 100,0%

100,0% | 100,0% | 100,0% = 100,0%

100,0% | 100,0% | 100,0% = 100,0%

100,0% | 100,0% | 100,0% = 100,0%

98,7% = 98,7%  98,7% | 98,7%

100,0% | 100,0% | 100,0% @ 100,0%

100,0% | 100,0% | 100,0% = 100,0%

100,0% = 96,3% = 96,3% | 96,3%

100,0% = 90,5% | 90,5% = 90,5%

943% | 46,0% = 46,0% @ 46,0%

64,8%

(symptom, death) upon the occurrence/noticing of
which it may be suspected (or more precisely, it
cannot be excluded) that it is associated with the
vaccination.

Who can report an adverse event after a vaccina-
tion? The noticing person (physician, pharmacist,
the vaccinated person, and an acquaintance) or the
vaccinating physician can report adverse events
to the public health department of the district/re-
gional authority and to the National Institute of
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Pharmacy and Nutrition.

What is the form of reporting? Reporting can be
done on-line or by completing documents in pa-
per. Regarding details consult the corresponding
methodological letter. [National Public Health
Center of Hungary: Protocol on the management
of adverse events after vaccinations (2019.)]

The investigation is to be performed by the pub-
lic health department of the district govenment
authority. Data collection is based on a uniform
questionnaire. The public health officer responsi-
ble for the investigation of the adverse event has to
collect all data available which requires contact-
ing the vaccinated person or their family mem-
bers, the vaccinating physician and to carry out
an investigation at the premises. Besides personal
interviews, it is also necessary to check medical
documents including information on vaccination
storage and administration. Their responsibilites,
however, do not include the investigation of eligi-
bility or that of contraindications; these are physi-
cians’competencies.

The report then has to be forwarded to a gremium
of experts for processing and evaluation.

Sero-epidemiological examinations

Sero-epidemiological examinations may reveal
valuable information on the health status of the
population, for example, the level of protection or
vulnerability of a given segment of the population
against a particular disease. Such examinations
can well monitor the effectiveness of vaccinations
and the persistance of antibodies at population
level, for all age-groups. Highlighting region-
al inequalities can help identify disadvantaged
population groups, which may benefit from rap-
id interventions or may point toward the need to
initiate targeted campaigns. Sero-epidemiological
examinations may forecast recurrence of infec-
tious diseases (e.g. diphteria), or the possibility
of a repeated outbreak based on detected increase
in the number of susceptible individuals amids a
favourable epidemic situation (e.g. Hepatitis A
outbreak registered in 2006 in a Somogy, Baran-
ya and Tolna counties; 2021 small outbreaks of
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COVID-19 in 2021 in areas of low vaccination
coverage).

A disadvantage of sero-epidemiological examina-
tions is that they are resource intensive. Informa-
tion on available resources is required in order to
be able to plan examinations, to supply the tests
and to prepare the laboratories. Samples exam-
ined have to be representative of the population
in terms of the age, sex, geographical and urban
environment (city, town, village).

By observing corresponding data protection laws
and regulations, sample collection is relatively
easy as hundreds of diagnostic blood tests are per-
formed daily. Serologicial tests can continue by
using the blood remaining after diagnostic tests.
A difficulty arising here is, how the samples get to
the labs which carry out the serological examina-
tions in processable condition. Laboratory work
requires highly trained professional staff and con-
siderable finantial resources.

Microbiological and laboratory
examinations, taking of samples

Although several symptom-based surveillance
systems work without laboratory tests, these
mainly serve acute emergeny situations. Epide-
miological phenomena (disease accumulations,
outbreaks, epidemics, pandemics) require target-
ed and effective measures which necessitate the
analysis of data on diseases of verified aetiology.
The Appendix to Government Decree (18/1998.
(VL.3.) issued by the Ministry of Public Health is
to be consulted upon questions regarding type of
samples to be taken, and type of examinations to
be performed, to ensure the most precise epide-
miogical diagnosis. The Hunagrian health care
system has a multi-level system of laboratories
for this purpose.

Clinical laboratories can dentify clinical param-
eters of an infection (aspecific immune response
to an infection: RBC sedimentation rate, quality
blood count, CRP). The network of microbiologi-
cal laboratories (local, regional, reference values)
can, on the one hand, identify pathogens with
continuously advancing diagnostic technologies,
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at increasing levels of detail, and on the other
hand, can detect specific-immune responses of the
organism to a given pathogen (serological tests).
Clinicians are guided by local protocols that de-
scribe which samples to take, for what purpose
and where to send them for laboratory testing and
evaluation. Logistics is provided by the system
of clinical institutions in the case of individual
samples, but if the samples are to be evaluated for
epidemiological diagnostic purposes logistics is
managed by the public health authorities system.
Precise completion of the examination request
form is crucial, as besides personal details of the
patient, this form includes public health data as
well (onset of the disease, clinical symptoms,
whether the case belongs to an epidemic), health
data, regular medications taken, and vaccination
status (if relevant). Based on the clinical picture
and the medical history, clinicians often do not
order further examinations post mortem. Howev-
er, on suspicion of a reportable infectious disease
this is not acceptable from an epidemiological
perspective for several reasons. As for example,
sepsis can be caused by several different patho-
gens. Liquor samples should be taken as soon as
possible, in post mortem cases prior to transpor-
tation of the deceased to the pathology in order to
avoid the samples getting infected.

It is a basic requirement that the examination re-
quest form and the sample container should be
identifiable, because if there cannot be matched
up, the laboratory will not be able to perform the
tests. Test samples should be wrapped by making
sure request forms do not get contaminated. Inad-
equate data supply may cause financing issues for
the lab. By completing the examination request
form properly, the laboratory staff may be able to
perform further tests so that they can identify the
given pathogen more precisely. Samples should
be delivered to the labs as fast as possible and
should, subsequently, be stored as required by the
sample type (microbiologists can provide help).
Rapid tests are useful in identifying viruses, or
for example, in the differential diagnostics of cap-
sulated bacteria as they can be performed within
minutes or hours. At present, there are rapid test
for the identification of e.g. the rota virus, SARS-

Cov-2, N. meningitidis, H. influenzae, E. coli,
Penumococcus and Streptococcus. Further tests
including chemical, microbiological and other
specific typing tests may also be carried out. Lig-
uor culture is fundamental as besides confirming
the diagnosis, its results may indicate antibiotic
resistance and further in-depth characteristics of
the pathogen may also be revealed. If the patient
received an antibiotic prior to the liquor biopsy, a
PCR test can help identify the bacterium/bacteria.

Nowadays, test results are available online. There
are rules and regulations which determine which
test results should microbiological laboratories
make available for the microbiological sub-sys-
tem of the National Professional Database Sys-
tem. This is the basis the collaboration between
the public health services system and microbio-
logical surveillance is built upon.

Hand hygiene

Public health officers do not take part in patient
care directly, but through their involvement in dif-
ferent types epidemiological work, e.g. case in-
vestigations, supervising hospital/institution hy-
giene, official investigations etc., they may have
to enter patient zones or patient care zones.
Patient zone: is defined as surfaces/items in his/
her sorroundings, also including the patient, that
are temporarily and exclusively dedicated to him/
her i.e. all items touched directly or indirectly
by the patient or touched by health care workers
while delivering care.
Patient care zone: all areas of the hospital where
direct patient care is delivered and where patient
diagnostic or treatment procedures are performed.
Basic prerequisites of hand hygiene:

e Healthy, intact skin

e Short, clean nails (accepted length:< 0,5 cm

over finger tip)
e Artificial nails or wearing nail varnish is
forbidden!
e Jewellery is forbidden!

Hand hygiene indications:
Using an alcoholic disinfectant is more effective
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than washing the hands with soap or disinfectant
soap. Washing the hands with soap is only rec-
ommended if the hands are apparently contami-
nated.
Public health officials are required to precisely
know all 5 indications of the WHO handhygiene
guidelines, according to which hands should be
disinfected:

1. prior to direct contact with patients;
prior to aseptic interventions;
subsequent to contact with body fluids;
subsequent to direct contact with patients;
subsequent to any contact with items
touched directly or indirectly by the patient.

AN

Use of gloves is mandatory:

1. Steril gloves prior to surgical interventions.

2. Examination gloves prior to potential con-
tamination with an infectious material.

3. Examination gloves prior to contact with
isolated patients.

4. Gloves worn on the hand are just as potent
sources of infection as unprotected, bare
hands. It is important to disinfect the hands
before putting on and after removing medi-
cal gloves with an alcohol-contaning disin-
fectant.

Alcoholic hand disinfectants should be continu-
ously available for office workers as well.

Surveillance of General practitioners

GPs are key players in maintaining public health
safety. Contact with primary care physicians is a
fundamental interest of the public health servic-
es system.Databases managed by district author-
ities may prove valuable indicators of the public
health work conducted by local GPS. Routinely
reported data - reported infectious cases, number
of outbreaks, laboratory tests perfomed per case,
vaccinations, annual reports on the management
of health waste data etc. — can help identify GPs
who need to be visited first.

It is advisable to schedule visits based on a pri-
or plan. Pre-announced surveillance visits to GPs
best be scheduled for early summer or early au-
tumn as flu seasons will likely have ended and
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catarrhal diseases with with fever may have not
started yet. Summer is not an optimal period as
many physicians may be on holiday and those
who work are likely to be substituting colleagues.
Surveillance visits may be ordered by the Chief
medical officer or might be prompted by an acute
outbreak.

Surveillance of GPs’ surgeries reveals hygienic
conditions, tidiness and cleanliness of the place.
With the help of the nurse/assisstant, the public
health officer conducting the surveillance may
find unreported cases by checking laboratory
results from the medical database or by coming
across recorded diagnosed cases. Meanwhile, the
chief medical officer can discuss about the GP’s
reporting routine, may call attention to adherence
to guidelines and the importance of documenting
cases. Vaccination storage, disinfection and ster-
ilisation practices, cleaning and waste manage-
ment and disposal (dangerous, communal) should
also be in focus during such visits.

Surveillance visits also provide an opportunity
for allocating information, highlighting problems,
searching for solutions and trust-building among
physicians and other health care workers. A sur-
veillance report is finally compiled, which may
result in further action.

Authority surveillance,
documentation

authority

During their work, public health officers represent
the public health authority of the country. There-
fore, they are required to be always well-prepared
professionally, and to behave and dress accord-
ingly. As their work almost always entails writing
a report they are advised to have a general sam-
ple report form at hand containing the essential
parts (file number, site or surveillance, start and
finish times, personal details of persons present,
their availabilities, legal staus, subject, the ground
upon which the surveillance was ordered, letter
sent to the person under surveillance detailing his/
her rigths and duties, data of the physician under
surveillance, conclusions, declarations, number of
pages and number of original copies, signatures).
The surveillance report records facts and data
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with great precision and detail, and will serve as
the basis for the resolution/decision. Anything left
out of the report cannot be referred to or acted
upon.

Decisions made during administrative proce-
dures (judgements/resolutions)
Administrative procedures result in decisions that
fall within the scopes of substantive and/or pro-
cedural law. An example for the first is ordering
a mandatory vaccination; one for the latter is a
judgement about a procedural fine payable.
Decree CL/2016 on the regulation of public health
procedures decisions are to be issued in the form
of a judgement or resolution. The designated au-
thority makes resolutions on the case and all other
decisions made during the procedure make up a
Jjudgement.
The regulation contains the following:
1. the appointed authority, all data required for
identifying the client and the case,
2. apart about the judgement including:
— the decision made by the authority,
— the resolution of the expert commitee,
— information about the appeal filed in
— arising procedural costs,
3. reasoning should include:
— acircumstances and facts,
— evidence,
— reasons for decisions made by a profes-
sional authority,
— reasons for discretion and the final de-
cision,
— laws, rules and regulations referred to
in decision-making
4. resolutions have to be adequately signed ,
5. and dated.

In cases requiring immediate legal action, the
client may receive the resolution/judgement in
words the preparation of a preliminary document
in writing may be omitted. In such cases, a writ-
ten document compiled and sent by the authorities
later.

Communication

Colleagues working for public health services
often realise that rules and regulations are often
ignored, not because they are not comprehensible
enough, or those who should abide by them do not
know them, or do not understand them properly,
it is rather because they are not aware of the sci-
entific background of and evidence behind these
rules and regulation and therefore, do not clearly
understand how important they actually are. For
this reason, the best strategy of handling non-com-
pliance is to start by providing information and
educate health care workers. Such strategies may
prove beneficial as they may further enhance trust
and cooperation between the public health officer
and the health care worker involved. These strat-
egies will not undermine respect towards the au-
thorities, or generate unnecessary conflict; on the
contrary, they may actually result in building the
grounds of effective, long-term cooperation.

The measures authorities employ may vary at a
large scale: enacting decisions, suspension of
operations, warnings given on matters involving
personal responsibility or issuing serious fines.
Consequently, the extent of non-compliance, and
whether it was committed negligently or inten-
tionally, recurrent cases of such behaviour shall
all be considered when authorities decide upon
the measures to be taken. The aim is to enforce
compliance with rules and regulations by causing
the least human or financial/economic harm.
Public health surveillance is not aimed at finding
scape goats. It is crucial to avoid any form of ex-
ternal pressure that would point in this direction.
An infection, disease, or outbreak does never de-
velop as a result of non-compliance of one par-
ticular individual but is always a multi-factorial
phenomenon (including non-compliance with
rules and regulations, incomplete or imprecise
surveillance, understaffing, time pressure etc.).
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In 2019, 55% of the total global mortality of 55.4
million was caused by the 10 most common caus-
es of death. Global causes of mortality, in terms
of total years of life lost, were associated with the
following disease groups: cardiovascular (ischae-
mic heart disease, stroke), respiratory (chronic
obstructive pulmonary disease, lower respiratory
tract infections) and mortality related to neonatal
conditions.

Globally, in 2019, according to the Global Burden
of Disease (GBD) data, 7 out of 10 leading caus-
es of mortality were non-communicable diseases.
These 7 causes were responsible for 44% of all
mortality and amounted to 80% of the 10 leading
causes. In 2019, all non-communicable diseases
accounted for 74% of mortality worldwide. The
leading cause of mortality was ischaemic heart
disease accounting for 16% of total global mortal-
ity. Between 2000-2019, it increased by 2 million,
up to 8.9 million. Stroke and chronic obstructive
pulmonary disease were the second and third lead-
ing causes of death accounting for 11% and 6% of
total mortality. Mortality due to pharyngeal, bron-
chial and pulmonary cancers increased from 1.2
million to 1.8 million being the sixth most com-
mon cause of death today. Diabetes became one
of the ten most common causes of mortality as
there has been a significant, 70% increase, since
2000, in deaths associated with diabetes.
According to data retrived from the Hungari-
an Central Statistical Office, there were 129 600
deaths in 2019. Major causes of death included:
49.5% (64 100 persons) were due to diseases of
the circulatory system, 25.5%were due to can-
cer (33 000 persons), and the third most common
cause was respiratory diseases (6.7%, 8 000 per-
sons), followed by diseases of the digestive tract
(4.9%, 6 400 persons) and deaths caused by vio-

lent action (accidents, suicide) (4.2%, 5 500 per-
sons).

Due to lack of space, this chapter is going to out-
line the epidemiological importance and preven-
tion possibilites of only the most important dis-
eases. The epidemiology of obesity is described
in more detail in the chapter on the epidemiology
of nutrition.

The Epidemiology Of
Cardiovascular Diseases

Cardiovascular diseases include diseases caused
by atheromatous changes in the coronary heart ar-
teries, cerebral- and peripheral arteries.
Cardiovascular diseases (CVDs) are responsi-
ble for the death of 3.9 million people in Europe
and more than 1.8 million people in the Europe-
an Union (EU) in a year. Cardiovascular diseas-
es account for 45% of total mortality in Europe
and 37% of total mortality in the EU. Half of the
mortality associated with cardiovascular diseases
is due to ischaemic heart disease, out of which,
the prevalence and mortality of acute myocar-
dial infarction has been showing a decreasing
trend in Western countries since the 1980s, while
Asian countries have seen an increase in this re-
spect. These trends can be due to an increase in
life expectancy, rapid economic growth and the
spread of Western lifestyle. In Hungary, according
to data from the National Myocardial Infarction
Registry, (with 93 hospitals contributing data at
present) there were 14 462 patients and 14 766
events registered in 2016.

Risk factors contributing to the development of
cardiovascular diseases can be grouped along var-
ious considerations:
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Causal/conventional risk factors, which signifi-
cantly increase the risk or cardiovascular diseas-
es: smoking, high blood pressure, diabetes melli-
tus and elevated LDL cholesterol levels.
Predisposing factors: overweight, obesity, physi-
cal inactivity, male sex, early onset coronary heart
disease in the family history, socio-economic fac-
tors, insulin resistance.

Conditional risk factors: homocistein, fibrino-
gen, lipoprotein (a), LDL cholesterol, C-reactive
protein.

Newly identified risk factors (e.g. oxidative stress
markers, some allele polimorphisms).

A large international study (INTERHEART) re-
vealed that potentially modifiable risk factors as-
sociated with myocardial infarction do not show
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significant differences in terms of ethnic origin
or country of origin. Early onset cardiovascular
disease in the family history is a significant risk
factor, and while the mechanism is multifactorial;
it may be significantly associated with and influ-
enced by lifestyle including smoking, diet, obe-
sity and physical inactivity. Evidence has shown
that there is a close association between genetic
polimorhism and lifestyle-related risks.

Data collected within the framework of the Car-
diovascular Lifetime Risk Pooling Project in-
cluding 18 cohort studies and an overall 257 384
afroamerican and caucasian males and females
revealed that people with an optimal overall risk
profile had a significantly lower risk for cardio-
vascular diseases than those with one major risk
factor (1.4% versus 39.6% in men, 4.1% versus
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Figure 1.: The risk of a cardiovascular event within
10 years according to the European Society of Cardiology (2021)
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20.2% in women). Having more than two risk fac-
tors increased lifetime risk further with 49.5% in
males and 30.7% in females. Main risk factors in-
cluded: diabetes, high blood pressure, low HDL,
high LDL, higher trigliceride levels, sex, age. Ab-
solute cardiovascular risk was found to have been
twice as high among diabetic patients compared
to the non-diabetic population.

Absolute cardiovascular risk refers to the like-
lihood of an individual to have a cardiovascular
event (disease) induced by atherosclerotic change
over a given period of time taking into consid-
eration all risk factors. (Cardiovascular diseas-
es: high blood pressure, coronary artery disease,
heart failure, cardiomyopathy pericardial diseas-
es, cerebrovascular diseases, transient ischaemic
attacks, stroke, peripheral aretrial disease, gan-
grene, aneurysm, vasculitis).

Risk assessment tools help assess risk of individ-
ual patients and facilitate adequate therapeutic
decisions. The current guideline of the Europe-
an Society of Cardiologists, to so-called SCORE
(Systematic Coronary Risk Evaluation), aims to
assess the above mentioned risk factors (age, sex,
smoking, blood pressure, cholesterol levels), and
taking all these into consideration it is used for
the calcualtion of the 10-year the risk of a fatal
coronary event Diseases affecting the coronary
arteries: Coronary heart disease (CHD), and Cor-
onary Artery Disease (CAD) which may lead to

angina (chest pain) or heart attack (myocardial
infarction).
In Europe, separate scores are used for low- and
high-risk countries. Hungary is among high-risk
countries.
Asymptomatic patients are recommended to un-
dergo risk assessment at annual check-up exam-
inations in the following cases: 1. the patient has
one or more cardiovascular risk factors 2. there
is early onset cardiovascular disease in the family
history 3. the patient has symptoms suggesting a
cardiovascular disease; if the patient is diagnosed
with a cardiovascular disease it immediately puts
him/her into the very high risk category and ther-
apy to reduce risks should be commenced, or 4.
upon the patient’s request.

The Epidemiology of Hypertension

Hypertension is diagnosed when a person’s blood
pressure average, based on two measurements out
of three taken on three different occasions (at least
one week apart) in the office or clinic, reaches or
is above 140 Hgmm systolic and/or 90 Hgmm di-
astolic pressure. Upon measuring blood pressure
at home, it indicates hypertension if the blood
pressure is 135/85 Hgmm or higher; blood opti-
mal blood pressure is 120/80 Hgmm. Table one
presents normal and abnormal blood pressure val-
ues measured in a medical setting.

Table 1.: Categories of normal and abnormal blood pressure values measured in a medical setting
(Hungarian Society of Hypertension)

Systolic blood pressure

Diastolic blood pressure

Category (Hgmm) (Hgmm)

optimal blood pressure <120 and <80

normal blood pressure 120-129 and/or  80-84

elevated- normal blood pressure  130-139 and/or  85-89

Grade 1. hypertension 140-159 and/or  90-99

Grade 2. hypertension 160-179 and/or  100-109

Grade 3. hypertension >180 and/or >110

isolated diastolic hypertension <140 and >90

isolated diastolic hypertension >140 and <90
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80-85% of hypertension is primary hypertension
which typically takes years to develop. 15-20%
of people develop high blood pressure as a con-
sequence of, or paralel with, another disorder or
organ dysfunction (e.g. obstructive sleep apnoea,
kidney disease, tumours of the suprarenal gland,
thyroid problems, certain hereditary vascular dis-
orders), or it may develop as a result of taking
certain medications/pharmacotherapy (e.g. con-
traceptive pills, cold remedies, OTC pain killers,
illegal drug use: e.g. cocaine, amphetamines).

Prevalence

Around 1.13 billion people have hypertension
globally and the number is expected to increase
upto 1.5 billion by 2025. Prevalence of hyper-
tension is around 30-45% in the adult population
based on measurements performed in a medical
setting and shows an increasing tendency with
age. Prevalence is above 60% in people aged 60
and above. At present, there are around 3-3.5 mil-
lion people living with hypertension in Hunga-
ry, the prevalence in the adult population is over
35%. In adolescents, hypertension prevalence is
2.5%, in the whole population 32.7% in women
and 34.1% in men.

According to a 2019 health survey the risk of de-
veloping hypertension increases with age; in the
35-44 age group it is 16%, in people aged 75 and
above it is more than 90%. Prevalence is higher
among women than among men, which is mostly
due to the differences in age distribution. Risks of
hypertension show significant social differences in
the population above 25 years, with only a quarter
of the people with a higher education degree hav-
ing high blood pressure compared to those with
only 8 years of elementary education or less. In
the population above 18 years of age the preva-
lence is 25% less among people belonging to the
highest income group compared to those in the
lowest income group.

Risk factors
* Risk increases with age. About two-thirds
of people over 65 suffer from hypertension.
The risk of developing hypertension in peo-
ple who have normal blood pressure aged
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55 is 90%.

*  Until about 64 years of age high blood pres-
sure is more common among men. Women
are more likely to develop high blood pres-
sure after age 65.

* HBP is very common in the afro-american
race. The prevalence is nearly double in
the Roma population compared to the total
Hungarian population.

» Regarding the effect of family history, chil-
dren with hypertensive parents are more
likely to develop the disease with a slightly
stronger correlation found between mother
and child. In the case of hypertension in ad-
olescence, there is a positive family history
in 86% of the cases.

*  Regarding obesity or overweight every 1
kg/m? increase in BMI increases the risk
of hypertension with 12%. Every 10 kgs of
weight gain increases the systolic pressure
with 3 Hgmm, and diastolic pressure with
2.2 Hgmm.70.6% of hypertensive patients
have an abnormal waist circumference.
Birth weight and blood pressure in adoles-
cence show anegative correlation. Low birth
weight is associated with a higher incidence
of hypertension in adulthood. According to
data, in Hungary, more than 80% of patients
having hypertension are overweight, 89%
have an above normal waist circumference
and 33% of those who are overweight have
hyperension. (Kiss, 2014).

Further risk factors include: physical inactivi-
ty, active or passive smoking, high sodium, and
low potassium intake through diet, excessive al-
cohol consumption, high stress levels, and certain
chronic conditions. Socio-economic factors also
play a significant role; HBP prevalence is 33%
higher among women in the lower income group.

Symptoms

High blood pressure remains asymptomatic un-
til complications develop in target organs. Verti-
go, flushed face, headache, fatigue, nosebleed or
nervousness may be the early signs. Severe high
blood pressure may lead to serious cardiovascu-
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lar, renal, retinal or neurological complications
(e.g. symptoms of coronary atherosclerosis, heart
failure, hypertonic encephalopathy, kidney insuf-
ficiency).

Prevention

Primary prevention

Lifestyle changes are important and highly rec-
ommended next to pharmacotherapy as well.
Main steps include:

* Reducing intake (< 5g daily).

* Reducing alcohol intake: in men, down to
14 units/week (175 g/week), in women,
down to 8 units (100 g/week), heavy drink-
ing should be avoided.

* Diet rich in vegetables, fresh fruit, fish,
whole grains, nuts, saturated fatty acids
(olive oil), and low fat dairy products. Red
meats should be avoided (Dietary Approach-
es to Stop Hypertension (DASH) diet).

* Bodyweight control: in case of overweight
or higher waist circumference (>102 cm in
men, >88 cm in women); target values are:
BMI 20-25 kg/m? and waist circumference
in men <94 cm in women <80 cm.

* Regular, moderate or high intensity train-
ing/physical exercise can decrease systolic
blood pressure with 11 Hgmm and diastolic
blood pressure with 5 Hgmm. At least 150
minutes of moderate exercise or 75 minutes
of intense aerobic exercise weekly, or the
combination of moderate and intense exer-
cise is recommended. Interval training (re-
petitive exercises combining high intensity
with low intensity exercises, or passive pe-
riods of resting) and muscle strengthening
exercises performed at least twice weekly
are also beneficial and effective.

» Stress release techniques aimed at reducing
stress levels, and the use of adequate cop-
ing techniques are also very helpful (muscle
relaxation, deep breathing, regular physical
activity, getting enough sleep).

* Regular blood pressure monitoring at home
(blood pressure diary) helps patients devel-
op awareness about their condition and may
provide helpful data to physicians as well.

Secondary prevention

Blood pressure measurements should be a part
of at any routine doctor-patient encounter. Blood
pressure checks should be carried out based on
age and risks as follows:

- Patients under 40 with optimal blood pres-
sure who have no risks should have their
blood pressure checked every 5 years, pa-
tients with normal blood pressure values
every three years and those with elevat-
ed-normal BP values should be checked
every year.

- Between 40-65 years of age, if the patient
has an optimal blood pressure it is enough
to have a BP check every three years, those
with normal blood pressure every two years
and patients with elevated-normal blood
pressure should have their blood pressures
taken every year in an office/sclinic setting.

- Patients who are at higher risk should have
a BP check every three years if they have
an optimal blood pressure, those with nor-
mal blood pressure should have their BP
checked every two years and patients with
elevated-normal values should have their
blood pressure taken annually.

The Epidemiology of Stroke

From a public health perspective, stroke is the
most significant cerebrovascular disease group.
Stroke is a sudden nervous system dysfunction
caused by decreased cerebral blood flow. The
clinical symptoms of a focal or extended function-
al disturbance last at least 24 hours or may be fatal
and the cause is only of vascular origin.

Ischaemic stroke is the most common type ac-
counting for 80% of strokes caused by an obstruc-
tion of a cerebral vessel. It is most commonly
due to atherosceloris, thrombosis, or embolism.
Another type is haemorrhagic stroke, the most
important risk factor of which is hypertension; in
this case a vessel leaks or ruptures causing bleed-
ing into the brain. Strokes may originate from
several conditions affecting vessels e.g. uncon-
trolled high blood pressure, overtreatment with
anticoagulants, aneurysms, trauma (e.g. traffic ac-
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cident), and protein deposits in vessel walls lead-
ing to weakened vessel walls. 8-12 % of patients
who have had an ischaemic stroke and 37-38%
of patients who have had a haemorrhagic stroke
die within a month. Mortality within a year after a
stroke is 25% in women and 22% in men.

A special form of stroke is the so-called transient
ischaemic attack (TIA) which is characterised by
temporary stroke-like symptoms but it does not
cause permanent damage. TIA is caused by a tran-
sitory disturbance in cerebral blood supply which
may last up to five minutes.

Incidence, mortality, prevalence

In 2019, the global incidence of stroke was 12.2
million, global prevalence was 101 million,
DALY was 43 million (133-153), and mortality
was 6.55 million cases (6.00-7.02). Stroke is the
second leading cause of death worldwide amount-
ing to 11.6% of total mortality and 5.7% of total
DALY 5.7 in 2019. Between 1990 and 2019, ab-
solute number of stroke was 70.0% higher, and
its prevalencia was 85.0% higher. Mortality due
to stroke was 43.0% higher; loss of DALY due
to stroke increased by 32.0%. During the same
period, age-standardised incidence decreased by
17.0%, mortality decreased by 36.0%, preva-
lence by 6.0% and DALY's by 36.0%. Prevalence
of stroke in people younger than 70 years of age
increased by 22.0% and incidence by 15.0%. In
2019, major risk factors of stroke included high
systolic ~ blood pressure, high BMI, elevated
starving plasma glucose, environmental pollution
and smoking.

Age-specific mortality due to cerebrovascular
disease has been the lowest in Western European
countries, in both sexes, and the highest in coun-
tries of the former Soviet Union.

In Hungary, around 40 000 new cases are regis-
tered annually (41 703 cases in 2009). According
to the National Statistics Office of Hungary, in
2018, 4 851 men and 6 416 women died due to
cerebrovascular disease. The mortality rate was
103.8 persons among males and 125.8 among fe-
males per 100 000 population.
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Symptoms

Typical symptoms of stroke include sudden -char-
acteristically monolateral- paralysis in the arms,
legs or face. Sudden speech disturbance may also
occur; patients cannot formulate words or cannot
understand what they are told. Visual disturbance
is also common, with a typically one-sided loss
of peripheral vision. The mouth may be drooping,
patients are unable to form an ’o’with their mouth.
Vertigo is also common, mostly the spinning type,
difficulty swallowing (dysphagia), imbalance or
complete paralysis of the lower extremities, and
loss of consciousness lasting a few moments may
also occur. Sudden strong headache is also com-
mon with subsequent vomiting, dizziness or dis-
turbed consciousness.

Risk factors

*  Life-style-associated risk factors (over-
weight, obesity, physical inactivity, exces-
sive alcohol intake, cocain use, use of met-
amphetamin).

*  Further risk factors include:high blood
pressure, active or passive smoking, high
cholesterol levels, diabetes, obstruc-
tive sleep apnoe, cardiovascular diseases
(e.g.heart failure, atrial fibrillation), stroke
in the medical history or family history, pre-
vious heart attack of TIA, Covid-19 infec-
tion, age >55years, male sex, afroamerican
ethnicity, taking contraceptive or oestro-
gen-containing hormone tablets. Untreated
hypertension is the most important risk fac-
tor for recurrent stroke. Five years after a
stroke, 24-42% of patients have a recurrent
episode with more severe outcomes.

Complications
Stroke may lead to temporary or permanent dis-
ability depending on how long the obstruction in
the cerebral blood flow lasts and which part of the
brain is affected. Complications may include:

» paralysis or loss of muscle movement,

+ difficulty speaking or swallowing,

» difficulty understanding speech,

* problems with reading or writing,

* loss of memory, disturbed cognition,
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* emotional problems,

* pain,

* numbness or other unusual sensations in the
affected area,

» changes in behaviour or self-care.

* Patients may become more withdrawn af-
ter having a stroke and may need help with
self-care and managing daily tasks.

Prevention

Several stroke prevention strategies are the same
as those used for the prevention of heart disease.
Recommendations with regard to healthy lifestyle
are generally the following:

* Reducing and controlling (high) blood
pressure: a metaanalysis including 14 large
randomised trials found that, by reducing
diastolic blood pressure by 5-6 Hgmm, the
relative risk of a stroke is reduced by 42%.
Based on more than 40 randomised, con-
trolled trials, reducing blood pressure down
to 115/75 Hgmm in the 60-79 age group sig-
nificantly reduces the risk of all cerebrovas-
cular events: risk is 30% lower with every
10 Hgmm decrease. Reducing blood pres-
sure to 120/70 Hgmm decreases the risk of
getting a stroke continuously (reference).

* Reducing the amount of cholesterol and
saturated fats in the diet. The CARE study
found that pravastatin reduced stroke risk
by 32% in patients with coronary heart dis-
ease having average total cholestrol levels.
Every 10 % reduction in LDL-cholesterol
decreased total stroke incidence by 16.5%.
According to a Hungarian recommendation,
the reduction of LDL-C levels with pharma-
cotherapy including statins and non-statin
lipid-lowering drugs is of pivotal impor-
tance to reduce cardiovascular mortality
and morbidity.

*  Smoking cessation reduces risks gradually.

*  Further prevention strategies include: man-
agement of diabetes, achieving and main-
taining an optimal bodyweight, following a
Mediterranean diet based on using olive oil,
rich in fruits, nuts, vegetables, whole grain
products, regular physical (aerobic) exer-

cise, moderate alcohol consumption, the
treatment of obstructive sleep apnoea, and
the avoidance of drug use.
» Itis crucial to recognise signs and symtoms
of stroke/TIA with regard to the future prog-
nosis of patients. Successful therapy is only
possible within a certain time window, con-
sequently, the aim is to minimalise loss of
time and to start adequate treatment as early
as possible. Therefore, wide scale education
of the population (organised awareness rais-
ing) is very important.

The Epidemiolgy of Lung Cancer

There are two main types of lung cancer based
on the microscopic appearance of tumour cells.
Small cell lung cancer accounts for approx. 15%
of the cases, mostly occurring among smokers.
Small cell lung cancer usually has a bad progno-
sis, survival is around 20 months, 5-year survival
rate 1s 20%. In advanced cases, 5-year survival is
under 1%. Non-small cell lung cancers make up
the remaining 85% of cases and include several
different types of lung cancer: squamous cell car-
cinoma, adenocarcinma, large-cell carcinoma).
Five-year survival rates vary depending on can-
cer stage; in stage I.cases, it is around 60-70%, in
stage 1V, it is less than 1%. Patients with metas-
tases have an average survival of 6 months; those
who receive treatment may have a longer survival
of nine months.

