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PREFACE 

Epidemiology as the core discipline of Public Health contributes substantially to 
knowledge about the health and health related problems, causes and risk factors in 
populations on local, national and international levels.  Public health is accountable for 
putting this knowledge more fully to work by setting goals, devising strategic plans and 
policies, implementing targeted actions, and documenting their impact in improving 
the health of populations.   Public health and its priorities are in the book „Epidemi-
ology for Study of Public Health -Volume 1“presented from evolutionary and epide-
miological points of view with respect to demographic aspects (growing and ageing of 
populations in different WHO regions), economics (impact of resources) up to natural 
(vectors, global warming, etc.) and social (poverty, risk behavior, etc.) factors which 
could play role in the epidemic process of various infections. The aim of this textbook 
is to present to the reader a general picture and the main ideas of the subject with 
historical background as well as to provide fundamental information to bring each stu-
dent up to a necessary starting point for studying epidemiology of infectious diseases 
on the biological concepts of causative agents and hosts on evolutionary basis.  Our 
aim is to introduce the reader into key approaches to study, control and prevent main 
groups of communicable diseases (air-borne, intestinal, arthropod-borne, skin and mu-
cosae), nosocomial infections with basic methodological aspects of their epidemiology. 
Furthermore, we give insight into the epidemiology of the classes of infectious diseas-
es characterized by their dominant modes of transmission with updated information 
about occurrence, geographical distribution and further plans for health programs and 
tools (information systems) and preventive measures. 

Special concern is global health. Global health reflects the realities of globalization, 
especially the increased movement of persons and goods, and the global dissemina-
tion of infectious and noninfectious public health risks. In the present „epidemiologic 
transition“, due to improvement, especially in developed countries, in living standards, 
basic services, nutrition, food security, access to potable water and sanitation, mater-
nal and child health interventions  and good control  global death rate of infectious  
diseases has been decreasing. Dominant causes of deaths are now chronic non-com-
municable diseases. People died of communicable diseases in about quarter of global 
deaths in 2011, predominantly in low-income countries mainly in childhood. The major 
killers were pneumonia, diarrheal diseases and malaria. About 40% of deaths occurred 
in neonatal period (complications of childbirth) and also maternal deaths are still unac-
ceptably high.                                                                                                           

However, focus on infectious diseases remains necessary to save lives and to prevent 
their global spread or recrudescence. Many groups of diseases meriting global health 
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attention are among those that are epidemic prone or vaccine preventable. Major and 
persistent infectious disease threats are emerging and reemerging diseases including 
malaria, tuberculosis, Ebola HIV/AIDS, hantavirus infections, infections caused by new 
viruses (SARS, MERS, H5N1 and  H7N9 avian influenza viruses, pandemic new H1N1/ 
2009 influenza virus) and 17  neglected tropical diseases (including yellow fever, den-
gue, etc.). The second decade of this century has been designated as the decade of vac-
cines. Annually, about 2.5 million deaths of children from vaccine-preventable diseases 
can be saved by strengthening routine vaccination services and using new vaccines 
against rotaviruses, viral hepatitis B, HPV infections, pneumococcal and meningococcal 
infections.                                                                    

Surveillance and laboratory capacity through strong national public health authori-
ties are essential components of functioning health systems. Ensuring ability to detect, 
investigate, diagnose, and rapidly contain public health events of concern wherever 
they occur requires commitment to global health capacity development in all countries 
and widespread supportive public health programs and networks.  Applications of mo-
lecular biology in infectious disease epidemiology contributed to identification and 
characterization of many organisms, their circulation within population, understand-
ing of natural history and epidemiology of diverse infections in humans and animals 
with impact in medicine and public health. Molecular tools expand the knowledge of 
microbial epidemiology for surveillance at the genetic level.             Good examples of 
application of epidemiologic methods are measures and high control in many common 
community and nosocomial infections with good preventive strategy and long-term 
surveillance.  Only intensive broad surveillance of vaccine preventable diseases and 
international health programs (directed by WHO, ECDC, CDC, etc.) can contribute to 
effective control, elimination (measles, rubella, neonatal tetanus) and even eradication 
of some diseases (smallpox, poliomyelitis). In this sense health programs, international 
cooperation under WHO control, multisectorial collaboration, better prevention and 
promotion of global health are very important.

 The authors hope that this book will help students in the Master of Public Health 
Program to better prepare for their study and practice in the broad field of public health 
by using general principles of epidemiology of infectious diseases for their control and 
prevention.

Bratislava, July 2015                                                                   Margita Spalekova         
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1. EPIDEMIOLOGY  AND  PUBLIC HEALTH 

1.1 Epidemiology – characteristic, aims 

Epidemiology is medical discipline dealing with health and illness in human popula-
tions and all factors which can influence the occurrence of diseases resembling current 
concepts, and approaches to understand the epidemiology of infectious diseases and 
non-communicable diseases. Epidemiology is the study of the patterns, causes, and ef-
fects of health and disease conditions in defined populations. Various types of epide-
miological studies have been used to elucidate the spectrum of disease resulting from 
many agents and conditions, e.g. cohort studies for detection of high blood pressure 
and stroke or case-control studies for rubella infection and congenital malformation.

 Goals of epidemiology
- to study distribution of health and illness (communicable and non-

communicable) in  
- human population (s)
- to study determinants (factors) that influence and condition the distribution 

of illnesses
- to identify appropriate measures to control the disease and reduce its 

frequency
- to control efficacy of the proposed   measures
- prevention of health problems (primary and secondary)

1.2 Epidemiology and public health

 Epidemiology is often called the core science of public health, which studies the 
distribution and determinants of diseases in human populations. 

Public health is the science and art of preventing disease, prolonging life and pro-
moting health through the organized efforts of society. The goal of public health is the 
biologic, physical and mental well-being of all members of society.  Public health identi-
fies measures and monitors community needs through surveillance of a disease and risk 
factors trends. Analysis of these trends and the existence of a functioning health infor-
mation system provide the essential information for predicting or anticipating future 
community health needs. In order to ensure the health of the population it is necessary 
to formulate, promote and enforce health policies to prevent, to control a disease and to 
reduce the prevalence of factors impairing the health of the community. These include 
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policies requiring reporting of highly transmissible diseases and health threats to the 
community and control of environmental hazards. Thus, an essential function of public 
health is to effectively plan, manage, and administer cost-effective health services, and 
to ensure their availability to all segments of society.

Preventing and reducing the spread of infectious disease among humans and basis 
for prevention of chronic (non-communicable diseases) is an essential function of epi-
demiology and public health. 

Epidemiology integrates knowledge of various medical disciplines, mainly preven-
tive, such as hygiene (environmental influences) and social medicine (social aspects asso-
ciated with disease occurrence). In collaboration with microbiologists, infectious disease 
epidemiology characterizes the features of the pathogen (its virulence, pathogenicity, re-
sistance) and specifies different molecular subtypes and strains of the pathogens. Further 
medical disciplines, such as microbiology and immunology give knowledge basis for per-
forming measures (disinfection, vaccination) or preparing vaccines and control immune 
status of the immunized population. Studying other diseases, entomology (vector borne 
infections) and zoology (for zoonotic reservoirs) are very helpful for proposal of specific 
prevention. Infectious disease epidemiology also identifies population groups vulnerable 
to specific infections for targeted prevention and intervention measures.

 Further task is to assess the expansion and transmission routes of the infectious 
pathogens in human population, investigation the nature of transmission, probability 
of contact between the infected and susceptible persons evaluating the frequency and 
intensity of it to determine the risk and protection (preventive measures). The field of 
epidemiology was initially concerned with providing a methodological basis for the 
study and control of population epidemics. Outbreaks investigation includes verifying, 
confirming the diagnosis, developing a case definition and case finding, describing the 
data in terms of time, place, and person, identifying risks, formulating and testing of a 
hypothesis, planning for further studies, establishing control measures, and communi-
cating the findings to prevent larger epidemics. 

Various types of epidemiological studies have been used to elucidate the spectrum 
of disease resulting from many agents and conditions, e.g. cohort studies for detection 
of high blood pressure and stroke or case-control studies for rubella infection and con-
genital malformation.

Over the last century, infectious diseases have lost a lot of their threat to the health of 
populations living especially in industrialized countries. The sustainable control of in-
fectious diseases was also accompanied by an impressive rise of life expectancies which, 
in turn, gave chronic non-communicable diseases the opportunity to increase in quan-
tity and importance for public health. This so-called epidemiological transition may 
have resulted in the fact that infectious diseases have become somewhat marginalized 
in the developed world. Now, however, epidemiology has much broader scope, includ-
ing the study of acute and chronic diseases, the quality of life, quality of health care.

 

1.3 Epidemiology versus clinical medicine

Epidemiology is different from clinical medicine:
- the target of epidemiology is the health of  population/groups with common 

risk factor, while clinical medicine is targeted to certain disease in individuals 
- focus on prevention of health disorders vs. treatment of   patient´s disease
- dealing with causes of infections and factors of their spreading in population 

and their impact on population, while clinical medicine deals with the causes 
of individual disease.
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1.4 Mathematical modelling in epidemiology

Mathematical models help to better understand the transmission dynamics and 
spread of infections, to identify the factors in this process, as well as multifactorial con-
tribution to chronic diseases to develop effective control strategies, and to evaluate 
the effectiveness of surveillance strategies and intervention measures. Model calcula-
tions in combination with health economic analyses support public health experts and 
policy makers in designing effective public health policy to protect populations from 
diseases. 

1.5 Clinical epidemiology

Clinical epidemiology uses epidemiologic principles and methods in clinical prac-
tice targeted  to  “population“  of patients  suffering from the certain disease. This serves 
for acquiring knowledge about the disease applicable in treatment of individual pa-
tients, e.g. effectivity of some treatment approaches, control of persistence of convales-
cent carriership.

 

1.6 Genetic epidemiology

Specifically, “genetic epidemiology” has been used for epidemiology of germline ge-
netic variation and disease. Genetic variation is typically determined using DNA from 
peripheral blood leukocytes. Since the 2000s, genome-wide association studies (GWAS) 
have been commonly performed to identify genetic risk factors for many diseases and 
health conditions.

1.7 Molecular epidemiology

In the late 20th century, with advancement in biomedical sciences, a number of mo-
lecular markers in biological specimens and environment were identified as predictors 
of development or risk of certain disease. Epidemiology research to examine this rela-
tionship between biomarkers analyzed at the molecular level and disease was broadly 
named “molecular epidemiology”. Molecular epidemiology is the discipline that com-
bines molecular biology with epidemiology so that molecular techniques are taken into 
account during study design, conduct and analysis.

Molecular biology is the study of biology at the molecular level, which translates to 
studying deoxyribonucleic acid (DNA), proteins, and metabolites of biological process-
es. Tests of DNA, the genetic code, look for genetic variations that can uniquely identify 
an organism, or variations that are associated with health and disease. Molecular biol-
ogy can contribute to the testing of hypotheses about transmissibility and rate of evolu-
tion, and follow mobile genetic elements conferring antimicrobial resistance between 
strains within or between species.

Molecular tools enable to discover microorganism, virulence, a particular subtype 
across time and space, origin of microbe and test theories about reservoirs and evolu-
tion of particular pathogens. In addition, they allow following the emergence of new 
infections and germs crossing species. Molecular typing enhances case definitions and 
reduces misclassification. Molecular tools increase understanding of the epidemiology 
of various diseases and facilitate outbreak investigation (description of the transmis-
sion, carriage, effective contacts) and enhance surveillance system. 



The central dogma of genetics states that information flows from DNA → RNA → protein, and 
not in the reverse direction. DNA can be translated to protein through transcription to messen-
ger ribonucleic acid (mRNA). Protein structure largely determines protein function, so studies 
of structure are essential for understanding the underlying biology and for identifying targets for 
intervention. Measuring protein directly is desirable, although much more challenging. Proteins 
corresponding to different disease stages can be used for diagnosis and as prognostic factors 
and also indicate host response to infection with a specific microorganism, and vice versa.  Many 
small molecules (metabolites) such as lipids and carbohydrates vary in health and disease and 
it is likely that they could be useful diagnostic tools and prognostic indicators giving additional 
information on the host–microorganism interaction. Several chronic diseases, such as diabetes, 
cardiovascular disease, and bone tissue loss, are monitored using biomarkers of metabolism. 

Human DNA or microbial DNA can be isolated from a variety of specimens (blood, saliva, tis-
sue) for detecting human gene variants, which can then be related to disease. Thus, the ability to 
identify microbes by genetic sequence alone, without growing it first, the presence of microbial 
virulence or resistance genes enhanced detection in clinical and epidemiologic applications for 
management of patient and field operations. 

Typing methods fall into two broad categories: phenotypic methods and genotypic 
methods. Phenotypic methods are those that characterize the products of gene expres-
sion to differentiate strains according to biochemical profiles, bacteriophage types, 
antigens present on the cell´s surface, and antimicrobial susceptibility profiles. These 
properties all have a tendency to vary based on growth conditions, growth phase, and 
spontaneous mutation. 

Genotypic methods are those that are based on an analysis of the genetic structure 
of an organism and include polymorphisms in DNA restriction patterns based on cleav-
age of the chromosome by enzymes. Nucleic acid-based technology has the potential 
to become one of the most powerful tool in clinical microbiology. Genotypic methods 
include electrophoresis, hybridization in situ, blotting methods, sequencing,  several 
variations of PCR (polymerase chain reaction).

References:

1. Bakoss P. (Ed.). Epidemiology, 4th ed. Bratislava, Comenius University Press, 2013, 
520 p.

2.Detels R. The scope and concerns of public health. In: Detels R., Beaglehole R., Lan-
sang MA, Gulliford M. (Eds.). Oxford Textbook of Public Health, New York: Oxford 
University Press Inc., 5th edition, 2009: Vol.1, 3-20. 

3. Detels R. Epidemiology: The foundation of public health. In:  Detels R., Beaglehole 
R., Lansang MA, Gulliford M. (Eds.) Oxford Textbook of Public Health, New York: 
Oxford University Press Inc., 5 th edition,  2009: Vol.2, 447-453. 

4. Foxman B. Molecular Tools and Infectious Disease Epidemiology, San Diego: Aca-
demic Press, 2012: 215p

5. Procop GW. Molecular Diagnostics for the Detection and Characterization of Micro-
bial Pathogens, Clinical Infectious Diseases 2007; 45:99–111
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2. HISTORY OF EPIDEMIOLOGY

Epidemiology, literally meaning “the study of what is upon the people”, is derived 
from Greek epi, meaning “upon, among”, demos, meaning “people, district”, and logos 
meaning “study, word, discourse”, suggesting that it applies only to human populations. 

The term “epidemiology” appears to have first been used to describe the study of epi-
demics in 1802 by the Spanish physician Joaquin de Villalba in Epidemiologia Española.

For thousands of years are dated efforts to create a rational scientific theory of dis-
ease causation, men have endeavored to combine observations, experimental facts, 
speculations and theoretical inferences into theories that would explain the occur-
rence of communicable disease and provide a rationale for their prevention and con-
trol. The history of disease and the history of epidemiology are, moreover, basic to an 
understanding of the development of community action in the interest of health.

Initially, epidemiologic knowledge advanced slowly, with large segments in time 
where little or no advancement in the field occurred. For better imagination of the his-
tory of epidemiology we can recognize at least four eras:

2.1 Era of empiric epidemiology

Greek physician Hippocrates (460–377 BC), known as the father of medicine, and 
the first epidemiologist who attempted to explain disease occurrence from a rational 
viewpoint and examined the relationship between the occurrence of a disease and 
environmental influences. He was the author of humoral pathology. Hippocrates be-
lieved that the body was composed of four humors: phlegm (earth and water atoms), 
yellow bile (fire and air atoms), blood (fire and water atoms), and black bile (earth and 
air atoms). Sickness was thought to be caused by an imbalance of these humors, and 
fever was thought to be caused by too much blood. The treatment of fever reduced the 
amount of blood in the body through bloodletting or the application of bloodsuckers 
(leeches). Imbalances were ascribed to the change in the body’s constitution. Climate, 
moisture, stars, meteorites, winds, vapors, and diet were thought to cause imbalances 
and contribute to disease. Diet was both a cause and cure of a disease. Cures for illness 
and protection from disease came from maintaining a balance and avoiding imbalance 
in the constitution.

He coined the terms endemic  and epidemic. Out of his “Corpus Hippocraticum“ 
especially  books entitled  Epidemic I, Epidemic III, and On Airs, Waters and Places at-
tempted to describe disease from a rational perspective, rather than a supernatural basis 
are most important.                                                                                                                                                   
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One of the earliest theories on the origin of disease was  further developed by Ro-
man Claudius Galenos  (129-199), who transmitted the theory of humoral pathology 
of Hippocrates to medieval  era by introduction of infectious origin of disease by “mi-
asma theory“ especially by his books “ De elementis secundum Hippocratem“ and  “De 
sanitate tuenda“. In the latter book he summarized knowledge of ancient Greek and 
Roman medicine. He believed that poison gas in sick people was coming from the air 
or from the Earth´s nucleus. According to the past predominant theories miasma, or 
exposure to foul or malodorous air, was the critical exposure leading to infection.                                                                                                                    

Ali Abu Ibn Sina (Avicenna) (980-1037), Persian physician continued in reveal-
ing the theories of origin of illnesses with contribution of environmental factors of 
Hippocrates and Galenos developing the basis of classic medicine. He is regarded as 
one of the most significant thinkers and writers of the Islamic Golden Age. Out of 450 
works he wrote, about 40 ones on medicine survived.  His most famous works are “The 
book of Healing “– a vast philosophical and scientific encyclopedia – and “The Canon of 
Medicine“, an overview of all aspects of medicine that became a standard medical text 
for the whole medieval era.                                                                                                                         

Paracelsus (1493-1541), German-Swiss physician and alchemist established the role 
of chemistry in medicine and existence of “specific semen“as etiologic agent of every 
disease. In the middle of 16 the century, a doctor from Verona named Girolamo Fra-
castorro (1478-1553) was the first to propose a theory that these very small, invisible   
particles that cause disease were alive. They were considered to be able to spread by air, 
multiply by themselves and to be destroyable by fire. In this way he refused Galen’s mi-
asma theory.  In 1543 he wrote a book “De contagione et contagiosis morbis“, in which 
he was the first to promote personal and environmental hygiene to prevent disease.  

The development of a sufficiently powerful microscope by Anton van Leeuwen-
hoek in 1675 provided visual evidence of living particles consistent with a germ theory 
of disease.  John Graunt (1620-1674) described disease occurrence and death with the 
use of systematic methods and developed and calculated life tables and life expectancy.  
He published Natural and Political Observations ... upon the Bills of Mortality in 1662.