Incidence, mortality
Regarding global cancer incidence, lung cancer is
the third (22.4 persons/100 000 population) fol-
lowing breast (47.8 persons100 000 population)
and prostate cancer (32.7persons/100 000 popu-
lation). In terms of mortality, lung cancer is the
leading cause (18.0 persons/100 000 population).
Based on incidence data, it is the fourth most com-
mon type of cancer in Europe after breast (74.3
persons / 100 000 population), prostate (63.4 per-
sons/100 000 population) and colon cancer (30.4
persons / 100 000 population). It is the leading
cause of cancer mortality in Europe (22.6 persons
/ 100 000 population).
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Regarding individual countries, Hungary has the
highest incidence rate (50.1 persons/ 100 000 pop-
ulation), followed by Serbia with 47.3 persons per
100 000 population. Mortality statistics show the
same picture with Hungary having 42.4 persons
/100 000 population, and Serbia with 40 persons
per 100 000.

According to the Koranyi Bulletin, lung cancer
incidence in 2016 was 4926 cases.

Total prevalence in 2020 was 21 874, which was
a significant decrease compared to previous years
(incidence ranged between 22 263 - 22 671 be-
tween 2010 - 2019). In 2020, as a result of restric-
tions due to the Covid epidemic, incidence rates
were lower (3 601 persons), similar rate was last
seen in 1980 (3 960 persons). During the past
decade, male incidence ranged between 56-65%-
and female incidence was between 35-44% with
the highest female incidence in 2019 and 2020
(44% and 45%).

Risk factors

* smoking is the most significant risk fac-
tor (associated with 85% of the cases), the
risk increases with the number of cigarettes
smoked/day and the years of smoking. Can-
cer risk decreases after quitting smoking but
will never reach that of never smokers. 15-
20% of patients suffering from lung cancer
never smoked or only smoked minimally.
Quitting at any age decreases the risk of de-
veloping lung cancer.

* radiation therapy for another type of can-
cer,

*  family history of lung cancer,

* air pollution, using marihuana, exposure
to cigar smoke or passive smoking or ex-
posure to carcinogenic substances (e.g. as-
bestos, radiation, radon, arsenic, chromates,
nickel, chloride-metylene-ethers, polycyclic
aromatic carbohydrogens, mustard gas,coke
oven gases),

* chronic inflammation: COPD (chronic
obstructive pulmonary disease), alfa-1-an-
titripsin deficiency and pulmonary fibrosis
(e.g. silicosis) increase the risk of develop-
ing lung cancer.
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» other types of pulmonary disease (e.g. tu-
berculosis),

e genetic mutations (e.g. secondary or addi-
tional mutations in cell-growth stimulating
gene mutations inhibiting tumour suppres-
sor genes). Although oncogenic mutations
may cause lung cancer and may contribute
to the development of the disease in smok-
ers, these mutations are most likely to cause
cancer in never smokers. In 2014, the Lung
Cancer Mutation Consortium (LCMC)
found major mutations in 64% of 733 lung
cancer cases including both smokers and
non-smokers. (Kris, 2014)

Symptoms

Early stage lung cancer usually does not cause
symptoms, they typically appear at advanced stag-
es.Symptoms may include: unresolving cough,
haemoptysis (even if only small amounts), dysp-
noea, chest pain, hoarseness, weigthloss without
dieting, pain in the bones, headaches.

Prevention

Primary prevention

Except for smoking cessation, active prevention
strategies targeting lung cancer have not proven
successful. Although reducing the radon levels of
private apartments eliminates the radiation known
to be associated with carcinogenesis, it has not
been shown to decrease lung cancer incidence.

Secondary prevention

Lung cancer screening may be beneficial for peo-
ple at an early stage of the disease, especially, for
patients having operable, non-small cell lung can-
cer who can undergo early stage resection. Screen-
ing is now recommended for high risk populations
as well. According to a study, annual screening
with low-dose CT resulted in 20% decrease in
lung cancer mortality compared to screening with
chest X-ray. — The study (Aberle, 2011) revealed
that high-risk patients were, mostly, past, or cur-
rent smokers (mainly aged 55-74), with at least 30
pack years of smoking, and those who quit during
the previous 15 years. Recent research based on
screening high-risk patients showed better surviv-
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al among patients screened with low-dose CT (de
Koning, 2020). Pack -years is defined as: N refers
to packs of cigarettes smoked per day, T refers to
years of smoking, the two values muliplied indi-
cates pack years smoked (N x T = PY).

The U.S. Preventive Services Task Force (USP-
STF) recommends annual screening for people
aged between 50 and 80 years having no symp-
toms with 20 pack years of smoking history and
for those who quit less than 15 years ago.
Screening should be stopped if the person has not
been smoking for more than 15 years or if they
are diagnosed with a medical condition, which is
likely to significantly lower life expectancy, or el-
igibility for surgery for the type of lung cancer
diagnosed or the willingness of the patient to un-
dergo such surgery.

In the future, lung cancer screening may possi-
bly include molecular analysis of genetic mark-
ers (e.g. K-ras, p53, EGFR), sputum cytometry
and the detection of carcinogenic volatile organic
compounds (e.g. alcane, benzol) in expired air.

The Epidemiology of
Colorectal Cancer

A part of colorectal cancers are caused by hered-
itary factors:

1. Familiary adenomatous polyposis (FAP)
characterised by hundreds or thousands of
adenomas in the small intestine or rectum
which are likely to turn into adenocarcino-
ma. The disease usually manifests before
age 35. FAP is a monogenic, autosomal,
dominant disorder.

2. Lynch-syndrome, an autosomal dominant
disorder, accounts for around 5% of heredi-
tary, non-poliposus, colorectal cancers.

3. Peutz-Jeghers syndrome develops by age
20 with affected patients being highly sus-
ceptible to developing other types of cancer.
61-65% of sporadic, non-hereditary colon
cancers develop on the grounds of a polip or
colon infection.

4. Prognosis largely depends on the stage of
the disease. Five-year survival of cancers
located in the mucosa is nearly 90%; in the

case of those penetrating the wall it is 70-
80%, if there are positive lymph nodes it de-
creases down to 30-50%, and in metastatic
cases <20%.

Incidence, mortality

In 2020, based on Globocan global incidence data,
colon cancer was the fourth (19.5 cases/100 000
population), after breast (47.8 persons), prostate
(30.7 persons) and lung cancer (22.4 persons). It
was the third in Europe (30.4 persons), following
breast (74.3 persons) and prostate cancer (63.4
persons). Colon cancer was the third leading
cause of mortality worldwide (9.0 persons) af-
ter lung (18.0 persons), and breast cancer (13.6
persons). In Europe, it was also the third leading
cause of death (12.3 persons) following lung (22.6
persons), and breast cancer (14.8 persons).
Hungary reported the highest incidence rate in
the world: 45.5 cases per 100 000 population,
followed by Slovakia (43.9 persons) and Norway
(41.9 persons). With regard to mortality, Slova-
kia had the worst rate (21.0 persons) followed by
Hungary (20.2 persons) and Croatia (19.6 per-
sons).

According to the National Cancer Registry, in
2016 there were 3 530 registered persons among
men aged 3 041women aged 0-X. According to
Hungarian Central Statistical Office data, in 2018,
2 836 men and 2 198 women died from malignant
colorectal cancer. Among men, the mortality rate
has been constantly increasing, however, since
2000, the rate of increase has been slower. Among
women the mortality rate has been more or less
constant.

Risk factors

* colon cancer can manifest at any age but
the majority of patients are older than 50,

» the afro-american population has been
shown to have a higher risk,

* rectal cancer or polips in the family history
or medical history,

*  chronic inflammatory diseases of the colon
(Ulcerative Colitis, Crohn’s disease)

* low-fibre, high-fat diet

* a daily intake of 100 gramms of red meat
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increases the risk by 12%

* inthe case of processed meat products , con-
suming a daily amount of 50 g—about one hot
dog — increases the risk by 16% (Colorectal
Cancer Report, 2017). (Processed meats in-
clude: meat products preserved by smoking,
curing, salting or addition of other preserva-
tives or taste enhancers. Rajabi et. al (2021)
conducted a cohort study with the inclusion
of 26 218 participants and revealed that it
is possibly only processed red meat that is
responsible for the development of cancer,
consequently, this study largely contributed
to improving guidelines.

*  physical inactivity,

* diabetes (diabetes—colon cancer: RR 1.38,
95% MT 1.26-1.51, diabetes-rectal cancer:
RR 1.20, 95% MT: 1.09-1.31)

*  obesity,

* smoking (RR: 1.18; 95% MT: 1.11-1.25).
There is a stronger association between
smoking and rectum cancer, polips, and
Lynch-syndrome. Smoking 40 cigarettes
(two packs) a day increases the risk of colon
cancer by 40% and nearly doubles mortality
risks.

* alcohol consumption (moderate alcohol
consumption: RR=1.21, 95% MT: 1.13-
1.28), significant consumption (4 drinks/
day): RR: 1.52,95% MT: 1.27-1.81). (Mod-
erate alcohol consumption: <l4g/day in
women, <28g/day in men)

* earlier radiation therapy of the abdominal
region received as part of cancer treatment

Symptoms

Colorectal adenocarcinomas grow slowly, thus it
may take time for the first symptoms to appear.
Symptoms largely depend on the site, the type,
extent of the cancer and the complications.

Symptoms may include: occult bleeding, fatigue
and weakness due to severe anaemia, partial or
complete bowel obstruction, blood-streaked stool
or blood mixed in the stool, tenesmus or feelings
of incomplete emptying of the bladder. Pain is
common on perirectal involvement. Some pa-
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tients experience symptoms and signs of metastat-
ic illness first (e.g. hepatomegaly, ascites, enlarge-
ment of supraclavicular lymph nodes).

Prevention
Primary prevention

* red meat consumption should be limited to a
maximium of three portions per week (three
portions equal approx. 350-500 g cooked
volume, 500 g cooked red meat equals ap-
prox. 700-750 gr raw meat),

» vitamin D intake, mainly via food (oily fish,
e.g. salmon, trout, sword fish, tuna, eggs,
mushroom, milk, soy milk, almond milk,
orange juice, grains). The recommended
daily dose is 600 NE for people aged be-
tween 1 and 70 years. Under age 1 it is 400
NE, and above 70 a daily intake of 800 NE
is recommended. According to a study by
McCullough (2019), a higher level of cir-
culating 25(OH) D has a significant asso-
ciation with a lower risk of colon cancer.
The optimal, risk-lowering concentration of
25(0OH) D is 75-100 nmol/L

* moderate alcohol consumption (one drink
for women and two drinks for men per day)

* cessation of smoking,

*  maintaining an optimal bodyweight,

» regular physical exercise of minimum 30
minutes daily, (A metaanalysis includ-
ing 126 studies by Liu, published in 2016,
found that patients who were doing regular
physical exercise had 19% less risk of de-
veloping colon cancer than those who were
less active.),

* higher dietary fibre intake - especially in the
form of whole grain products — is probably
— not provenly — associated with lower co-
lon cancer risk.

Secondary prevention
There are two main early diagnostic screening
methods.
1. Faecal occult blood testing
Faecal occult blood tests detect blood that
may derive from polips of tumours. They
only indicate the presence of blood but
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cannot give information on the amount or

source of the bleeding, this requires colo-

noscopy. Most cancers do not bleed at all,
or only bleed periodically, that is why stool

tests should be taken during successive (2-

3) bowel movements. Occult blood can be

detected by chemical or immunochemical

methods, however, their sensitivity may of-
ten vary.

a) To chemically detect faecal haemoglobin
— Guajac faecal occult blood test, gFOB
or “haemoccult test” — guajak-based, col-
our reaction tests are used, in which the
blue colour of the guajak results from the
peroxidase-like activity of the haemoglo-
bin. As the reaction is not specific to hu-
man haemoglobin false positive results
are not uncommon. Therefore, to avoid
both false negative and false positive re-
sults, sample-taking is to be preceded by
observing strict dietary restrictions and
suspending certain medication therapies.

b) Immune faecal occult blood test — iF-
OBT or FIT — is based on detecting an
antigen reaction targeting receptors of
the globin part of human haemoglobin,
thus it is specific to components of hu-
man blood. Therefore, no dietary restric-
tions are recommended.

SDNA-FIT (stool DNA test with faecal
immuno-chemical test) — detects DNA
fragments in stool characteristic of certain
cancer types with immunological methods
(FIT-DNA). This examination is based on a
molecular analysis of the DNA of cells de-
taching from the wall of the colon (healthy
mucosal lining, adenoma, and tumor) and
entering the lumen. It is a rather expensive
but easy-to-perform test; several samples
are needed; wrapping and delivery of sam-
ples are to be done with utmost care. None-
theless, its sensitivity is not much better
than that of other tests.

Endoscopic methods

a) Flexible sigmoidoscopy (FS) the instru-
ment can be inserted 60 cm into the rec-
tum up to the sigmoid colon and a part of

the descending colon. Its disadvantage is
that it cannot detect around one third of
disorders. In non-negative cases, a colo-
noscopy is required.

b) Colonoscopy can help examine the en-
tire length of the colon, its sensitivity can
reach 90-95%. It allows for the surgical
removal of 90% of polips. This is the
’gold standard’, as it is a highly reliable,
one-step screening method. It is used for
the clarification of non-negative findings
obtained with other screening methods.
Disadvantages are that it requires a qual-
ity instrument, time, expertise and is not
without dangers.

Screening recommendations

The so-called ‘one-step strategy‘means the use
of colonoscopy as the only screening method. The
‘Two-step approach’ refers to first, a faecal oc-
cult blood test performed followed by colonosco-
py insearch for cancer or precancerous change in
non-negative patients.

According to USPSTF recommendations, screen-
ing should include the population between 50-75
years who are at general risk for colorectal can-
cer. Their 2021 guidelines recommend the inclu-
sion of the 45-49 age group into the screening
programme as 94% of new cases occur in adults
aged 45 or older. Recommended screening meth-
ods are: high-sensitivity gFOBTannually, FIT test
every 1-3 years, SDNA-FIT every 1-3 years, CT
every 5 years, flexible sigmoidoscopy every 5
years, flexible sigmoidoscopy every 10 years + a
FIT test annually or colonoscopy every 10 years.

In Hungary, the first step of the two-step approach
is an iFOB test followed by a colonoscopy in
non-negative cases. Screening is done bi-annual-
ly, including the population aged between 50-69
years who have an average risk of colon cancer
but have no symptoms or complaints. Screening is
the task of family practitioners with the support of
the Oncology Screening System (OSZR).
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The Epidemiology Of Breast Cancer

Breast cancer is a disease originating from breast
cells - most commonly the glandular tissue or the
mucosa lining the walls of milk ducts — affecting
both men and women.

Incidence and mortality

Globally, in 2020, it is the WHO European region
which had the highest incidence rate with 69.7
cases / 100 000 population, followed by America
with 68.0 cases per 100 000. The mortality rate in
Europe was 14.8 cases per 100 000 population.
The highest mortality rate was in the African re-
gion, where, despite a relatively low incidence
(38.7cases / 100 000 population), the mortality
rate was 19.1 cases per 100 000. Within Europe,
Belgium showed the highest incidence (113.2
cases/100 000 population) followed by the Neth-
erlands (100.9 cases), Luxemburg (99.8 cases)
France (99.1 cases), Denmark (98.4 cases) and
Finland (92.4 cases). The mortality rate in these
countires ranged between 12.1-15.6 per 100 000
population. In Central and Eastern Europe, Hun-
gary reported the highest incidence (77.3 cases),
followed by the Czech Republic with 77.2 cases.
The mortality rate was the highest in the Repub-
lic of Moldova (18.3 cases), followed by Poland
(17.9 cases) and Hungary (17.3 cases).
Regarding cancer mortality, based on incidence
rates, in Eurpoe, breast cancer is the leading cause
in both sexes with 74.3cases followed by prostate
(63.4 cases), colon (30.4 cases) and lung cancer
(29.4 cases). Looking at women only, it is the
leading cause of mortality (14.8 cases) followed
by lung (12.9 cases) and colon cancer (9.5 cases).
In Hungary, it is the most common type of can-
cer among women and the second leading cause
of mortality. In 2011, regarding cancer mortali-
ty of Hungarian women aged 25-64, breast can-
cer mortality was 1.2-times higher compared to
EU15-countries. In 2018, according to data re-
trived from the Hungarian Central Statistical Of-
fice, breast cancer was responsible for the death of
2 127 women. According to the National Cancer
Registry breast cancer incidence, in 2018, was 8
638 out of which 242 were men.
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Risk factors

Women are at much higher risk than men.
Risk increases with age, with the majority
of cases occurring above age 50,

earlier breast biopsy,

personal medical history (in situ or inva-
sive breast cancer predisposes to the devel-
opment of breast cancer in the contralateral
breast after mastectomy at a rate of 0,5-1%/
year),

breast cancer running in the family: di-
agnosis of breast cancer among first degree
relatives (mother, sister or daughter) espe-
cially when diagnosed at a young age in-
creases the risk. (if more than two persons
had a positive diagnosis: RR= 5-6, if only
one: RR=1.5-3),

around 5-10% of women with breast can-
cer carry a gene mutation in one of the two
most commonly known breast cancer genes,
BRCA1 orBRCA2. Lifetime risk of devel-
oping breast cancer is 50-85% in women
having a BRCA mutation. The risk of devel-
oping breast cancer until age 80 is around
72% 1in people with BRCA1 mutation and
69% in those carrying the BRCA2 mutant
gene. In women having a BRCA1 mutation,
there is a 20-40% risk of developing ovari-
an cancer. Men with BRCA?2 mutation have
a higher risk for developing breast cancer.
Mutations are more common among the
ashkenazi jewish (2.3%),

radiation therapy before age 30 (radia-
tion therapy given for Hodgkin-lymphoma
makes the risk four-fold in the subsequent
20-30 years,

in situ lobular carcinoma means a 25-times
higher risk of developing an invasive carci-
noma,

gynaecological history: early menarche
(prior to age 12), late menopause (above age
55) late first pregnancy (after age 30), or no
pregnancies,

taking oral contracepives (approx. 5 cases
more /100 000 women), the risk decreases
gradually during 10 years after stopping
contraceptive use,
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*  post-menopausal hormone replacement
therapy (HRT) (oestrogen plus one proges-
tine) moderately increases risks even after 3
years of treatment, taking HRT for 5 years
increases the risk up to 7 or 8 cases/10 000
women with every year of taking HRT (rel-
ative risk has been shown to increase by
24%). Using oestrogen only has not been
proven to increase the risk of breast can-
cer. The risk decreases with the cessation of
HRT.

» lifestyle factors: smoking, alcohol con-
sumption; breast cancer mortality has been
shown to be 40% lower among those doing
regular physical activity compared to the
less active population. Physical activity de-
creases the risk of post-menopausal breast
cancer among patients with a positive fam-
ily history.

Prevention
Primary prevention
*  Maximum 1 alcoholic drink per day.
* At least 30 min. of physical exercise on
most days of the week.
* Avoding postmenopausal hormone
*  Maintaining an optimal bodyweight.
* Healthy nutrition: meditarreanean diet us-
ing extra virgin olive oil, nuts may help re-
duce the risk of breast cancer.

Secondary prevention

Mammography is one of the most commonly used
preventive screening methods, other options are
the physical examination performed by trained
professionals and magnetic resonance imaging
(MRI) recommended for high-risk individuals.
There has been no scientific proof supporting the
efficacy and usefulness of perfoming the other
screening tests alone (physical examination, self-
test, ultrasound etc.) in the case of breast cancer.
The aim of screening the 45-65-year-old popula-
tion with mammograpy is to detect breast cancer
early at a non-palpable stage. Regular screening
with mammograpy can detect 70% of breast can-
cers. Experience is Sweden shows that 20% of
breast cancers diagnosed early require only sur-

gery, 80% require radiotherapy and only 20% of
patients need adjuvant therapy besides radiother-
apy.
According to USPSTF guidelines, mammography
screening is recommended every two years for
women aged 50 — 74 years. Advantages include:
high diagnostic accuracy (true positive rate is
90% in clinical practice, and 80% through screen-
ing examinations), breast cancer can usually be
diagnosed two years prior to the appearance of
clinical symptoms. Evidence has shown that regu-
lar screening can decrease breast cancer mortality
by half. Disadvantages of mammography are the
following: exposure to ionising radiation, rate of
false negative findings (10% in clinical practice
and 20% with screening examinations and 5%
during screening).

High-risk patients are recommended to attend
mammography screening annually, after age
30, if needed an ultrasound or MRI may also be
performed. Screening the 40-49 group has been
recommended in the literature for several years.
It is also recommended to continue screening af-
ter 65 years of age if the patient does not have
any other severe disesase which would consid-
erably lower life expectancy (limiting survival
to 3-Syears). Screening this population is impor-
tant as 45% of all newly diagnosed breast cancer
cases are carcinomas in women aged above 65;
45% of breast cancer mortality also occurs in this
age group. Several recent international statements
recommend an annual screening protocol. Rate of
interval cancers is higher at young age. Smaller
tumour size shows a close association with longer
survival.

Mammography screening is voluntary and is pro-
vided free for women between 45-65 who have
health insurance coverage. Those elligible receive
a letter of invitation every two years.

Self-examination of the breasts is not enough;
nonetheless, getting to know ones breasts and
self-examining them may help find unusual
changes or lumps which can motivate people to
see a doctor.
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The Epidemiology of Cervical Cancer

Cervical cancer is an intraepithelial neoplasia of
the cervix (CIN) the most important, necessary,
but not exclusive risk factor of which is the hu-
man papilloma virus (HPV) infection. 90% of the
cases are caused by HPV-16, -18, -45, -31, -33,
-35, -52, and -58 strains. Development of cervical
cancer is a slower, gradual process that has sever-
al stages. Invasive cervical cancer develops at the
meeting point of squamous cells of the portio and
the cervical canal, the so-called transition zone,
through a series of mucosal change of increasing
severity.

Incidence and mortality

Based on IARC Globocan (2020) data on cancer
incidence, cervical cancer is the 7th with 10.7
cases/100 000 population; regarding mortality, it
is the fifth with 3.8 ecases per 100 000 population.
From among WHO regions, African populations
have the highest incidence (30.9 cases) and mor-
tality (21.5 cases) rates. Europe takes the fourth
place both in terms of incidence, and mortality.
Within Europe, the highest incidence was found
in Montenegro with 26.2 cases per 100 000 popu-
lation. Hungary was tenth with 17.2 cases per 100
000. The same ranking is true for mortailty, Mon-
tenegro having 10.5 cases, and Hungary 4.5 cases
per 100 000.

Based on data retrieved from the Hungarian Cen-
tral Statistics Office, in 2018, mortality due to
cervical cancer was 8.0/100 000 population. Un-
fortunately, there has been no marked decrease in
cervical cancer mortality during the past decades
(7.9 cases / 100 000 in 2010), despite the intro-
duction of cytological screening in 1960 for the
population aged 20-65 years as part of routine
gynaecological examinations. There were around
1.3 million smear tests perfomed in the 80s. Nev-
ertheless, the improvement expected, namely, that
the screening programme would decrease mortial-
ity, did hardly manifest at a population level. The
reason probably was that despite a high number of
screening examinations the population coverage
remained low.
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The introduction of the cervical cancer screen-
ing programme offered by health visitors has
improved coverage to some extent. Low levels
of participation is supposedly due to inadequate
health awareness, and knowledge among the fe-
male population, lack of taking responsibility for
one’s health, lower education levels and the as-
sociated socio-economic situation resulting in in-
creasing differences in access to health care. Wide-
spread availability and acceptance of the Cervical
Cancer Screening Programme by Health Visitors
is a significant issue for public health. The active
involvement of local/district health visitors is key
to increasing the efficacy of preventive efforts tar-
geting socially disadvantaged populations.

Risk factors

*  Younger age at the first sexual intercourse,
high number of sex partners through a life-
time,

* having had other STDs (e.g. chlamydia,
gonorrhoea, syphilis, HIV/AIDS),

* compromised immunity,

* smoking,

* pregnancy under age 20 trebles risks com-
pared to those giving birth after age 25 and
they have a four-fold risk compared to those
who have never been pregnant,

e number of deliveries,

* inadequate genital hygiene.

* HPV infection is responsible for 6.7% of all
cancers and 99.7% of cervical cancers. 70%
of infections remain hidden as the immune
system eliminates it within a year. Infection
rate is very high in the USA with 19-46% of
sexually active women being infected. HPV
is more common under age 25 and mostly
eliminates spontaneously, it is less common
above 35 but at this age group it is more
likely to persist.

Symptoms

Early stage cervical cancer may remain symptom-
less. Advanced stage disease may cause irregular
bleeding after sexual intercourse, spontaneous
bleeding inbetween periods or after the meno-
pause. In more severe cases, spontaneous bleed-
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ing, foul-smelling vaginal discharge, lower pelvic
pain, or pain on intercourse may occur.
Prognosis: sqamous cell carcinomas only give
distant metastases in advanced or recurrent stag-
es. Five-year survival rates are as follows: Stage
I.: 80-90%, Stage II.: 60-75%, Stage II1.: 30-40%,
Stage I'V.: 0-15%. 80% or recurrent disease mani-
fests within two years.

Prevention
Primary prevention
» Safe sex, preventing STDs (using condoms,
limiting the number of sexual partners),
* avoiding smoking,
* HPVvaccination.

Secondary prevention
The aim of cervical cancer screening is to detect
changes in the cervical lining as early as possible.
According to guidelines of international insti-
tutions such as the International Agency for Re-
search on Cancer (IARC), the Union for Interna-
tional Cancer Control (UICC), and the EU regular
screening started at age 25, lasting until age 65
provides an opportunity for preventing cervical
cancer. This type of screening is also one of the
most effective ways of spending resources. A cy-
tological smear taken from the upper layers of the
cervical lining and the vaginal wall through the
vagina has been proven to be an effective screen-
ing method to be started when the person begins
her sex life but at age 21 at the latest.
There are two screening tests for detecting cervi-
cal abnormalites: the Pap test and the HPV test.
The American Cancer Society issued novel guide-
lines in 2020 with regard to cervical screening in-
cluding the following:

Screening should begin at age 25.

If a primary HPV-DNS test is available it should
be started at age 30 and performed regularly every
5 years, in such cases no cytology (Pap-test) is
needed.

If a primary HPV test is not available, a Pap-test
should be perfomed every 3 years or a co-test
every 5 years (Pap-test and HPV-test). It is impor-
tant to continue screening after child birth, receiv-
ing an HPV vaccination. Above age 65; however,

if tests came back negative during the previous
10 years (no CIN2 or more severe findings) — no
further screening is required.

USPSTF recommends cervical cancer screening,
with only cervical smear taken, every three years
for women aged between 21 and 29 years. For
women aged 30-65 years the same time interval of
three years is recommended with cervical cytolo-
gy test only. If the patient goes for screening every
5 years only high-risk HPV test or a co-test is rec-
ommended. Above age 65, with negative screen-
ing history, after hysterectomy, or in the case of an
absence of risk factors and under age 30 and HPV
test is not indicated.

Hungary provides a cytology-based organised
screening for the 25-65-year-old female popu-
lation. Women who have not had screening for
more than 3 years receive a letter by mail.

(Based on suggestions aimed at up-dating cur-
rent guidelines screening is recommended every
3-5 years for women aged between 21-65 years
irrespective of risks or previous screening results.
(Koiss, 2017))

In May 2020, the Executive Board of the WHO
accepted the global strategic framework which set
out to reduce incidence per 100 000 females in
all countries down to under 4 cases. This compre-
hensive approach includes the prevention, early
detection and effective treatment of precancerous
laesions. To achieve the above aim by 2030, the
following targets were set: * to increase HPV vac-
cination coverage up to 90% among girls (aged 15
and above);

* screening 70% of the female population (be-
tween 35-45 years using high sensitivity tests);

« treating 90% of women diagnosed with malig-
nant cervical cancer (treating 90% of women at
precancerous stage, and 90% of women with in-
vasive stage cancer).

The Epidemiology of
Diabetes Mellitus

Diabetes mellitus is a metabolic disorder result-
ing from alternating or constantly high levels of
blood glucose, inadequate insuline production or
uptake. Main types include diabetes Type-I and
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Type —II, gestational diabetes and other special
types. In Type-I diabetes the pancreas does not
produce enough insuline (the level of the circulat-
ing hormone is less than required).

Type-II diabetes (adult-onset or non-insulin-de-
pendent diabetes) is caused by two counter-de-
pendent issues. On the one hand, muscle, fat and
liver cells become resitant to insuline (cells don’t
connect with insuline, and thus do not take up
glucose); on the other hand, due to increased de-
mand, the pancreas can no longer produce enough
insuline to decrease blood glucose levels. The ex-
act cause of this process is not fully known, but
physical inactivity and obesity are key predispos-
ing factors. Due to Type-II diabetes being an im-
portant public health concern the present chapter
is devoted to the epidemiology of this type of di-
abetes.

Incidence, prevalence

In 2019, according to the Diabetes Atlas, there
were around 463 million people living with dia-
betes in the 20-79 age group (prevalence: 9.3%).
This number is estimated to increase globally by
2030 to 578 million (prevalence: 10.2%). In 2019,
the number of diabetic patients aged 65 and above
was around 111.2 (prevalence: 19.9%).

Due to a lack of a central registry in Hungary,
there are no data available on the exact number
of adult diabetic patients. According to estimates
it is around 6-7% with the majority having Type
II diabetes. Results of a Hungarian representa-
tive screening study published in 2010 suggested
weighted diabetes prevalence to be 8.65% in the
20-69 age group, which means a 7.47% preva-
lence in the total population aged 20-69. Accord-
ing to data published in the IDF Atlas, diabetes
prevalence in the same age group was 7.51% in
2014 in Hungary. Based on data from the National
Health Insurance Fund of Hungary, in 2014, there
were 727 000 patients on antidiabetic treatment
for diagnosed Type II diabetes, prevalence for the
whole population was 7.3%. Incidence of Type 11
diabetes was 29 100 persons in 2016. Registered
point prevalence cases registered on 01.01.2016
were 714 978 persons (males: 324 702, females:
390 276), average age of males was 64.2 years,
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average age of females was 67.6. Prevalence in
the whole population was 7.27% (males: 6.93%,
females: 7.59%).

Symptoms

Symptoms and signs of Type II diabetes develop
slowly; patients may remain asymptomatic for
years. Most common signs and symptoms include:
increased thirst, frequent urination, increased ap-
petite, weight loss, tiredness, blurred vision, slow
wound healing, frequent infections, numbness
or the feeling of pins and needles in the hands or
feet. The appearances of darker skin areas, usually
in the axillary region or on the neck often indicate
insuline resistence.

Risk factors

*  Main risk factors are obesity or overweight.
Abdominal fat accumulation means higher
risk (waist circumference in males above:
102 cm, in females above: 89 cm),

* sedentary lifestyle, lower levels of physical
activity,

* type-2 diabetes in the family history,

e certain ethnic races are more predis-
posed (Afroamerican, Hispanic, Indian and
Asian,or those living in the Pacific region
compared to Caucasian populations),

e Jow HDL cholesterol,

*  high trigliceridelevels,

» risk increases with age especially above age
45

* untreated prediabetes (Prediabetes is a con-
dition in which the blood glucose level is
above the normal but is not high enough to
meet the diagnostic criteria for diabetes),

+ gestational diabetes, and mothers giving
birth to babies weighing more than 4 kilo-
gramms,

* policystic ovarian syndrome.

Complications

Inadequately controlled hyperglicaemia in dia-
betic patients can, through many years, result in
mulitple, mainly cardiovascular, complications
affecting smaller or larger vessels or both. Mi-
crovascular: retinopathy, nephropathy and neu-
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ropathy. Diabetes risk factors are also risks of
developing other chronic disorders. Treatment of
diabetes and adequate blood glucose control can
help prevent complications and reduce the risk of
comorbidities.

Diabetic retinopathy has no early signs or symp-
toms, but eventually manifests in blurred vision,
detachment of the retina or the vitreous body, par-
tial or complete loss of vision; progression may
vary considerably. Early diagnosis and tratment is
vital to prevent loss of vision.

Diabetic nephropathy: is the leading cause of
chronic kidney disease. It is initially asympto-
matic until nephrotic syndrome or kidney failure
develops. Diagnosis is via a urine albumin test.
Excretion of albumin >300 mg/day albumin in-
dicates elevated albuminuria or open proteinuria
and is a sign of advanced diabetic nephropathy.
Cardiovascular diseases: Diabetes increases the
risk of developing heart disease, stroke, hyperten-
sion, and vascular narrowing.

Neuropathy in the extremities: High blood glu-
cose levels lead to neuronal damage manifesting
in numbness, pins and needles, or burning sensa-
tion in the extremities, which may lead to pain or
loss of sensation beginning at the tip of the toes or
fingers and spreading further up.

Other neuronal damage: Damage to the heart
nerves lead to arrythmia. Impaired gastrointesti-
nal nerve function may cause nausea, vomiting,
diarrhoea or constipation. Nerve damage may
cause impotence in men.

Further complications: cataract, glaucoma, skin
problems (bacterial or fungal infections), hearing
impairment, sleep apnoe, Alzheimer disease or
other forms of dementia. Untreated cuts, wounds,
or blisters may turn into severe infection (ulcer)
which may be difficult to treat. In severe cases,
minor or major (above the ankle) amputation may
be indicated.

Prevention

In prediabetes, lifestyle changes may slow down
or eventually stop the development of diabetes.
Lifestyle changes include a low fat, low calorie
diet consisting of high fibre foods including fruit,
vegetables and whole grain products.

* Weekly moderate 150 min. or longer, or more
intensive aerobic-type exercise is recommended.
Long-term sitting should be avoided; one should
stand up every 30 minutes and move a little.

» Weightloss: losing 7-10% of the bodyweight
can decrease the risk of diabetes at the prediabetic
stage.

* In the case of prediabetic patients, metformin,
and oral antidiabetic drugs can help reduce the
risk of developing Type II diabetes, it is recom-
mended especially for adults who are overweight
and who cannot lower their blood sugar levels by
changing their lifestyle.

Secondary prevention:
The American Diabetes Association recommends
routine Type II diabetes screening with diagnostic
tests for adults aged 45 or older and in the follow-
ing groups:
* people younger than 45 who are overweight
or obese, and have one or more risk factors,
* who have gestational diabetes,
» diagnosed prediabetes,
* an overweight or obese diabetic person in
the family.

Hungarian recommendations also include screen-
ing tests for Type II diabetes and its preceding
conditions. Screening may involve an oral glu-
cose tolerance test with 75 g glucose (OGTT), or
the standard method for detecting HbAlc. Screen-
ing should also include identifying classic cardio-
vascular risk factors (lipids).