He analyzed the mortality rolls in London before the Great Plague, presented one 
of the first life tables, and report time trends for many diseases and provided statistical 
evidence for many theories on diseases.

Thomas Sydenham (1624–1689) approached to the study of disease from an ob-
servational view. His theories on importance of “constitutions“  for diseases relied on 
individual but also climate met much resistance from traditional physicians at the time. 
Another scientist, who accepted the theory of contagiosity in diseases, was Jacob Hen-
le (1809-1885).

In this era many epidemics of plague, small pox, malaria and cholera occurred and 
threat million people with high case fatality rates.  

Edward Jenner (1749 – 1823) was an English physician and scientist who was the 
pioneer of smallpox vaccine, the world’s first vaccine. He is often called “the father of 
immunology”.  

In the 18th century there was estimated that about 60% of the population caught 
smallpox and 20% of the population died of it. In the years following 1770, at least five 
investigators in England and Germany (Sevel, Jensen, Jesty, Rendell, and Plett) tested 
a cowpox vaccine in humans against smallpox. On May 14 1796, Jenner tested his hy-
pothesis by inoculating the eight-year-old boy. He scraped pus from cowpox blisters on 
the hands of the milkmaid who had caught cowpox from a cow. Later, he injected him 
with variolous material, the routine method of immunization at that time. No disease 
followed. The boy was later challenged with variolous specimen and again showed no 
sign of infection. Moreover, he demonstrated that the protective cowpox pus could be 
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effectively inoculated from person to person, not just directly from cattle. Jenner suc-
cessfully tested his hypothesis on 23 additional subjects.

2.2 Era of epidemiology on population level  
(sanitary statistics)

Studying the interaction of diseases in a population, from 30s of 19th century there 
was required the need of quantification of (infectious) disease and also deaths in the 
era of many epidemics.  Observations and studies performed on population level re-
vealed information about occurrence of epidemics in time, regions and population in 
dependence of socio-economic conditions, potable water supply, sewage disposal and 
living standard in the view of environmental aspects.  Among the most famous scien-
tists was William Farr (1807–1883), the pioneer of modern medical statistics. Many 
studies made in England, France, Germany, Russia (P. Kurkin, D. Zdanov)  for descrip-
tion of  epidemiologic problems resulted in introduction of sanitary measures. Rudolf 
Virchow (1821-1902) stated the conception of social epidemiology and proposal of 
some social reforms for public health. 

John Snow is famous for his investigations into the causes of the 19th century cholera epi-
demics, and is also known as the father of modern epidemiology with analytic approach. He 
observed the significantly higher death rates of cholera in two areas in London with water supply 
by Lambeth and Southwark & Vauxhall companies in 1849. These companies used for drinking 
water supply water from the river Thames, highly contaminated by sewage. Later the Lambeth 
Company changed location sites for taking water from the river.  In 1854 cholera reemergence 
occurred. Various places in London were mostly supplied by these two water providers. During 
this epidemic Snow calculated   the death rates per 10 000 houses supplied by each of these two 
providers. This index (315 deaths/ 10 000) was 8.5 times higher in the houses  supplied by South-
wark & Vauxhall Company  contrary to houses supplied by  the Lambeth  company with 37/10 
000 rate or houses from other parts of London  (rate 59/10 000 ) supplied by different  water 
providers.  His consideration resulted in conclusion, that “cholera poison” in water was the cause 
of epidemic. Snow’s research and preventive measures to avoid further outbreaks are considered 
as the classic example of epidemiology.   This has been perceived as a major event in the history of 
public health and regarded as the founding event of the science of epidemiology, having helped 
shape public health policies around the world. 

2. 3 Era of epidemiology of infectious diseases

In the 19th century, theory of contagiosity (germ theory) became accepted opposite 
miasma theory by contributions of many scientists revealing progress in microbiology, 
like Robert Koch,   Ignaz Semmelweis and Louis Pasteur.  Since then, the science 
of epidemiology has rapidly progressed.                                                                                                                          

Robert Koch (1843 – 1910) was a German physician, the founder of modern bac-
teriology. He is known for identification the specific causative agents of tuberculosis 
(1882), cholera, and anthrax and for giving experimental support for the concept of 
infectious disease. Koch’s work with anthrax is notable as he was the first to link a spe-
cific microorganism with a specific disease, rejecting the idea of spontaneous genera-
tion and supporting the germ theory of disease. In addition to his trail-blazing studies 
on these diseases, Koch created and improved laboratory technologies and techniques 
in microbiology, and made key discoveries in public health. His research led to the 
creation of Koch´s postulates, a series of four generalized principles linking specific 
microorganisms to specific diseases that remain today the “gold standard” in medical 
microbiology.
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Another well-known was a Hungarian physician Ignaz Semmelweis, who in 1847 
brought down infant mortality at the Vienna hospital by instituting a disinfection pro-
cedure. His findings were published in 1850, but his colleagues discontinued the pro-
cedure. Disinfection did not become widely practiced until British surgeon Joseph 
Lister discovered antiseptics in surgery in 1865 in the light of the work of Louis Pasteur 
(1822 – 1895). L. Pasteur, a French chemist and microbiologist was renowned for his 
discoveries of the principles of vaccination, microbial fermentation and pasteurization. 
He is remembered for his remarkable breakthroughs in the causes and preventions of 
diseases, such as puerperal fever by preventing the entry of microorganisms into the 
human body by asepsis. His invention of the technique of treating milk and wine to stop 
bacterial contamination is known as pasteurization. He also discovered anaerobiosis, 
whereby some microorganisms can develop without air or oxygen, called the Pasteur 
effect.  His medical   discoveries provided direct support for the germ theory of disease 
and its application in clinical medicine.                

Pasteur replaced the use of Jenner´s vaccination using cowpox by actual smallpox 
material in inoculation resulting in far less scarring and greatly reducing mortality. He 
created first vaccines for rabies and anthrax artificially generated by “weakened forms 
of diseases”. He used for vaccination against these diseases, the generic name of “vac-
cines”, in honor of Jenner’s discovery.  This discovery revolutionized work in infectious 
diseases.                                                          

Pasteur produced the first vaccine for rabies by growing the virus in rabbits. This 
killed vaccine had been tested only on 11 dogs before its first human trial on 9-years old 
boy in 1885, after the boy was badly mauled by a rabid dog. This was done at personal 
risk for Pasteur.

The Pasteur Institute was established by Pasteur to perpetuate his commitment to 
basic research and its practical applications. He brought together scientists with vari-
ous specialties. Among them also a biologist Ilya Ilyich Mechnikov (1845-1916) giving 
his first paper on phagocytosis in 1883. His discovery had fundamental importance in 
immunology.             

This period was mainly targeted by successes in microbiology and infection control 
was predominantly concentrated on patients, isolation interrupting of transmission 
and therapy. In this era discovery of antibiotics was the milestone in medicine. Several 
scientists had published or pointed out that mould or penicillium sp. were able to in-
hibit bacterial growth, and even to cure bacterial infections in animals, but Alexander 
Fleming’s accidental discovery and isolation of penicillin in 1928 marks the start of 
modern antibiotics.     

Theoretical basis for study of epidemiological process was established by L.V. 
Gromaševskij (1887-1980) based on partial conclusions of the works of D. K. Zab-
olotnij and others in Russia. There were defined the basic categories in epidemiology 
of infectious diseases as sources of infection and mechanisms of transmission. Basic 
principles of spreading of zoonoses from wild animals were the basic theories of spread-
ing the infections with natural focality formulated by J. N. Pavlovskij (1884-1969).                                                           

During the second half of the 19th and the first half of the 20th century, significant 
changes in the morbidity and mortality patterns had taken place through public ef-
forts to provide clean water and safe disposal of wastes, reduce crowding and improve 
housing and nutrition. Discoveries of vaccines for diseases like diphtheria and typhoid 
fever by the late 19th century or tetanus around World War I contributed further to 
the decrease in mortality rates, as did the discovery of sulphur drugs and the discovery 
and development of mass production methods of penicillin during World War II. As a 
result of all these developments, by the mid-20th century many of the worst infectious 
diseases had come more or less under control. 
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In Slovakia region in last decades of the 19th century only few health-related measures were 
provided, legally declared in the health-care law (in 1876). The core public health measure was 
obligatory notification of epidemics, since 1902 targeted to occurrence of rabies and poliomyeli-
tis.  Vaccination against smallpox was recommended and later comprehensive.  Combating com-
municable diseases had been continued during the first decades in the 20th century by measures 
against tuberculosis (TB), by vaccination against typhoid fever, paratyphus   and diphtheria in 
the army and by postexposure prophylaxis against tetanus in soldiers in the World War I. In era 
of the first Czechoslovak Republic special emphasis was on fighting against sexually transmitted 
diseases, malaria, spotted fever, trachoma and isolation of poliomyelitis cases along with serother-
apy. During and after the World War II. special approaches in asepsis and antisepsis took part in 
nursing, vaccination (obligatory against diphtheria  since 1942), special alert system in prepared-
ness against infections  (TB, typhoid and spotted fevers, shigellosis, diphtheria) with final aims to  
decrease mortality, especially of infants and provide them better nutrition (approaches of social 
hygiene and epidemiology).  Establishing of public health institutions, authorities and the health 
care laws in 1950s success in the fight against communicable diseases  was documented, e.g. in 
smallpox (last case in 1925), malaria, spotted fever. Elimination of poliomyelitis since 1960s and 
lower incidence of diphtheria, pertussis, tetanus and syphilis (by actively searching for diseased 
persons) were achieved, emphasizing preventive approaches in public health. 

2.4 Era of epidemiology of non-communicable chronic 
diseases 

Chronic disease epidemiology emerged as a new research field in the middle of the 
20th century. The illnesses that affected society have become cancer, coronary artery 
diseases, diabetes, and strokes which started to represent an increasing threat to the 
population. Population studies of risk factors in atherosclerosis and cardiovascular dis-
eases (Framingham Heart Study and Seven Countries Study) revealed that high level 
of cholesterol is the high importance for atherogenesis and development of these dis-
eases. This phenomenon was especially in the middle-aged men among whom the inci-
dence of e.g. ischemic heart disease was growing by such a rate that it became described 
as a “modern epidemic”. This shift from the mono-causal enterprise of infectious dis-
ease epidemiology to the multi-causal enterprise of chronic disease epidemiology was 
linked to methodological developments. These including refinements of fundamental 
concepts like bias and confounding, and the development of advanced study designs 
such as case-control, cohort designs and cross-sectional studies. In the early 20th cen-
tury, mathematical methods were introduced into epidemiology by Ronald Ross, Ja-
net Lane Claypon, Anderson Gray McKendrick and others. Another breakthrough 
was the 1954 publication of the results of the British Doctors Study, led by Richard 
Doll and Austin Bradford Hill, which lent very strong statistical support to the sus-
picion that tobacco smoking was linked to lung cancer. Multi-causality was recognized 
in cardiovascular and oncologic diseases by new introduced statistical methods (ana-
lytic studies). Risk factors discovered in studied groups were mostly associated with life 
style, including nutrition. Prevention was concentrated on elimination of the known 
risk factors  and later complex analysis of diseases origin started to be evaluated on mi-
cro- levels (using genetics, molecular biology, etc.), on individual level (risk factors) and 
on macro- level (social and historic determinants) with interdisciplinary cooperation. 

Currently epidemiology deals with both, problems of infectious and noncommuni-
cable diseases, according to scientific progress in medicine, access to medical care and 
social-economic development of the countries. In the studies of multi-causal noncom-
municable diseases many basic approaches from the control of infections are used and 
applied, also in collecting data, in preventive measures and health programs.
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In Slovakia, the prevalence study (Cardiovascular Program) of occurrence of selected car-
diovascular diseases (CVD) and their risk factors  in 484,185 peoples  30-59 years old was done in 
years 1978-1990. This study revealed that prevalence of ischemic heart disease (IHD) is of higher 
rate, when it is associated with moderate   increased total cholesterol together with other high 
risk factors (multi-factorial etiology) in comparison to presence of high hypercholesterolemia 
as the only risk factor for IHD. Among other risk factors high blood pressure, obesity and diabe-
tes were most common. According to these results some intervention programs were included 
in the National Program of Health Promotion such as WHO projects CINDI (Countrywide Inte-
grated Non-communicable Disease Intervention Program) in 1993 and MONIKA (Multinational 
MONItoring of trends and determinants in CArdiovascular disease) Project in 2002. The objec-
tives of the projects were to measure risk factors of CVD (coronary heart disease, cerebrovascu-
lar disease) and cancer with the aim to decrease morbidity and invalidity of these diseases and 
through primary and secondary (early treatment) prevention to decrease total mortality of the 
Slovak population, mortality of  CVD, especially in people younger than 65 years and increase life 
expectancy. All results of studies served for general practitioners, clinical specialists and educa-
tion programs.
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3. PREVENTION IN EPIDEMIOLOGY AND  
         PUBLIC HEALTH 

Prevention is a complex of medical, social, technical and political measures realized 
in order to prevent or lower the risk of rise, aggravation and spread of diseases or the 
risk of appearance of health related events. Health statistics and extensive surveillance 
of diseases and determinants are essential for good prevention policy and distribution 
of resources.

Epidemiology now plays a central role in the development, implementation and eval-
uation of both clinical and public health policies regarding the prevention and manage-
ment of communicable as well as chronic non-communicable diseases. Epidemiology 
deals with theoretical and practical aspects of protection of population or groups of 
people at risk against diseases focusing preferably on primary and partially secondary 
(screening tests) prevention. Epidemiology is a basic medical science, core of public 
health,   dealing with the study of the distribution and determinants of health-related 
states or events in specified populations, and the application of this study to control of 
health problems. Together with hygiene and social medicine it constitutes preventive 
medicine.

Classic epidemiologic activity and epidemiologic investigations in infectious diseas-
es, major cause of morbidity, disability and mortality worldwide, have been broadened 
on concepts and methods to deal with the public health and time-related medical chal-
lenges of the future chronic civilization diseases, some new infectious diseases and new 
events (e.g. microbial resistance), etc.

During the last century, substantial gains have been made in public health inter-
ventions for the treatment, prevention and control of infectious diseases. Nevertheless, 
recent decades have seen a worldwide pandemic of human immunodeficiency virus 
(HIV), increasing antimicrobial resistance (MRSA, VRE, etc.) and the emerge of many 
new viral, bacterial, fungal and parasitic pathogens, new diseases (MERS caused by new 
coronavirus, avian flu caused by highly pathogenic subtypes   H5N1, H7N9, pandemic 
influenza by H1N1in 2009) and some of the diseases are reemerging (Ebola in west 
Africa, TB caused by MDR).

There are three fundamental purposes of public health, as assessment, policy de-
velopment, and assurance:                                                                                                                                           

- Assessment includes monitoring, diagnosing and investigation of health status 
and health hazards to identify community health problems, 

- Policy development is supposed to inform, educate, and empower people about 
health issues with mobilization community partnerships to identify and solve health 
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problems. It would result   in developing policies and plans that support individual and 
community health efforts,                                                                                                                                                

- Assurance means to enforce laws and regulations that protect and ensure public 
health and safety, link people to needed personal health services, assurance a compe-
tent public and personal health care workforce, evaluation of effectiveness, accessibil-
ity, and quality of personal and population-based health services and finally research for 
new insights and innovative solutions to health problems.

Prevention and its levels
The final objective of epidemiologic evaluation in simple sense is to establish the ef-

fectiveness of suggested measures and provide the basis for prevention. Modern medi-
cine emphasizes prevention, which is cost- effective and more effective than treatment 
targeted in large extent to large amount of people or total population. Resources of 
clinical medicine are more limited, more demanding therapeutic approaches could be 
used only in small group of patients. Prevention and promotion are essential core of 
WHO programs following by national health programs. A comprehensive approach re-
quires efforts across the “continuum” of health promotion, disease prevention and dis-
ease management, with interventions directed at the whole population, the individuals 
at highest risk and those with early or established disease.

Three levels of prevention can be identified:                                                                                    
Primary prevention – its purpose is to prevent the first onset of a disease or any 

health disorder, impairment or risk factor. This form of prevention is targeted to healthy 
people. Primary prevention should include national programs on nutrition, supply of 
safe water (disinfected) and foodstuffs (pasteurized milk), essential sanitation, involv-
ing comprehensive policies to discourage smoking, misusing intra venous (i.v.) drugs 
and risk factors and programs to promote healthy life styles, regular physical activity, 
etc. Out of large-scale primary prevention fighting against infectious disease immuni-
zation is by far the most important tool. Starting with vaccination against smallpox, this 
public health measure has helped to reduce the burden of vaccine-preventable infec-
tions enormously.                             

Highlighting of progress has been made since Expanded Program on Immuniza-
tion was launched by WHO in 1974 by vaccination with high-quality national programs 
with monitoring capacity and laboratory – based disease surveillance.  

The worldwide rapidly growing burden of chronic diseases is closely linked to un-
healthy environments and to life styles that include unhealthy diets, widespread use 
of tobacco, excessive consumption of alcohol and behavior changes.  Prevention and 
promotion of chronic civilization diseases need integrated approaches with disease 
control to be implemented in national public health programs.  Prevention must be 
adapted to new challenges (globalization of trade, travelling, etc.) as a result of changes 
in a variety of different factors, e.g. public health,  environmental, social and economic  
patterns.              

Primary prevention is most important, health effective and cost-effective in the con-
trol of disease incidence.                                                                                                                          

Secondary prevention  aims at diagnostics and treating patients earlier, more ef-
fective by discovering the early stages of  diseases (carcinoma in situ, precancerous) by 
screening tests with high sensitivity (PAP smears in cervical carcinoma, mammography 
in breast cancer, occult bleeding in colorectal cancer). Searching for initial stages or 
markers of certain diseases (phenylketonuria) reduce the development of the disease. 
In certain sense treatment is also secondary prevention of worsening the disease lead-
ing to serious consequences, e.g. antibiotic treatment of streptococcal tonsillitis pre-
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vents rheumatic fever. Control of blood or organ donors for markers of viral hepatitis 
B and C, HIV/AIDS by screening test prevents recipients against some parenteral trans-
missible infections.                                                       

Tertiary prevention is aimed at reducing the progress and/ or complications of 
established disease. It consists of measures intended to reduce impairments and dis-
abilities, e.g. rehabilitation of patients with stroke improve their social life and inde-
pendence.                  

While the primary prevention (protection and promotion of health) is the domain 
of preventive disciplines (epidemiology, hygiene, social medicine), secondary and ter-
tiary prevention is performed mostly by clinical medicine.
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4. HEALTH PROGRAMS AND STRATEGIES

Health is an important investment and driver for development.  Investment in 
health is critical to the successful development of modern societies and to their politi-
cal, social and economic progress. 