At a population level, risk-based screening is
recommended in smaller or larger cohorts which
means that as a first step, they identify high-risk
individuals by using a questionnaire and labora-
tory examinations are only performed in people
at increased risk. The FINDRISC questionnaire
is an effective tool in family practice or primary
care settings. Based on this questionnaire, high-
risk patients (total score >12) can have a standard
OGTT with 75 g glucose. Measuring starving glu-
cose is another screening method which means a
blood test performed after starving for 12 hours as
this should give the lowest blood sugar level. If it
is higher than 7 mmol/l the blood test should be
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repeated on another day to confirm the diagnosis
of diabetes.

Everybody should undergo screening above 45; if
the result is negative it is recommended to have
a test every three years. Subsequent to gestation-
al diabetes, if the OGTT is negative, screening
is recommended every 1-2 years, in prediabetes,
every year, and under age 45, in high-risk individ-
uals, every three years.

Diagnosis

Type II diabetes is usually diagnosed with a gly-
caeted haemoglobin (HbAlc) test which indi-
cates the average blood sugar level for the preced-
ing two-three months (value ranges are: normal
under 5.7%, values between 5.7-6.4% indicate
prediabetes, values higher than 6.5% or higher
means the patient has diabetes). If a HbAlc test
is not available, or it cannot be performed due to
certain conditions an ad hoc blood glucose test
can be performed the result of which, - irrespec-
tive of the time the patient last ate — indicates di-
abetes if it is 200 mg/dl (11.1 mmol/l) or higher
especially if the patient has signs of diabetes e.g.
extreme thirst and frequent urination.

Starving blood glucose test: if the value is less
than 100 mg/dl (5.6 mmol/l) it is normal, 100-125
mg/dl (5.6-6.9 mmol/l) indicates prediabetes and
values of 126 mg/dl (7 mmol/l) or higher on two
measurements performed at different times con-
firm the diagnosis of diabetes.

The Epidemiology of Osteoporosis

Osteoporosis is a generalised, progressive meta-
bolic disease of the skeletal system characterised
by decreasing bone mass, impaired microarchi-
tecture of the bones and deterioration of bone
quality resulting in increasing fragility of bones.
Associated low-impact fractures are more com-
mon. In post-menopausal women, trabecular bone
loss is most dominant leading to cortical bone loss
with aging. In women, 95% of fractures, in men
around 80% of fractures are primary fractures.
Prevalence of secondary fractures may also in-
crease due to diseases of other organs and taking
certain medications.
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Incidence, prevalence

According to the European Vertebral Osteoporosis
Study, the disease affects around 600 000 women
and 300 000 men above age 50 years. The clinical
significance of osteoporosis lies in the associated
pathological fractures (vertebrae, radius, humerus
and hip fractures) the most important of which is
hip fracture, as 12-20% of patients die within a
year after the fracture. Half of patients having had
a hip fracture need lifelong care.

Risk factors

The interaction of several contributing factors is
responsible for the increased risk of osteoporot-
ic fractures including clinical, iatrogenic, behav-
ioural, nutritional and genetic factors.

Peak bone mass is a significant determinant of the
bone mass of an elderly individual. Deveoping
peak bone mass already starts during intrauterine
life and typically ends by age 40. It is significant-
ly influenced by bone mass gained through ado-
lescence.

Main risk factors are the following:

* aging, 25% of fractures affect people aged
above 80,

* female sex

e lower peak bone mass,

e low bodyweight (under 58 kg) or low BMI
index (under 22 kg/m?),

e weight loss: losing 10% or more of the bod-
yweight,

* bone loss accelerates during the first years
of the menopause when ovarian function
stops, continues to decrease with age. In
post-menopause, women having a low
body mass index, low body fat, and low
body weight have an increased risk.

*  hip fracture in the family history,

* earlier fractures ,

*  hypogonadisms (lack of oestrogen),

+ steroid treatment lasting more than three
months,

» excessive effects of thyroid hormones,

*  malnourishment/malabsorption/maldiges-
tion(calcium, protein or vitamin deficiency),

» renal hypercalcuria,
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* long-term immobilisation, long term sit-
ting, physical inactivity,

» chronic liver and kidney disease,

* smoking,

* excessive alcohol consumption (1 glass of
beer, 1 dl wine, 2 cl of spirit).

Symptoms

At early stages, osteoporosis has no symptoms.
Advance stage osteoporosis may cause: backache
caused by a fractured or collapsed vertebra, grad-
ual loss of height and bent posture.

Prevention

Adequate calcium and vitamin-D intake are key to
prevention together with sufficient levels of phys-
ical exercise.

Calcium

Men and women aged between 18 and 50 years
need a daily amount of 1000 mg calcium This in-
creases up to 1200 mg in women over 50 and men
over 70 years. After the menopause, women are
recommended to take 1500 mg of calcium daily.
Recommended sources of calcium include: low-
fat dairy products, dark green leafy vegetables,
salmon or tinned sardines with bones, soy prod-
ucts (e.g. tofu), cereals enriched with calcium and
orange juice. If the diet does not provide suffient
levels of calcium, it can be taken in the form of
a dietary supplement. Higher than necessary in-
take of calcium has been associated with kidney
stones, therefore, it is not recommended to take
more than 2000 mg/day even after age 50.

Vitamin-D

Vitamine D improves calcium uptake in the body
and facilitates bone health in various different
ways. Sources include: cod liver oil, tuna, salm-
on, eggs, and mushrooms. Milk and whole grain
products are often fortified with vitamin D. Aver-
age recommended daily dose is at least 600 NE.
After age 70, and after the menopause it is 800
NE. Those who do not have other sources of vita-
min D, especially people who spend very limited
time outdoors in the sun may need to take a sup-
plement. Most multivitamins contain 600 - 800

NE vitamin D.

Physical activity

The most beneficial is regular physical exercise
started in childhood and maintained through-
out life. A combination of muscle strengthening,
weigth-bearing and balance exercises are very
effective for example: walking, jogging, running,
stair climbing, skipping rope, skiing, and sports
that involve physical impact (hits) to the legs, hip
bones and the lower vertebrae. Balance exercises,
which aim to decrease the impact of falls, may be
beneficial for the elderly.

The Epidemiology of Asthma

Asthma is a heterogenous disease typically char-
acterised by inflammation of the airways. A Med-
ical history typically includes airway symptoms
— wheezing, difficulty breathing, chest tightness,
and cough — which vary in time and intensity.
Symptoms are caused by various degrees of expir-
atory flow obstruction. Asthmatic airway inflam-
mation leads to airway hypereactivity resulting in
recurrent eposides of wheezing, dyspnoea, chest
tightness and cough. Symptoms usually occur dur-
ing the night, or in the early morning aggravate on
exertion and cause extensive airway obstruction
of varying degrees which may subside spontane-
ously or may be reversed by pharmacotherapy.

Incidence, prevalence

Today, around 300 million people suffer from
asthma globally; its prevalence is estimated to
increase with another 100 million by 2025. Av-
erage asthma prevalence is 5-10% in most coun-
tries of Europe. Prevalence, severity and mortality
associated with asthma shows considerable geo-
graphical variations. Prevalence is the highest in
high-income countries, mortality is the highest in
low- and middle-income countries.

In Hungary, the number of patients registered at
pulmonary care institutes was 321 714 patients
(197 515 women, 124 199 males) in 2020. This
number is supposedly higher as it does not include
patients presenting at outpatient units of different
pulmonological inpatient institutions and, patients
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treated by family practitioners. The past twenty
years have seen a slow but gradual increase in the
prevalence of asthma. In 2000, there were 128
809 registered patients. The number of registered
cases between 2000 and 2019 was between 13
420 and 19 298; in 2020 it decreased down to 9
181 most probably due to restrictions introduced
in response to the Covid-19 pandemic. The ratio
of allergic to non-allergic cases of asthma was
2/3-1/3 as earlier. Prevalence of severe asthma is
estimated to be around 5-10% in the world.

Mortality associated with asthma does not cor-
relate with asthma prevalence. The disease is re-
sponsible for the death of around 250 000 people
worldwide. In Europe, mortality is around 5/100
000 asthma patients per year. Asthma has a signif-
icant impact on society as it affects a large num-
ber of people, mostly the active population. Direct
health care costs (medications, hospital treatment,
emergency treatment etc.) and indirect non-health
care costs (early mortality, absence from work
etc.) show a straightforward association with asth-
ma severity and level of asthma control. Asthma
control implies that it is not the disease that con-
trols patients’ lives as it is under control through
therapy.

Causes of asthma, causes of flare ups and
exacerbations

Causes of asthma are not fully known, the disease
is probably due to a combination of environmen-
tal and hereditary (genetic) conditions.

Genetic factors:

» genes predisposing to atopic illnesses;

» genes predisposing to airway hyperreactiv-
ity;

» genetic constellations determining expres-
sion of inflammatory markers and immune
response rates,

*  obesity,

« female sex

Environmental and other factors:

*  exposure to various irritating substances (al-
lergens) that can cause an allergic reaction
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may trigger signs and symptoms of asthma,

» airborne allergens (e.g. pollen, house dust
mites, mold spores, pet dander, cocroach
waste particles),

* airway infections,

* physical activity,

e cold air,

» air pollutants and irritants e.g. smoke,

» smoking (active, passive),

» certain medications (beta-blockers, aspirin,
non-steroidal anti-inflammatory drugs),

* strong emotions, stress,

* sulphites and preservatives,

» gastrooesophageal reflux.

Prevention

Besides cessation of smoking during pregnacy
(during and after pregnacy) there is no other uni-
formly proven prevention strategy. Breast feed-
ing, taking antioxidants and a diet rich in fish may
have a protective effect.

Prevention of symptoms and exacerbations:
avoiding and eliminating specific (allergens) and
non-specific agents (viral infections, air pollut-
ants, certain medicaments etc.) from the environ-
ment of the patient may help control asthma and
may lead to lower doses of drugs needed. In most
cases, however, the factors which contribute to
the development of asthma cannot be avoided as
they are continuously present in the environment.
Smoking cessation may prove beneficial.

Medications given for preventing asthma help re-
duce inflammation and also the sensitivity of the
airways to these allergens. That is why adherence,
taking the prescribed medications regularly, in the
correct dose, is of great importance.

The Epidemiology Of Chronic Ob-
structive Pulmonary Disase (COPD)

Chronic obstructive pulmonary disease (COPD)
is a preventable and treatable population disease
characterised by persisting and generally progres-
sive airway obstruction. Increased resistance of
airflow results from an abnormally intense inflam-
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matory reaction in the lungs triggered by inhala-
tion of gases and particles harmful for lung tissue.
In Hungary, 21% of registered patients have mild,
48%-have moderate, 23% have severe, and 8%
have very severe COPD based on spirometry test
results.

Incidence, prevalence

COPD is the 4th-6th most common cause of
mortality globally. According to a report by the
Burden of Obstructive Lung Disease (BOLD)
programme, in 2010, the estimated number of
patients suffering from COPD was 384 million
which corresponded to the 11.7% (95% CI: 8.4%-
15.0%) global prevalence. Due to a continuous
increase in prevalence an estimated 5.4 deaths are
expected to be associated with COPD in the up-
coming 40 years, by 2060.

In Hungary, in 2020, COPD incidence was 7 996
persons (4 176 males, 3 820 females). Between
2010 and 2019, the number of incident cases
ranged between 17 744 and 12 256. Low incidence
numbers in 2020 were associated with restric-
tions implemented due to the Covid-19 pandemic.
Prevalence in 2020 was 193 725 (96 989 males,
96 736 females). Prevalence has been higher than
100 000 since 2007; in 2000 there were only 48
795 registered cases.

Risk factors

* Genetic factors (inherited alpha-1 anti-
tripsin deficiency which is a recessive auto-
somal deficiency)

» factors responsible for individual sensitivity
and genetic polymorhisms e.g. ABO secretor
state, glutation-S-transpherase, epoxid-hi-
dralase enzymes or alpha-1-chimotripsin
allele polymorphism.

* Smoking is the most important risk factor;
however, COPD develops only in 15-20%
of chronic smokers. 40 pack years or higher
of smoking is an important preditor, relative
risk of smokers is 12-fold higher.

e concomitant asthma,

* increased airway hyperactivity,

* any form of impaired development of the
lungs,

* occupational exposure to dust or chemicals,
* outdoor and indoor air pollutants,
* severe airway infections in childhood.

Prevention

Smoking cessation is the first most important step.
Heavy smokers may benefit from nicotine replace-
ment products or other drugs (eg: vareniklin). Ab-
staining from smoking during and after pregnan-
cy, avoiding the exposure of the child to passive
smoking can also help reduce the risk of airway
diseases in childhood.

The Epidemiology of Depression

Depression is a mood disorder manifesting in
prolonged sadness and loss of interest in previ-
ous activities. It may severely interfere with daily
routine and patients may feel that they have no
meaning in their lives

The exact cause of depression is not known, but
hereditary factors, changes in neurotransmitter
levels, changes in neuroendocrine function and
psychosocial factors may all play a role in the de-
velopment of the condition. Depression may need
long-term therapy. Depressive disorders may
present at any age, but prevalence is higher in ad-
olescence, in the mid-20s or mid-30s. 30% of pa-
tients presenting at primary care service providers
complain of symptoms of depression, but severe
depression is only present in 10% of these cases.
Diagnosis is based on the presence of a mood dis-
order and the accompanying symptoms. Depres-
sion is confirmed if 5 of the following symptoms
are present for at least two weeks; the first symp-
tom group always has to be present: 1. Bad mood,
sadness, feelings of emptiness and hopelessness
throughout most of the day 2. Loss of interest in
most previously enjoyed activities (e.g. sex, hob-
by or sport). 3. Significant increase or decrease
of body weight and or BMI. 4. Sleep disorders
(insomnia and/or excessive sleepiness, sleeping
too much) nearly every day. 5. Anxiety, irritabili-
ty or restlessness. 6. Loss of energy, fatigue, even
small tasks require a lot of energy. 7. Feelings of
guilt and uselessness, most of the time. 8. Diffi-
culty concentrating. 9. Slow thinking, speech,
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movement. 10. Loss of motivation. 11. Recurrent
thoughts about death and suicide.

Incidence, prevalence

Depression is a global epidemic, affecting an
estimated 3.8% of the population out of which,
5.0% are adults and 5.7% are over the age of 60.
Around 280 million people suffer from depres-
sion. As a result of the COVID-19 epidemic,
especially reduced physical activity levels and
higher daily rates of infection have been associ-
ated with increased prevalence of major depres-
sion and anxiety. The epidemic affected women
and younger people more. In 2020, the incidence
and prevalence of depression and anxiety disorder
increased more markedly in countries with higher
Covid rates. 54.1 million further cases are esti-
mated globally (suggesting an increase of 28.1%).
Total prevalence of depression increased up to 3
164.5 cases per 100 000 population. In total, ma-
jor depression accounted for 49.5 million DALY,
anxiety disorder was responsible for 45.3 million
(30.7-63.8) DALY's worldwide.

In Hungary, according to the European population
survey of 2014, depresssive episodes occurred in
20% of men and 30% of women with 3.5% show-
ing signs of severe depression. Severe forms of
depression are more common among women
(4.3%); men are less affected (2.6%). Depression
occurs more frequently with age, more than 10%
of the population over 74 years of age sufffering
from severe depression. People with a lower ed-
ucational background and/or in an unfavourable
financial situation are more predisposed.

Risk factors

*  Women are more frequently diagnosed with
depression than men, which is partly due to
the fact that women are more likely to seek
professional help. Men are more likely to
use alcohol or other forms of addiction as
a coping strategy, therefore, the diseases
these forms of behaviour lead to may mask
depression. High stress levels and hormonal
changes affecting women may also contrib-
ute to the higher prevalence.

* earlier depressive episodes,
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» certain personality traits (e.g. low self-es-
teem, extreme dependency, pessimism, lack
of independence, need of control, conform-
ist behaviour),

* traumatic or stressful events (e.g. physical
or sexual abuse, loss or death a beloved per-
son, relationship issues, financial difficul-
ties),

» sexual abuse in childhood, any other forms
of abuse, mental disease of parents, divorce
of parents;

* depression in the family history, bipolar
disorder, alcoholism or suicide in the fam-
ily history;

* non-supportive environment in the case of
people with lesbian, gay, bisexual or trans-
gender sexual orientation, or in the case of
people with maldevelopment of genital or-
gans;

*  other mental disorders (e.g. anxiety, eating,
posttraumatic stress),

* alcohol or abuse of recreational drugs;

e severe or chronic disease,

* use of certain medications, for example
certain anti-hypertension drugs or sleeping
pills;

* low socio-economic status, poverty;

e certain chronic diseases ¢.g. stroke, men-
tal illnesses, hormonal disturbances; smok-
ing (risk remains higher for 6 months after
quitting);

* anxiety disorders;

* sleep disturbances;

* hormonal changes (pregnancy, post-par-
tum period, thyroid problems, menopause)

Prevention

Primary prevention

Effective community-level prevention strategies
include school-based mental health development
programmes aimed to facilitate positive coping
mechanisms among small children and adoles-
cents. Interventions programmes offered for the
parents of children having behavioural problems
may help relieve depression symptoms of parents
and thereby, improve their children’s condition as
well. According to recent research, regular physi-
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cal exercise helps prevent the development of de-
pressive symptomatology.

Secondary prevention

Several short-form questionnaires are available
for screening depression. A questionnaire survey,
however, does not suffice for establisheing the di-
agnosis but may be useful in identifying people at
risk who may need further, more in-depth assess-
ment and evaluation. Frequently used measures
include a Patient Health Questionnaire-9 (PHQ-9)
and the Beck Depression Scale.
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V. Genetic Epidemiology

What is genetic epidemiology?

Population genetics deals with the quantitative
characterization and interpretation of intra-speci-
es diversity and the exploration of processes influ-
encing diversity. Its methods, terminology and ge-
neral results are used in many fields that apply the
caoncept of population (e.g. systematics, ecology,
nature conservation, anthropology).

Genetic epidemiology is a young discipline that
originally evolved from population genetics, more
precisely, from the combination of human quanti-
tative genetics and epidemiological methodology.
Its subject is the study of how genes and environ-
mental factors affect human characteristics as well
as human health and disease. During its develop-
ment, the discipline has been defined in several
ways by researchers. The term was first used by
Morton and Chung (1978), by their definition, a
science that deals with the etiology, distribution,
and follow-up of diseases among relatives and
the hereditary causes of diseases within popula-
tions. According to Mitchell L. Cohen (1980), it
examines the combined role of the environment
and genetic factors in the development of disea-
ses, in addition to taking into account the different
effects of environmental agents on both familial
and non-familial genetic backgrounds. King et al.
(1984) defined it based on how and why disea-
ses accumulate in families and ethnic groups. In
2003, Morton’s definition was further developed
by Muin J. Khoury, Julian Little, and Wylie Bur-
ke to create the term “human genome epidemi-
ology,” which uses methods of epidemiology to
understand the impact of genomic variations on
health and disease, going beyond the effects of in-
dividual genes. James V. Neel, founding president
of the International Society for Genetic Epidemi-
ology (IGES), says it deals with ,,the study of the
genetic components of complex biological phen-
omena.” It can be seen from the above - as is the
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case with other young disciplines - the definition
is still evolving.

Today’s modern epidemiological genetics covers
all diseases. For this reason, many advances in the
epidemiology of genetic diseases are related to se-
emingly simple hereditary disorders (e.g., cystic
fibrosis, sickle cell disease). However, the results
also indicated that even monogenic disorders can
be extremely complex due to the interactions of
epigenetic factors, disease genes, with environ-
mental factors. In addition to a broad focus on
genetic diseases, genetic epidemiology includes
various aspects of epidemiology.

Genetic epidemiology is of practical importance
in several respects. First, exploring the etiology of
a disease facilitates the understanding of the me-
chanisms of the disease and the development of
logically targeted diagnostic, preventive, or ther-
apeutic treatments. Second, in theory, if we know
the genetic factors behind the disease, risk profiles
can be determined. In this way, for example, asy-
mptomatic relatives of patients who have under-
gone genetic testing may help to assess the risk of
developing the disease. Third, clinicians will be
able to select the appropriate therapy in the futu-
re based on pharmacogenetics — the genetically
determined chances of a good, bad, or unfavorab-
le response to a drug. Finally, the examination of
known mutations allows a more accurate diag-
nosis of certain diseases, such as typing in acute
lymphoblastic leukemia (which allows specific
therapy to be used).

Subject of genetic epidemiology

Genetic epidemiology basically tries to answer 2
questions: (1) is there a genetic component to the
disease, and (2) what genes play a role in its de-
velopment?

To understand genetic epidemiology, we also need
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to be on familiar terms with three topics. The first
is basic genetics, so we need to know the nature of
hereditary material, the concept of chromosomes
in alleles, and the basic laws of genetics. The se-
cond is research methodology, as thorough design
of the studies is essential. The third topic requires
statistical knowledge for the interpretation and
evaluation of the results of the research.

Whether a disease has a genetic component can
be determined by studying relatives. If the disease
appears more frequently than expected in the pa-
tient’s relatives, it is reasonable to conclude that it
is a disease with hereditary components. [3] The-
re are diseases for which familial accumulation
is evident, their pattern of inheritance is clearly
visible, these are called monogenic or Mendelian
diseases. Mendelian diseases are caused entirely
by a single genetic mutation in either or both alle-
les. Mendelian inheritance can take place in seve-
ral ways. For example, the vast majority of cases
of Stargardt’s macular dystrophy are caused by a
mutation in an autosomal recessive gene. This me-
ans that for the development of the disease, both
alleles of the gene involved must be abnormal,
i.e., a single normal copy of the allele can prevent
expression of the gene. In contrast, in the case of
autosomal dominant inheritance, such as in vitel-
liform macular dystrophy, only a single patholo-
gical allele is sufficient for the disease to develop.
There is even codominant inheritance, which can
occur if both alleles contribute to phenotyping.
Most diseases are not inherited according to
simple Mendelian laws, but are the result of more
complex multifactorial processes, which is why
they are called complex. Such diseases are caused
by the combined, small effects of each component.
These can be genetic or non-genetic environmen-
tal factors such as age or smoking. Susceptibility
to multifactorial disease can be increased or even
decreased by different genetic variants.

Identifying the genetic factors
of a disease

The genetic component of multifactorial diseases
such as AMD (age-related macular degeneration)
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was traditionally explored by examining family
members. Epidemiological studies have shown
that relatives of patients with AMD are more li-
kely to develop AMD. If the appearance of the
phenotype to be studied is monitored within fami-
lies (e.g., diabetes, glaucoma, or schizophrenia),
segregation analysis can be used to determine
whether or not we can talk about family accu-
mulation. That is, in each generation, the number
of people showing the phenotype to be tested is
counted. In general, the family accumulation of
multifactorial diseases is modest, which may in-
dicate that the effect of any genetic component is
also weak. If a disease is frequently observed in
relatives, it may indicate that genetic factors also
influence the development, but it is not sufficient,
as several other environmental or other factors
may accumulate in the family because relatives
in the same household are likely to consume the
same diet or are exposed to the same toxic fumes
from an industrial area near their home, and so on.
A specific example is that spouses of patients with
lung, colon or stomach cancer are at higher risk
of developing the same diseases as second-degree
relatives, and there is no genetic relationship bet-
ween them.

Twin studies can be extremely useful in determi-
ning the heritability of a phenotype. If a disease
is more common in both members of monozygo-
tic (identical) twins than in dizygotic (fraternal)
twins, it is more likely to occur due to genetic
effects. This is proven to be the case with AMD.

The disadvantage of segregation analysis is that
it does not provide enough evidence alone on the
influence of genetic factors, so even genetic test-
ing is needed. In order for the tests to be repeatab-
le, it is essential to specify the expressed nature of
the test subject. There are so-called phenocopies,
which are inherited diseases that, despite the pre-
sence of defective allele(s), do not or less manifest
as a result of environmental effects (e.g. under the
influence of drugs). In this case, the environment
does not actually allow the effect of the faulty gene
to be expressed. However, it is possible that a di-
sease with an otherwise genetic background can
develop solely due to environmental factors, such
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as severe injuries or infections (e.g. deafness cau-
sed by rubella infection), despite healthy alleles.
We talk about abnormal phenocopy if the phen-
otype is abnormal despite the normal genotype,
and we talk about normal phenocopy if there is a
normal phenotype despite the abnormal genotype.
Speculatively, for example, there are several diffe-
rent pathological processes that result in symp-
toms of a particular disease, each with a different
genetic predisposition, and each may be specific
to different ethnic groups, geographic regions, or
family trees. If different genetic changes in diffe-
rent individuals can lead to the same disease, then
we can talk about locus heterogeneity. In addition,
incomplete penetrance may occur when the (per-
centage) expression of the same genotype differs
between different individuals. The same genotype
may be expressed in different ways due to several
effects: another unknown epistatic gene (one alle-
le of the gene does not allow the other to express)
and/or untested epigenetic factors such as DNA
backbone methylation, which affect gene expres-
sion. (The science of epigenetics is looking for
answers on how the expression of inherited traits
is affected by environmental influences. These ex-
ternal influences affect the function of genes by
altering the nucleotide sequence of DNA but alte-
ring the chemical structure of DNA). Furthermo-
re, the effect of a gene may depend on exposure to
an environmental factor. For example, one of the
risk factors for AMD is smoking, so the exact ge-
netic contribution may depend on smoking habits.
Although this is obvious, the changing exposure
to unknown environmental factors makes it diffi-
cult to analyze the effect of genes. The task for the
future will be to study together the genes in dis-
tant parts of the genome that affect each other, and
to study the myriad possible interactions between
gene expression and environmental factors.

These processes can also be studied at levels of the
family and population, which have both advanta-
ges and disadvantages. Which procedure is worth
using depends on exactly what the study wants
to accomplish and what resources are available.
Family tree-based studies are particularly useful
in selected families with a high incidence or seve-

re or early-onset type of disease. Such families are
worth studying, because they increase the number
of cases of common genetic basis and increase the
strength of the test used to detect genetic effects,
especially when a rare mutation causes suscep-
tibility. For example, in breast cancer, mutations
in the BRCA genes increase the risk of devel-
oping it. There are many types of mutations in the
BRCA gene, and because each mutation is rare
and may only occur in a particular family, it may
not be detectable in population-based studies, so
family-based studies are needed.

However, there are drawbacks to studying family
trees. There may be potential statistical pitfalls in
the interpretation of data obtained by nonrandom
selection methods, and the calculations required
for evaluation may be complicated. Gathering lar-
ge numbers of families with affected members is
a time consuming and cumbersome process. Furt-
hermore, in the case of age-related conditions, the
number of families that can be tested is limited, as
it is unlikely that the patients’ parents and possib-
ly siblings are still alive, and in the case of the di-
sease in old age, it is not possible to know whether
it appears in the offsprings, as they are too young
to produce symptoms.

The problem with population-based studies is that
the sampled population may contain hidden subg-
roups that may differ in terms of risk factors. For
example, analysis of a sample of multiple ethnic
origins may obscure or exaggerate a genotype-di-
sease relation that appears in only one subgroup.
In population-based studies, it should be ensured
that the sampled population is as homogeneous as
possible and that cases can be divided into sepa-
rate subgroups based on potential confounders. It
is also important that patient and control samples
can be compared in each subgroup as well. Howe-
ver, information on relevant confounders may be
incomplete, thus defining subgroups can be quite
cumbersome.
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Identification of the gene
or genes concerned

Mendelian diseases

The first diseases associated with specific genes
had a simple Mendelian inheritance process. For
example, Huntington’s disease, Duchenne mus-
cular dystrophy (DMD), and cystic fibrosis (CF)
have also been shown to be cumulative among
relatives and follow Mendel’s pattern of inheri-
tance. DNA samples from members of the affec-
ted families were subjected to genetic mapping,
during which markers at selected points in the
DNA strand were selected and followed their in-
tergenerational pathway in the affected families.
This method is analogous to genetic experiments
in Morgan’s lab (they studied a phenotypic mar-
ker through generations of fruit flies, for example,
their monogeneously inherited eye color).

Since the entire human genome sequence is
known thanks to the Human Genome Project, a
single-nucleotide polymorphism (simple or single
nucleotide polymorphism), better known as SNP,
is now used as a marker instead of the now-classi-
cal molecular markers. According to the original
definition, a single-nucleotide polymorphism is a
variant DNA sequence resulting from a change in
a nucleotide that occurs in at least 1% of the po-
pulation. Today, their definition has been partially
modified: SNPs are all kinds of deviations invol-
ving a single nucleotide, but the frequency of the
rare allele (MAF = Minor Allel Frequency) must
be provided in each case. MAF is not yet precisely
defined, but is generally considered common if >
5%, low if it is between 0.5 and 5%; and rare if it
is <0.5% (in some publications the latter is only
0.3%). SNPs can be used as codominant markers
of Mendelian hereditary, have a low mutation
rate, and can be analyzed by statistical methods
based on genotype frequency. SNPs can often be
associated with adaptive features and have diffe-
rent consequences depending on where they occur
in the genome. SNPs can appear at any section
of the genome, in the coding or non-coding re-
gions of genes, or even in intergenic regions. In
the coding section, a distinction is made betwe-
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en synonymous (causing a “silent” mutation) and
non-synonymous (causing a ‘“missense’ or “non-
sense” mutation) SNPs. SNPs in the non-coding
region may be intergenic, or in the UTR regions
of exons (untranslated regions, that is, non-prote-
in-translated regions), or in introns, in regulatory
regions, and consequently may affect transcrip-
tion, translation, mRNA maturation, splicing,
the binding of transcription factors. SNPs occur
in the human genome on every 100-300 nucleot-
ides on average; they are universal, and the most
common polymorphism markers. There are seve-
ral methods for its detection, such as direct sequ-
encing of amplicons (PCR products) and targeted
re-sequencing. In the latter process, the samples
are compared to a known reference genome. It is
also possible to use Genotyping By Assay (GBA)
methods, which operate indirectly on the basis of
different motility of DNA fragments. In addition,
methods based on hybridization are used on a tar-
get sequence immobilized on a microchip. Next
Generation Sequencing eliminates the need for
targeted marker development, allowing compara-
tive analysis of large amounts of sequences. One
such new generation method is Genotyping By
Sequencing (GBS). The advantage of this method
is that SNPs are identified and genotyped simul-
taneously.

Due to the continuous development of genotyping,
several methods are usually applied together. The
choice of the appropriate method is based on the
cost, efficiency, and available resources of the
process. Traditional techniques include PCR-ba-
sed SNP-RFLP analysis (RFLP: restriction frag-
ment length polymorphism) and SNP-SSCP
(single-strand conformation polymorphism) ana-
lysis, or also called PCR-RFLP and PCR-SSCP,
however, they have the disadvantage that they are
slow and difficult to perform.

SNP-RFLP analysis and SNP-SSCP analysis are
based on PCR (or Southern blot). PCR (polyme-
rase chain reaction) is an in vitro DNA synthesis
method that allows short DNA segments to be
chain-reacted in millions of copies in a matter of
hours. In the process, the nucleic acid to be tested
(DNA or RNA) is cleaved with restriction enzy-
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mes (cleaved nucleic acids at a specific sequen-
ce). Following denaturation, synthetic oligonuc-
leotides are attached to the DNA preparations (by
complementary base pairing). These oligonucle-
otides function as primers, so that DNA polyme-
rase attaches nucleotides defined by the template
strand to the 3’ end of the primer during synthesis.
In the process, both strands are duplicated. PCR
consists of a cyclic repetition of 3 steps: 1. de-
naturation (95 °C); 2. primer binding (55 °C);
3. DNA synthesis (72 °C). The repetition of the
cycles is ensured by a computer-controlled PCR
(thermocycler). The mixture must contain the
substrates required for the process and the DNA
polymerase. Since the process requires high tem-
peratures, DNA polymerase (e.g., Taq polymera-
se) is isolated from bacteria living in heat sources.
The essence of SNP-RFLP analysis is that due
to point mutations, known restriction sites may
shift or even disappear, resulting in fragments of a
different size than the wild type. During PCR, the-
se fragments are amplified and detected by elect-
rophoretic methods (e.g., gel electrophoresis).
The first step in SNP-SSCP analysis is also PCR.
This is followed by denaturation and immediate
cooling of the double-stranded PCR product for-
med in the process, resulting in single-stranded
DNA strands, which can also be evaluated using
electrophoretic methods. In the case of SSCP,
polymorphism is not due to the different size of
the fragments, but to the different migration ra-
tes resulting from the secondary spatial structu-
re determined by the base sequence of the sing-
le-stranded DNA strands.

In the case of multifactorial diseases, the search
for the responsible genes is much more compli-
cated, thus several procedures are used. One such
method is called “Linkage Analysis™ and is suitab-
le for monitoring the intergenerational inheritance
of genetic markers. In addition, it is an effective
tool for determining the chromosomal location of
the disease-causing gene.

In the case of multifactorial diseases, genetic
mapping can be performed by the application of
association studies. When examining the poly-
morphism of a candidate gene, association me-

ans that a given allele occurs significantly more
frequently with a given phenotype than would be
expected. Association studies hypothesize that a
genetic variant is more common in individuals
with the disease than in those without the disease.
It can be assumed that multifactorial diseases are
defined to some extent by a group of alleles that
may be common (with a frequency of at least 1%)
in the population but have no significant effect on
the disease or the predisposition to the trait un-
der study. Association studies have greater sta-
tistical power than linkage studies if we want to
detect a gene with a mild effect. However, their
application to separate complex diseases presents
challenges. The reliability of a test used to detect
genes for susceptibility to a disease depends on
the size of the sample, the frequency of the alleles
involved, and the magnitude of their effect. There-
fore, a large number of samples are usually requi-
red to identify low-impact genetic changes. The
results of the studies should be combined in me-
ta-analyzes to increase their statistical power. As-
sociation studies can be divided into two groups:
candidate gene studies and genome-level associ-
ation studies. Candidate genes play a key role in
the development of the disease. When testing can-
didate genes, a gene is selected within the gene
that is thought to cause susceptibility. Variants are
tested on patient and control samples for associ-
ation with disease or trait. The basic assumption
regarding the association is that the gene plays an
important role in the development of the disease.
The gene is selected based on experimental data.
We know that susceptibility loci usually occur in
the introns of DNA, but current knowledge is not
sufficient to predict which variants actually have
an effect. Therefore, candidate loci are usually
derived from the coding or promoter regions. If a
candidate gene can be associated with the disease,
it does not necessarily have a causal relationship,
as the mechanisms of multifactorial diseases are
poorly understood. The exact effect of an SNP or
haplotype can also be speculative. Therefore, stu-
dies should be repeated in different populations.

Genome-level association studies are screenings
that examine thousands of markers in a large
number of samples throughout the whole geno-
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me. This method has a high chance of identifying
a group of markers that may be associated with
the disease. This suggests that there may be a link
between the markers and the susceptibility gene,
thus they may be relatively close to each other.
A number of markers need to be examined in as-
sociation studies. Although technological advan-
ces have made it possible to analyze thousands of
markers rapidly and at an acceptable cost, asso-
ciation studies are believed to be ineffective en-
ough to detect small effects. If researchers do not
find a significant correlation during their studies,
they usually conclude that a larger sample size or
denser marker coverage would have shown the
monitored effect. The HapMap project could be a
solution to eliminate this problem. HapMap, short
for “haplotype map,” is a catalog of unique SNP
variations that eliminates the need to track large
amounts of markers at one time. The advantage of
haplotypes is that it is sufficient to select a single
SNP in each haplotype because it can represent
the entire haplotype. Thus, information on any
haplotype can be analyzed by measuring a single
SNP.

One of the potential pitfalls of association testing
is that tens of thousands of SNPs need to be tes-
ted in many thousands of individuals to ensure the
reliability of an association study, which can be
costly and cumbersome. Consequently, it is inevi-
table that many SNPs will be associated with the
disease merely by chance. If the significance level
is set to 0.05 or less, 5% of the associations tested
will be positive. Therefore, it is important to per-
form a post-hoc analysis of the results (showing
whether the relationship between two measured
parameters is significant). Testing with such a
large number of items will inevitably show some
statistically significant correlation, thus it is ne-
cessary to repeat the test several times. therefore,
when a positive association cannot be re-detected,
it is likely that the original result was false po-
sitive. (There are statistical methods to solve the
problem of multiple comparisons.) Another possi-
bility is that the cause of the failure is to be found
in deviations from the original studies. Studies
that presumably have the same correlations may
differ in many ways, for example, samples may
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differ in their ethnic or environmental exposure.
Different SNPs can be tested; in the case when
only one non-synonymous SNP per gene type is
tested in one experiment, while another known
SNP is tested for the same gene type in another
experiment. Different levels of experimental er-
ror may also occur during genotyping (or sequ-
encing) of SNPs. Due to the different types of the
disease, different control samples can be selected
and different levels of statistical significance can
be set to compensate for other errors. Most asso-
ciation studies are case-control-based (retrospec-
tive) and are therefore subject to potential for er-
ror in all case-control studies. Other variables that
affect the phenotype may not be measured, poten-
tially leading to erroneous conclusions. Accurate
measurement of environmental factors is difficult
because, in general, testers should rely on the sub-
ject to recall the level of exposure. Family-based
association studies can eliminate potential con-
fusing effects by testing families sampled from a
given population instead of comparing randomly
selected cases and controls, for example, it is pos-
sible to examine a siblings, one of whom has the
disease while the other does not. With the same
sample size, such arrangements provide better
performance, but sufficient families to meet the
conditions must be found, and tracking family
members can be problematic.

Common genetic diseases

Mendelian inherited diseases are caused by a mu-
tation in a high-impact gene, three types can be
distinguished within the group: Autosomal domi-
nant, autosomal recessive, and X-linked.

Autosomal dominant diseases can affect structural
or receptor proteins, and in some cases, the mutant
protein interferes with the function of the normal
protein (“negative dominant effect”). In such ca-
ses, decreased penetrance and variable expression
are observed, and symptoms usually begin later,
only in young adulthood. If one parent is invol-
ved, in principle, 50% of the offspring will show
the abnormal phenotype. Such diseases include:
Huntington’s disease; Neurofibromatosis; Tube-
rous sclerosis; Marfan syndrome; Ehlers-Danlos
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disease; Osteogenesis imperfecta; Achondropla-
sia; Polycystic renal disease; Polyposis familiaris
coli; Familiar hypercholesterolemia; Porphyria
acute intermittens; Hereditaer spherocytosis; von
Willenbrand disease.

Huntington’s disease is a genetic disorder
affecting the central nervous system. It caus-
es progressive degeneration of brain cells,
leading to degeneration of motor skills and
cognitive abilities, as well as behavioral
difficulties. It is a rare disease that affects
men and women equally (only 7-10 out of
100,000 are affected). Therapy consists of
treating the symptoms of the disease.

In neurofibromatosis, in addition to charac-
teristic skin lesions, benign tumors develop
in the nerve fibers and nerves in the brain.
It affects 1 in 2,500 people (twice as many
boys as girls). Depending on which defec-
tive gene the child inherited, two types of
neurofibromatosis are distinguished: neurfi-
bromatosis I (NF1) and neurfibromatosis 11
(NF2). Increased formation of malignancies
can be expected in some types.

In Sclerosis tuberosa, naturally benign tu-
mors develop in several vital organs. It af-
fects 1 in 12,000 people, but new gene mu-
tations (i.e. not inherited from parents) are
common: they occur in 58-68% of cases.
Since the brain, kidneys, heart, lungs, and
skin can be affected, the symptoms are very
varied: seizures, developmental abnormali-
ties, behavioral problems, skin lesions, and
lung and kidney disease. The symptoms
caused by the diagnosed diseases can be
treated, but the disease itself cannot be cured.
The symptoms are caused by the Tuberosus
Sclerosis Complex 1 and 2 (TSC1/2) genes,
which encode peptides called hamartin and
tuberine, which can affect cell proliferation.
Autosomal recessive diseases are the larg-
est group of diseases with Mendelian in-
heritance. If the parents are heterozygous,
25% of the offspring will be ill and it will
manifest in early childhood. Its expression
is much more uniform compared to the
dominant diseases, characterized by 100%

penetrance. Enzyme proteins are most com-
monly affected. Such diseases include: Cys-
tic fibrosis (Mucoviscidosis); Haemochro-
matosis; Phenylketonuria; Galactosaemia;
Sickle-cell anemia; Homocystinuria; Thal-
assemia; Alkaptonuria; al-antitrypsin defi-
ciency; Friedreich ataxia; Wilson’s disease;
Spinal muscular atrophy.

Cystic fibrosis is the most common type of
disease in Europe, 1-2 patients out of four
thousand in Hungary, while 4-5 percent of
them carry the disease. The symptoms are
caused by a malfunction of the cell wall
transport protein, which is responsible for
the moisture of the outer and inner mucous
membranes and the density of the secreted
mucus, thus the glands in the body produce
much denser secretions than normal. Symp-
toms can include digestive problems, infer-
tility, and even life-threatening lung infec-
tion. The dense mucus clogs the passages of
the separating glands, which become which
cystically (nodularly) enlarged, hence the
name of the disease. Its formation is due to
mutations in the CFTR (cystic fibrosis trans-
membrane conductance regulator) gene; the
coding site for the defective protein is on
chromosome 7 in DNA.

Phenylketonuria is caused by a gene defect
on chromosome 12. The enzyme that breaks
down phenylalanine (an amino acid that is
involved in building of proteins) does not
function or malfunctions. As a result, phe-
nylalanine builds up, which the body tries
to break down in other ways, but this leads
to the formation of toxic, abnormal end
products that damage various organs. The
disease can be diagnosed in 1 to 10 cases
per 1 million live births, mostly in boys The
disease is rare, it is diagnosed in 1 sick child
per 1 million live births in Hungary.
Sickle-cell anemia is caused by an inherit-
ed point mutation on chromosome 11. It is
common in the Mediterranean and African
regions, but we can also find it in Hungary.
The disease in the red blood cells changes
the hemoglobin composition; a molecule
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called HbS is formed in large proportions,
which is able to suppress normal hemoglo-
bin. The HbS molecule, on the other hand,
assumes the characteristic sickle shape in
small vessels in an oxygen-deficient envi-
ronment due to slow flow and precipitates.
The abnormal HbS molecule is thus unsuit-
able for oxygen transport and also blocks
small blood vessels, causing infarction in
some organs.

All sex chromosome-bound diseases are
X chromosome bound because most of the
genes on the Y chromosome are responsi-
ble for the development of the male gonad.
In the case of these mutations, the person
is infertile (e.g., Del Castillo’s syndrome:
aspermiogenesis). In hemizygotic men who
carry the mutant X chromosome-bound
gene, the disease is expressed. Male chil-
dren of such men will be healthy, and all
their daughters will be heterozygous (carri-
er) if the mother has a healthy sex chromo-
some. In heterozygous women, the disease
may be partially expressed due to random
X inactivation (lyonization). Examples of
such diseases are: Duchenne muscular dys-
trophy; Wiskott-Aldrich syndrome; Hae-
mophilia A and B; Hyper IgM syndrome;
Chronic granulomatous disease; Diabetes
insipidus; Glucose-6-phosphate dehydro-
genase deficiency; Lesh Nyhan syndrome;
Agammaglobulinemia (Bruton); Fragile X
syndrome.

In Duchenne muscular dystrophy, muscle
cells are gradually replaced by adipose tis-
sue and connective tissue that are unable to
perform muscle work, and the patient be-
comes weaker and eventually self-sufficien-
cy also becomes challenging. It is mainly
expressed in boys, occurring in 0.27% of
live-born boys. Girls are much less likely to
develop the disease, but more likely to car-
ry the disease (heterozygotes). Spontaneous
onset of the disease may occur. 30% due to
some mutagenic effect (e.g. ionizing radia-
tion). Symptoms of the disease are caused
by the lack or synthesis of a protein called

dystrophin. Due to lack of protein activity,
calcium ion concentration in muscle cells
rises drastically, causing them to die.
Wiskott-Aldrich syndrome causes micro-
thrombocytopenia, combined immunodefi-
ciency (recurrent infections), and eczema.
The disease can be diagnosed in 1 to 10 cas-
es per 1 million live births, mostly in boys.
The genetic defect is that the Wiscott-Al-
drich syndrome protein is not present in he-
matopoietic (blood-forming) cells at all or
only in insufficient amounts.

The cause of the disease is a fraction of the
level of coagulation factor VIII in hemo-
philia A and of coagulation factor IX in he-
mophilia B, approx. 1-5 percent, of normal
value. Due to the failure of the coagulation
cascade, bleeding of varying severity occurs
at certain parts of the body, mainly affect-
ing the skin, skeletal muscles and joints, but
can occur in almost any organ (stroke, gas-
tric bleeding, etc.). Vast majority of bleed-
ing occurs in areas of the body subjected to
increased stress, in large joints load-bearing
joints (knee, hip, shoulder, wrist, elbow).
Incidence of haemophilia: one in 5,000 neo-
nates. Hemophilia B accounts for 15 percent
of cases. Hemophilia is very rare in women
and they may be more likely to be carriers
of the disease.

Chronic granulomatosis is an immunodefi-
ciency disease caused by a defect in phago-
cytic cells. Under the influence of patho-
gens, granulomas can appear in many parts
of'the body: in the skin, mucous membranes,
lymph nodes and internal organs, joints and
bones. In essence, due to the malfunction
of phagocyte oxidases, granulocytes and
mononuclear phagocytes are unable to con-
vert extracellular oxygen into toxic metab-
olites, thereby lacking the ability to elimi-
nate pathogens. The disease usually occurs
in young childhood, but in rare cases, it can
also manifest in adulthood.

The cause of the symptoms of diabetes in-
sipidus is that, due to the disease, the body
is unable to retain water. There are two
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types, central diabetes inspidus and nephro-
genic diabetes insipidus. In central diabetes
inspidus, the hypophysis (pituitary gland) is
characterized by a partial or complete lack
of production or excretion of ADH vaso-
pressin and affects 1 in 25,000 people per
year (the incidence is the same in men and
women). The central variety is character-
ized by a partial or complete lack of pro-
duction or excretion of vasopressin. It is a
chronic disease that can start suddenly and
end suddenly. Central diabetes insipidus is
an uncommon disease; one in 25,000 people
develop the disease every year. It is equally
common in women and men. In nephrogenic
diabetes insipidus, the kidneys will be com-
pletely resistant to the hormone produced
or to exogenous hormone preparations, thus
the water-binding effect will not prevail.
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V1. Molecular epidemiology

Molecular epidemiology is one of the most dyna-
mically developing fields in recent decades, yet
for many it is still a bit of an elusive concept. Ad-
vances in medicine have increasingly required us
to exactly know the mechanisms that lead to the
development of the disease.

At the beginning, regarding the process by which
a symptomatic disease develops in a healthy indi-
vidual as a result of adverse exposures little or no
was known. Traditional epidemiology marked the
longer, shorter period that elapses between diffe-
rent exposures to the body and the disease as a
black box. We were not aware of the molecular
changes / processes taking place in our body, their
background was covered in darkness. The black
box of molecular epidemiology has become an
adage (Figure 1).

Due to the extremely rapid development of mo-
lecular biology, this box now contains fewer and
fewer black spots. To date, molecular epidemio-
logy has largely revealed numerous markers of
exposure, effect, and disease, and we are also inc-
reasingly aware of individual sensitivity factors
for the development of disease (Figure 2). Wit-
hout molecular testing methods and the precise
definition of molecular biological factors, medical
diagnostics and individualized treatment would
be inconceivable. It is important to mention that
nowadays, as the emphasis shifts more and more

Exposure

Black box

Zsuzsanna Orsos, Istvan Kiss

from healing to prevention, the role of molecu-
lar epidemiology in prevention is becoming even
more emphasized.

Molecular epidemiology now provides the ba-
sis for both primary and secondary prevention.
Throughout our lives, we encounter countless
compounds, both directly and indirectly. Many
are exposed to various harmful factors due to
their occupation and others due to their lifesty-
le. The 21 Century test methods can be used to
determine concentrations of pollutants in soil, air
or water and to limit the quantities of emission.
Thus, at the level of primary prevention, we may
be able to protect everybody from harmful expo-
sures. But molecular epidemiology provides even
more accurate options for determining the level of
individual exposures and biological effects, respe-
ctively. Metabolites and biomarker molecules for-
med as a result of exposure to the body can now
be measured very precisely. They can be used to
screen for high-risk individuals and even change
their lifestyle or occupation before the disease oc-
curs. Personalized risk assessment is clearly the
way forward for the future and is currently the
most dynamically evolving field in molecular epi-
demiology.

Research in appropriate biomarkers offers an im-

mense opportunity to detect diseases at an early
stage, thus reducing the risk of developing serious

—>

Figure 1.: Traditional epidemiology
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Figure 2. Molecular epidemiology

effects - for example, the development of persona-
lized therapy for the targeted treatment of tumors
is spectacular. The most rapid way to determine
the appearance of complications during therapy is
to use biomarkers.

The black box

Scientific research on molecular biology in recent
decades has introduced us to the complicated and
highly dependent and complex path that leads
from exposure to the onset of disease. Molecu-
lar epidemiology has assigned biomarkers to the
different steps of the exposure-disease process,
which can be used to accurately describe these
stages and the progress of the process.

Exposure to various chemical, physical, or bio-
logical agents may result in the accumulation of
either the agent itself or its metabolites in mea-
surable amounts in the body (Figure 2). This sta-
ge is called the internal dose. By characterizing
the internal dose, i.e. the concentration of the test
substance measured in blood and body fluids, ex-
posure can be described much more accurately
than if only the environmental concentration of
the compound in question was monitored. The
compound entering the body reaches practically
everywhere through the bloodstream, but for the
development of the disease in question, that part

oncogene activation, and tumor suppressor gene
inactivation. Our body has a number of mechan-
isms (repair, apoptotic) with which it tries to pre-
serve its internal integrity. Therefore, the above
mentioned early biological effects do not neces-
sarily cause substantial changes — DNA repair
enzymes, for example, can repair DNA damage or
damaged cells are eliminated by apoptosis. If the
body is unable to prevent damage, changes (alte-
red structure / function) may soon be detected
at the level of the particular cells / tissues. This is
the case, for example, with an abnormal cytologi-
cal finding obtained during cervical cancer scree-
ning. The process sooner or later progresses to the
development of a disease with clinical symptoms
(disease). Molecular biomarkers can also facilita-
te early diagnosis of the disease (e.g., detection of
tumor cell-specific DNA in feces for colon cancer
screening) or more accurate diagnosis. Properly
selected biomarkers can also help in assessing the
likelihood of complications and expected prog-
nosis. For example, activation of metastasis-spe-
cific genes in some tumors indicates a higher like-
lihood of developing metastases.

In real life we also experience that the speed of the
exposure-disease process and the rate of progres-
sion from one stage to the next show significant
individual differences - these can be characterized
by biomarkers of individual sensitivity. Indivi-
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dual sensitivity to specific exposures or diseases
is affected by a number of factors, e.g. nutritional
status or the current state of the immune system.
Perhaps the most important factor of these is our
inherited traits, our genetic factors. Their role is
discussed in more detail in the molecular epide-
miology of each disease group.

The beginnings

The most important milestone in the development
of molecular epidemiology is the Human Genome
Project. The Human Genome Consortium and the
Celera Genomics Biotechnology Company began
a tremendous amount of work in 1990 to map the
entire human genetic pool. The three main goals
of the company, which had huge funding, were:

1. Map the location of different genes on a
chromosome (gene map). (This method was
already known and used in genetics at this
time).

2. Determine the size (nucleotide length) of
genes, map the distance between genes
within a DNA molecule (physical map)

3. Explore the complete, coding and non-cod-
ing DNA sequence of the human genome
(sequencing).

In June 2000, the President of the United States
and the British Prime Minister of that time (the
latter joined via video call) and the leaders of
the Human Genome Project announced at a joint
press conference that 90% of the Human Geno-
me Project had been completed. The diverse and
sometimes surprising results of the project were
published in the two most important scientific
journals, Science and Nature. It turned out that
the number of human genes estimated at 100 000
is actually approx. 23 000 (we’ve known this even
more accurately since then: in fact, even less than
20,000). Our genome is made up of 3.2 billion ba-
ses, less than 2% of which encode proteins, and the
remaining 98% have diverse functions, and some
are still unknown to us today. The Human Geno-
me Project has shown that 99% of the people of
different races on Earth have the same DNA pool
and that only 1% of the variability in the human
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genome is responsible for, to the naked eye, the
seemingly huge differences. The so-called Single
Nucleotide Polymorphisms (SNPs) are responsib-
le for approx. 90% of this variability, whose num-
ber was estimated at 1.4 million in 2001 and then
at 10 million by 2010, and today we estimate it at
2-300 million. We have learned that almost half of
our genetic pool consists of repetitive sequences.
3% of these are simple repeats, 5% are duplica-
tions of large chromosomal segments, and almost
50% are transposons, i.e. their position is not fixed
but variable in the DNA molecule. (Transposons
are also called ,,jumping genes,” or DNA sequen-
ces that can change location.)

The 100% completion of the Human Genome Pro-
ject in 2006 and the co-development of next-ge-
neration sequencing procedures opened a new era
for science, including the fact that DNA sequenc-
ing could become part of routine diagnostics. Un-
derstanding the genetic background of hereditary
diseases has been revolutionized by new molecu-
lar technologies. It has similarly influenced the
field of tumor research, in particular, the somatic
mutations underlying tumor formation. Medicine
has since identified a myriad of biomarkers of ext-
remely high diagnostic value that have invaluab-
le value in both prevention and cure. All of these
contributed significantly to the fact that we have
now been able to add a lot of information to our
black box so far.

However, the results of the Human Genome Pro-
ject and the development and spread of molecular
genetic / genomic methods have raised many et-
hical issues. Who owns the genetic information?
Who has the right and opportunity to use gene-
tic data? Can anyone request genetic information
for any reason (e.g. employer)? When and what
genetic tests should be performed and in what
form should the results be communicated to the
data subject? When is it reasonable to perform
genetic tests and when is it not reasonable? Are
the direct-to-consumer tests justified and, if so, in
what cases? For the time being, there is no single
and reassuring answer to all these very exciting
questions. In general, it can be said that in the vast
majority of democratic countries, the law seeks to
strengthen autonomy regarding genetic data and
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genetic information as much as possible, and thus
to entrust the individual with the authorization of
their use. It is needless to say that this can also
have limitations (e.g., DNA identification in con-
nection with a crime or deciding paternity issues),
and setting these boundaries is often a very diffi-
cult task for bioethics. The current situation in this
field is that science is ahead and law and ethics
are trying to catch up and respond appropriately
to new situations.

Molecular epidemiology of tumors

At least 65-70% of tumors develop sporadicaly-
ly due to somatic mutations, while classic here-
ditary tumors and cases of familial accumulation
accounting for only 25-30% of all. Nevertheless,
tumor development follows specific molecular
mechanisms in each case. The classic model of
carcinogenesis was first presented by Fearon and
Vogelstein in connection with colorectal tumors.
The model revolutionized the understanding of
the process of carcinogenesis and the publication,
which has been cited nearly 15 000 times since,
formed the basis of a very complex science in the
molecular epidemiology of tumors (Figure 3).

The process will take many years, even decades,
providing an opportunity to track changes by
using biomarkers.

In a broader sense, tumor development begins with
some carcinogenic exposure. When measuring the
external concentration of carcinogens from va-
rious environmental or occupational or lifestyle
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factors, the actual exposure is much better charac-
terized by the so-called internal dose. This is the
measured concentration of the carcinogen itself
or any of its metabolites in tissues, body fluids or
excreta. By monitoring the internal dose, we can
learn how much of the harmful compounds from
the environment and lifestyle factors have actualy-
ly entered the body. Internal dose depends on the
amount of molecules taken up and the metabol-
ism and excretion of the test compounds / compo-
nents, so it is much more unique and accurate than
measuring the environmental concentration.

The biologically effective dose already shows
the relevant amount of a substance that causes a
health effect in the body more accurately than the
internal dose. It is relevant because it takes into
account only the part of the substance in the body
that has reached the specific target organ, and even
within that, the target cells that are important for
health damage. It is most often characterized by
measuring and describing the amount of DNA or
protein adducts (the compound(s) in question are
covalently bound to the DNA or proteins) from
the target organs. If measurement from the target
organ is difficult to perform, the use of alternative
biomarkers will often be required. For examp-
le, exposure to tobacco smoke can often show
7-methylguanine adducts in the lung or liver (or
4-aminobiphenyl adducts in the placenta in preg-
nant women), but instead of lung or liver biopsies,
these adducts can also be measured in white blood
cells. Detection of protein or DNA adducts can
also be performed by HPLC, mass spectroscopy
Or immunoassay.

DCC p53 Other changes
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adenoma

Figure 4: Vogelstien’s adenoma — carcinoma model
Source: Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis.
Cell. 1990; June 1;61(5):759-67.
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In contrast to the previous two stages, the early
biological effect indicates the first actual effect,
change. These include point mutations or other ge-
netic changes in tumorigenesis. If point mutation
affects a functionally important gene, such as an
oncogene or a tumor suppressor gene, this muta-
tion can lead to malignant transformation. We of-
ten try to infer the point mutation from the location
or type of the mutating agent. A typical example
is that ultraviolet (UV) radiation creates thyme-
ric mutations in the skin, significantly increasing
the risk of developing skin cancer. Similarly, an
aflatoxin-induced mutation in codon 249 of the
p53 tumor suppressor gene is known to cause the
possible development of liver tumors. Other car-
cinogens, such as hepatitis viruses, always cause
mutations at different positions. One characteris-
tic marker for measuring early biological effects
associated with chemical carcinogens is a muta-
tion in the ras proto-oncogene. Ras mutation can
be caused by a number of genotoxic agents. Clas-
sic chemical carcinogenesis studies have shown
that N-methyl-N-nitrosourea (MNU) targets the
second base of codon 12 of H-Ras and K-Ras and
generates G12D mutations, whereas UV radiation
often results in a mutation in Ras Q61. Mutations
that activate proto-oncogenes (H-Ras, K-Ras, and
N-Ras) most commonly affect codons 12, 13, or
61. Despite the high degree of similarity between
ras genes, K-Ras mutations are much more com-
mon in tumors.

Normal cell Hiperplasia
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Changes greater than point mutations may be
observed upon carcinogenic exposure. Frequ-
ent and relatively easy to study early biological
effects include sister chromatid exchange and the
development of chromosomal aberrations (e.g.
deletion, inversion, translocation). These chan-
ges are often caused by industrial pollution, ex-
haust fumes, or smoking. At the same time, the
importance of lifestyle is shown by the fact that
many carcinogenic components can be added to
our plate in connection with food processing and
preservation. During grilling and smoking, poly-
cyclic aromatic hydrocarbons, nitrosamines may
be added to food, or trans-fatty acids may be for-
med during frying at high temperatures in fats
with inappropriate fatty acid compositions. All of
these compounds are highly mutagenic and car-
cinogenic.

Minor or major early abnormalities can occur in
the form of structural or functional changes
over time from intracellular changes detectable by
molecular biological methods. A typical example
is papillomavirus infection and the development
of cervical cancer. For many years after infecti-
on, no changes in structure or function are seen in
the gynecological examination of women (but as
an early biological effect, integration of the viral
genome already occurs). However, after 15-20
years, structural changes in the epithelial cells of
the cervix can be seen even under a light micro-
scope, and later the histological structure of the
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Figure 5.: Precancerous conditions of the cervix
Source: Source: Nwachuku, K., Johnson, D.E., Grandis, J.R. The Mutational Landscape of Head and Neck
Squamous Cell Carcinoma: Opportunities for Detection and Monitoring Via Analysis of Circulating Tu-
mor DNA. In: El Assal, R., Gaudilliere, D., Connelly, S.T. (eds) Early Detection and Treatment of Head &

Neck Cancers. Springer, Cham. 2021; pp 107-122.
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cervix also changes. Based on this, we can dist-
inguish between low- and high-grade squamous
intraepithelial lesion (LSIL, HSIL). These stages
are called precursor lesions or precancerous con-
ditions (Figure 4). Structural changes are already
emerging in these early stages, but we are not yet
talking about cervical cancer. With proper treat-
ment, complete recovery is expected, while at a
more advanced stage, the likelihood of survival is
greatly reduced.

Medicine has also undergone a tremendous devel-
opment regarding the detection and diagnosis of
the disease. The use of tumor markers facilitates
and simplifies the detection of tumors. They are
expressed at an early stage, their concentration is
directly proportional to the size and advanced sta-
te of the tumor. They are usually tumor-specific.
Two main types of tumor markers can be distin-
guished: Circulating tumor markers and tumor tis-
sue markers.

Circulating tumor markers: These biomarkers
are found in the blood, urine, feces, or other body
fluids of the subjects. Elevated circulating tumor
marker level may indicate the presence of a tu-
mor, but it is important to emphasize that levels of
certain tumor markers may be elevated for other
reasons, such as inflammation or benign tumors.
The level of tumor markers also shows individual
variability, making them difficult to use for scre-
ening or diagnosis. In general, measurement of
circulating tumor markers is combined with the
results of biopsies or imaging examinations for
accurate diagnosis. Monitoring of tumor markers
might be most useful during therapy and for de-
tecting relapses. In this case, the later values are
compared to the patient’s own tumor marker level
measured before the therapy, so that individual
variability no longer plays a role in this case. Reg-
ular measurements can be used to monitor chan-
ges in the levels of tumor markers, so that effec-
tive treatment can reduce the level of the tumor
marker, while an increase in concentration may
indicate progression or failure of therapy or later
(months or years), tumor recurrence.

Tumor tissue markers: A tumor that generates
abnormal cell proliferation expresses different
molecules. Some of these enter the circulation and
can be detected there (circulating tumor markers).
However, others are found in or on the surface of
tumor cells. Therefore, they can only be detec-
ted in the tumor tissue - these are called tumor
tissue markers. They are usually obtained from a
biopsy taken during the diagnostic procedure or
from the tumor itself during surgical procedure.
Some of these biomarkers are used as genetic tests
to conclude information regarding tumor growth
and other biological features. These biomolecu-
lar characteristics help the practitioner determine
which treatment to provide for the individual that
will be the most effective in fighting the tumor in
his or her body. Thus, tumor tissue markers are of
great importance in the selection of adequate, pre-
cise targeted therapy. One of the earliest and best-
known examples is testing estrogen and progeste-
rone receptors in biopsies of women with breast
cancer. These receptors, as tumor tissue markers,
provide guidance for the physician on how a per-
son (more specifically, the tumor) responds to
hormone therapy.

Some tumor markers can also be used as prognos-
tic markers. For example, overexpression of the
oncogene erb-B2 has a prognostic value in breast
cancer, unfortunately with a worse outcome.

It is not yet used as a routine test, but such bio-
markers are known that are secreted by the tumor
and can be detected in the blood, where blood acts
as a liquid biopsy specimen. These liquid biopsies
have several benefits. Since they do not involve
surgery, they are available even when surgical
biopsy is not possible, such as when tumors are
difficult to reach or patients do not tolerate sur-

gery.
Markers of individual sensitivity

The Human Genome Project has also drawn at-
tention to the millions of single nucleotide poly-
morphisms (SNPs) in human DNA. At the same
time, the study of the relationship and interaction
of environmental and genetic factors has become
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Table 1.: Use of biomarkers.

Circulating tumor marker

Using it for screening purposes can help detect the

disease at a very early stage

When diagnosing a disease, it can help determine
the exact stage

Helps to estimate the outcome and prognosis of
the disease

It is also suitable for indicating the effectiveness
of treatment

Detection of tumor recurrence

one of the key areas of molecular epidemiology.
Serious diseases with Mendelian inheritance are
usually rare in the population, but due to the high
penetrance of the genetic factor, the disease de-
velops in practically all cases. The influence of
environmental factors is negligible, the genetic fa-
ctor alone is strong enough to express itself. Such
a genetic factor characterizes Duchenne muscular
dystrophy. This X-linked genetic disease in young
boys is associated with chronic muscle wasting
due to a lack or insufficient function of the prote-
in dystrophin that is required for muscle function.
The incidence of this rare, sex-linked, recessive
inherited disease is 1: 3 500, but there is an even
more rare (approximately 1: 30 000) disease, also
a hereditary muscular dystrophy (Becker’s mus-
cular dystrophy), which has milder symptoms and
course than Duchenne dystrophy.

In contrast, we know of an extremely large num-
ber of genetic factors (allelic variants) that have
very high incidence but low penetrance (phenoty-
pe-genotype relationship). These factors are cal-
led individual susceptibility genes. These types
of genetic factors do not develop disease on their
own, but may already play an important role when
interacting with the modifying role of the environ-
ment. A typical example of genetic factors of indi-
vidual sensitivity is the number of polymorphisms
in our metabolizing enzymes. A protein of similar
name transcribed from the glutathione S-trans-

110

Tumor tissue marker

Assists in making an accurate diagnosis
Helps determine the exact stage of the disease
Helps to estimate the prognosis

It can help to choose the right, targeted treatment

ferase M1 (GSTMI) gene is a so-called phase 2
metabolizing enzyme. This means that it neutra-
lizes harmful substances and their metabolites by
conjugating them to glutathione, thus reducing
carcinogenic effects. Substrates of the GSTMI1
enzyme include a number of well-known environ-
mental carcinogens, reactive radicals, and che-
motherapeutic agents. The most important of the-
se are: polycyclic aromatic hydrocarbons, alkyl
halides, hydroperoxides, various epoxides (poly-
cyclic aromatic hydrocarbon diol epoxides). GST
genes play an important role not only in metabolic
processes, but also in the processes of drug me-
tabolism and the development of drug resistance.
The null allele polymorphism of the GSTM1 gene
is well known. In some people, GSTM1 gene en-
codes an ineffective GSTM1 enzyme due to dele-
tion which results in loss of function (affecting a
relatively large segment of the gene). This is less
interesting in heterozygotes, but homozygotes
have no functional GSTM1 enzyme at all. Frequ-
ency distribution of GSTM1 genotypes shows an
interesting pattern among different populations.
On our planet, the frequency of the null allele inc-
reases in the north-south direction, in Hungary,
for example, about 50% of the population has the
null genotype. Thus, in individuals with the null
genotype, the detoxification capacity of GSTMI1
is lost; therefore, the risk of some tumors may
be slightly higher. Of course, this does not mean
that these individuals are completely vulnerable
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to adverse environmental exposures, as some of
the metabolic enzymes may overlap in substrate
specificity, so other metabolic enzymes may be
involved in neutralizing and depleting carcinog-
enic metabolites.

One or two low-penetration genetic factors, such
as carrying the null allele of GSTMI, do not in
themselves pose a significant risk. However, it is
important to emphasize that in this case the en-
vironmental factors become much more impor-
tant. In individuals who may be in the high-risk
group for more than one gene, small factors add
up and have a higher level of exposure at the in-
dividual level, in which case they should be more
careful about relevant adverse environmental ex-
posures. Let’s look at two specific examples.

The N-acetyltransferase 2 (NAT 2) gene encodes
an enzyme that is capable of activating and deacti-
vating arylamine and hydrazine metabolites. More
than 60 alleles of the gene are known, which, ba-
sed on phenotype, are classified into fast, medium,
and slow acetylation groups. Rapid acetylators
are those that carry the wild-type allele in a ho-
mozygous or heterozygous form. In this case, the
arylamine and hydrazine substrates are acetylated
extremely rapidly, so they do not burden the body
for a long time. In contrast, in individuals with a
slow acetylating genetic type, potential carcinog-
ens can exert their cell-damaging effects for quite
some time because acetylation occurs slowly. Re-
garding NAT?2 fast / slow allelic polymorphism,
there are also extremely large differences between
different populations on Earth. In the populations
of the Caucasus, the incidence of those with a hig-
her risk of slow acetylation capacity is 50-60%,
compared to an only 10-15% of incidence in Asia.
Polymorphisms in the NAT2 gene are also associ-
ated with a higher incidence of drug toxicity.
During the processing, preservation or grilling of
red meat, quite a few carcinogenic compounds filt-
rate into the meat. For individuals carrying a slow
acetylation gene variant, arylamine and hydrazine
metabolites pose a much higher risk than for fast
acetylators. Similarly, for example, the risks of
the consumed alcohol vary individually.