Global health reflects the realities of globalization, including worldwide dissemi-
nation of infectious and noninfectious public health risks. The strategy of preventive 
medicine includes two types of preventive approach, the population (primary preven-
tion) and the high-risk (secondary prevention) approach.

International cooperation under WHO control and multi sectorial collaboration, 
participation of United Nations, UNICEF, World Bank and others in scientific field and 
support to earn resources and make good strategy are essential in control, prevention 
of diseases and health promotion.

WHO works under the International Health Regulations to provide timely and complete infor-
mation to Member States.  WHO collects and disseminates data on health, collaborates with inter-
national partners, including animal health partners, to share updated information, coordinates  the 
global health response, including risk assessment, the provision of updated information on the situ-
ation, guidance to health authorities and technical health agencies on interim surveillance recom-
mendations,  laboratory testing of cases, infection control, and clinical management. WHO assists 
national authorities as they develop health policies and   plans (national programs), and helps gov-
ernments work with development partners to align external assistance with domestic priorities. 

Good health is a major resource for social, economic and personal development. 
Political, economic, social, cultural, environmental, behavioral and biological factors 
could enhance health. Several world and continental (e.g. for Europe) health programs 
have been developed, some of them are mentioned bellow according to time of declara-
tion. These strategies served as the recommendations for national or regional programs.

4.1 Health for all by the year 2000

The World Health Organization (WHO) stated in 1970s that there were big discrep-
ancies between enormous financial amounts available to the health care in order to buy 
new technologies, new drugs, sophisticated apparatuses and unfavorable health states 
of the population in many countries (civilization chronic diseases and infectious diseas-
es still in developing countries). Therefore, in 1977 the WHO in Alma Ata (Declaration 
of Alma-Ata) adopted the global strategy “Health for all by the year 2000”  focusing 
on primary health care provided by the general practitioners, preventive, promoting, 
curative and rehabilitative services that all people should attain a level of health permit-
ting them to lead socially and economically productive lives. 
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Primary health care includes:
•	 education concerning prevailing health problems and methods of preventing 

and controlling them,
•	 promotion of proper food supplies and nutrition
•	 adequate supply of safe water and basic sanitation
•	 maternal and child health care, including family planning
•	 immunization against the major infectious diseases
•	 prevention and control of local endemic diseases
•	 appropriate treatment of common diseases (including rehabilitation) and injuries
•	 provision of essential drugs.
This declaration mobilized professionals, institutions, governments, policy makers, civil 

society organizations, researchers and others on “Primary Health Care Movement” that 
undertook to tackle the “politically, socially and economically unacceptable” health inequi-
ties. On the basis of these recommendations, all country-members of the WHO should have 
worked out their own programs of disease prevention and health promotion. According to 
the WHO European regional committee   under the program of “Health for all by the year 
2000 “all national programs should include activities with the following aims:

•	 better health of population
•	 better life styles of population
•	 to provide better health care.

In line with the Health for all vision and the definition of health in the WHO Consti-
tution, health is a positive state of well-being and “not merely the absence of disease”, 
and health policy is much more than just patient care. Health as a right extends not only 
to timely and appropriate health care but also to the underlying determinants of health. 

A government has the responsibility to act on the social determinants of health and 
to translate this responsibility into policy, providing the enabling conditions to good 
health available to all, regardless of age, gender, ethnicity, etc. Therefore, in line with 
the Health for all approach, this strategy addresses all four types of program efforts 
needed for health improvement: addressing health determinants; promotion of healthy 
lifestyles; prevention and early detection programs; and health - centered patient care.

4.2 Vaccination programs, elimination and eradication 
programs 

4.2.1 Vaccination programs

Expanded Program on Immunization (EPI) launched by WHO in 1974 and Program 
of smallpox eradication declared in 1966 were the most successful health programs of 
the last century. The aim of EPI declared in 1977 was that vaccination against diphthe-
ria, whooping cough, tetanus, poliomyelitis, measles and TB must be available to every 
child forward 1990. The widespread adoption of   vaccination in national immunization 
programs has then marked a decrease in the number of epidemics, reported cases and 
deaths. Despite some barriers (political, economic, social) which inhibited this pro-
gram global vaccination coverage increases.

Elimination of measles, poliomyelitis, neonatal tetanus, congenital rubella, diphthe-
ria and mumps included in the program Health for all by the year 2000 in Europe was 
not achieved. Further new program (the EPI plus) declared in 1993 included vaccina-
tion against hepatitis B and yellow fever. 
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The Global Immunization Vision and Strategy 2006-2015 seeks to “protect more peo-
ple against more diseases by expanding the reach of immunization to every eligible person.” 
CDC recommends routine vaccination to prevent 17 vaccine-preventable diseases that occur 
in infants, children, adolescents, or adults. The Program on Vaccine-preventable Diseases and 
invasive bacterial infections is one of seven disease programs operated by ECDC.

The objective of the first study in Europe VENICE I. project (2007) was to define 
common indicators for monitoring the immunization programs across participating 
countries in a comparable way to evaluate “well established” childhood vaccinations 
and compare schedule across countries for most effective program.

The benefits of vaccination are clearly demonstrated by the eradication or enormous 
decline in the incidence of many vaccine-preventable diseases (VPD). 

4.2.2 Elimination and eradication programs

Immunization is among the most successful and cost-effective public health inter-
ventions. Immunization programs have led to eradication of smallpox, almost poliomy-
elitis, elimination of measles in some regions of the world, and substantial reductions in 
the morbidity and mortality attributed to diphtheria, tetanus, and pertussis. 

Various definitions have been used to describe the stages of prevention of infectious 
diseases, ranging from local control of the disease to elimination of disease or infection 
within a defined geographic area to global eradication of the infectious agent. WHO is 
the principal guide in these programs.

Control of the disease is performed   through sustainable measures with aim to 
decrease occurrence of the disease, mortality, e.g. in case of intestinal infections by 
providing safe water, foodstuffs, in measles by large–scale vaccination. Several control 
programs are targeted to decrease infectious diseases according to the type of disease, 
biological characteristics of agents, social, economic and political commitments. 

Elimination of the disease is achieved when incidence rate is very low, close to 
zero, but the etiologic agent continues to circulate in certain region and in some infec-
tions there is a threat of spread from animal sources. Elimination of neonatal tetanus 
could be achieved by vaccination of pregnant women, of congenital syphilis by treatment 
of pregnant women and of yellow fever in endemic area by vaccination of children.

Elimination of infection means the absence of circulating indigenous germs, 
such as wild polioviruses, viruses of measles. In this case the incidence rate is zero, but 
there is a real risk of possible importation of the infection from other countries/regions 
(measles, poliomyelitis).

Sometimes elimination in certain WHO region is not correctly called eradication, 
e.g. ”polio eradication in Europe in 2002“.

Eradication of the disease means worldwide absence of the disease, specific pre-
ventive measures are not needed (mass vaccination, searching for ill persons). Eradica-
tion could be possible in anthroponoses (human sources only), when etiologic agent 
is not capable to multiply in environment, valid diagnostics with high sensitivity and 
enough specificity are provided and effective measures are established for interruption 
of epidemic process. Eradication process is finished by declaration and certification, 
few years after the last case. Eradication initiative as the international program needs 
wide cooperation, requires a coalition of  international organizations  including WHO, 
the United Nations Children’s Fund (UNICEF), CDC, ECDC and support of other organi-
zations (in polio Rotary International).

Smallpox once pandemic was eradicated from the planet in 1980 after declaration 
of eradication program in 1966. Smallpox eradication was accomplished by means of 
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combination of focused surveillance, quickly identifying new smallpox cases and “ring 
vaccination”.  This vaccination meant that anyone who could have been exposed to a 
smallpox patient was tracked down and quickly vaccinated, effectively corralling the 
disease and preventing its further spread. WHO trained vaccinators who immunized 
large groups of people in a short time. The last case of smallpox was notified in 1977 in 
Somalia.

Smallpox was a good candidate for eradication for several reasons. First, the disease is highly 
visible by smallpox   rash. Second, only humans can transmit and catch smallpox. The ability 
to protect individuals included naturally developed lifelong immunity in people who survived 
smallpox or for everyone else, effective vaccinated. 

The eradication of smallpox raised hopes that the same could be accomplished for 
other diseases, like poliomyelitis and dracunculiasis (guinea worm disease) and addi-
tional diseases potentially eradicable: lymphatic filariasis (elephantiasis), measles, and 
rubella.                                  

In the poliomyelitis program eradication means the absence of wild polioviruses as 
well as circulating vaccine-derived poliovirus (VDPV).  Following the widespread polio 
vaccination in the mid-1950s, the incidence of poliomyelitis declined rapidly in devel-
oped countries.                 

 In 1988, estimated 350,000 cases of paralytic polio and 5 million deaths occurred, 
and the disease was endemic in more than 125 countries. In this year the World Health 
Assembly (the governing body of the WHO) adopted the goal of global eradication of 
poliovirus by the year 2000.                                                                              

The strategy to achieve a goal of eliminating poliomyelitis included increasing vac-
cination coverage; enhancing surveillance for suspect cases (i.e., surveillance for acute 
flaccid paralysis –notification at least   1/100 000 in children under 15 years,); and using 
supplemental immunization strategies (national immunization days), house-to-house 
vaccination, and containment activities.  In September 1994, an international com-
mission certified the Western Hemisphere to be free of indigenous wild poliovirus. Al-
though the goal of global eradication of poliovirus by the year 2000 was not achieved, 
substantial progress has been made. Poliomyelitis free were Western Pacific in 2000 and 
WHO Euro region in 2002. Type 2 of poliovirus appears to have already been eradicat-
ed, its last isolation was in India in 1999.  By 2014 359 cases were reported globally and 
polio remained endemic in only three countries (Afghanistan, Pakistan, Nigeria) and 
until poliovirus transmission is not interrupted in these countries, all world remains at 
risk of its importation.                                                     

During 2014 a total of 126 cases of dracunculiasis were reported by the remaining 
four endemic countries, Chad, Ethiopia, Mali and South Sudan.  This infection is caused 
by Dracunculus medinensis, a nematode worm present in drinking water containing 
water fleas (Cyclops species) that have ingested Dracunculus larvae. The larvae are in 
the human body released and migrate through the intestinal wall into tissues, where 
they develop into adult worms. This infection can be prevented by protecting water by 
filtration of potentially contaminated water but war conflicts and security problems are 
major constraints of this program.   

Global interruption of measles or rubella transmission could be possible by large 
scale vaccination achieving more than 95% immunization coverage by live vaccines 
(two doses)  in  the presence of well-performing surveillance system. This program in-
cludes also elimination of congenital rubella syndrome (<1 case of CRS per 100 000 live 
births). In September 2010, the Pan American Health Organization (PAHO) announced 
that the Region of the Americas had achieved rubella and CRS elimination. Neverthe-
less, only about half of the world’s countries vaccinate against rubella. Eradication of 
measles was achieved   in Western Pacific in 2012. This goal for Europe was proposed 
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for 2010, but more than 30 000 of cases in many epidemics were reported because 
of low vaccination coverage even in high developed countries. Future plans for WHO 
Euro region and South East Asia have set the goal to achieve measles elimination by 2015 
or 2020 and for Africa in 2020.  

4.3 Health for all for 21st century - WHO European Region

This policy was adopted by the world community at the 51st World Health Assembly 
in 1998, aims to realize the vision of health for all over 870 million in WHO’s European 
Region (51 countries). Concept was born in 1977 and launched at the Alma-Ata Confer-
ence in 1978. It sets out global priorities for national policies for the first two decades 
of the 21st century.

The goal was to create the necessary conditions for people to reach and maintain 
the highest attainable level of health through social justice, providing a science-based 
guide to better health development and protection.

In declaration the Member States of the WHO, reaffirm the commitment to the 
principle- health is one of the fundamental rights of every human-being with the equal 
rights, equal duties and shared responsibilities of all for health.

The improvement of the health and well-being of people is the ultimate aim of social and 
economic development, respecting ethical concepts of equity, solidarity and social justice. 

Reducing illnesses, injuries and health burdens requires an integrated approach to 
health promotion, disease prevention, clinical treatment and rehabilitation.

The Health 21 policy had constant goal - “to achieve full health potential for all“
with two main aims:

- to promote and protect people’s health throughout their lives
- to reduce the incidence of the main diseases and injuries

Three basic values form the ethical foundation of HEALTH 21:
- health as a fundamental human right
- equity in health and solidarity in action between and within all countries and 

their inhabitants closing the health gap between countries
- participation and accountability of individuals, groups, institutions and 

communities for continued health development.

The program Health 21 had 21 targets:
 1. Solidarity for health in the European Union
 2. Equity in health
 3. Healthy start in life
 4. Health for young people
 5. Healthy aging
 6. Improving mental health
 7. Reducing communicable diseases
 8. Reducing non-communicable diseases
 9. Reducing injury from violence and accidents
10. A healthy and safe physical environment
11. Healthier living 
12. Reducing harm from alcohol, drugs and tobacco
13. Settings for health
14. Multi sectorial responsibility for health
15. An integrated health sector
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16. Managing for quality of care
17. Funding health services and allocating resources
18. Developing human resources for health
19. Research and knowledge for health
20. Mobilizing partners for health
21. Policies and strategies for health for all

4.4 The United Nations Millennium Development Goals

The United Nations (UN) Millennium Development Goals (MDGs) are 8 goals that 
all 191 UN Member States have agreed to try to achieve by the year 2015. The UN Mil-
lennium Declaration, signed in September 2000, commits to combat poverty, hunger, 
disease, illiteracy, environmental degradation, and discrimination against women.  Each 
MDG has targets set and indicators to monitor progress from 1990 levels. 

The Eight Millennium Development Goals are: 
•	 to eradicate extreme poverty and hunger; 
•	 to achieve universal primary education; 
•	 to promote gender equality and empower women; 
•	 to reduce child mortality; 
•	 to improve maternal health; 
•	 to combat HIV/AIDS, malaria, and other diseases; 
•	 to ensure environmental sustainability; and 
•	 to develop a global partnership for development.

The MDGs are interdependent; all the MDG influence health, and health influences 
all the MDGs, e.g.  reducing poverty, hunger and environmental degradation positively 
influences, but also depends on, better health. Since adopted the MDGs substantial 
progress has been made in reducing child and maternal mortality, improving nutrition, 
reducing morbidity and mortality due to HIV infection, tuberculosis and malaria, and 
increasing access to improved drinking-water sources.                                                                                                       

Undernutrition, wasting and deficiencies of vitamin A and zinc, along with 
suboptimal breastfeeding are the underlying causes of death in an estimated 45% of 
all deaths among children under 5 years of age. The proportion of underweight chil-
dren in developing countries has declined to 15% in 2012 with significant progress 
in reducing mortality in these children.  In 2012, 66% of Member States reached at 
least 90% immunization coverage. Women need access to good-quality reproductive 
health care and effective interventions to reduce the number of maternal deaths.                                                                                                           
While some countries have made impressive gains in achieving health-related targets, 
others are falling behind, mostly those affected by high levels of HIV/AIDS, malaria 
and tuberculosis, economic hardship or conflict.                                                                             

In 2012, an estimated 2.3 million people were newly infected with HIV, 33% less than in 2001 
(new 3.4 million cases). About half of the world’s population is at risk of malaria. During the 
period 2000–2012, malaria incidence and mortality rates of population at risk have both fallen 
globally, 29% and 42% respectively. The annual global number of new cases of tuberculosis has 
been slowly falling. In 2012, there were an estimated 8.6 million new cases and 1.3 million deaths.  
Globally, treatment success rates of TB have been sustained at high levels at or above the target of 
85%. However, multi-drug resistant tuberculosis (MDR-TB), which emerged primarily as a result 
of inadequate treatment, continues to pose problems.

Neglected tropical diseases are a medically diverse group of infections caused 
by a variety of viruses, bacteria, protozoa and helminths. However, these diseases still 
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affect over 1 billion people worldwide. Leprosy has now been eliminated as a pub-
lic health problem in 119 out of 122 previous endemic countries. Dracunculiasis, a 
crippling parasitic disease is on verge of eradication (126 cases reported in 2014).                                                                                  
Another goal would be to decrease the proportion of people without sustainable ac-
cess to safe drinking water and basic sanitation. In 2012, 90% of the population 
used an improved source of drinking water compared with 76% in 1990. Progress has 
however been uneven across different regions, between urban and rural areas, and be-
tween the rich and the poor. With regard to basic sanitation, current rates of progress 
are too slow to be met globally. In 2012, 2.5 billion people did not have the access to im-
proved sanitation facilities, with 1 billion of them still practicing open defecation. The 
number of urban population living without access to improved sanitation is increasing 
because of rapid cities growth.

WHO activities to achieve the health-related MDGs include:
•	 setting prevention and treatment guidelines and other global norms and stand-

ards;
•	 providing technical support to countries to implement guidelines;
•	 analyzing social and economic factors and highlighting the broader health risks. 

4.5 Programs in non-communicable diseases (NCD)

Population growth and increased longevity are leading to a rapid increase in the 
total number of middle-aged and older adults, with a corresponding increase in the 
number of deaths caused by NCDs (table 1). 

The total number of annual NCD deaths is projected to reach 55 million by 2030, 
whereas annual infectious disease deaths are projected to decline over the next 20 
years.  NCDs constitute one of the major challenges to development in the 21st century, 
highlight the rapidly growing magnitude of NCDs in developing countries, and recog-
nizes NCDs as a contributing factor to poverty and hunger in developing countries.

All countries are challenged by the processes of globalization and by major demo-
graphic, social, economic and environmental changes. Across the European Region 
health is improving, but a great burden of non-communicable disease in the  ”old“ Euro-
pean population will be a health problem. Programs are targeted preferably on elimina-
tion of risk factors. One of the most important is for tobacco control. The World Health 
Organization Framework Convention on Tobacco Control (WHO FCTC)   is a treaty 
adopted in 2003. The treaty’s provisions include rules that govern the production, sale, 
distribution, advertisement, and taxation of tobacco. 

The United Nations General Assembly convened a high-level meeting on NCDs in 
September 2011. The declaration outlines ways to strengthen national capacities to ad-
dress NCDs, and to respond to the challenge through the reduction of risk factors.

The Global Action Plan for the Prevention and Control of NCDs 2013-2020 endorsed  
in 2013 by WHO comprises a set of multi sectoral actions that  will help to attain a global 
target of a 25% reduction in premature mortality from NCDs  by 2025. The number of 
countries conducting surveys of risk factors jumped from 30% in 2011 to 63% in 2013. 