The genes of dehydrogenase and acetaldehyde

dehydrogenase enzymes, which are responsible
for breaking down alcohol, are also polymorphic.
7 alleles of human alcohol dehydrogenase gene
are known. Different alleles functionally encode
other proteins that play a major role in our re-
lationship to alcohol or the harmful consequences
of alcohol. If we inherit an alcohol dehydrogenase
allele that is low in enzyme activity or inactive
(ADH1B*2, ADH1B*3), then consuming alcohol
makes us feel very uncomfortable (flushing, ra-
pid breathing, headache, stomach problems). This
syndrome is also called “flushing syndrome”. In
Europe, this genotype is rare, barely 20%, while
in Asia its incidence can be as high as 70-80%.
With this genotype, individuals do not want to
re-consume alcohol. At this point, the genetic
background protects the body from harmful ex-
posure caused by alcohol. In contrast, in the pre-
sence of other gene variants, alcohol consumption
will be recorded as a pleasant experience and the
risk of developing alcohol addiction will be much
higher.

These examples show that, depending on our in-
dividual sensitivity markers, different environ-
mental factors pose different risks to us. With
personalized risk assessment, we would be able to
communicate much more effectively to maintain
our health.

Epigenetics

The Human Genome Project has also contributed
to the development of the science of epigenetics.
The appearance of methods and technologies in
new generation molecular biology has allowed us
to get to know the process of inheritance as preci-
sely as possible. Previously, we thought that only
mutations in gametes appear in the offspring. To-
day, this misconception has been dispelled. One
of the biggest challenges today is to recognize and
understand epigenetic factors. The word epigene-
tics is of Greek origin; means “beyond genetics”.
This suggests that it is possible to regulate gene
activity without altering the DNA sequence of
the hereditary material, which is inherited in the
offspring or even in future generations. Epigenetic
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inheritance draws attention to the fact that the role
of environmental factors is significantly more im-
portant than previously thought. Over the past de-
cade, many studies have shown that many lifestyle
factors, such as smoking, diet, alcohol consump-
tion, sports, or even aging, cause changes in cells
that can periodically turn certain genes on or off.
Some of this can be also passed on to offsprings.
The phenotype in the offspring is estimated to be
up to 60-70% dependent on non-genetic changes.
The three major pathways of epigenetic regulation
are DNA methylation; post-translational histone
modification and non-coding RNAs (ncRNAs),
including microRNAs.

In animal experiments, there is ample evidence
that parental environmental exposures genera-
te transgenerational effects. In animal models in
rats and mice, it has been shown that consuming a
high-fat diet during pregnancy also increases the
incidence of obesity and metabolic syndrome in
the offspring. Increased body size was maintained
in two generations of mice.

It is also a nutritional factor, but this time the epi-
genetic effect of excessive calorie restriction was
seen in those born / conceived during the Dutch
famine. Several countries struggled with food
shortages during World War II, but one of the
biggest famines was in the Netherlands. In Sep-
tember 1944, Dutch railwaymen wanted to stop
the transport of Nazi troops, so they went on stri-
ke. This was retaliated against by the Nazi for-
ces and as a punishment, blocked food supply in
the Netherlands. During the period known as the
,Dutch Hunger Winter’ (until May 1945, when
the Netherlands was liberated), more than 20 000
people died of starvation. Subsequent research
has shown that children conceived / born during
starvation were in poorer health as adults: were
more likely to be obese, had higher lipid levels,
and were more likely to have cardiovascular di-
seases and high blood pressure. The explanation
- at least in part - may be that during the fami-
ne the body tried to avoid any unnecessary waste
and energy loss, and these changes, coded in the
offspring, already led to excessive fat accumula-
tion with normal energy intake.

There are also many examples of gene-environ-
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ment interactions in human studies. Children’s
Health Study found that grandmother’s smoking
during pregnancy doubled the development of
asthma in grandchildren. If both the child’s mot-
her and grandmother smoked during pregnancy,
the child was even more likely to develop asthma.
In a Norwegian cohort study, grandmother’s smo-
king during pregnancy generated a 15% and 21%
higher relative risk of developing asthma at 3 and
7 years of age, respectively.

The mechanisms of epigenetic regulatory proces-
ses are not yet fully understood, but we now know
for sure that environmental factors interact with
genetic factors and that the interactions between
them are partially passed on to our offsprings (even
for several generations). As the examples ment-
1oned above show, it is certain that the environ-
mental effects on parents can affect the offspring
as well as the third generation. This influencing
effect can certainly cause not only negative effects
but also positive changes.

Nutrigenomics is now extensively studying the
effects of nutritional factors on inter- and transge-
nerational inheritance. With its help, we can help
and shape the preservation of our health by taking
into account individual genetic characteristics,
even with personalized nutritional recommenda-
tions.

Learning about epigenetic regulation draws even
more attention to the importance of health aware-
ness. Today we can no longer say that this is my
life... After all, what we do in our present life is
an imprint on the structure of DNA and has an
effect on our offspring as well. The risk-increasing
effects of a dangerous or unhealthy lifestyle affect
not only our own lives but also the life prospects
of our unborn child.
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The subject of reproductive
epidemiology

Reproductive epidemiology is basically an area of
epidemiology dealing with reproduction. In more
detail, it deals with the study of the distribution
and determinants of conditions or events associa-
ted with reproductive health, i.e., the reproductive
system, its functions, and processes, in human po-
pulations to promote overall physical, mental, and
social well-being.

For providing useful epidemiological information
to improve reproductive health, it is essential to
identify the risk factors of reproductive health
conditions or events, the individuals, and popu-
lations most at risk, monitor public health prob-
lems, and evaluate the effectiveness and efficiency
of prevention and treatment programs.

Both at the level of public health and the indivi-
dual, epidemiological information can help make
informed decisions about, i.a. sexually transmitted
diseases, family planning, reduction of unwanted
pregnancies, safe and effective contraception, ma-
ternal morbidity and mortality, perinatal and in-
fant health (Merill, 2010).

Indicators of global monitoring of reproduc-
tive health

1. Total fertility rate
Contraceptive prevalence
Maternal mortality rate
Pregnancy care cover
Childbirth assisted by qualified medical
personnel
Availability of basic obstetric care
Availability of comprehensive essential ob-
stetric care
8. Perinatal mortality rate

. Prevalence of low birth weight
10. Prevalence of positive syphilis serology in

pregnant women
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11. Prevalence of anaemia in women

12. Percentage of obstetric and gynaecological
abortion-related admissions

13. Reported frequency of female genital mu-
tilation

14. Prevalence of infertility

15. Prevalence of HIV infection in pregnant
women

16. Knowledge of HIV prevention practice

Primary reproductive trends

Reproduction, the essence of all known life, is
the biological process by which living organisms
produce offspring (Steadman, 2005). In connecti-
on with human life, additionally, demography can
also help us in the study of population processes
at the population level, in the description of popu-
lation transition, i.e. changes in population from
birth to death (AEEK, 2021).

The Population Division of the United Nations
Department of Economic and Social Affairs of
the United Nations Department of Economic and
Social Affairs has issued a warning overview of
global demographic trends and prospects for the
size, composition and distribution of the popu-
lation, given that projection of the world’s popu-
lation is expected to reach 9.7 billion by 2050 and
11 billion by the end of the 21st century. Although
the number of countries experiencing population
decline is increasing, growth rates vary widely
from region to region: many countries are mo-
ving towards an ageing population due to increa-
sing life expectancy, postponed childbearing and
declining fertility rates (UN, 2019; Sobotka 2004,
Sobotka 2019).

Similarly to other developed countries, the decli-
ning birth rate, declining population and rising
average age are serious challenges in Hungary.
The phenomenon was due to the relatively high
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mortality rate compared to other European count-
ries in the 1980s, but the low fertility rate has been
a significant factor since the 1990s.

Since 1981, the population of Hungary has been
declining with varying intensity, but continuously.
As of January 1, 2020, there were 9,890,640
people, approximately 820,000 less than 40 years
ago. Changes in the population structure are well
illustrated by the 120-year-old interactive popu-
lation pyramid of the Central Statistical Office
(CSO). This application shows the development
of the number and age structure of the Hungarian
population by gender from 1870 to 2060 (KSH,
2019).

According to the Demographic Snapshot of the
CSO, despite a slight increase after the abso-
lute low of 2011 (88,049 births/year), the num-
ber of live births still has not reached the level of
the time before the 2008 global economic crisis
(96,000 births/year). In 2020, the number of live
births was still only 92,000, a decrease of 52%
compared to 1975 (188,000).

Total Fertility Ratio

However, we have more appropriate comparative
indicators than the annual birth rate. Age-specific
fertility rate (ASFR) is the fertility rate within
selected age groups and is calculated as a 5-year
age group breakdown for reproductive age (1549
years) (Merill, 2010):

Live births in a given year for

women aged X1
ASFR=

- x 1000 women
Number of women aged X in

the middle of the given year

Using the current age-specific fertility rates as an
indicator, the total fertility rate (TFR) can be
calculated, which shows the average number of
children a woman would have in her lifetime if
the fertility data for a given year were constant.

> AFRX5
TFR =

1000

In which case > ASFR is the aggregate result of
the above age-specific rates. If the TFR is grea-
ter than two, it provides population replacement,
so 2.1 can be considered the replacement rate
(RR) for reproduction, as in this case it is ensured
that the generations of society reproduce themsel-
ves. Reproduction under RR requires continuous
immigration and/or a steady increase in life expe-
ctancy to maintain the population.

As a basic trend, mortality has improved in most
countries around the world, while fertility has
declined. In the 1950s, women gave birth to an
average of five children globally. The United
Nations World Population Prospects reported in
2019 that today the global TFR, which was 3.2
births for all women in their lifetime in the 1990s,
fell to an average of 2.5 by 2019, thus, globally,
fertility remains above 2.1 births per woman (UN,
2016). However, in the EU-28, there was an ave-
rage of 1.59 live births per woman in 2017, with
the lowest extremes in Malta being 1.26 and the
highest in France with 1.90 (Eurostat, 2017).
TFR changed positively in Hungary: compared
to 1.24 in 2011, it was around 1.54 in 2017. The
fertility rate per woman in Hungary was 1.56 in
2020, the forecast expects a further slow increa-
se in the long run, we are expected to reach 1.6
in 2031, it may be above 1.7 in 2070, i.e. the le-
vel required for reproduction is not reached in the
long run (CSO, 2021).

While Hungary’s relative position in TFR ran-
kings has improved and the overall fertility rate
has risen, there has been no significant increase
in the birth rate. After 2010, the number of births
and the total fertility rate no longer moved tog-
ether, which, according to Kapitany and Spéder,
is justified by the specific age composition of the
Hungarian population. Although WHO defines
the reproductive age of 15 to 49 years for women
(WHO, 2006), in our culture, the desire to have
children between the ages of 25 and 40 is much
more pronounced, and the number of women in
this age group has declined rapidly since 2012.
Thus, it may have happened that while fertility
per woman increased, the number of live births
did not change (Spéder, 2015; Spéder, 2018).
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Relationship status and childbearing,
the importance of marriage

The total first marriage rate (TFMR) shows the
chances of a man or woman getting married du-
ring their lifetime. For more than 30 years after the
Second World War, TFMR was above 0.9 in Hun-
gary, and then began to decline before the change
of regime, after which it switched to “freefall” and
reached its historic low in 2010. It increased 1.5
times in 2018, and an increase of around 30% in
2019, is the highest number of marriages in thir-
ty years. In 2020, the rise continued, with more
than 67,000 couples getting married in Hungary.
(CSO, 2021a)

Why is this question important for reproductive
epidemiology? Women can also be examined for
marriage in connection with childbearing. Based
on Hungarian data, the form and stability of the
relationship play an important role in having a
child. The proportion of married women in the fe-
male population was exceeded by the proportion
of children born in wedlock, suggesting higher
fertility among married women.

According to the data of the CSO, in 2018, half of
the first children were born in or out of wedlock,
and the second and third children, with the hig-
hest rate, were born in wedlock at 62% and 64%,
respectively. It may suggest that after the first
children are born out of cohabitation, couples get
married before the second or third child arrives.
However, the rate of out-of-wedlock births in the
fourth and subsequent children is rising again and
the half-to-half rate seen in the case of the first
children is restored.

The intensifying propensity to marry in recent
years has moderated and then halted the declining
proportion of married women among women of
childbearing age. Married women are still in the
minority (36% married, 64% unmarried). At the
time of the change of regime, the opposite was
true (CSO, 2019).
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Postponed childbearing: trends and
consequences

Figure 1 indicates two alarming trends. On the one
hand, the number of women aged 15-49 (consi-
dered to be of reproductive age according to the
WHO definition) decreased in Hungary between
2010 and 2018. On the other hand, even within
this age group, the age structure has changed, with
a sharp increase in the proportion of women over
the age of 30. Postponing the childbearing age
has begun to slow in recent years. In 2017, the
average age of women at the birth of their first
child was 28.0 years in Hungary, compared to the
EU-28 average of 29.1 years. The average age of
women, including all children, was 29.8 years at
birth, compared to 30.7 years in the EU-28 (CSO,
2016, Eurostat 2017b). Experience has shown that
postponed childbirth does not always occur later
and may have reproductive health consequences.
The opinion of the Commission of the Ameri-
can College of Obstetricians and Gynecologists
(ACOG) warns of a decline in female-related
fertility, namely that female fertility is gradually
but significantly declining from the age of 32 to
age 37. After which the rate of decline accelerates
(ACOG, 2014).

The decline in the female population of repro-
ductive age and postponing childbearing raise a
higher incidence of abnormalities affecting ferti-
lity and a higher risk of pregnancy loss (ACOG,
2014).

Fertility disorders and their treat-
ment: prevalence of infertility

The clinical definition of infertility according to
the International Classification of Diseases (ICD-
11) is a disorder of the reproductive system that
results in no clinical pregnancy within one year
of regular unprotected sexual intercourse (WHO,
2018).

In 2012, McLaren and her co-authors described
the global prevalence of one-year infertility at
around 12% —15% (McLaren, 2012). In contrast
to the fact that the infertility rate has remained
roughly unchanged over the past two decades, an
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(Source: https://www.ksh.hu/interaktiv/korfak/orszag_en.html)

increasing trend in the number of fertility treat-
ments can be reported (ESHRE, 2001). 1978 and
2012 a total of 5 million newborns and in 2018, a
total of 8 million, i.e., 1-4% of all newborns were
born with the help of assisted reproductive techno-
logy (ART) (Bauquis, 2012, (De Geyter, 2018)).
However, it is difficult to find reliable and up-to-
date reports on current global trends. The latest
global report was published in 2021, but with
the reference year of 2014, by the International
Committee for Monitoring Assisted Reproductive
Technologies (ICMART), presenting aggregated
data from 76 countries and 2746 clinics, accoun-
ting for 66% of the total cases. In the treatment
year 2014, it is estimated that more than 439,000
newborns were born out of 1,929,905 cycles in
the reporting countries. The success rates for two
infertility treatments, in vitro fertilization (IVF)
and intracytoplasmic sperm injection (ICSI) per
fresh aspiration (per initiated treatment) and per
frozen embryo implantation cycles were 19.9%
and 24.3%, respectively (Chambers, 2021).

Approximately 50% of fertility treatment cycles
occur in Europe. (ESHRE Capri Group, 2001).
The monitoring report of the European Society of

Human Reproduction and Embryology (ESHRE)
reports an increasing rate of ART treatments. We
can read about 940,503 cycles started in 2017, a
4.63-fold increase in the number of cycles com-
pared to 1997 since data collection on ART treat-
ments in national registries began and doubled,
compared to the data from ten years earlier. The
most common treatments are intracytoplasmic
sperm injection (ICSI, 391,379 cycles), frozen
embryo implantation (FER, 271,476 cycles), and
in vitro fertilization (IVF, 165,379 cycles) (EIM,
2021).

In the Scandinavian countries and Belgium, the
application of ART is traditionally high in the
number of cycles per million inhabitants, whi-
le in Russia and Spain, a significant increase in
the number of treatments has been described. The
proportion of babies born with ART in Europe ran-
ges between 5.6% (Denmark, Iceland) and 1.1%
(Malta), while the proportion in the US is estima-
ted to be around 1.0% of all births. Although the
number of treatments is increasing dynamically,
the rates of clinical pregnancies for in vitro ferti-
lization (IVF) treatments per aspiration (all initi-
ated treatments) and per transfer were 26.8% and

117


https://www.ksh.hu/interaktiv/korfak/orszag_en.html

VII. Reproductive epidemiology

34.6%, and for ICSI 24% and 33.5% for the year
2017 (De Geyter et al., 2018; ESHRE, 2001; ES-
HRE, 2015; ESHRE 2017).

Bernard and Krizsa reported a similar situation
in Hungary in the 2000s, with 10-15% of coup-
les of childbearing age having fertility problems
(Bernard et al., 2006). In 2012, the World Health
Organization (WHO) reported a 12-15% inciden-
ce of fertility disorders and one of the highest
age-standardized secondary infertility prevalence
in Central and Eastern Europe at 18.0% (13.8%
-24.1%) (Mascarenhas et al., 2012).

Regarding ART treatments, data for Hungary in
2012 were as follows: 920 IVF and 3502 ICSI
treatments were performed, with 31.7% and
34.5% pregnancy rates per aspiration, respec-
tively (Calhaz-Jorge et al. 2016). Despite an inc-
rease in the frequency of treatments between 2012
and 2014 (1179 IVF and 3857 ICSI), ESHRE re-
ported 25.0% and 28.8% clinical pregnancies for
IVF and ICSI, respectively.

According to the publication of the EIM Consorti-
um, 170,163 ART infants were born in 2014, whi-
ch means that one in 50 children in Europe con-
ceives and is born with ART treatment (De Geyter
etal., 2018).

In Hungary, the National Healthcare Service Cen-
ter and, before 2015, its predecessor, the National
Institute for Quality- and Organizational Develop-
ment in Healthcare and Medicines, are responsib-
le for providing data on the frequency, indication,
procedure type, and success rate of ART procedu-
res due to the 339/2008. (XII. 30.) Government
Decree on “Mandatory disclosure of efficacy data
for human reproduction procedures”.

Relevant data are currently made public betwe-
en 2010 and 2014, during which five years the
majority of patients were in the 30-34 age group
(38.26%) and typically the first (48.95%) or se-
cond (27.25%) cycle. Of these patients, 34.40%
were diagnosed with an indication of female ori-
gin. Regarding the type of treatment, only IVF
and ICSI data were reported consistently, with
the number of cases increasing by 28.71% and
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31.72%, respectively, with the ratio of ICSI being
approximately three times that of IVF.

The number of clinical pregnancies also increa-
sed from 1649 to 1803, by 9.34%. Pregnancy ra-
tes ranged from 25.67% to 32.36% per initiated
treatment cycle (per aspiration) and from 28.72%
to 35.14% per embryo transfer (per transfer), but
no clear upward trend can be described (AEEK,
2010 -2014). Howeyver, the pregnancy rate should
be interpreted with caution because statistics from
the National Health Insurance Fund do not state
with certainty whether births following an IVF
procedure occurred as a result or independently.
Obstetric events were considered if they occurred
within 290 days after ART. In addition, the data-
base only contains service procedures financed by
the National Health Insurance Fund.

Early childbearing

It is estimated that 15 percent of young women
worldwide give birth before the age of 18. Preg-
nancy or childbirth in early adolescence can pre-
vent girls from becoming healthy adults and can
have a negative impact on their education, subsis-
tence, and health.

Obstetric fistula, eclampsia, maternal endometri-
tis, and systemic infections are just some of the
serious conditions they can face in the short and
long term. Globally, maternal conditions are the
fourth leading cause of disability-adjusted life
years (DALY) and the second leading cause of
death among 15- to 19-year-old girls (the first be-
ing tuberculosis). Not only mothers but also child-
ren who are born may have a higher-than-average
health risk due to early childbearing; therefore,
reducing the fertility rates of young women is es-
sential to maintain the health of these women and
their children. (UNICEF, 2021)

Within Europe, Hungary has one of the highest
rates of childbearing among young women aged
15-19, rising from an average of 18 to 25 per thou-
sand between 2010 and 2016, and then declining
to a fertility rate of 22 per thousand in 2017-2018.
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For girls aged 10-14, the proportion remains low
at 0.2—0.4 per thousand.

Compared to the member states of the Europe-
an Union, we can see that the Hungarian data
are high, as in the EU the number of newborns
per a thousand women decreased in the 15-19
age group from 12 per thousand in 2010 to 9 per
thousand in 2018, and in the 10-14 age group
from 0.18 per thousand to 0.15 per thousand. In
Europe, only in Slovakia, Romania and Bulgaria
is the fertility rate of 15-19 year olds higher than
in Hungary. (KSH, 2021c)

Premature birth and low birth weight

The prevalence of low birth weight (LBW) is the
percentage of liveborn newborns weighing less
than 2,500 g based on the newborn’s first (im-
mediate postnatal) weight. The limit is based on
epidemiological observations that newborns we-
ighing less than 2,500 g are about 20 times more
likely to die than born with a higher weight. Very
low birth weight is less than 1500 g and extremely
low birth weight is less than 1000 g.

number of newborns born with less
than 2500 g

LBW= x 100

number of live births

LBW is an aggregate indicator of a number of
factors, including maternal nutrition, lifestyle,
and other exposures during pregnancy. Nutrition
during childhood, adolescence, conceiving, and
pregnancy should be considered when evaluating
maternal nutrition. Alcohol, smoking, and drug
use are primary lifestyle variables that are also of-
ten considered. Finally, environmental exposures
may include infectious diseases, toxic chemicals,
ionizing radiation, and altitude. (Merill, 2010)
Not only the weight of the fetus is used to deter-
mine the development and biological maturity of
the newborn; but based on the combined assess-
ment of gestational week and birth weight, neona-
tes can be divided into four categories:

1. a mature preterm infant born before the 37th
week of pregnancy but not less than 2500 grams;
2. a low birth weight, premature infant born befo-

re the 37th week of pregnancy and weighed less
than 2,500 grams;

3. a light birth weight, term infant born after the
36th week of pregnancy but weighed less than
2,500 grams;

4. a mature, term infant born after the 36th week
of pregnancy and with at least 2500 grams.

According to UNICEF, more than 20 million ba-
bies worldwide, 15.5 percent of all births, have
low birth weight, 95.6 percent of them in devel-
oping countries. The level of low birth weight in
developing countries (16.5%) is more than twice
that of developed regions (7%). Half of the low-
birth-weight infants are born in South Central
Asia, where more than a quarter (27%) of infants
weigh less than 2,500 g. In sub-Saharan Africa,
low birth weight is about 15%. On average, in
Central and South America and Oceania, rates are
much lower (10%), while in the Caribbean this
level (14%) is almost as high as in sub-Saharan
Africa. (UNICEF, 2004)

WHO estimates that 15 million newborns per
year, about 10.6% of the world’s live births, are
born prematurely (before the 37th full week of
pregnancy), and that number is rising. Prematu-
re birth complications are the leading cause of
death among children under the age of 5, accoun-
ting for approximately 1 million deaths in 2015,
three-quarters of which could have been preven-
ted with currently in practice, cost-effective inter-
ventions.

In the 184 countries studied, the rate of prematu-
re births ranges from 5% to 18% of babies born.
(WHO, 2018b). In 2014, Asian and sub-Saharan
African countries accounted for 78.9% of live
births and 81.1% of premature births. (Chawan-
paiboon, 2018)

After Cyprus (12%) and Greece (11.3%), the rate
of premature births in Hungary is the third hig-
hest in Europe: 8.7%. The proportion still reached
10.2% in the 1980s but has not changed much in
the last twenty years, ranging between 8.1 and 9%
(Szabo, 2021).
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Prevalence of contraception

Contraceptive prevalence (CP) is the proportion
of women of reproductive age (15-49 years) who
(or their partner) apply a contraceptive method at
a given time. Contraceptive methods include na-
tural methods, mechanical and chemical methods,
intrauterine contraceptives, hormonal methods,
artificial infertility (female and male), and phar-
macological inhibition of spermatogenesis.

The use of contraceptives in developing countries
increased from 10% in the early 1960s to 59% in
2000. In the 1990s, a 1% increase in contraception
in countries of Africa, Asia, the Pacific Ocean, La-
tin America, and the Caribbean was accompani-
ed by a 0.06 decrease in TFR. However, regional
disparities in birth control remain significant: pre-
valence is 24% in sub-Saharan Africa, 53% in the
Middle East and North Africa, 46% in South Asia,
79% in East Asia and the Pacific, 71% in Latin
America and the Caribbean, and 65% in Central
and Eastern Europe and the Commonwealth of
Independent States. In contrast, it was 75% in Ca-
nada, Germany, France, and New Zealand; 79%
in the Netherlands; 81% in Spain; 82% in Switz-
erland; 84% in the UK; and 76% in the United
States. (Merill, 2010)

Contraception has also been integrated into the
United Nations Sustainable Development Goals
(Sustainable Development Goals, Target 3.7.1)
and set the universal access to sexual and repro-
ductive health services, including family plan-
ning, information and education, and the integra-
tion of reproductive health into national strategies
and programs as a goal. (UN, 2015)

According to the UN Population Division’s global
report on contraceptive use (World Contraceptive
Use 2019), which was based on 1247 surveys of
195 countries or territories around the world, in
2019, out of 1.9 billion women of reproductive
age (15-49 years old) in the world, 1.1 billion wo-
men take care of family planning in some way, i.e.
either they are currently using contraception - 842
million are using modern contraception, 80 mil-
lion are using traditional methods - or have a need
for family planning that they cannot solve - 190
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million women want to avoid pregnancy but do
not use any method of contraception.

According to 2019 data, sterilization is currently
the most common method of contraception wor-
ldwide, with 23.7 percent, 219 million women
using contraception, opting for female steriliza-
tion. Three other methods have more than 100
million users worldwide: condoms (189 million),
intrauterine devices (IUD) (159 million), and hor-
monal contraceptive pill (151 million). Overall,
45.2 percent of contraceptive users rely on per-
manent or long-acting methods (female and male
sterilization, IUD, contraceptive implants), 46.1
percent on short-acting methods (e.g., condoms,
pills, injections, and other modern methods), and
8.7 percent on traditional methods (interrupted in-
tercourse, natural rhythm methods, and other tra-
ditional methods). (UN, 2019b)

The “Contraception Revolution” took place in
Hungary from 1953 to 1993. The proportion of
people using contraception is almost complete:
the number of women who protect themselves
against unwanted pregnancies has risen from 58%
to 94%, with modern methods taking precedence
over traditional methods, the use of them increa-
sing from 21% to 87%, in which the use of pills
and intrauterine devices jumped, while the pro-
portion of those who had interrupted intercourse
fell. (Frejka, 2008).

According to the third data of the “Turning Point
in Our Lives” [“Eletiink Fordulopontjai”] survey
of the Demographic Research Institute in 2009,
87% of women aged 15-45 and 91% of women
under 42 protect themselves against pregnancy,
with most women using condoms (37%), pills
(31%), or IUD (18%) as a contraceptive, 13 of
100 women applied natural contraceptive met-
hods. (Makay, 2014)

Abortion

The other aspect of birth control is the termination
of the pregnancy or induced abortion (abortion on
demand). An indicator of the relationship betwe-
en abortions and births is the relative proportion
of the two obstetric events, i.e. the number of in-
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duced abortions per 100 live births. A more ac-
curate picture is obtained, if we do compare both
obstetric events with the number of women of ap-
propriate childbearing age, rather than the abso-
lute numbers, to show the frequency with which
women at certain stages of childbearing age have
children or an abortion.

The total abortion rate (TAR), the sum of
age-specific frequencies, is an indicator that hy-
pothetically shows how many abortions women
would go through during their lifetime if the num-
ber of abortions at a given age were to persist for
the entire life cycle of their childbearing age. Its
indicator pair, the total fertility rate (TFR), esti-
mates the average number of children conceived
in the event that fertility frequencies at a given
age are maintained. Hypothetical indicators pro-
ject the registered abortions and live births of the
observed period (year) to female members of a
specific birth cohort (year).

Long-term trends in TAR and TFR are sensitive to
external stimuli or disincentives, such as changes
in the legal framework for authorization, availa-
bility of modern contraceptives, level of educa-
tion of women, preferred age for childbirth, or
provisions to encourage childbirth or the lack or
withdrawal thereof. In Hungary, trends can be
examined from the mid-1950s, since then, re-
latively reliable data on the number of abortions
have been made available.

In 1953, Ratkd’s (Minister of Health) ministerial
order, together with several other measures, pu-
nished illegal abortion with imprisonment. From
June 1956, however, abortion was essentially
granted unconditionally at the request of the mot-
her, and then between 1959 and 1973, more abor-
tions than live births were registered each year. In
1964, there were the most, 140 abortions per 100
live births.

From 1974 onwards, an improving trend began
to emerge, with the number of births exceeding
the number of abortions each year. A significant
change took place from the mid-1990s (79,000
abortions) to 2016 (30,400 abortions). Although
the number of abortions fell by less than half, the-
re was still one induced abortion for every three

births (93,100 births in total).

Bason on TAR, there were 278 induced abortions
per 100 women in their lifetime in 1969, com-
pared to less than a fifth in 2016 (49 abortions).
Following the change of regime, the age-specific

incidence of abortion decreased by 60% between
1990 and 2016.

At the time of the change of regime, 63% of all
induced abortions were among married women,
and two-thirds of women aged 15-49 were marri-
ed. In 2016, however, single women took over the
dominant role. According to marital status, single
people were already in the majority and 70% of
all induced abortions were among them, while the
share of married people was barely 23%.
Conscious family planning and birth control prac-
tices are closely related to women’s educational
level. The incidence of induced abortions decrea-
ses with a higher educational level. In 2016, the
difference between the abortion rates of women
who did not complete 8th grade (48.8 per thou-
sand) and women with tertiary education (4.3 per
thousand) is eleven, but it is also seven and a half
times higher between women who have comple-
ted 8th grade and those with tertiary education.
(KSH, 2017)

Miscarriage and stillbirth

Desired conceptions can be broken down into live
births and fetal deaths. Fetal mortality is when the
fetus does not give any sign of life after being se-
parated from the mother’s body, as defined in Act
LXXIX of 1992 (labour protection regulation) on
the protection of fetal life.

The fetal mortality rate is the proportion of
fetal deaths out of all conceptions per thousand
women, broken down into early and middle-term
(spontaneous abortions) and late fetal deaths
(stillbirths). Early and middle-term fetal death
(spontaneous abortion, miscarriage) is when the
fetus has been in the mother’s body until the 24"
gestation week or less, or if the age since concep-
tion cannot be calculated but weighs less than 500
grams and the body length is less than 30 cm. Late
fetal death (stillbirth) is when the fetus has been
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in the mother’s body for more than 24 weeks (un-
til 1997, up to a full 28 weeks) or the age of the
fetus cannot be determined but reaches the above
weight or length parameters, or in the case of twin
births, regardless of the age of the fetus if at least
one fetus is born alive.

The cause of miscarriage is often difficult to iden-
tify; known risk factors include hormonal prob-
lems, infections or maternal health problems,
obesity, lifestyle (e.g., drug use, malnutrition,
and smoking), maternal age, cancer medications,
certain ethylene glycol ethers, lead, ionizing ra-
diation, and hard physical work (e.g. prolonged
standing, heavy lifting).

At the age of 30, female fertility begins to decline
slowly and at an ever-increasing rate over the age
of 35. However, considering all outcomes of plan-
ned conceptions other than abortion (live birth or
early, middle, and late fetal death), with age, the
rate of live births decreases and the rate of fetal
deaths increases. The chances of live birth have
not changed significantly in recent decades, with
88% at age 30, 80% at age 36 and 65% at age
40. After the reproductive age (15-45 years), even
if the desired conception occurs, there is a higher
chance of fetal death than of live birth (Kamarés,
2012, Mayo Clinic, 2022). A favourable trend has
been observed since 2010, with a decrease in fetal
mortality and an increase in the number of live
births in Hungary among women aged 30 and ol-
der (CSO, 2019c¢).

Perinatal mortality

Two indicators need to be distinguished: perinatal
(late fetal and early neonatal) and infant morta-
lity.

Based on the Act of CLIV of 1997 on health care,
perinatal death is if the death within the uterus oc-
curs after the 24™ week of pregnancy, or similarly
to fetal death, if the fetus died within the uterus
is or over 30 centimetres in length or weighs 500
grams. When a death occurs in the week following
the birth of a newborn (within 168 hours), regard-
less of the newborn’s height or weight, we speak
of neonatal mortality. A born child is a newborn
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up to the age of 28 days and is an infant from the
age of one month to the age of one year.

Perinatal mortality rate (PMR) is the number of
perinatal deaths per 1,000 births.

Perinatal (fetal and early neonatal
deaths)

Number of live births

PMR= x 1000

Perinatal, neonatal and infant mortality is an indi-
cator of high importance, an internationally recog-
nized indicator regarding the development level
of a country’s health care system and the standard
of pregnancy and newborn care and plays a key
role in the development of life expectancy at birth
since the probability of death before reaching the
age of one is remarkably high compared to the
risks of death at a later age.

In 2006, WHO data reported 10 deaths in industri-
alized regions, 50 in developing regions and 61 in
the least developed countries per 1000 children.
The proportion showed high regional variability:
62 in Africa, 50 in Asia, 13 in Europe, 21 in Latin
America and the Caribbean, 7 in North America,
and 42 in Oceania (WHO, 2006).

In 2020, nearly half of deaths under the age of
five (47%) still occurred in the first 28 days of
life. This is even a relative increase compared
to 1990 (40%) as on the global level, under five
years of age mortality has declined faster than ne-
onatal mortality. According to regional data for
2020, sub-Saharan Africa has the highest neona-
tal mortality rate in the world (27 (25-32) deaths
per 1,000 live births), followed by South Asia (23
(21-26) deaths per 1,000 live births). A child born
in sub-Saharan Africa is 11 times more likely to
die in the first month of life than a child born in
Australia and New Zealand; the risk of death for a
child born in a high-income country is only one-
tenth that of a child born in a low-income country.
By country, neonatal mortality rates ranged from
1 death per 1,000 live births (Singapore, San Ma-
rino, Japan) to 44 (Lesotho) in 2020, and the risk
of death before the 28" day of life in children born
in the country with the highest mortality rates is
about 56 times higher than the in the country with
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the lowest mortality rate (UNICEF, 2021).