The focus of the strategy is on both the prevention and control of NCD with   mul-
tifactorial causation. It aims to balance action on the avoidable causes of disease, dis-
ability and premature death with action to improve the health outcomes and quality of 
life of those already suffering from disease. The strategy seeks to prevent or modify risk 
factors; prevent onset or progression of disease; prevent disability; and prevent painful 
or premature death.
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Table 1.              Cause of death in 2000 and 2011 globally

Source: The 10 leading causes of death in the world, 2000 and 2001,  
http://www.who.int/mediacentre/factsheets/fs310/en

4.6 Oral health program                                                                                                      

Oral health is essential to general health and quality of life. It is a state of being free 
from mouth and facial pain, oral and throat cancer, oral infection and sores, periodontal 
(gum) disease, tooth decay / loss, and other disorders that limit biting, chewing, smil-
ing, speaking, and psychosocial well-being. The Oral Health Program therefore gives 
priority to integration of oral health with general health programs at community or 
national levels. The most common oral diseases are dental cavities, periodontal disease, 
cancer, oral infectious diseases, injuries, and hereditary lesions.  Risk factors for oral 
diseases include an unhealthy diet, poor hygiene, tobacco use and harmful alcohol use.                                                                                                                       

The prevalence of oral diseases is increasing in low- and middle-income countries 
and the oral disease burden is significantly higher among poor and disadvantaged pop-
ulation groups. The prevalence varies by geographical region, social determinants and 
availability of prevention and accessibility of oral health services. 

In 1981, WHO and the World Dental Federation formulated goals and established 
database system for monitoring changes in oral health by the year 2000.  For the new 
millennium, neworal health goals were urgently needed not only to strengthen dental 
caries control but develop preventive programs in periodontal health conditions, oral 
mucosal lesions, oral cancer and oral health-related quality of life. 

The WHO Oral Health Program aligns its work with the strategy of chronic disease 
prevention and health promotion in 2002. Emphasis is put on developing global poli-
cies in oral health promotion and oral disease prevention, including:

•	 building oral health policies towards effective control of risks to oral health;
•	 stimulating development and implementation of community-based projects for 

oral health  focused on disadvantaged and poor population;
•	 encouraging national health authorities to implement effective fluoride pro-

grams for the prevention of dental caries; 
•	 advocacy for a common risk factors to prevent oral and other chronic diseases
•	 providing technical support to countries to strengthen their oral health systems 

and integrate oral health into public health.
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Oral health problems and chronic diseases are becoming increasingly prevalent in 
many of the poorest developing countries. These both diseases have common risk factors, 
unhealthy environments and behaviors, widespread use of tobacco and excessive con-
sumption of alcohol or sugar. Promotion of oral health depends on clean water, adequate 
sanitation, proper oral hygiene and implementation of effective fluoride programs. 

For effective surveillance, WHO suggests that clinical oral health surveys should be 
conducted regularly every 5-6 years in the same community. Surveillance underpins 
public health action by continuous or periodic collection, analysis and interpretation 
of data with timely dissemination of them to health authorities or planners of public 
health programs. Worldwide, 60–90% of school children and nearly 100% of adults have 
dental cavities, often leading to pain and discomfort.  Severe periodontal (gum) disease 
is found in 15–20% of middle-aged (35-44 years) adults. Dental cavities and periodontal 
diseases are major causes of tooth loss. Complete loss of natural teeth is widespread 
and particularly affects older people. Globally, about 30% of people aged 65–74 have no 
natural teeth. The incidence of oral cancer ranges from 1- 10 cases per 100 000 people 
in most countries. The prevalence of oral cancer is higher in men, older people and 
among low educated people with low income. 

The WHO Oral Health Program works for application of evidence-based strategies 
in oral health prevention, promotion, and treatment of oral diseases worldwide, health 
systems research and development. The program is targeted on reducing oral disease 
burden and disability, especially in poor and marginalized populations,  reducing risk 
factors to oral health that arise from environmental, economic, social and behavioral 
causes and promoting healthy lifestyles. Important is national and community policy 
in control of risk factors for oral cancer, oral mucosal lesions and periodontal disease 
according to the WHO Global Strategy on Diet, Physical Activity and Health. From the 
life-course perspective, currently community programs for improved oral health of 
the elderly and of children are given high priority. The implementation of school oral 
health programs, as the WHO Health Promoting Schools Initiative are supported.  The 
WHO Regional Office for Europe specified oral health targets for the year 2020 as part 
of the Health 21 policy. 

 

4.7 Health 2020 - Europe

WHO should be for all citizens of the world to attain by the year 2000 “a level of 
health which will permit them to lead a socially and economically productive life”.   
Well-being includes physical, cognitive, social and emotional dimensions and is influ-
enced by development across the life course. These concepts of health lie in Health 
2020, the new European health policy framework, which was adopted by the 53 Mem-
ber States of the Region during the 62nd session of the WHO Regional Committee for 
Europe in 2012.  This was needed because Europe is changing in many ways by major 
social, environmental, economic and demographic shifts that demand new ways of act-
ing.  It aims to support action across government and society to “significantly improve 
the health and well-being of populations, reduce health inequalities, strengthen public 
health and ensure people-centered health systems that are universal, equitable, sus-
tainable and of high quality”. 

 A core principle of Health 2020 is the importance of participation and responsive-
ness   in the development of health policy at the societal level and in the planning and 
performance of health systems. The determinants of health are centered on individual 
level but also  in the communities and societies. The strengthening of health systems 
and improvements are of vital importance.
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Environmental factors also play a significant role. These factors include water and 
air quality, environmental pollution by hazardous substances and emissions, urbaniza-
tion, climate change, rising temperature and sea levels, and an increased frequency of 
natural disasters and extreme weather conditions. These developments are beginning 
to impair the biosphere’s long- term capacity to sustain healthy human life.

Individual lifestyles and behavior have received much attention, particularly in rela-
tion to non-communicable diseases tackling issues such as smoking, diet, alcohol con-
sumption and physical activity. 

There is also call for a return to primary health care as the most efficient, fair and 
cost-effective way to organize a health system. Education for primary health care and 
family medical practice will be necessary on the monitoring of determinants and tack-
ling risk factors. 

Values of Health 2020 concerning the human right to health and health care 
including:

Universality, Equity, Access to care, Solidarity, Sustainability, The right to participate 
in decision-making, Dignity, Non-discrimination, Transparency, Accountability.

Health 2020 has six main goals as guidance for government policy and all sectors 
of society. 

1. Work together 
Harness the joint strength of the Member States and the Regional Office to further 

promote health and well-being, tackle the social determinants of health and health ineq-
uities, and reach out to other sectors and partners to reinforce this effort. 

2. Create better health 
Further increase the number of years living in health, improve the quality of life of 

people with chronic disease, reduce inequities in health, deal with the impact of demo-
graphic change. 

3. Improve governance for health 
Leverage the momentous societal changes in favor of health in all policies and 

strengthen health as a driver of change for sustainable demand of well-being, by ensur-
ing that heads of government, parliamentarians and decision-makers across the govern-
ment and in all sectors are aware of their responsibility for health promotion, protec-
tion and security.                        

4. Set common strategic goals                                                                                                 
Support the development of policies and strategies in countries that benefit health 

and well-being as a joint social objective, at the appropriate level, providing stakehold-
ers and partners with mechanisms for engagement. 

5. Accelerate knowledge-sharing and innovation                                                                          
Increase the knowledge base for developing health policy, addressing the social de-

terminants of health, by enhancing the capacity of health and other professionals to 
adapt to the new approach to public health and the demands of person-centered health 
care in an ageing and multicultural society, using the technological and managerial in-
novations  to improve care. 

6. Increase participation 
Empower the people of the European Region to be active participants in shaping 

health policy through civil society organizations.
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 5. HEALTH AND ILLNESS 

5.1 Health and illness

According to the WHO definition “health is a state of complete physical, mental, 
and social well-being and not merely the absence of disease or infirmity”.  In 1977, 
WHO Member States added to this concept of health attaining by the year 2000 “a level 
of health which will permit to lead a socially and economically productive life”. Later, 
declared in Health 2020, well-being includes physical, cognitive, social and emotional 
dimensions and is influenced by development across the life course. Epidemiology is 
primarily concerned with identifying the important factors or variables that influence 
a health/illness of interest. 

5.2 Diagnostic tests in epidemiology, screening

Diagnostic test, a term that encompasses physical examination, imaging tech-
niques (e.g. x-rays, CT scans) and procedures (e.g. ECG) as well as laboratory tests, pro-
vides the framework for clinical decision-making. Given diagnostic test is based on the 
assumption that diseased and healthy individuals can be accurately and reproducibly 
differentiated by the test. Diagnostic tests serve to discrimination between healthy and 
ill individuals, discrimination of normality and abnormality.

There are two types of tests:
1. Qualitative diagnostic tests classify patients as diseased or disease-free accord-

ing to the presence or absence of a clinical sign or symptom, an x- ray might confirm or 
disprove the existence of a fracture. 

2. Quantitative diagnostic tests classify patients as diseased or disease-free on the 
basis of whether they fall above or below a preselected cut-off value known as the posi-
tivity criterion. This cut-off value is also referred to as a critical value or referent value.

Gaussian distribution method is based on the assumption that the frequency dis-
tribution of values of the test follows a normal distribution. The curve representing 
the normal distribution is smooth, bell-shaped, and symmetric about its mean. Fifty 
percent of the observation lies above the mean, 50% below the mean. Approximately 
68% observations lie within 1 standard deviation of the mean. Approximately 95% of 
the observations lie within 1.96 standard deviations of the mean (often rounded to 2 
standard deviations) and approximately 99% of the observations lie within 2.58 stand-
ard deviations of the mean (often rounded to 3 standard deviations). Obtaining values 
for diagnostic test variable for a large number of individuals in a population believed 
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to be disease-free (separately for age-groups, genders, races) is presented in histogram. 
The figure will show the frequency distribution of these values with verification that 
the histogram conforms to the Gaussian distribution by visual inspection or a statisti-
cal test of a “goodness-of-fit“. Calculate the mean and standard deviation and define the 
normal range by calculation the upper and lower limits (L) using formula:

L = mean ± 2 standard deviations.