In Hungary around 270 per thousand (one in four
newborns died before the age of one year) in the
1890s, then there was no improvement in the
deaths of 226 per thousand in 1900 (the loss of
one in five infants) until the end of the First World
War. Between 1920 and 1944, neonatal mortality
decreased almost by half (from 193 to 103 per
thousand), by a third between 1947 and 1968, and
again by four-tenths in the two decades following
the change of regime (CSO, 2019b).

Since the change of regime, infant mortality has
fallen by a quarter, from 14.8 per thousand in 1990
to 3.6 per thousand in 2017. According to CSO
data, infant mortality decreased from 5.9 per thou-
sand to 3.6 per thousand between 2007 and 2017.
According to the UNICEF database, it has fallen
further to 2.1 per thousand by 2020. Looking at
long-term trends, overall, there is no demographic
indicator that has shown as much improvement as
infant mortality.

Maternal mortality

Maternal mortality rate (MMR) is the number
of maternal deaths (i.e. deaths during pregnancy
or within 42 days after the termination or delive-
ry) per 100,000 live births in a given period, usu-
ally within one year. Maternal mortality consists
of death due to a pregnancy-related or exacerba-
ted cause (pregnancy, delivery, postnatal period)
or its treatment (interventions, defaults, or imp-
roper treatment) (WHO, 1992).

The indicator also represents the social situation
of women and the functioning of the health care
system.

In 2000, maternal mortality rates in industriali-
zed countries were 13, 440 in developing count-
ries and 890 in the least developed countries. In
sub-Saharan Africa, the rate is 940, 220 in the
Middle East and North Africa, 560 in South Asia,
110 in East Asia and the Pacific, 64 in Central and
Eastern Europe and the former Soviet Union, 190

in Latin America and the Caribbean. The rates
were 6 in Canada, 17 in France, 16 in the Net-
herlands, 7 in New Zealand, 4 in Spain, 7 in the
United Kingdom and 17 in the United States.

The UN estimates that between 2000 and 2017,
the global maternal mortality rate fell by 38 per
cent - from 342 to 211 deaths per 100,000 live
births. Nevertheless, more than 800 women die
every day from complications during pregnancy
and childbirth. In addition, for every woman who
dies, about 20 others suffer a serious injury, infec-
tion, or disability.

The distribution of data remains unchanged, whe-
re two regions, sub-Saharan Africa and South Asia
are responsible for 86 percent of maternal deaths
worldwide. Sub-Saharan Africans suffer from the
highest maternal mortality rate - 533 maternal
deaths per 100,000 live births, or 200,000 mater-
nal deaths per year. This is more than two-thirds
(68%) of all maternal deaths worldwide. South
Asia is second with a maternal mortality rate of
163, or 57,000 maternal deaths per year, or 19 per-
cent of global mortality (UNICEF, 2019).

In Hungary, between 2010 and 2018, the propor-
tion of women who died due to complications du-
ring pregnancy and childbirth decreased by 35%,
with more or fewer fluctuations. There were 15
maternal deaths in 2010 per 100,000 live births
and 10 maternal deaths in 2018. (CSO, 2021c¢)

It can be seen that regional and global averages
tend to show large differences both within and bet-
ween countries. Almost all maternal deaths could
be prevented, as evidenced by the huge differen-
ces between regions and between the richest and
poorest countries.

Bleeding remains the leading cause of maternal
mortality, accounting for more than a quarter
(27%) of deaths. A similar rate of maternal morta-
lity was indirectly caused by pre-existing medical
conditions exacerbated by pregnancy. Pregnancy
hypertensive disorders, especially eclampsia, and

Number of maternal deaths in a given period (year)

MMR=

%100 000

Number of live births
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complications of sepsis, embolism, and unsafe
abortion also claim a significant number of lives.
The lifetime risk of maternal mortality is the
likelihood that a 15-year-old girl will die from
complications of pregnancy or childbirth during
her lifetime. The indicator takes into account both
the maternal mortality rate and the total fertility
rate (average number of births per woman in her
reproductive years at current age-specific fertility
rates). Thus, a woman in a high-fertility environ-
ment is more likely to be at risk of maternal death
and will have a higher risk of death during her
lifetime than in a low-fertility environment.

The global risk of maternal mortality fell by al-
most half between 2000 and 2017, from 1:100 to
1:190. Like maternal mortality rate, the lifetime
risk of maternal mortality varies greatly from
country to country. In 2017, low-income countries
had an overall lifetime risk of maternal mortality
of 1:45, compared with 1:5400 in high-income
countries. Among the regions, women in sub-Sa-
haran Africa are at the highest risk of life (1 in 38),
followed by South Asia (1 in 240). 1 in 4,300 wo-
men in Europe and Central Asia and 1 in 11,900
women in Western Europe lose their lives for the
above reason. (UNICEF, 2019)

COHORT’18 - Hungarian Birth Co-
hort Study

In Hungary, a new initiative on reproductive
health is worth mentioning. The Population Re-
search Institute of the CSO launched a longitudi-
nal study among those born in 2018/19. The par-
ticipating children were born in the same period
(1 April 2018 to 30 April 2019), i.e. they form a
common cohort (generation).

The study sample (initial sample: 9000 people) is
provided by newborns and their families, the in-
volvement of pregnant women and the first data
collection were performed by nurses, the sample
included 600 nursing districts, ensuring the rep-
resentativeness of the research. Data collection
extends from children’s cognitive, and emotional
development through their family and environ-
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mental backgrounds to health and social inequali-
ties. The research will follow the life of the Hun-
garian child and their family from pregnancy to
at least pre-school age, but as planned, until they
reach adulthood. (COHORT’18)

References

1. ACOG. Female age-related fertility decline.
Committee Opinion No. 589. Fertil Steril.
2014;101(3):633-4.

2. AEEK. Demografia, In: Fogalomtar. Ava-
ilable from: https://fogalomtar.aeek.hu/in-
dex.php/Demogr%C3%Al1fia [Letoltés da-
tuma: 2021. december 1.]

3. Bauquis C. The world’s number of IVF and
ICSI babies has now reached a calculated
total of 5 million. ESHRE, Brussels, 2012.

4. Bernard A, Krizsa F. Generally about infer-
tility. Modern diagnostic and therapy in in-
fertility[ A medddségrol altaldban In: Kaali,
S: A medddség korszerti diagnosztikaja és
kezelése] Medicina Konyvkiad6, Budapest,
2006.

5. Calhaz-Jorge C, de Geyter C, Kupka MS, de
Mouzon J, Erb K, Mocanu E, és mtsai. As-
sisted reproductive technology in Europe,
2012: results generated from Europe-
an registers by ESHRE. Hum Reprod.
2016;31(8):1638-52.

6. Chambers GM, Dyer S, Zegers-Hoch-
schild F, és mtsai. International Commit-
tee for Monitoring Assisted Reproductive
Technologies world report: assisted repro-
ductive technology, 20147. Hum Reprod.
2021;36(11):2921-2934.

7. Chawanpaiboon S, Vogel JP, Moller AB, és
mtsai. Global, regional, and national esti-
mates of levels of preterm birth in 2014: a
systematic review and modelling analysis.
Lancet Glob Health. 2019;7(1):e37-e46.

8. De Geyter C, Calhaz-Jorge C, Kupka MS,
¢s mtsai. ART in Europe, 2015: results ge-
nerated from European registries by ESH-
RE. Hum Reprod Open. 2020;2020(1):1-17.

9. ESHRE CWG. Social determinants
of human reproduction. Hum Reprod.



https://fogalomtar.aeek.hu/index.php/Demogr%C3%A1fia
https://fogalomtar.aeek.hu/index.php/Demogr%C3%A1fia

Viktoria Prémusz, Jozsef Bodis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2001;16(7):1518-1526.

ESHRE. ART Fact Sheet 2016. ESHRE,
Grimbergen, 2017.

ESHRE. ESHRE Annual Report 2017. ES-
HRE, Grimbergen, 2018.

Eurostat: Fertility indicators: Total fertility
rate, 2017. Available from: https://appsso.
eurostat.ec.europa.eu/nui/submitViewTab-
leAction.do [Letoltés datuma: 2019. julius
17]

Eurostat. Mean age of women at childbirth
and at birth of first child, 2017b. Available
from: http://appsso.eurostat.ec.europa.cu/
nui/show.do?dataset=tps00017&lang=en
[Letoltés datuma 2019. junius 6.]

Frejka, T. Birth regulation in Europe: Com-
peting the contraceptive revolution. Demo-
graphic Res. 2008;19(5):73-84.
GYEMSZI. IVF Adatszolgaltatas 2010.
Available from: https://okfo.gov.hu/do-
cuments/20182/607007/IVF _adatszolgal-
tatas 2010eves.pdf/079480aa-ff3b-51da-
d8a7-595d174b9205; [Letoltés datuma:
2021. december 1.]

Kamarés F. (2012). A sziiletések és a ter-
mékenység hazai iranyzatai. Demografia,
55(4), 243-267.

Kapitany B, Spéder Zs. Fertility. Demogra-
phic portrait of Hungary. 2018. 49-66.
Kapitany B, Spéder Zs. Fertility. Demogra-
phic portrait of Hungary. 2015. 41-55.
KSH. 120-year Interactive Population Py-
ramid [120 év interaktiv korféja]. Available
from: https://www.ksh.hu/interaktiv_korfa
(2019). [Letoltés datuma: 2021. december
3.]

KSH. Népesedési helyzetkép. Budapest:
Kozponti Statisztikai Hivatal; 2016.

KSH. Terhességmegszakitasok. 2017 Ava-
ilable from: https://www.ksh.hu/docs/hun/
xftp/idoszaki/pdf/terhessegmegsz16.pdf
[Letoltés datuma: 2021. december 27.]
KSH. STADAT: Main rates in vital statistics
of Hungary (2001-2018), 2019a. Available
from:
https://www.ksh.hu/docs/eng/xstadat/xsta-
dat_annual/i_wdsd007a.html [Letoltés da-

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

tuma: 2019. augusztus 6.]

KSH. CsecsemOhalandosag. Statisztikai
Tiikor, 2019b

KSH. Népmozgalom. 2019c Available
from:  https://www.ksh.hu/docs/hun/xftp/
idoszaki/nepmozg/nepmozg19/index.html
[Letoltés datuma: 2021. december 27.]
KSH. Népesedési vilagnap. 2021a. Availab-
le from: https://www.ksh.hu/docs/hun/xftp/
stattukor/nepesedesi_vilagnap/2021/nepe-
sedesi_vilagnap_2021.pdf [Letoltés datu-
ma: 2021. december 20.]

KSH. Magyarorszdg szamokban. 2021b.
Available from: https://www.ksh.hu/docs/
hun/xftp/idoszaki/mosz/mosz20.pdf [Letol-
tés datuma: 2021. december 20.]

KSH. Fenntarthat6 Fejlodési Célok, 3. Cél:
Az egészséges ¢élet biztositasa és a jollét
elémozditasa minden korosztaly valameny-
nyi tagjanak. 2021c Available from: https://
www.ksh.hu/sdg/cel_03.html [Letoltés da-
tuma: 2021. december 1.]

KOHORSZ ’18. Available from: https://ko-
horsz18.hu/ [Letoltés datuma: 2021. decem-
ber 29.]

Makay Zs. Fogamzasgatlasi modszerek al-
kalmazasa parkapcsolatban ¢él6 ndk koré-
ben. In Spéder Zs. (szerk.): A csalad vonza-
saban. KSH NKI, Budapest, 2014: 127-156.
Mascarenhas MN, Flaxman SR, Boerma
T, és mtsai. National, regional, and global
trends in infertility prevalence since 1990:
a systematic analysis of 277 health surveys.
PLoS Med. 2012;9(12):e1001356.

Mayo Clinic. Miscarriage Available from:
https://www.mayoclinic.org/diseases-con-
ditions/pregnancy-loss-miscarriage/sy-
mptoms-causes/syc-20354298#:~:text-
=Women%?200lder%20than%20age%20
35,45%2C%20it’s%20about%2080%20
percent. [Letoltés datuma: 2022. junius 15.]
McLaren JF. Infertility Evaluation. Obstet
Gynecol Clin North Am. 2012;39(4):453-
63.

Merrill, R. Reproductive epidemiology:
principles and methods. Sudbury, MA:
Jones & Bartlett Learning, 2010

125


https://www.ksh.hu/docs/hun/xftp/idoszaki/pdf/terhessegmegsz16.pdf
https://www.ksh.hu/docs/hun/xftp/idoszaki/pdf/terhessegmegsz16.pdf
https://www.ksh.hu/docs/eng/xstadat/xstadat_annual/i_wdsd007a.html
https://www.ksh.hu/docs/eng/xstadat/xstadat_annual/i_wdsd007a.html
https://www.ksh.hu/docs/hun/xftp/idoszaki/nepmozg/nepmozg19/index.html
https://www.ksh.hu/docs/hun/xftp/idoszaki/nepmozg/nepmozg19/index.html
https://www.ksh.hu/docs/hun/xftp/stattukor/nepesedesi_vilagnap/2021/nepesedesi_vilagnap_2021.pdf
https://www.ksh.hu/docs/hun/xftp/stattukor/nepesedesi_vilagnap/2021/nepesedesi_vilagnap_2021.pdf
https://www.ksh.hu/docs/hun/xftp/stattukor/nepesedesi_vilagnap/2021/nepesedesi_vilagnap_2021.pdf
https://www.ksh.hu/docs/hun/xftp/idoszaki/mosz/mosz20.pdf
https://www.ksh.hu/docs/hun/xftp/idoszaki/mosz/mosz20.pdf
https://www.ksh.hu/sdg/cel_03.html
https://www.ksh.hu/sdg/cel_03.html
https://kohorsz18.hu/
https://kohorsz18.hu/

VII. Reproductive epidemiology

36. OBDK. Eves jelentés IVF eljarasokrol 49. United Nations. World population prospects
2014 Available from: http://www.ijsz.hu/ 2019: Highlights. United Nations Econ Soc
UserFiles/ivf jelentes 2014.pdf [Letoltés Aft. 2019a.
datuma: 2021. december 27.] 50. United Nations, Department of Economic

37. Sobotka T. Post-transitional fertility: the and Social Affairs, Population Division.
role of childbearing postponement in fuel- Contraceptive
ling the shift to low and unstable fertility 51. Use by Method 2019: Data Booklet (ST/
levels. J Biosoc Sci. 2017;49(S1):S20-S45. ESA/SER.A/435). 2019b.

38. Sobotka T. Postponement of childbearing 52. WHO. ICD-10. International Statistical
and low fertility in Europe. Amsterdam, Classification of Diseases
Dutch University Press, 2004. 53. and Related Health Problems, 10th revision.

39. Stedman TL. Stedman’s Medical Dictionary Geneva, Switzerland: World Health Organi-
for the Health Professions and Nursing, Sth zation; 1992
ed. New York, NY, Lippincott, Williams & 54. WHO. Infecundity, infertility, and childless-
Wilkins, 2005. ness in developing countries. DHS Compa-

40. Szabo L, Veroszta Zs. ,,Varandossag ¢€s szii- rative Reports. 2004;9.
1¢s.” Demografiai portré. 2021:65-82. 55. WHO. International statistical classification

41. The European IVF-Monitoring Consor- of diseases and related health problems:

tium (EIM) for the European Society of 11th revision (ICD-11). Geneva: World
Human Reproduction and Embryology Health Organization; 2018a.
(ESHRE), C Wyns, Ch De Geyter, és mt- 56. WHO. Preterm birth key facts. 2018b. Ava-
sai, ART in Europe, 2017: results generated ilable from: https:/www.who.int/news-
from European registries by ESHRE, Hum room/fact-sheets/detail/preterm-birth [Le-
Reprod Open, 2021(3):, 2021:1-17. toltés ideje: 2021. december 21.]

42. UNICEF. Maternal mortality. 2019. Avai- 57. WHO. Reproductive health indicators: gu-
lable from: https://data.unicef.org/topic/ma- idelines for their generation, interpretation
ternal-health/maternal-mortality/ Letoltés and analysis for global monitoring. World
ideje: 2021. december 27. Health Organization; 2006.

43. UNICEF. Child mortality data. 2021a. Ava-
ilable from: https://data.unicef.org/resour-
ces/dataset/child-mortality/ [Letoltés ideje:

2021. december 28.]

44. UNICEF. Early childbearing. 2021b. Ava-
ilable from: https://data.unicef.org/topic/
child-health/adolescent-health/  [Letoltés
ideje: 2021. december 27.]

45. United Nations Children’s Fund and Wor-

ld Health Organization, Low Birthweight:
Country,

46. regional and global estimates. UNICEF,
New York, 2004.

47. UN General Assembly. Sustainable devel-
opment goals. SDGs Transform Our World,
2030.

48. Available from: https://www.undp.org/sus-

126

tainable-development-goals [Letoltés ideje:
2021. december 19.]



http://www.ijsz.hu/UserFiles/ivf_jelentes_2014.pdf
http://www.ijsz.hu/UserFiles/ivf_jelentes_2014.pdf
https://data.unicef.org/topic/maternal-health/maternal-mortality/
https://data.unicef.org/topic/maternal-health/maternal-mortality/
https://data.unicef.org/resources/dataset/child-mortality/
https://data.unicef.org/resources/dataset/child-mortality/
https://data.unicef.org/topic/child-health/adolescent-health/
https://data.unicef.org/topic/child-health/adolescent-health/
https://www.undp.org/sustainable-development-goals
https://www.undp.org/sustainable-development-goals
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/news-room/fact-sheets/detail/preterm-birth

VIII. Nutrition Epidemiology

Concept of nutrition epidemiology

Nutrition epidemiology is a branch of epidemio-
logy that helps to understand the relationship bet-
ween nutrition and health and illness. Nutrition
epidemiology also examines how dietary factors
are associated with the incidence of the disease in
individual populations. Epidemiological studies
related to nutrition have found a direct connection
between certain dietary components and the risk
of developing a disease or death. Epidemiologi-
cal studies have shown that there is a correlation
between the intake of trans fatty acids (TFAs) and
unfavourable serum lipid levels, so that in seve-
ral countries authorities have regulated the use of
fats containing trans fatty acids in food producti-
on. In Hungary, the amount of artificial trans fatty
acids in foods has been regulated since 2014. The
regulation has achieved its goal, as based on the
results of the 2016 impact assessment, the number
of foods with a high content of trans fats has dras-
tically decreased, thus also the intake of trans fats
by the population. The Hungarian regulation was
added to the European Commission’s good prac-
tice database in 2019 and is available to anyone at
the Good Practice Portal.

The design, implementation and evaluation of
the results of nutrition epidemiology studies also
present many challenges for the researcher, as the
exact exposure is much more difficult to determine
during these studies. In epidemiology, exposure is
defined as the characteristics and lifestyle beha-
viours of subjects (e.g.: food, medications, such as
hormone replacement therapy, tobacco products)
with which they may be connected to or at risk of
developing a disease. The study of nutrition and
food intake is particularly complex for several
reasons. If we take smoking as an example, which
is a simple activity, individuals can provide infor-
mation on whether they smoke by ticking yes or
no. Smoking is a long-term behaviour, and since

Andrea Gubicskoné Kisbenedek

it is a habit, most people smoke roughly the same
amount each day. In contrast, it is a challenge for
consumers to be able to accurately report their
food consumption, as an individual can consume
hundreds or even thousands of different foods in a
single week. The exact marking is further compli-
cated by the fact that the food consumed can also
be prepared for the industry (e.g. pre-packaged),
so the respondent does not know the details of the
preparation (e.g. use of fat or salt during prepara-
tion, the portion size is not always clear, either).
Assessment of consumption is also complicated
by the fact that individuals do not have a constant
choice of food, but it can constantly change with
the seasons and other life activities (weekends,
holidays, vacation). The variety of food consump-
tion from day to day can be so great that it is im-
possible to identify some sort of consistent dietary
pattern in that. In addition, foods often replace the
exposure they want to study (e.g. dietary fat or
sugar content), which means that researchers must
rely on food composition databases to calculate
the exposure variable. Given the problems asso-
ciated with the assessment of dietary intake, it is
not surprising that, despite some important cont-
ributions previously observed, it is still difficult to
substantiate with consistent and robust evidence
the impact of diet on disease risk.

The vast majority of nutrition epidemiology re-
searches have focused on the identification of
foods and / or specific nutrients in foods over the
past twenty-five years. In the focus, substances
with such bioactive properties have been iden-
tified that prevent or assist in the development /
control of chronic diseases (e.g.: cancer, diabetes,
cardiovascular diseases). As a result, nutrition
epidemiology has developed tools and methods
that address scientific issues related to the biology
of chronic disease, including the timing and mul-
tifactorial nature of the disease.
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Suitable epidemiological methods for the stu-
dy of nutrition

Nutrition questionnaires are the primary methods
by which dietary and nutrient intake estimates can
be realized. There are basically three main types
of these:

(1) a record of the dietary intake consumed,

(2) recall; and

(3) selection from a pre-compiled fixed list.

In the case of nutrition surveys, the period cove-
red by the survey may cover one or more days, a
specific period (e.g. during a pandemic) or even
a year. The selection of the most appropriate type
of questionnaire for the purposes of our studies
requires careful planning, as each of the methods
has both advantages and disadvantages.

24-hour Dietary Recall

The data collector (who is a person with know-
ledge of dietetics) records the type and quantity of
nutrition, foods and drinks consumed during the
previous 24 hours during the interview and the
time of consumption. This method provides only
approximate information about an individual’s ea-
ting habits because it relies on memory and the
diet of the individual cannot be characterized by
one day’s diet. It can be done in person, by phone
or video call. The use of food albums and portion
schedules can help in personal questioning. The
respondent often wants to make a positive imp-
ression on the interviewer, which distorts the data
collected in a healthy direction. Answers can also
be influenced by the question itself.

Food Frequency Questionnaire — FFQ

Respondents indicate the frequency of food con-
sumption on a pre-designed questionnaire. This
allows for retrospective data collection. Data col-
lection can be for a month, three months, or pos-
sibly a season. The compilation of the list greatly
influences the effectiveness of the method, it is
difficult to create a sufficiently comprehensive,
but not too detailed list of many items. The opti-
mal length and structure of the list must be adap-
ted to the nature of the survey. Inaccuracies can
result if the food list provided does not cover all
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foods, but a larger list can lead to an overestima-
tion of consumption. This method is not suitable
for calculating energy and nutrient intake because
it only provides information on the frequency of
food consumed, not on the amount consumed. If
supplemented with an average portion of food,
the method may be suitable for energy and nutri-
ent calculations. This version is called the Se-
mi-Quantitative Food Frequency Questionnaire

(SQFFQ).

Food Screener (Brief Dietary Assessment Inst-
ruments)

It is a targeted food consumption frequency ques-
tionnaire that focuses on a specific eating beha-
vior. Here, too, the frequency of food consump-
tion should be provided, but the questions are
only related to a specific food group, such as, for
example, fast food or foods with potentially acidic
chemical effects in the case of kidney stones. It is
characterized by a short, quick-fill, even self-fil-
ling method and can be easily complemented with
questions related to quantity.

Diet diary

The examined person makes a dietary record of
the food and beverages consumed during the day,
indicating the consumed quantity of each, as well.
The advantage is that in the case of comparisons,
which can be considered standard, if it is carefuly-
ly managed, reliable data can be obtained from
it. Inadequate cooperative skills of the subject
may indicate weakness in the method (e.g.: they
do not immediately record consumption, they
forget to record, etc.). In addition, the method is
time-consuming and labour-intensive. Its standar-
dized format is the three-day diet diary, in which
the subject describes the consumption data of two
not consecutive weekdays and one day at the we-
ekend, and then these are processed in a weigh-
ted manner. The accuracy of the method can be
increased by preparing detailed explanatory notes
in advance, providing a sample day, and a list of
commonly used household units. The method can
also help to identify problem foods and raw ma-
terials by keeping a so-called symptom diary (e.g.
food allergies).
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Nutrition / Diet History
This method combines the methods listed above.
It is extremely time-consuming, although it cir-
cumspectly determines the quality and quantity of
normal nutrition intake.
It is recommended to collect detailed information
on the following items during the diet history:

» allergies, intolerances, food avoidance,

*  appetite,

» attitudes towards dining and food,

e chronic diseases, their treatment, medica-

tions,
» culture and background (religion, educatio-
nal background, health beliefs),

* economic situation,

* dental and oral health,

» gastrointestinal factors,

* nutritional problems,

» life and eating patterns at home,

» food supplements, herbs,

* physical activity, leisure, distress.

The use of a diet history can provide sufficiently
accurate data on the nutrition of individuals and
population groups.

Validity and reliability of data

The studied population selected according to the
objectives of the particular nutrition survey, as
well as the use of the appropriate method, are im-
portant factors in the reliability of the data col-
lected during the surveys. Errors in performing
nutrition surveys may derive from a wide variety
of sources. Distortions may occur when samp-
ling the population to be tested. A measurement
error may result from the inaccuracy of the res-
pondent’s memory, the absence or inaccuracy of a
dietary interview folloing the completion.

During processing, data may be miscoded, the
size of the portions consumed may be incorrectly
assessed, or even deficiencies or errors in the food
composition database used during processing may
lead to inaccuracies. In addition, these errors can
accumulate, greatly reducing the credibility of the
results. At all stages of the survey, every effort
should be made to eliminate possible errors and
distortions as carefully as possible.

The concept of obesity

,,Obesity is a disruption of metabolic processes in
connection with genetic, central nervous system,
endocrine and environmental effects, that causes
a change in energy balance.” This process results
in an increase in food intake and / or a decrease in
energy expenditure and then leads to increased fat
storage. In the weight-bearing phase, it is possible
to maintain obesity with less energy intake. Even
at this stage, further regulatory disturbances and
associated diseases may develop. Obesity is thus a
chronic disease that requires long-term treatment
to lose weight and then to maintain weight.

In other words, an obese person is considered to
have a higher-than-normal body fat content.

Reasons for change in energy balance
Complex endogenous mechanisms manage body
weight regulation. If the amount of energy ab-
sorbed with food and used for bodily functions
and physical activity is in balance, body weight
does not change. Even a slight malfunction of the
control systems can easily lead to this imbalance,
leading to excess weight or obesity. In general,
these factors, or a combination of them, contribute
to obesity: environmental, genetic, childhood and
adulthood, after pregnancy and childbirth, men-
opause, and certain events (smoking cessation,
marriage, sports cessation, vacation, etc.).

Genetic factors

Due to genetic researches, the number of se-
condary obesity forms with known heredity and
exact genetic background is increasing, but only
2-5% of the obese patients still belong to the lat-
ter group. There is still little knowledge regarding
the genetic background of exogenous obesity. It is
hypothesized that the role of some predisposing
genes in today’s modern, obesity-promoting en-
vironment causes the epidemic of obesity. Thus,
the role of genetic factors cannot be neglected eit-
her. Genetic factors have an effect, i.e. they can
affect appetite, food intake, thermogenesis, energy
expenditure, and storage. The combined effect of
inherited and environmental factors plays a role
in the development of obesity. The main areas of
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energy use that is absorbed by food are resting
metabolism (60-70%), thermogenesis (10-15%)
and physical activity (15-40%).

Environmental factors

In addition to a number of traditional environ-
mental factors, intrauterine and early neonatal
environmental influences may also play a role in
the development of obesity and adult chronic di-
seases. Newborns with higher weights are more at
risk for later obesity, but lower birth weight is as-
sociated with an increased risk of developing ab-
dominal-type (central) obesity and consequential
metabolic syndrome.

The risk of developing obesity in later childhood
and adulthood is increased by rapid weight gain in
early infancy. Other adverse effects of this rapid
weight gain after birth include increased insulin
resistance, an increased risk of cardiovascular di-
sease and hypertension, abnormal blood lipid le-
vels, and impaired endothelial function.

The role of social and economic factors
Obesity and excess weight are serious problems
that have become an enormous and increasing
financial burden. However, this situation can be
mainly prevented by making a reasonable lifes-
tyle change. Nowadays, it is common all over the
world for people to consume high-energy foods
while being physically inactive and using little
energy in their work (sedentary job) and leisure
time. Like all chronic diseases, the development
of obesity is easier to prevent than to treat. In the
food market, the consumption of high-energy
foods is significantly higher than necessary due to
the advertisments of products that cause weight
gain. In Hungary, foods with a beneficial effect
on health do not receive enough attention. The
difference between the buying and selling prices
of vegetables and fruits has an adverse effect on
shopping habits. The development of a nutrition
culture is also an integral part of prevention.

Determining the degree of obesity

There are several methods for determining the
degree of obesity. The most general and common
method is body mass index measurement. Body
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mass index is the quotient of the weight per the
square meter of body height in kilograms. (kg /
m?).

According to the World Health Organization
(WHO), Body Mass Index (BMI) above 25 kg /
m?*: a person is considered to be overweight, and
a person with a Body Mass Index above 30 kg /
m? is considered to be obese. In addition, width
dimensions (abdominal circumference, upper arm
circumference, hip circumference, waist-hip ratio,
etc.) may be considered. Body composition is the
ratio of lean body tissue (muscle, organs, bones,
blood) to adipose tissue. Distribution of body fat
is more important than its amount. It provides a
more precise indicator for the risks of metabolic
disorders, heart diseases, high blood pressure, and
diabetes. The distribution of fat in our body is de-
termined partly by genetic and partly by hormonal
balance. In men with elevated testosterone levels,
storage around the abdomen, between the shouldr
blades, and around the internal organs is more
common. In women with elevated estrogen levels,
fat is stored around the breasts and triceps. After
menopause, when estrogen level decreases, fat
tends to migrate from the hips from and the thighs
to the abdomen, changing the shape of women.
There are several methods to measure the distri-
bution of body fat, from which it can be more ac-
curately determined how much fat and how much
muscle there are in the body. Studies show that
dual energy X-ray absorptiometry (DEXA) is the
most accurate method for measuring body compo-
sition. MRI and CT scans play an important role
in determining the distribution of fat (e.g.: subcu-
taneously, muscle tissue, cardiac) in obesitology
centers. Special machines based on the principle
of electrical impedance are also used to determine
body composition.

Epidemiology of obesity

According to the WHO, there are more than a bil-
lion overweight and obese people in the world.
Obesity is a significant health problem - and at the
same time, a very serious economic difficulty - not
only in developed but also in developing countri-
es. If the current trend continues, by 2030, there
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will be 2.16 billion overweight and 1.12 billion
obese adults in the world.

,,The most significant health and economic chal-
lenge today is the epidemic of obesity.” According
to a 2019 survey in Hungary, more than half of the
population over the age of 15 (58.6%) have higher
body weight than recommended, and one in five
adults is overweight. (HCSO, 2020.)

The main diseases whose development is directly
related to obesity are:

* Non-insulin dependent diabetes mellitus

(NIDDM)

« Stroke

*  Various heart diseases

*  Orthopedic disorders

* Immunological dysfunctions

* Reproductive dysfunction

» Certain types of tumors.

Cardiovascular diseases

Cardiovascular diseases are caused by a disor-
der of the heart and blood vessels, which include
ischemic heart disease and coronary heart disease,
stroke, hypertension and peripheral arterial disea-
ses that are due to arteriosclerosis; furthermore,
rheumatic heart disease, congenital heart disease,
arrhythmias and heart failure that are not due to ar-
teriosclerosis. The most common diseases are due
to arteriosclerosis. It is the most common cause of
death originating from chronic, non-communicab-
le diseases. Heart attack and stroke are responsib-
le for four-fifths of cardiovascular disease-related
deaths.

According to data published by the World Health
Organization (WHO), cardiovascular disease-re-
lated deaths account for more than half of all
deaths in all European countries, outranking can-
cer and respiratory diseases. The number of car-
diovascular diseases and related deaths has been
declining in recent years, following a steady rise
since the 1960s. However, according to the IDEA
study, the incidence of the disease in the Eastern
European region is outstandingly high among
both men (27%) and women (24%), compared to

other regions, where the incidence is between 8%
(Canadian women) and 16% (men in northwest-
ern Europe).

Cardiovascular diseases pose a significant health
burden at both the level of the individual and the
society. The high mortality rate in the Eastern
European region has hardly decreased, which is
also typical of cardiovascular mortality in Hunga-
ry. According to HCSO data, 49.8% of all prema-
ture deaths in Hungary are due to diseases of the
circulatory system.

Epidemiology of cardiovascular diseases

In Hungary, too, most people die from diseases
of the circulatory system, just like in any country
with a developed health culture. Cardiovascular
disease-related deaths are responsible for every
second person’s death. Regarding circulatory sy-
stem diseases, gender difference is not significant
in their mortality rate. This is due to the fact that
women generally live to a higher age than men
and diseases of the circulatory system affect the
senior age group to a greater extent.

Causes and factors contributing to the devel-
opment of cardiovascular diseases

Vascular calcification (Arteriosclerosis, atherosc-
lerosis)

Vascular calcification is an inflammatory process
that affects the medium to large blood vessels of
the entire cardiovascular system. Low-density li-
poprotein (LDL) cholesterol, which is deposited
in the walls of the arteries, causes chronic inflam-
mation, which causes plaque formation, making
the wall of the blood vessels stiffer and thicker,
and at the same time, the inner diameter becomes
narrower. The disease can be dangerous in two
ways: on the one hand, when the plaques rupture,
blood clots start to form, which can lead to vascu-
lar occlusion, and dilatation due to compensation.
Vascular calcification is based on the dysfuncti-
on of the inner squamous layer of the vessel wall,
an endothelial dysfunction. Abnormal endothelial
function is thought to increase the ability of pla-
telets to accumulate and aggregate, and the ad-
hesion of monocytes, which contribute to plaque
formation. In addition to endothelial dysfunction

131



VIII. Nutrition Epidemiology

and inflammatory processes, pathological fibrin-
olytic processes also play a role in the develop-
ment of vascular calcification.

Diabetes, dyslipidemia, or oxidative stress cause
such vascular dysfunction that leads to the de-
velopment of atherosclerosis, a key pathological
underlying cause of cardiovascular diseases. The
free radicals produced reduce the bioavailability
of nitrogen monoxide (NO) by binding it. Ather-
osclerosis can be asymptomatic for decades, often
with the first symptom being myocardial infarcti-
on (as a result of coronary calcification) or sudden
cardiac arrest. Symptoms usually appear at a 50%
stenosis and are specific to the organ supplied by
that vessel. The rate of progression of atheroscle-
rosis depends partly on inherited genetic factors
and partly on environmental effects, the latter can
be more or less influenced. This includes lifesty-
le and nutrition. Currently, there is no method to
change genetic factors, therefore, controlling the
risk factors that can be influenced and influencing
the environmental factors in a favourable directi-
on is of high importance.

Cardiovascular risk factors

In order to reduce cardiovascular diseases and re-
lated mortality, population-based epidemiological
studies were conducted for decades to help iden-
tify the development of the disease, the conditi-
ons that contribute to it, and the risk factors. The
Framingham Heart Study has identified key risk
factors for cardiovascular diseases: high blood
pressure, high cholesterol, smoking, obesity, di-
abetes, and sedentary lifestyle; furthermore, their
loss of effects results in endothelial dysfunction,
including reduced vascular relaxation. In addition,
the role of psychosocial factors has been identifi-
ed, as well. Smoking is the most significant pre-
ventable lifestyle risk factor in developed count-
ries, with some surveys showing that the relative
risk of developing ischemic heart disease is 20%
higher in smokers than in non-smokers. Smoking
promotes the early onset of microvascular comp-
lications (retino-, nephro-, neuropathy), increases
triglyceride levels and lowers HDL cholesterol,
and promotes the development of insulin resis-
tance. All of these increase the risk of developing
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coronary heart disease and heart attack. Quitting
smoking can only slightly reduce blood pressure
but can significantly reduce cardiovascular risk.
Some epidemiological studies have shown that
even unsuccessful quitting’s have risk-reducing
effect. The role of malnutrition was first raised in
the 1940s. The Seven Countries Study, launched
in 1958 and running until 1970, looked at the re-
lationship between dietary fat intake and atherosc-
lerosis and related cardiovascular diseases. Based
on a study of more than 12,000 male participants
aged 40 to 59 years, serum cholesterol levels were
low in those who consumed a diet low in saturated
fat. On the other hand, participants on a high sa-
turated fat diet had high cholesterol level. A very
strong correlation was shown between saturated
fat intake and mortality within five years of coro-
nary heart disease. Correlation between saturated
fat intake and coronary vessel disease was also
confirmed by the 25-year follow-up data.

Global cardiovascular and metabolic (cardiometa-
bolic) risk

Several studies have shown that scoring sys-
tems based on traditional risk factor assessment
(Framingham SCORE) often underestimate the
cardiovascular risk of individuals at moderate risk,
especially of women. In addition to cardiovascu-
lar (absolute) risk factors, all known risk factors
- abnormalities suggestive of metabolic disorder,
positive family history, and physical inactivity
- have been suggested to assess the prognosis,
leading to the emergence of the concept of global
cardiometabolic risk. Accordingly, an individual
with at least three of the symptoms of smoking,
abdominal obesity, hypertension, high choleste-
rol, and an additional risk factor is also present
from other “residual” risk factors, even if, on a
typical SCORE value, the cardiovascular risk is
moderate.

The role of the Mediterranean diet in cardiovas-
cular diseases

In the case of cardiovascular diseases, Mediter-
ranean diet also has a beneficial effect in reducing
its risk factors and also in reducing the severity
of the disease developed. A series of studies re-
port that Mediterranean diet lowers blood pressu-



Andrea Gubicskoné Kisbenedek

re, cholesterol levels, complications of diabetes,
inflammatory marker levels, and endothelial func-
tion. In the case of metabolic syndrome, no effect
on the frequency of occurance resulting from
the Mediterranean diet was found, but the level
of inflammatory markers was reduced due to the
effect of alpha-linolenic and linoleic acid.

Characteristics of the typical Mediterranean diet:

1. Abundant consumption of vegetable raw
materials

2. Consumption of cereal grains in large quan-
tities.

3. Consumption of large amounts of fresh fru-
its on a daily basis.

4. The main source of fat is olive oil.

5. Regular consumption of sea fish, seafood.

6. Consumption of small amounts of red meat
in the diet is typical.

7. Moderate consumption of milk, milk pro-
ducts and eggs.

8. Consume 1-2 glasses of red wine with meals
a day.

The effectiveness of the Mediterranean diet is en-
hanced by antioxidant vitamins (vitamins A, C,
E), which are also provided in large amounts by
plant sterols and polyphenols. Plant sterols are
found in small amounts in many fruits, vegetab-
les, nuts, seeds, legumes, vegetable oils, and other
plant sources, and are essential components of the
plant’s cell membrane.

The role of nutrition in
developing cancer

In Hungary, the second place in mortality statistics
is occupied by malignant neoplasms. Unfortuna-
tely, their number shows an ever-increasing trend,
which is explained by several factors. Among ot-
her things, they attribute it to the increase in life
expectancy, the development of diagnostic proce-
dures, poor eating habits, lifestyle factors, pollu-
tion, and individual sensitivity. The role of nutri-
tion in the development of tumors is estimated at
35%, and they could, in theory, be prevented by
developing good eating habits. First, it was Doll

and Peto to publish the factors involved in the de-
velopment of tumors. The majority of diet-related
tumors are caused by carcinogens that enter the
food as natural contents or contaminants, or du-
ring food preparation. Some of the substances that
enter the body through food are genotoxic, initi-
ator, while most of them have a promoter effect.
The process of tumor formation can be facilitated,
i.e. certain macro- and micro-nutrients can act as
promoters, which enter our body in a higher or
lower proportion than necessary. Throughout our
food intake, ingredients that inhibit or slow down
the development of tumors, called biologically ac-
tive substances. Our foods have many ingredients,
which is why it is difficult to study the relationship
between nutrition and tumors, as it is difficult to
study the ingredients independently.

Carcinogenesis

During the process of carcinogenesis, usually a
long time elapses between exposure and onset of
the disease, as well as between the onset of clini-
cal symptoms and the appearance of metastases.
After all, the development of tumors is considered
to be a multi-stage process.

Exposure

Exposure to a carcinogenic chemical is called
exposure. DNA damage depends on the frequ-
ency and extent of exposure, therefore, form the
composition of the diet and the functioning of
the defense mechanisms. The most common car-
cinogens in our diets are the heterocyclic amines,
mycotoxins, polycyclic aromatic hydrocarbons
(PAHs), nitrosamines, and their common charac-
teristic is that they are extremely strong reactive
substances.

Initiation

During initiation, the carcinogen comes into con-
tact with the DNA molecule, which is the first step
in carcinogenesis. During the process, the molecu-
le that binds to DNA changes the structure of the
DNA, which can cause incorrect coding and point
mutations during duplication. Becoming a tumor
cell is an irreversible change. Against mutations,
our bodies defend us through repair mechanisms.
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Promotion

Promotion is in which no irreversible change oc-
curs in the second phase of tumor development.
During the long process, the body’s repair me-
chanisms (DNA repair, apoptosis) try to defend
against the mutation, and the carcinogenic and tu-
mor-promoting inflammatory processes help the
development of more and more mutations.

The carcinogenic effect of nutritional factors has
been investigated in several experiments. Howe-
ver, the beneficial effects of some nutrients could
also be observed. An example is methionine- and
choline-deficient foods, which increase the inci-
dence of liver cancer. In cancerous processes of
the pharynx, larynx and esophagus, retinoids slow
or inhibit the process.

Progression

The final stage of cancer formation is a complex
process in which initiated cells proliferate, attack
the surrounding tissues. Clinical recognition oc-
curs at this stage, the tumor can already be diag-
nosed, and causes symptoms due to its size or ag-
gression.

The role of nutritional factors in the develop-
ment of tumors

* Excessive energy intake

* Abundant animal protein intake

* Excessive intake of animal fat

* Low dietary fiber intake

* Excessive alcohol consumption

*  Excessive salt intake

* Excessive consumption of salted, smoked,

marinated foods
*  Sudden consumption of too hot food

Anti - carcinogenic substances
Anticarcinogens: This group includes substan-
ces that prevent the formation of carcinogens and
reactive metabolites from precursors.

Blockers: The second group includes substances
that prevent a carcinogenic compound from rea-
ching or reacting with the target molecule, thus
blocking initiation.

Suppressors: the third group includes substances
with a barrier function; they delay or prevent ma-
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lignant transformation of cells after carcinogenic
exposure by inhibiting promotion or progression.
Vitamin C is an antioxidant vitamin that inhibits
the production of carcinogenic metabolites in
the intestinal tract. Several studies suggest that
high doses of carotenoids inhibit gastrointestinal,
breast, and cervical cancer. However, large studi-
es in recent years have not reported success with
its chemopreventive use. Vitamin E also has an
antioxidant effect, presumably through the inhibi-
tion of nitrosamine formation.

Bioactive compounds, also known as phytochemi-
cals, are compounds found in plants that play an
active role in preventing or combating the de-
velopment of diseases. The study of their action
mechanism has begun in recent decades, and the
compounds alone or in combination with micro-
nutrients block initiation or inhibit the progressi-
on of the cancerous process.

Phytochemicals include allium compounds, whi-
ch are responsible for the smell, aroma, and health
effects of bulb vegetables (onion, garlic, chives,
shallots, etc.). Garlic contains allin, which de-
composes rapidly on contact with air and forms
sulfur compounds (diallyl sulphide, allyl methyl
trisulphide) at the end of the process. Allium com-
pounds exert their tumor-preventing effect by ac-
tivating detoxification enzymes and blocking ini-
tiation. Due to the bacteriostatic effect of garlic, it
also inhibits bacterial activity, thereby converting
nitrogen to nitrite.

Glucosinolates are found in all cruciferous plants
(broccoli, cauliflower, buds, kale, etc.). Glucosin-
olates can be converted to isothiocyanates and in-
doles upon cooking and chewing.

Phytoestrogens include isoflavones, the main
sources of which are cereals; and lignans found
in flaxseed, sesame seed, strawberry, and blue-
berry. Their biological activity is diverse, having
antiviral, antiproliferative and growth inhibitory
effects. Due to their mild estrogenic effects, they
are able to bind to various enzymes and receptors,
stimulating the production of globulins that bind
to sex hormones in the liver - thus affecting the
metabolism of the steroid hormone. They inhibit
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the proliferation of hormone-dependent tumor
cells.

Flavonoids (catechin, anthocyanidin) can inter-
vene in the process of carcinogenesis at several
points. They inhibit the formation of DNA ad-
ducts; accelerate detoxification, thereby inhibiting
initiation. They inhibit promotion as they have
anti-inflammatory effects. They induce apopto-
sis. Quercetin (red wine, apple) have inhibited
the action of tumor promoters and some chemical
carcinogens in animal experiments, and inhibited
the proliferation of colonic epithelial cells. Howe-
ver, other studies have shown an increased risk of
bladder and bowel tumors.
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IX. Introduction

Introduction

Diseases associated with environmental factors
are difficult to identify because they are the result
of a combination of factors. The relationship bet-
ween the factors of natural and built environment
and human health is known, but it is often diffi-
cult to identify harmful effects and the cause-
and-effect relationship. Environmental effects are
characterized by the fact that they usually occur
at low levels or concentrations, but over a long
period of time, and that health damage develops
as a result of a number of effects.

Overall, 13% of deaths in the European Union
(EU) are due to various environmental stressors,
resulting in 630,000 deaths per year. It is estima-
ted that about 17-22% of the total burden of di-
sease in Hungary is attributable to environmen-
tal risk factors (higher than the global average of
11.8%). Within this, air pollution is of the greatest
importance in Hungary - primarily fine particula-
te matter (PM)) outdoors, which accounts for ap-
prox. 12% of total morality in 2019. Air pollution
is currently the fourth leading cause of global bur-
den of disease and mortality following high blood
pressure, smoking and dietary risk.

Health risks of extreme temperatures and heat
waves cannot be neglected either. Other environ-
mental factors (radon and lead), risks originating
from water (poor quality drinking and bathing
water, inadequate hand washing, poor sanitation,
and vulnerability of drinking water supplies) and
exposure from soil contamination play a smaller
role.

Risk assessment of air pollution from
acute to chronic effects

Health risk of air pollution is first assessed by
applying the traditional risk assessment method

Anna Paldy

(hazard identification, exposure characterization,
dose-response relationship characterization, ex-
posure estimation, risk assessment).

Risk assessment focuses on comparing expo-
sure concentration data with thresholds without
examining the effect of above-threshold concent-
ration. The Hazard Index (HI), which is the ra-
tio of the currently measured concentration of an
air pollutant to the relevant limit value, is most
commonly used. HI can also be used to characte-
rize complex air pollution. Calculation of HI also
provides an opportunity to quickly assess the ha-
zard of acute events (e.g. fires of various origins
and magnitudes) based on properly designed and
performed on-site sampling and measurements.
Short-term Acute Exposure Level Guidelines
(AEGLs) developed by several U.S. environmen-
tal agencies should be used to calculate HI.

The paradigm of risk assessment used in toxico-
logy should also be applied to indoor air quality
in public areas according to the Scientific Com-
mittee on Health and Environment Risk (SCHER)
established by the European Commission in 2004.
Where possible, safe exposure limits should also
be established or exposure levels should be com-
pared with those based on experimental and hu-
man studies to characterize the risk. In 2021, the
European Center for Environment and Health
(WHO / ECEH) developed a free-to-download
tool for estimating the risk of chemical exposure
in children’s institutions using the HI calculation
method.

Environmental health impact assessment is re-
latively new to the well-defined methodology of
risk assessment, which quantifies the expected
burden of disease due to a given environmental
exposure in a given population. When doing an
environmental health impact assessment of air
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pollution the following factors should be taken
into account : basic health indicators of the study
population, number of population, concentration
of air pollutant (e.g. PM) and the relative risk of
health effects per unit air pollutant (usually de-
termined by the statistical method of time series
analysis in multicentre studies). Applying this
method, we can estimate the risk of past, present
and modeled future exposure, and it is suitable
for modeling the impact of planned provisions.
The estimate can be quantitative or qualitative,
and usually includes estimating the concentration,
further the exposure of the target population, and
how dangerous the particular concentration is to
the exposed population. The result of estimating
the health effects of air pollution is most often pro-
vided by the number of excess deaths attributable
to air pollution. Even within mortality, the most
significant problem is early or premature morta-
lity, usually before the age of 65, which is used as
a separate indicator among mortality indicators.
Losses are often characterized by the number of
years of life lost (YLL). Attributable death rate
is clearly influenced by the individual’s environ-
mental factors, including air quality, socioecono-
mic status, curability of the disease, state of the
health care system, and so on. Disability-adjusted
life years (DALY) or change in life expectancy
are often used. These indicators can even be used
to calculate additional costs and to quantify the
health benefits of the policy measures taken. The-
re are softwares that can assist these calculations
as well. It is important to mention that in 2014,
the European Union developed a formal recom-
mendation to calculate the cost of diseases caused
by air pollution, taking into account WHO recom-
mendations.

In addition to the benefits of environmental health
impact assessment, its limitations should also be
mentioned, the most significant of which is the
lack of adequate data: for example, air pollution or
population data are not available for a given site,
so in many cases the risk assessment is based on
estimates. As a result, environmental health im-
pact assessments can involve a lot of uncertainty.
Of course, impact assessments only cover health
outcomes in which the effects can be quantified.
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Adverse health effects of fine particulate mat-
ter (PM)

In 2013, in the context of “Clean Air Program-
me for Europe”, the European Union set a target
of reducing the health effects of air pollution, i.e.
premature deaths from PM and O,, by 37% by
2025 and an additional 40% by 2030.

Air quality is regulated by harmonized regulations
based on EU directives. The WHO recommends
stricter guidelines than those laid down in the
European Union. The World Health Organization
first issued guidelines on air quality in 1987, whi-
ch have been amended several times in the light of
the scientific evidence that has accumulated in the
meantime. The last update of the previous air qu-
ality guidelines issued in 2005 took place in Sep-
tember 2021. The new air quality guidelines are
significantly stricter than those set in 2005. The
new ambitious target is to achieve an annual ave-
rage concentration of 5 pg/m* for PM,  size frac-
tion, a maximum concentration of 10 pug/m* for
NO, and a limit value of 60 pg/m’ for the 8-hour
average peak ozone concentration. By compari-
son, the guideline issued in 2005 recommended
10 pg/m’ for the PM_ _ size fraction and 40 pg/m’
for NO,, while no guideline level was available
for long-term ozone concentrations. Although the
guideline levels are not legally binding, it is hoped
that countries will strive to meet these values.

New recommendations are also of paramount im-
portance because there has been a wealth of evi-
dence over the past two decades confirming the
serious health effects of air pollution, stressing
that it can be harmful to almost every component
of the human body. It is important to emphasize
that the health effects of air pollution are not only
present at significant exposure levels, but also at
very low concentrations, so no limit value can be
set below which exposure can be considered safe.
Regarding air pollutants, fine particulate matter
is considered to be the most significant pollutant,
with similar scientific evidence of an impact on
the health of urban population in all parts of the
world. The respiratory and circulatory systems are
mainly affected, the extent of which may vary by
age groups and by the health status of the popula-
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tion. The risk of each effect depends on the con-
centration and composition of the air pollutants.
Epidemiological studies show that particulate
matter has harmful effects in both the short and
long term.

The results of clinical, experimental toxicological
and epidemiological studies demonstrating the
effects of fine particulate matter were first sum-
marized and evaluated by the WHO in 2003. PM
primarily causes local inflammation, followed by
exacerbation of pre-existing respiratory diseases,
excessive reactions, oxidative stress, activation
of many biochemical processes, and reduction in
the defense mechanism of the lungs. PM pollution
has been shown to contribute to the mortality and
exacerbation of patients with chronic lower res-
piratory disease. Asthma patients’ symptoms also
worsen and their need for medication increases
during more polluted periods. In 2013, the WHO
International Agency for Research on Cancer
(IARC) classified air pollution as a proven human
carcinogen. Particulate matter pollution has also
been treated separately and classified as a Group
1A carcinogen.

Fine dust particles, especially those with a particle
size of less than 1 um in diameter, are absorbed
through the alveoli and, on the one hand, cause
sterile inflammation in the interstitiun of the lungs,
and, on the other hand, entering the bloodstream,
they induce the formation of C-reactive protein in
the short term, which triggers the blood clotting
process, consistently leading to the formation of
a blood clot (thrombus). Numerous epidemiologi-
cal studies have also shown an increase in deaths
from cardiovascular disease and a higher number
of hospital admissions.

Risk assessment of air pollution in practice

To assess the environmental health impact of air
pollution, the WHO has developed a free-to-use
tool to evaluate the attributable health risks of air
pollution. From 2020, the latest version of the
software, AirQ+ is available, it meets the latest
IT requirements and includes the latest scientific
findings and evidence on the relationship between

air pollution and health risks for different health
endpoints.

One of the indicators (3.9.1: deaths from indoor
and outdoor air pollution) for the achievement of
the UN’s Sustainable Development Goals (SDG
3: “Ensure healthy lives and promote well-being
for all at all ages™) until 2030 can be monitored by
using the software. The software can also be used
at local level to assess the environmental health
impact of new installations in case of having the
basic appropriate exposure, population and health
endpoint data.

The health risk of fine particulate matter load

in Hungary

In Hungary, data of the National Air Pollution
Measurement Network provide information on
the levels of individual outdoor air pollutants. Ho-
wever, it is important for both the general public
and decision-makers, environmental and health
professionals to have adequate information on the
health effects of pollution measured by monitor-
ing stations.

AirQ+ software was used to perform a compre-
hensive assessment based on measured data from
domestic monitoring stations for municipalities
with operating urban or suburban background
stations for the period 2008-2016. The analysis
was based on outdoor PM, . concentrations for
routinely collected health endpoints (mortality,
hospital admissions). When estimating the total
mortality due to long term outdoor PM, , pollu-
tion greater than the non-binding health guideli-
ne value (10 pg/m3 annual average) stated by the
2005 WHO Air Quality Guidelines, the estimated
number of excess deaths was between 1400 and
1660 in Budapest, between 190 and 230 cases in
Miskolc and 137-154 cases in Debrecen on avera-
ge per year during the examined period.

Assessment of the short-term health risk of
air pollution based on the Air Quality Health
Index (AQHI)

Characterization of air quality status is based on
the comparison with the limit values, which me-
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ans examining the extent and number of excee-
dances of the limit values. Regulation 4/2011 (1.
14.) of the Ministry of Rural Development on
health limit values for air pollution provides in-
formation regarding this matter. The regulation
also contains information and alert thresholds on
the basis of which the smoke alarm response plan
is implemented.

Since 2007, the National Public Health Center
(hereinafter: NPHC) and its predecessor institu-
tions have been assessing health risks of air pollu-
tion on a daily basis for various risk groups (e.g.
children, the elderly, people with chronic respira-
tory and other diseases, especially cardiovascular
diseases). The aim is to give a timely information
on the short term health effects of the actual air
pollution situation and health protection of the
vulnerable population groups by relevant advices.
Air Quality Health Index (AQHI) rating system
is based on the results of the latest international
and domestic research. The assessment is upda-
ted daily, using validated air pollution data pub-
lished on the previous day, taking into account the
most important air pollutants for health risk: (1)
fine particulate matter with a diameter of less than
2.5 micrometres (um) (PM, ,); (2) fine particulate
matter with a diameter of less than 10 um (PM,);
the concentration of nitrogen dioxide (NO,) and
ozone (O,). AQHI is calculated from the 24-
hour average concentration values (for PM, , and
PM, ), the daily maximum of the 8-hour moving

average concentrations (for O,) and the daily ma-
ximum of the hourly average concentrations (for
NO,), by taking into account the latest WHO re-
commendation.

AQHI includes four categories: (1) acceptable;
(2) moderate; (3) unhealthy (4) hazardous. The
data required for determining AQHI are provided
by the continuously published measurements of
the automatic monitoring stations of the National
Air Pollution Measurement Network.
Concentration values corresponding to each ca-
tegory are based on the relationships established
in international studies between air pollution and
the short-term health effects of the concentration
of a given air pollutant (Table 1).

Health risks of indoor air pollution

From the second half of the 20" century onwards,
due to the changed economic and social conditi-
ons, we spend more and more time indoors - 16
out of 24 hours a day. It is therefore very impor-
tant that the environment at home, at work and in
leisure is of the right quality. Outdoor air quality
is well regulated, although it should be mentioned
that in addition to routinely measured pollutants,
especially during the heating period, the concent-
ration of certain unmonitored substances that are
harmful to health may increase significantly. It is
known that indoor air quality is greatly influen-
ced by outdoor air, and according to the literature
data, concentration of the dominant outdoor pol-

Table 1.: Air Quality Index — categories and classification of air pollutants

Categories of Air

Quality Index
PM?3 PM
(24 hours)
moderate 25-37.5 50-75
unhealthy 37.5-50
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10
(24 hours)

75 -100

Concentration of air pollutants (ng/m3)

NO O, .

2 (maximum of the
(hourly .

. 8-hour moving
maximum)

average)

<100 <100
100 - 200 100 - 160
200 - 300 160 - 240
>300 >240
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lutant components (e.g .fine particulate matter)
can be higher by 20-80% indoors. The main prob-
lem indoors is the high concentration of carbon
dioxide due to insufficient air exchange, as well as
fine particulate matter, formaldehyde and volatile
organic compounds. In many places, another spe-
cial problem is the presence of biological agents
due to the lack of insulation of buildings or, con-
versely, over-insulation and inadequate ventila-
tion equipment. The latter are also very important
for thermal comfort. Indoor radon is an additio-
nal problem in some geographic areas, with a non
negligible risk of developing lung tumors.
Investigation of the adverse health effects of indo-
or environment is a very important environmental
health task. Public health professionals should be
prepared for proper investigation of complaints
and perform routine inspections in health and
educational institutions, and to assist in creating
healthy indoor environment. The methodological
recommendation prepared by the NPHC for edu-
cational institutions is available on the Centre’s
website.

According to international experience, the as-
sessment of the indoor environment is carried out
either quantitatively or qualitatively. Quantitative
assessment is based primarily on visual inspecti-
ons to identify the cause of visible mold or unp-
leasant odours in the indoor environment, such as
the source of volatile organic compounds. Qua-
lity assessments are usually limited to measuring
a few parameters (primarily comfort): such as
carbon dioxide, temperature, humidity; and some
contaminants such as small aerosol particles and
all volatile organic compounds.

Based on international publications and domestic
experience, the following general recommenda-
tions can be made:
*  Proposed steps for the environmental health
assessment and evaluation of interiors
*  On-site inspection, during which a survey
sheet must be filled in on the condition of
the building and the individual rooms, sour-
ces of danger.
+ Filling in a questionnaire suitable for perso-

nal assessment of the state of health of the
exposed subjects.

* Assessment of health complaints using a
questionnaire.

* Instrumental examination of the quality of
the indoor environment.

* Risk assessment using simple and complex
indicators.

» Calculation of indoor air quality index.

A number of indicators are used to estimate health
risks, from the hazard index for assessing the ha-
zard of each compound to the Maximal Cumula-
tive Ratio (MCR), which is an extension of the
hazard index to test the combined toxicological
effects of mixtures and to various indoor air qua-
lity indices. Calculation of the indices is based on
specific measurements. When calculating comp-
lex indicators, each component is weighted based
on their toxicity and health effects.

The WHO’s Regional Office for Europe publish-
ed a book in 2010 based on health risks, entitled
“WHO guidelines for indoor air quality: selected
pollutants”, which sets out guidelines for the most
common air pollutants. They are generated indo-
ors and often occur in concentrations harmful to
health: benzene, carbon monoxide, formaldehy-
de, naphthalene, nitrogen dioxide, polycyclic aro-
matic hydrocarbons (especially benzo(a)pyrene),
radon, trichlorethylene and tetrachlorethylene.
It should be mentioned that currently there is no
European Union or Hungarian legislation in force
to be applied for indoor air quality.

Significance of biological air pollutants

Allergy is an important public health problem of
the 21 century. Allergic hay fever (rhinitis) and
asthma are two of the most common childhood
chronic diseases, which impair the quality of life
of those suffering from the disease and cause sig-
nificant social harm. International data show that
the incidence of hay fever was 10-15% in the
2000s, but this rate has practically doubled by
now.
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International surveys suggest that biological aller-
gens contributing to the development of allergi-
es vary from country to country, and even within
countries. The rate of sensitivity to major respi-
ratory allergens (birch, grasses, ragweed, olive,
and wall weed pollen), some fungal spores (e.g.
Cladosporium herbarium, Alternaria alternata),
house dust mite (Dermatophagoides pteronyssi-
nus), and animal hair (e.g. cat) vary significantly.
According to a 2007 European survey, the most
frequent sensitization was to dust mite (D. pfe-
ronyssinus), grass pollen and cat hair, with an
average incidence of 22%, 17% and 9% in adults.
Hay fever was detected in 19% based on self-re-
port and in 13% based on medical diagnosis.
Respiratory allergic diseases of people living in a
given geographical area are mainly influenced by
the presence and quantity of native allergic plants;
thus, the dominant respiratory allergen differs
by climatic zones (e.g. birch in northern Europe,
grasses in western Europe, ragweed in the Carpat-
hian Basin, in the Po-valley and southern Fran-
ce, and olive trees in Mediterranean countries).
In Hungary, the majority of patients with proven
allergies are sensitized to airborne respiratory al-
lergen pollens, most commonly to ragweed and
grass pollen.

Based on the above, it can be concluded that pol-
len grains produced by different wind-pollina-
ted plant species are among the most important
atmospheric allergens worldwide. In the case of
plants, the degree of allergenicity is determined
by a combination of factors, such as the prevalen-
ce of the allergy in the population and the severity
or duration of the symptoms.

Groups of allergenic plants deserve special at-
tention because sensitization can affect children
as well as the elderly. If a person has developed
allergy to an allergen, it is more likely develope
it for another substance (polysensitivity). In addi-
tion to the above, the life of people with allergies
is also complicated by cross-reactions - all people
with allergy should inform themselves on these
reactions.

Knowledge of outdoor air quality, pollen infor-
mation and the identification of surrounding aller-
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genic plants are important for doctors, professio-
nals and patients primarily in terms of prevention,
primary prevention. Even today, the most effective
way to alleviate or eliminate the symptoms of res-
piratory allergies to outdoor allergens is to avoid
allergens, for which information on the pollen si-
tuation (pollen calendar, reports, and short-term
forecast) is an important aid. An important goal
of prevention is to reduce the risk of developing
allergies, with the help of the informative material
prepared by NPHC (Allergies made simple).

Knowledge of allergenic plants is also important
for public health in the design of green spaces
(public areas, walkways, cycle paths, gardens,
parks, playgrounds, sports fields, etc.); the aller-
genicity of each plant species must be taken into
account. It can be said, for example, that it is not
recommended to plant vegetation capable of sig-
nificant pollen dispersal in front of windows, and
that it is also important to prevent or limit the sp-
read of weeds that are able to appear en masse in
order to protect our health. Information required
for the design of row trees and the creation of an
allergen-poor environment can also be found on
the website of NPHC.

Health risks of climate change

According to the scientific community, the war-
ming occurred between 1850-2020 (0.99 °C, of
which about 0.5 °C in the second half of the 20™
century) is most likely of human origin, and it can
be practically ruled out that this is a natural fluc-
tuation in the state of our environment. The latest
(6™) report of the Intergovernmental Panel on Cli-
mate Change (IPCC) published in 2021, is clearer
than ever before, stating with great certainty that
human activity in transforming nature, often in a
damaging way, has reached the Earth’s climate
system.

Changes in the current climate could have a num-
ber of adverse effects on the whole world: glaciers
are receding, Arctic ice is melting, sea levels are
rising, the growing season of plants is changing,
and more invasive plant species are emerging. In-
fectious diseases transmitted by animal carriers
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(vectors: insects, rodents, etc.) appear elsewhere
in space and time. Diseases that have already been
overcome may return to Europe, or hitherto unk-
nown diseases may emerge. The frequency and
intensity of heat waves also place a heavy bur-
den on Europe’s population, they are considered
as the most serious risk. Based on experience to
date, these changes cannot be compensated by the
human body under normal conditions. The most
vulnerable are those with chronic diseases and
the elderly over the age of 65. The effects can be
partially prevented by reducing greenhouse gas
emissions, mitigation and facilitating individual
and societal adaptation.

In accordance with the IPCC reports, based on the
climate health studies carried out in Hungary sin-
ce 2000, it has been established that the effects
of temperature and extreme temperature events in
the Carpathian Basin are currently the most im-
portant health risks. This fact is included in the
government decision, adopted in the document of
1384/2014. (VIL. 17.) “Report on Hungary’s na-
tional disaster risk assessment methodology and
its results”.

NPHC’s legal predecessor, the National Center of
Public Health, developed the heat alarm in 2005,
which has occurred 1-6 times per year since then.
The alarm threshold temperature is a daily average
of 25°C, which corresponds to a value measured
at a frequency of 90% during the summer period.
According to the Hungarian definition, a period
when the average daily temperature exceeds the
threshold temperature for at least three consecu-
tive days is considered to be a heat wave. By each
alert the public, as well as health and social care
systems, municipalities and relevant authorities
are well informed. Based on the WHO guideli-
nes and the EU’s “Adapting to Climate Change”
strategy published in 2013, the National Center of
Public Health developed recommendations for the
preparation of heat response plans, which are sub-
mitted to relevant authorities by the public health
network. It should be mentioned that there is no
legislation in force requiring preventive measures
to be taken.

In 2020, the WHO/ECEH updated the recommen-
dations of the 2008 Heat-Health Action Plan. The
supplementary material emphasized the improve-
ment of indoor thermal comfort, with particular
reference to health and social care systems. In the
long run the ventilation and cooling of buildings
needs to be improved both at individual and at ins-
titutional level. Air conditioning in buildings is an
important option, but in the long run this solution
is only recommended using renewable energy.
Although air conditioning reduces heat compla-
ints, Although air conditioning reduces heat-re-
lated complaints, it also reduces the normal capa-
bility to adapt. It should be mentioned that the use
of air conditioning equipment promotes the de-
velopment of other symptoms, e.g. ,,sick building
syndrome” (a term used to describe cases in whi-
ch occupants/workers in a building complain of
acute symptoms and discomfort that appear to be
proportionate to the time spent in the building, but
which cannot be attributed to any specific illness,
or cause, such as difficulty of breathing, fatigue,
irritability, headache, etc.). Improper cleaning and
maintenance can lead to the so-called Legionna-
ires’ disease. (Legionnaires’ disease is a generic
term of human illnesses of varying severity, so-
metimes fatal, caused by environmental bacteria
of the genus Legionella. Legionnaires’ disease is
a respiratory disease that does not spread from
person to person, just through an environmental
aerosol infected with Legionella.) To mitigate the
effects of extreme temperatures, the health care
system must also be prepared with measures to
ensure the health and well-being of both patients
and those working in health care facilities. It is
important to educate health and social care pro-
fessionals about the effects of heat waves and the
special care of vulnerable groups.

The most vulnerable to heat waves are those with
chronic circulatory, metabolic, respiratory, men-
tal illness, the elderly and children, and pregnant
mothers.

The impact of heat waves on mortality varies from
year to year; spatial characteristics can also be de-
tected by examining longer time series. Excess
mortality is mainly determined by the excess tem-
perature above the threshold temperature on days
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warmer than the so-called threshold temperature
with a frequency of 90% for the area. Over the past
15 years, the daily average mortality during heat-
wave days has been increased by 15%, the excess
mortality varied between 20 and 1740 cases, with
an average of 780 cases registered per year betwe-
en 2005 and 2014. On the one hand, the number
of heatwave days is expected to increase in the fu-
ture, and on the other hand, heatwave days will be
warmer due to the expected climate change. Bet-
ween 2021 and 2050, the average annual excess
mortality in each county is projected to increase
by 110-180%, increasing the excess mortality due
to heat by about 150% on average. Between 2071
and 2100, based on today’s demographic and so-
cioeconomic status, climate change will increase
current excess mortality by six to seven times.

Climate change and communicable diseases
IPCC Reports 5 and 6 also confirm that climate
change is expected to affect the spatial and tem-
poral occurrence of certain communicable disea-
ses transmitted by animal vectors (mediators: (in-
sects, rodents) as the habitat of the vectors will
spread.

In Hungary, Lyme disease, transmitted by ticks,
caused by the bacterium Borrelia burgdorferi,
will become more common. There is no vacci-
ne against the disease, but it is easily recognized
by the characteristic red spot around the tick bite
and is well treated with antibiotics. Another im-
portant disease, also transmitted by ticks, is viral
meningitis and encephalitis that can be prevented
by vaccination. The incidence of this disease dec-
reased between 1990 and 2000, but has been inc-
reasing again since 2001. Future frequency may
be increased by mild winters and changes in the
country’s forest cover.

Similarly, an increase in the number of cases of
the viral disease, West Nile fever, transmitted by
the species of mosquito native to Hungary, is ex-
pected. The disease caused a minor epidemic in
Greece, Bulgaria, but also in Romania and Hun-
gary in 2010. The incidence of the disease is expe-
cted to increase in the Carpathian Basin during the
21* century, due to both the increase in extremes
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characteristic to the continental climate and glo-
bal warming. (In 2018 alone, 2,083 human infe-
ctions were registered in Europe. 215 cases were
detected in Hungary).

Another risk is the spread of Chikungunya fe-
ver. One of the vectors of the virus, the Asian ti-
ger mosquito (Aedes albopictus), is present in 12
countries in Europe. It was identified in Hungary
in 2015, in the south-western part of Transdanubia.
According to the current trends of climate change,
due to the warming forecasted to take place by the
middle of the century, but not later than the end
of the century, this mosquito species may spread
throughout the country along with other invasive
species (Ae. Egypti, japonicus, koreicus, etc.).

In the long run, the number of cases of malaria
transported to Hungary, which is also spread by
mosquitoes and causes a serious epidemic prob-
lem in the tropics and the Mediterranean, may
increase. There is currently no locally developed
human malaria infection in Hungary. Today, ma-
laria caused by Plasmodium vivax is endemic in
Greece being the closest to us; it is probable that
this type of malaria will spread to other parts of
the Balkans, including our southern neighbors;
therefore, due to climate change the re-emergence
of temperate zone malaria in Hungary seems pos-
sible in the near future.

The appearance of leishmaniasis spread by psy-
chodidae (sand-flies) should also be mentioned
as a significant threat. This disease is already a
serious problem in tropical and Mediterranean
countries, it also affects dogs. Currently, vaccina-
tions are only available for dogs, not for humans
yet.

An increase in rodent-borne Hantavirus infections
has been observed since the 1990s. It is assumed
that this disease is also spreading across the count-
ry. The number of cases is currently expected to
increase by less than 20 per year.

Impact of climate change on air pollutants

In connection with the more frequent heat waves,
the effect of increasing air pollution during the
so-called “summer-type smog” situations must
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also be taken into account. The meteorological si-
tuation that causes heat waves contributes to the
deterioration of air quality, increasing the amount
of ground-level ozone and fine particulate matter.
Short-term high concentrations of ozone and PM
in the summer increase the risk of deaths due to
all-causes and to cardiovascular diseases.

Impact of climate change on UV radiation
Climate change modifies exposure to UV radiation
in several ways, depending on your geographical
location and current UV exposure. It changes the
distribution of clouds, which affects the amount of
UV radiation reaching the Earth’s surface. Higher
outdoor temperatures affect our dressing habits
and time spent outdoors, all of which can increase
the risk of UV radiation. The 4" IPCC report sta-
tes that changing UV radiation should be treated
as a risk factor for the adverse health effects of
climate change. Excessive UV radiation is asso-
ciated with an increase in the incidence of both
melanoma and non-melanoma type skin cancers.
Excessive exposure to sunlight should be avoided
in accordance with the European Cancer Code, in
line with the EU’s cancer code.

Water hygiene

The main sources of information on the health
risks of pollutants in water are mainly the WHO
Water Quality Guidelines and the EU Directive
2020/2184 on the quality of water intended for
human consumption which many countries fol-
low in drafting their own regulations. During the
implementation, it is very important to apply the
risk-benefit approach, which can be realized in
practice during the drinking water safety planning.
Microbiological or chemical contaminants that
pose a health risk must be taken into account du-
ring water use. The task of environmental health
is to identify the various hazards associated with
use and to ensure concentrations that are benefi-
cial or non-hazardous to human health.

Water pollution of microbiological origin
Microbiological safety is paramount to water qu-
ality, as water-related microbial pathogens cause

many more illnesses and even deaths worldwide
than chemical ones. In Hungary, water-related
diseases are also included in the notification sy-
stem for infectious diseases. The disease surveil-
lance system is complemented by environmental
health surveillance systems (e.g. laboratory tests
on the quality of drinking water or bathing water
provided). A good example of this is the monitor-
ing of SARS-CoV-2 virus particles in wastewater.
NPHC was also involved in the development of
the methodology. From October 2021, monitoring
is mandatory in EU countries.

In Hungary, the most significant event in the last 20
years was the water pollution in Miskolc in 2006,
following the flash-flood, which caused more than
3,000 diseases. Currently, the number of typical
bacterial water-borne infections has declined as a
result of the spread of wastewater treatment and
the improvement of the public health condition.
At the same time, the proportion of diseases cau-
sed by enteric viruses (norovirus, rotavirus, aden-
oviruses, hepatitis A and E) resistant to traditional
water treatment and water disinfection methods is
increasing.

Chemical water pollution

The vast majority of chemical water contaminants
can cause a less common chronic disease after
long exposure, the pathogenic factors of which
often remain hidden, and only modern epidemio-
logical methods can reveal the causal relationship.
The compliance of most chemical parameters
in our domestic drinking water is over 99% na-
tionwide. The most significant health risk in re-
cent decades has been the value of above-the-li-
mit concentration of arsenic in drinking water.
Domestic studies have shown that chronic arsenic
exposure cuased by drinking water poses a sig-
nificant health risk to both skin and lung cancer
and some congenital heart diseases, which, based
on internationally recognized scientific evidence,
justifies the observance of the 10 pg/l limit value,
which is much stricter than before and therefore
disputed by many, and requires significant mate-
rial costs. In 2011, the arsenic content of drinking
water was challenged in 343 settlements, which
had decreased to 143 by 2015. At present, the
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problem can be considered practically solved, in
2020 only 10 settlements in the Southern Great
Plain had the As content of drinking water above
the limit value. In recent years, the assessment of
lead contamination in drinking water has required
much attention.

Health risks of lead contamination in drinking
water

Lead (Pb) is a ubiquitous pollutant and potentially
toxic element. Routes of human exposure: inha-
lation, oral, dermal, food consumption, smoking,
particulate matter, soil. Lead is stored in the brain,
bones, liver and kidneys. The most serious effect
is neurotoxicity, which poses a particular risk to
young children. In adults, cardiovascular damage
and nephrotoxicity are the most severe effects.
Lead exposure has been gradually declining since
the 2000s. In Hungary, blood lead levels were de-
termined in children aged 4-11 years in 2006. The
geometric mean was 30 ug/L. It should be emp-
hasized that the concentration of Pb in biological
samples is declining across Europe and that there
is no safe concentration of lead.

Pb exposure by drinking water is currently a
risk in Hungary. It is known that the quality of
drinking water can vary significantly from water
source to consumer tap. There are secondary pol-
lutants, including lead, the main source of which
is the water distribution network and the internal
network of buildings and flats.

Lead cannot be detected in the drinking water
bases that form the basis of the drinking water
supply or in the public drinking water supply sy-
stems; however, it may enter the drinking water
in excess of the limit value when dissolved from
the substances found in the internal drinking wa-
ter network of the buildings. The main source of
exposure in the internal drinking water network of
old houses is the still exisiting lead pipe network.
As children are considered to be the primary risk
group, it is extremely important to monitor the
lead content of tap water provided in children’s
institutions. According to NPHC tests, the Pb
concentration in 2.3% of the tested samples was
above the limit value (10 pg/L) and 7.7% exce-
eded the target value set by the European Union
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(5 pg/L). From the point of view of reducing the
exposure, it is especially important to inform the
population about the possible risks of the lead
content of drinking water, about their own expo-
sure, and about the possibilities of intervention.
The intake of lead by drinking water can be solved
by a complete overhaul of the lead pipes. Small
drinking water treatment systems can be used as
a temporary solution for lead removal, but not all
types are suitable for reducing the lead content of
tap water to a sufficient degree and safety. Infor-
mation available on the website of NPHC provi-
des assistance regarding this matter.

Nitrate contamination of individual wells

Most of the individual wells are located in an un-
protected, near-surface layer, so surface contami-
nants can easily find their way to the aquifer, i.e.
they enter the water of the well. Although water
quality of individual wells needs to be checked
every 3 years, this is not usually the case. Thus,
there is no comprehensive knowledge and data on
the health risks associated with the use of indivi-
dual wells. Private wells are most often investiga-
ted in the framework of methaemoglobinaemia
prevention, and it is known from these data that
nitrate in the water of most private wells exceeds
the level specified in 201/2001. (X. 25.) Govern-
ment Decision. Therefore, examination of wells
for pregnant mothers using individual wells is still
necessary.
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X. Structure and operation
of the public health system

International public health institu-
tions and their operation

World Health Organisation (WHO)

The World Health Organization is a specialized
organization of the United Nations. The charter
of the organization was adopted in 1946 in New
York, which came into force April 7, 1948. Since
then, April 7 is World Health Day. It held its first
general meeting in 1948, at which the main chal-
lenges of the time were identified, such as fight
against malaria, protection of the health of child-
ren and women, tuberculosis, sexually transmitted
diseases, and global inequalities in nutrition and
health care. The organization currently has 194
member countries, grouped into 6 regions: Africa,
the Americas, Southeast Asia, Europe, the Eastern
Mediterranean, and the Eastern Pacific.

The main mission of the WHO is to improve the
health of the Earth’s population, bring nations
together, assist people in maintaining their health,
safeguard world security, and to protect the vul-
nerable. Its constitution states that equal oppor-
tunities, a fairer world order and an international
health policy would be needed in order to make
promotion of health and fight against diseases ac-
cessible to all peoples. Each year, the WHO Gene-
ral Assembly formulates the world’s health policy
guidelines and budgets, evaluates existing global
programs, and develops new ones (e.g., smallpox
prevention, HIV/AIDS programs, tuberculosis
and poverty eradication programs). Based on the
1996 Global Health Survey, the concept called
“Health for All by 2000” was formulated, the es-
sence of which was that by the year 2000, peoples
of the world would be in a state of health to live an
economically and socially productive life.

Krisztina Juhasz

The WHO has so far declared international emer-
gency six times: in 2009 at the outbreak of the
swine flu, in 2014 at the outbreak of polio, in 2014
and 2019 at the outbreak of Ebola, in 2016 at the
outbreak of the Zika virus, in 2020 at the outbreak
of COVID-19 coronavirus.

European Centre for Disease Prevention and
Control (ECDC)

The Stockholm-based agency, established by the
WHO in 2005, provides central surveillance data
and scientific advice on various communicable di-
seases and their health aspects, as well as on epi-
demics and other public health threats. It works
closely with other European institutions and non-
EU organizations, such as the European Medi-
cines Agency, the European Food Safety Autho-
rity and the World Health Organization. ECDC
operates three basic systems: the Early Warning
and Response System of the European Union
(EWRS), the Epidemic Intelligence Information
System (EPIS) and The European Surveillance
System (TESSy). These systems help perform a
wide range of tasks, including:

* Analysis and interpretation of data from
European Union countries on 52 communi-
cable diseases and related health issues.

* Scientific advice to the EU institutions and
Member State governments.

* Earlyidentification and analysis of emerg-
ing threats to the European Union.

*  Coordination of the European Intervent-
ion Epidemiology Training Program and
the European Public Health Microbio-
logy Training Program.

*  Supporting EU governments in preparing
for epidemics.
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Centers for Disease Control and Prevention,
USA (CDC)

The U.S. Centers for Disease Control and Pre-
vention is a U.S. public health institution based
in Atlanta. The primary purpose of the CDC is to
protect public health and safety through the pre-
vention of disease, injury, and disability in the
United States and worldwide. It pays particular
attention to communicable diseases, food poison-
ing, environmental health, occupational safety
and health protection, health promotion and inju-
ry prevention. In addition to research work, the
CDC provides information on non-communicable
diseases and is a founding member of the Inter-
national Association of National Public Health
Institutes.

History and development of the Hun-
garian public health system

The history of public health in Hungary dates
back almost 300 years. We can speak of organized
public health activity from the 18" century, when
in 1724 the Vienna Government, recognizing the
poor health of the population, obliged the counties
and major cities to employ paid doctors to treat
disadvantaged patients and to perform epidemi-
ological duties. In 1752, Maria Theresa issued
such an imperial decree, which can be considered
the founding document of the Hungarian Medi-
cal Officer Service, which supplemented the phy-
sicians’ responsibilities for the care of patients
with the observation of public health conditions
and the call for the improvement of conditions,
and then entrusted the work to the newly appoin-
ted ,,county physicists”. The first health act was
published in 1770, under which the national chief
physician, whose work in the counties is assisted
by county physicians, may act on behalf of the
county council. The National Public Health Coun-
cil was established in 1868, and in 1874, under
the leadership of Jozsef Fodor, the first Depart-
ment of Public Health at the University of Buda-
pest. After World War I, the National Institute of
Public Health was established in 1927 under the
leadership of Béla Johan, modeled on the Pasteur
Institute in Paris. The modern public health sy-
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stem made it possible to implement and control
organized prevention and to ensure the efficient
operation of health care.

After World War 1II, a decree of the Council of
Ministers of 1951 abolished the medical system
and established the Public Health Epidemic Sta-
tions (KOJAL) on a Soviet model. KOJAL, whi-
ch operated until 1991, was followed by the Na-
tional Public Health and Medical Officer Service
(ANTSZ). According to the Act, XI. of 1991, the
ANTSZ is responsible for the management and
supervision of public health, epidemiology and
health protection activities, as well as the supervi-
sion of health care being a state reponsibilty, and
the performance of this task is entrusted to the ser-
vice under the direct supervision of the Minister
of Welfare. The National Office of the Chief Me-
dical Officer (OTH) was established on January 1,
1998, under the leadership of the National Chief
Medical Officer.

As of January 1, 2011, government offices have
been established in the capital and in 19 counties,
whose organizational units perform various pub-
lic health tasks. Professional and functional tasks
are continued to be managed by the national chief
medical officer. During the reorganization of the
individual background institutions, from 4 April
2017, the OTH became a department of the State
Secretariat for Health, whose national chief medi-
cal officer duties were performed by the Deputy
State Secretary. On October 17, 2018, the Natio-
nal Public Health Center (NNK) was established
as the legal successor of the State Public Health
and Medical Officer Service (ANTSZ) under the
leadership of the National Chief Medical Officer.

Structure of the Hungarian public
health system

Activities carried out with the participation of
public health, state and local government bodies,
economic and non-governmental organizations,
as well as individuals, primarily aimed at popu-
lation groups and communities. Its main goal is
to protect and improve health, prevent disease,
injury and disability. At present, the participants
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of the public health system in Hungary can be
identified on three levels. The national level is
represented by the Ministry of Human Resources
and the central office under its direct control, the
National Public Health Centre (NNK). According
to Government Decree 385/2016 (XII.2), the na-
tional chief medical officer participates in the pro-
fessional preparation of the decisions necessary
for exercising ministerial powers. The decree lists
in detail the public health responsibilities of the
NNK and county government agencies. Other ac-
tors in the public health structure include commu-
nity-based health promotion offices, local gover-
nments, practices, group practices, and the health
visitor system. Coordinated operation of the orga-

nizational units at different levels of operation is
essential in the performance and organization of
public health activities. (Figure 1)

Bodies operating at the national level and the-
ir role in the public health system

Ministry

The central government plays a key role in Hun-
gary’s public health system. The Ministry of Hu-
man Resources (EMMI) is responsible for fields
related to the health of the population, such as
health care, public health, social affairs, support
for social mobility and equality, culture and edu-
cation, sports, family and adolescent affairs, reli-
gion and non-governmental organizations. Accor-

Ministry of Human Resources

participation in prefessional management

National Public Health Centre

Department of Health Administration

Epidemiology and Infection Control

Laboratory

Department of Microbiological Reference

Division

Department of Chemical Safety and

Component Authorities

Department of Occupational Hygiene

Department of Pudlic Health Laboratory

and Occupational Health

Department of Public Health Strategy,

Department of Radiology and Radiohygiene

Department of Public Health

Health Promotion and Health

Department of Screeninig

Public Health Departments of the

County/Capital Government Office

distric Offices

Public Health Department of District/Capital

Manegement

Health Promotion Offices i

GP practices and group practices

Health visitor system

Local governments

Figure 1.: Structure of the Hungarian public health system
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ding to the EMMI regulation 15/2017 (IV.3), the
tasks of the ministry include the development of
public health strategies, definition of goals and
priorities at the national level, coordination of the
implementation of the goals defined in the stra-
tegies, and the representation of health aspects
in all policies. The Secretary of State for Health
exercises professional, political control over pub-
lic health tasks.

The organizational unit, headed by the Deputy
Secretary of State, for professional management
of health care is the Department of Public Health,
which prepares professional proposals for public
health legislation and regulatory instruments. The
Department of Public Health performs coordina-
tion tasks in the fields of health promotion, health
education, epidemiology, child, family and ado-
lescent health care, mental health, smoking, drug
and alcohol use.

Professional College, as the professional body of
the Minister responsible for health, provides ad-
vice, recommendation and opinion in the field of
health care. In addition, the Hungarian Associa-
tion of Public Health Training and Research Ins-
titutions, the Scientific Society for Public Health,
the Hungarian Society of Hygienists, the Hunga-
rian Dietitic Association and the Association of
Hungarian Health Visitors play a research and ad-
visory role.

National Public Health Centre (NNK)

The NNK is a central budgetary body under the
direction of the Minister for Human Resources,
headed by the National Chief Medical Officer
who is appointed by the Minister for Human Re-
sources. His/Her work is assisted by the Deputy
National Chief Medical Officers, who are also ap-
pointed and dismissed by the Minister.

The NNK performs the assigned tasks in the fields
of public health (environmental and municipal
health, including spa health, food health, nutri-
tion health, radiation health, health compliance of
cosmetic products, chemical safety, children and
adolescent health), epidemiology, health promo-
tion (health protection, health education and ma-
intenance, organization and coordination of pub-
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lic health screenings, health monitoring, including
epidemiology of non-communicable diseases,
health impact assessment), health administration
and coordination, and occupational medicine and
hygiene. It operates and maintains laboratories
accredited for certain activities.

Participates in the performance of tasks related to
projects financed by the European Union and in
the maintenance of projects subject to the mainte-
nance obligation. Operates and develops professi-
onal IT systems required to perform public health
tasks of the government office and the district offi-
ce, as well as the NNK (7able 1).

Epidemiological Surveillance

EFRIR
System and IT System

¢GEN Ope.ra.tlng Llcens§ Registry and
Decision Generating System

HENYIR Human Resources Registration
System

IRMA-ETEL Filing and unit registration
programs

KBIR Chemical Safety Professional
System

NG Energy and nutrient calculation
program
A program for recording checks

NVT .
for the protection of non-smokers

OSAP Nationgl Statistical Data
Collection Program

OSZIR National Professional Information
System

OSZR Oncology Screening System

< TEK Territorial Supply Obligation

Register

Table 1.: Professional IT systems
operated by NNK

Departments under the direct supervision of
the National Chief Medical Officer Department
of Health Administration

The department operates in Budapest, Debrecen,
Gyor, Kaposvar, Miskolc, Szeged and Veszprém.
Its organizational units are the Department of
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Health Authorities and the Department of Profes-
sional Supervision.

The department keeps records of healthcare pro-
viders, authorizes and monitors healthcare provi-
ders with inpatient specialist care, inpatient and
concurrent outpatient specialist care, rescue servi-
ces, patient transport, health care for events, blood
supply, hemodialysis, cell and tissue banking, in
vitro fertilization activities, genetic counseling
and molecular genetic laboratory diagnostics ser-
vices. If necessary, it shall decide on the specia-
list care capacities, areas of care and reallocation
of all public health care providers. It investigates
complaints and public interest complaints filed
against health care providers licensed by the na-
tional chief medical officer. It makes proposals to
the owner and the financier regarding the estab-
lishment, development and termination of health
care institutions, as well as to the organizational
and management measures for the improvement
of care at all levels of the health care system. It
exercises professional supervision over the acti-
vities of health care providers. It gives an opinion
on modifications concerning the organization and
tasks of health care institutions, as well as the pro-
posals for the establishment of district boundaries
for health visitors.

Performs official duties related to licensing medi-
cal research on humans. It gives its consent to the
transport of organs and tissues from Hungary to
abroad and from abroad to Hungary, as well as to
the performance of official tasks related to organ
transplantation, if necessary.

It organizes and coordinates nursing supervision
activities within the government office and the
district office, and mediates the uniform professi-
onal guidelines. It professionally manages, super-
vises and evaluates the implementation of health
visitor tasks.

Department of Microbiological Reference La-
boratory

The National Reference Laboratory operating in
the department and the WHO Reference Labora-
tories are responsible for the implementation of
special diagnostic procedures, professional met-

hodological development and consulting. In the
field of epidemiological virology, bacteriology,
mycology and parasitology, the diagnostic, cli-
nical and epidemiological microbiological labo-
ratory tests of infectious diseases are performed
among the Hungarian laboratories with the hig-
hest level of methodological preparedness.

Department of Public Health Laboratory

The department participates in the performance
and coordination of environmental health (De-
partment of Environmental Health Laboratory)
and toxicology (Department of Toxicology La-
boratory) tasks. It participates in the manage-
ment of studies, evaluations and methodological
developments aimed at the quality of environ-
mental elements and other media (water, soil,
air, and wastes). It performs chemical, microbio-
logical, toxicological and ecotoxicological stu-
dies. In addition to developing testing methods,
it participates in the preparation of legislation in
this field. Prepares professional guides, circulars,
brochures; maintains regular contacts with other
professional institutes, organizes proficiency tests
for domestic testing laboratories. At the national
and international level, it carries out scientific
cooperation and participates in domestic and in-
ternational research networks, infrastructures and
scientific tenders.

Department of Radiobiology and Radiohygie-
ne

In order to achieve the public health goals inclu-
ded in the legislation, the department perfor-
ms radiohygiene and radiation protection tasks.
During its activity, it studies the biological and
health effects of ionizing and non-ionizing radia-
tion, examines the factors involved in individual
radiation sensitivity, both in terms of radiation
protection and radiation therapy. It makes propo-
sals for the regulation of radiation protection at
workplace, thereby drafting regulations, standar-
ds, methodological letters, and guidelines for the
implementation of legislation.

Department of Public Health
The department performs professional tasks in
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the field of environmental and municipal health
care, food and nutrition health, health complian-
ce of cosmetic products, climate change, children
and adolescent health, and public health aspects
of spas. It provides professional management of
government offices and district offices, compre-
hensive and targeted inspection of county govern-
ment offices. It participates in the review and pre-
paration of legislation in order to enforce public
health competencies.

Its two main organizational units are the Depart-
ment of Municipal Health, Climate Change and
Environmental Health Analysis and the Depart-
ment of Food, Nutrition, Children and Adolescent
Health.

Epidemiology and Infection Control Division
With regard to official tasks in the field of epide-
miology, the department:

e monitors the development of the epidemi-
ological situation in the country. If neces-
sary, it shall propose the ordering of a major
epidemic event or measures to be taken in
order to eliminate the epidemic threat or ep-
idemic. It provides information on the cur-
rent epidemiological situation upon request.

e operates disease-specific surveillance.

e collects and registers data on the comple-
tion of age-related vaccinations received
through a joint database with the district
offices and the capital city and county gov-
ernment offices, analyzes and evaluates the
performance of vaccinations, as well as the
vaccination-related activities of govern-
ment offices.

e works with other sub-departments in the de-
partment to monitor adverse events follow-
ing vaccination (AEFV).

e compiles an annual vaccination methodol-
ogy letter.

o liaises with the WHO’s epidemiological
management and coordination departments.

With regard to the quality control of immunobio-
logical preparations, the department:

e assists as an expert on immunobiological

products (viral vaccines, bacterial vaccines,
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blood products, allergens) if requested by
the Pharmaceutical Authority.

e prepares an expert opinion on the quality of
medicines upon request.

With regard to infection control and hospital epi-
demiology, the department:

e monitors hospital hygiene / infection con-
trol activities and the epidemiological situa-
tion of healthcare associated infections.

o liaises with representatives of the ECDC,
the WHO and the European Commission
and monitors their recommendations for
infection control and makes recommenda-
tions for their implementation in Hungary.

e performs the secretariat tasks of the Nation-
al Infection Control and Antibiotic Commit-
tee, and supports its activities with profes-
sional proposals,

e operates the National Nosocomial Surveil-
lance System (NNSS);

e studies the situation of antimicrobial resis-
tance and the use of antimicrobials in Hun-

gary.

With regard to disinfection, disinsection, deratiza-
tion and official tasks, the department:

e develops and manages monitoring and sur-
veillance systems for key indigenous and
invasive vectors.

e on notification, is kept informed of the pub-
lic health damage caused by the occurrence
of the health pests that spread the disease
and of the measures taken to eradicate them.

e participates in the necessary measures taken
against health pests upon request, in order
to prevent or handle a natural disaster, other
extraordinary event, epidemic or epidemic
threat.

e participates as an expert in the review pro-
gram of biocidal active substances and in
the evaluation of the effectiveness of disin-
fectants, pesticides and repellents.

e performs the microbiological qualification
tests required before the market release of
sterilization and disinfection equipment, as
well as the equipment already in operation
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at specified intervals.

e plans the national quantities of vaccines
required for vaccination in the national im-
munization program and to prevent the risk
of disease and providing epidemiological
reserves.

e provides expertise in the subject of public
procurement in public procurement proce-
dures for the procurement of vaccines. It
registers the vaccine procured, and distrib-
utes and delivers it to government agencies
and district offices.

Department of Chemical Safety and Compe-
tent Authorities

In its capacity as authority, it coordinates the
implementation of EU chemicals regulations at
Member State level, such as those on industrial
chemicals. It participates in the authorization of
biocidal products. It operates information services
(helpdesks) in connection with their statutory ob-
ligations to the industry concerned. It operates the
Health Toxicology Information Service (ETTSZ),
which provides information on what to do in case
of acute poisoning on a toll-free number 24 hours
a day.

Department of Occupational Hygiene and Oc-
cupational Health

In the field of occupational health, the department
performs professional-methodological, profes-
sional management, scientific research, training,
upskilling training and preventive basic institutio-
nal tasks.

Among its core activities to be performed as a sta-
te task, it participates in:

o the substantiation of governmental decisi-
ons and strategies related to occupational
hygiene and occupational health activities,
and in related surveys.

o scientific tasks related to the improvement
of the health of employees and the prevent-
ion of diseases.

e the process of harmonization of commu-
nity law and decision-making related to
the European Union. It is also involved in
solving tasks related to the implementation

of domestic and European Union programs
related to occupational health.

In the framework of its core activities, it performs
the following tasks:
e basic and specialist occupational health
care tasks;
e specialist examination, review and treat-
ment of occupational patients;
e assisting in the occupational health profes-
sional activities of the regional occupatio-
nal safety inspectorates.

Department of Public Health Strategy, Health
Promotion and Health Monitoring

The department is responsible for the professional
supervision related to the preparation and imple-
mentation of assigned projects. Its tasks can be
divided into three main groups: health promotion
and health preservation (Department of Health
Promotion), health monitoring (Department of
Health Monitoring), and strategic and coordina-
tion tasks related to public health.

Department of Screening Management

Among its general tasks, it organizes and coordina-
tes targeted screening for public health purposes.
It proposes changes for development and contri-
butes to their implementation in accordance with
uniform guidelines. It prepares and continuously
develops the screening strategy of NNK, in con-
nection with which it prepares professional poli-
cies and guidelines. It initiates their development
and contributes to its commenting, mediation and
implementation. Its two main organizational units
are the Department of Screening Program Mana-
gement and the Department of Screening Coordi-
nation for Public Health.

Bodies operating at the county level and their
role in the public health system

Metropolitan and county government offices are
the government’s territorial administrative agen-
cies with general powers. The 20 government
offices, which form the largest units of the territo-
rial administration, operate in the county capitals,
and in the case of the capital and Pest county, in
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Budapest. The metropolitan and county gover-
nment offices consist of organizational units di-
rectly headed by a government agent, as well as
district and, in the capital, metropolitan district
offices. District (metropolitan district) offices are
the smallest units of the territorial administration.
They operate in 174 cities and 23 districts in Bu-
dapest. Their basic task is to manage the public
administration matters referred to their competen-
ce.

Public health tasks of the government office:

e Management, coordination and professional
supervision of the professional activities of
district offices.

e Exercising official authority in legally spec-
ified matters.

e Perform tasks related to:

» the field of public health (food health,
nutrition health, environmental and
municipal health, radiation health,
health compliance of cosmetic prod-
ucts, chemical safety, child and adoles-
cent health), for which it may operate a
chemical, radiological, bacteriological
and aerobiological testing laboratory;

» the field of epidemiology, for which it
may operate an examination laboratory;

» the field of health promotion (health
protection, health education and pres-
ervation, organization and coordination
of public health screenings, health mon-
itoring);

» the field of health administration and
coordination.

e Carrying out tasks related to the operation
of professional supervision over health care
providers under legislation.

e Performing official duties in relation to in-
fection control responsibilities of healthcare
providers.

e Developing public health programs to main-
tain the health of the population and then
participate in their implementation.

e Performing radiation health tasks.

e Exploring public health and epidemiologi-
cal risks and performing official tasks in re-
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lation to ports handling international cargo
or passenger traffic and international com-
mercial airports.

Secondary proceedings in official matters
regarding public health, where the district
office acted in the primary proceeding.

The public health tasks of the district office

are:

Carrying out the licensing procedure for
providing health care services and issue op-
erating licenses.

Keeping reports and records related to in-
fectious diseases. Carrying out epidemio-
logical investigations and measures in case
of reported infectious diseases and epidem-
ics.

Ordering age-related mandatory continuous
vaccines and vaccination campaigns. En-
suring proper distribution of vaccines and
statutory administration of vaccines.
Keeping vaccine records. Ordering a per-
son to be vaccinated if he or she does not
comply with the law.

Investigation of public complaints regar-
ding the proliferation of health pests.
Initiation of official inspections in the field
of municipal and environmental health.
Carrying out public health inspections of
drinking water supply facilities and, in cer-
tain periods, swimming pools and taking
official measures.

Issuing official permits for the deceased and
burial.

Participation in the permission process for
sites subject to notification and licensing.
Receiving customer reports on activity or
changes in activity with hazardous substan-
ces and mixtures.

Controlling the marketing of food supple-
ments, foods for particular nutritional uses
and cosmetics in any commercial form. In
case of suspicion of possible health damage,
sampling of the preparation for accredited
laboratory testing.

Carrying out health checks on food and
nutrition.
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e Inspection of public health requirements for
nurseries, kindergartens, primary and se-
condary schools, summer camps.

e On-site inspection prior to the operation of
a family daycare center and issuing public
health resolution. Continuous public health
monitoring of family day care facilities alre-
ady in operation.

e Controls related to the protection of
non-smokers.

e Organizing and conducting health promo-
tion programs.

e Fetal protection, family planning and prena-
tal counseling by health visitors within the
framework of the Family Protection Servi-
ce.

e Providing professional supervision over
health visitors in the fields of district health
visitors and school nurses by the district
chief health visitor.

e The district chief health visitor performs
professional supervision of general practit-
ioners and paediatricians, basic dental care,
occupational health care, home nursing ser-
vices, hospice nursing services, outpatient
specialist care, professional activities and
social institutions operating in the area of
competence of the district office.

Organizations at Community level and their
role in the functioning of the public health
system

Other actors in the public health structure are the
health promotion offices responsible for providing
community health promotion services, as well as
the practices, group practices, and the health visi-
or system responsible for providing health promo-
tion services for individuals. Local governments
play an important role in maintaining health pro-
motion institutions and developing strategic plans.

Health Promotion Offices (EFI)

Health promotion offices are key players among
Hungarian health promotion organizations. They
were established from 2013 onwards. There are
116 offices in a total of 61 districts that provide
free health promotion services in the proximity.

Professional management and coordination of
offices are performed by the NNK. Their area
of operation is the district, which has an avera-
ge population of between 50 and 100,000, but the
districts show significant differences in geogra-
phical coverage, urbanization, economic develop-
ment and population.

Basic objectives of establishing EFIs were to sup-
port cardiovascular and cancer disease prevention,
reduce early and preventable mortality, improve
health-determining lifestyles and habits and atti-
tudes that affect health, and to raise public health
awareness. The tasks of the health promotion offi-
ces are the implementation lifestyle change prog-
rams and community-level health education and
development programs in various settings (muni-
cipal, workplace and school settings), monitoring
health promotion activities in the district, impro-
vement of the cooperation between health promo-
tion organizations and networking organizations.

GP practices and group practices

Within the framework of primary curative-pre-
ventive care, tasks of general practitioners include
advising the population and mobilizing them for
targeted screening for certain public health pur-
poses, examination of the patient, medical treat-
ment, medical rehabilitation and, if necessary, re-
ferral to a specialist or inpatient examination and
medical treatment. The GP is also responsible for
public health, epidemiology and health promotion
tasks such as vaccination, infectious diseases, per-
sons, vectors, food poisoning, and participation in
health education and awareness.

Health visitor system

The health visitor system plays a particularly im-
portant role in supporting healthy development of
fetuses and children, in raising health awareness
of families and the population, and in influencing
health-damaging habits, and thus in carrying out
preventive public health tasks in the proximity of
people’s homes.

Within the framework of the health visitor sys-
tem, a special system of senior health visitors has
emerged: regarding the professional guidance and
supervision of health visitors, the senior district
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health visitors operate in the district and capital
district offices, senior capital district health visi-
tors manage regional and school health visitors,
while in county government offices the senior
county health visitors manage these tasks, and in
hospitals, family protection services and senior
district health visitors are managed by the capital
head health visitors.

In 2013, an organized cervical screening program
by health visitors was introduced nationwide to
increase access to cervical screening for public
health purposes and to ensure close proximity to
home. Following projects involving training and
further training in cervical screening for health
visitors, the program has been integrated into the
responsibilities of regional health visitors, with
the result that nearly 1,500 health visitors can per-
form cervical cancer screening nationwide.

Local governments

Local governments at the municipal level have a
dual role in health promotion. On the one hand,
they are obliged to prepare a settlement devel-
opment plan every five years, which must also
include health promotion and community buil-
ding interventions. On the other hand, the local
government plays a role in the health promotion
framework, as it maintains several institutions
that deal with health promotion.
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