In a disease-free population, 95% of the values of the diagnostic variable fall within 
this interval. Values outside the interval are defined as abnormal.

Figure 1.    Gaussian distribution of values
 

In medicine Gaussian distribution of values is rare,  more frequently we use non-
parametric approach, independent of values distribution, normal values resemble to 
percentiles, e.g. between 2.5 and 97.5 are 95% values, which are considered as normal. 

Percentile method uses the definition which considers the lower 95% of test re-
sults as normal and the upper 5% as diseased. If both upper and lower limits are desired, 
the highest 2.5% and the lowest 2.5% of values must be defined as diseased.

Risk factor is called a behavioral, genetic, environmental, demographic, or physi-
ologic factor bearing a causal or statistical relationship to the occurrence of a particular 
disease. Association between the risk factor and the disease indicates that the risk factor 
is a predictor of the disease, it facilitates the design of prevention. Those values of the 
diagnostic test that confer no additional risk of morbidity or mortality are normal.

Evaluation of the merit of a new diagnostic test requires a working knowledge of 
the test properties, which is based on the principle of probability. Assessing of a new 
diagnostic test begins with identification of a group of patients known to have the dis-
order of interest, using an accepted reference test known as the gold standard. The 
degree of the validity (accuracy) of a diagnostic test depends on its sensitivity and 
specificity. 

Screening is performed in order to identify whether people have a disease for 
which they currently have no symptoms (e.g. carcinoma in situ, precancerous changes). 
Screening is not performed to diagnose illness; it should sort out apparently healthy 
people from those who may have a disease. If the disease can be diagnosed and treated 
at an early stage, illness and case fatality can be reduced. Screening tests should be 
used for purposes of the secondary prevention. In practice, screening tests are never 
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completely accurate. There will always be a number of false-positive results (according 
to which the test indicates that a subject has the disease while in reality he does not 
have it). False-negative results can also occur (according to which the test indicates that 
there is no disease present, when in reality the subject has it). A good screening test 
should keep false-positive and false-negative results to a minimum.

Using screening tests some aspects must be accounted as:
•	 The test should be a simple, safe, precise and validated test. 
•	 The distribution of test values in the target population should be known, and a 

suitable cut-off level should be defined and agreed. 
•	 There should be an agreed policy in the further diagnostic investigation of indi-

viduals with a positive test result, and in the choices available to those individuals. 
•	 There should be an effective early treatment or intervention for patients identi-

fied through early detection leading to better outcomes than late treatment.
•	  There should be the evidence that the complete screening program (test, di-

agnostic procedures, treatment/intervention) is clinically, socially and ethically 
acceptable both to health professionals and to the public.

National programs should include screening for breast cancer, cervical cancer, colo-
rectal cancer, prostate cancer, antenatal and neonatal conditions, tests for diabetes, 
blood pressure checks, risk factors of atherosclerosis, etc.

Validity of the test, i.e. determining indices, like sensitivity and specificity  are usu-
ally determined by applying the test to a group of ill persons and to another group of 
people who do not have the disease and then comparing the results. A screening test 
can be evaluated using a 2x2 table, as shown in Table 2. 

Table 2.

TEST DISEASE PRESENT DISEASE ABSENT TOTAL

Positive a = true positives b = false positives a + b

Negative c = false negatives d = true negatives c + d

Total a + c b + d a + b + c + d

The table shows:
• how many subjects with a positive result actually have the disease (true positive) (cell a)
• how many subjects with a positive result do not have the disease (false positive) (b)
• how many subjects have a positive result (a + b)
• how many subjects have a negative result (c + d)
• how many subjects with a negative result actually have the disease (false negative) (c)
• how many subjects with a negative result do not have the disease (true negative) (d)
• how many subjects actually have the disease (a + c)
• how many subjects do not have the disease (b + d)
• the total number of subjects (a + b + c + d).

Sensitivity is the proportion of subjects who really have the disease, and who have 
been identified as diseased by the test.

                  
 The formula for calculating sensitivity is    a / (a + c) x 100 (%)
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Specificity is the proportion of subjects who really do not have the disease, and who 
have been identified as non-diseased by the test.

                  
 The formula for calculating specificity is     d / (b + d) x 100 (%)
 
Sensitivity and specificity both indicate how accurately the test can detect whether 

or not the subject has the disease. 

Positive predictive value (PPV) is the probability that a subject with a positive 
test result really has the disease.

                   
The formula for calculating PPV is            a / (a + b)

Negative predictive value (NPV) is the probability that a subject with a negative 
test result really does not have the disease.

The formula for calculating NPV is        d / (c + d)

Prevalence   is the proportion of diseased subjects in a screened population (also 
called the pre-test probability), and it is the probability of having the disease before the 
screening test is performed. It can be especially useful when evaluating screening tests 
for groups of people who may have different prevalence (e.g. different genders, age 
groups or ethnic groups).

The formula for calculating prevalence in screening is   (a + c) / (a+ b + c + d)

5.3 Health indicators

Epidemiology describes the health indicators, like incidence, prevalence, mor-
tality of infectious and non-communicable diseases through which the trends can be 
characterized for different world regions and prognosis according to control through 
implemented prevention measures. Distribution of illness includes socioeconomic and 
health care conditions as well as   population characteristics and other factors which 
represent variations, disparities, inequities in health and disease.

A lot of data for epidemiological studies are collected routinely by government and 
are made available to local, state and international groups. Community–wide epidemio-
logic measurement depends on accurate determination and reporting (notification) of 
numerator data (birth, deaths, becoming ill - incident cases) and denominator data (de-
mographic data from the census). Population health statistics are an important source 
of information for health measuring, decision-makers and researchers in public health.

Incidence data indicate the number of newly occurring cases within a given pe-
riod (usually one year). Incidence is an indicator of intensity, the dynamic of increasing 
frequency of the disease in a population. 

The formula for calculating incidence is  
 

number of new cases x 100 000/ size of the population 

It is usually expressed often per 100 000 population usually per year (calculated in 
the same time). If the time period is a particular year, then the mid-year population esti-
mate should be used. It could be expressed for both genders and age groups. 
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Incidence could be also expressed per 1 000 person-years.  It is calculated as follows: num-
ber of new cases in a given time period per person years at risk during the same time period. 
Person- years at risk means the total amount of time (in years) that each member of the popula-
tion being studied (or study population) is at risk of the disease during the period of interest. 
In practice, we often do not know the exact number of person-years at risk, so a proxy measure 
such as the mid-year population can be used.

 Prevalence is the extensive rate expressing the proportion of the population living 
with recognized disease or medical disorder (including new and surviving ill persons) 
in certain region. It is typically expressed in cases per 100 000 or 10 000 population, 
usually for specific age groups, sex, race. This is defined as the proportion of current 
cases in a population at a given point of time, called the point prevalence or can be 
calculated in the certain period (usually a year) and called as interval prevalence. This 
indicator is used for expression of infectious diseases with tendency to chronicity and 
chronic non-communicable diseases. 

The formula for calculating prevalence is   
                                                   

number of all cases x 100 000/ size of the population 

Prevalence surveys are commonly undertaken as the first step in study of non-communica-
ble diseases (coronary heart disease, stroke, etc.) in population giving the basic data for planning 
the resources and organization of health care, etc. In the case of infectious diseases (TB, HIV/
AIDS, etc.)  the studies show the occurrence of current sources of long-lasting infectivity in given 
population.

Mortality is a death rate calculating by dividing the number of deaths in a given 
time period by the number of the population in the same time period, and then multi-
ply the result by 100 000 (also is called crude death rate).

The formula for calculating mortality is   
                                                  

 number of deaths x 100 000/ size of the population 

 If the time period is a particular year the mid-year population estimate should be 
used. Mortality could be total /overall, calculating all deaths for various reasons in 
the certain population expressing per 1 000 mid-year population or could be spe-
cific, when the death rate of specific disease, i.e. caused by one specific reason is 
calculated.  

These rates of incidence, prevalence and mortality are sometimes described as 
crude rates, which refer to the number of occurrences/deaths for a whole population. 
It is often more beneficial to subdivide crude rates into specific rates for age and sex. 

Specific rates can take the form of sex-specific rates (giving rates for males and females sepa-
rately) or age-specific (quoting rates in specific age bands, e.g. 0-4, 5-14, 15-24 years, etc.) or age/
sex-specific rates (giving rates for males aged 5-14 years, etc. and females aged 0-4 years, etc.). 
These rates provide more information than crude rates. For specific rates, a crude rate is calcu-
lated for each group (divided by the population in specific age group or sex), allowing the rates 
for each group to be compared.

The incidence of lung cancer   increases with age, and men are generally at higher risk than 
women. A comparison of crude lung cancer incidence rates may indicate little change over a long 
period. However, by using age- and sex-specific rates it might be found that the incidence of lung 
cancer is decreasing in younger men, while it is increasing in older women. This might prompt 
further investigation into the underlying reasons for these differences.
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Age-specific death rates in childhood are calculated for deaths in a perinatal pe-
riod (since 28th week of pregnancy to 7 days after birth), then in newborns (neonatal 
mortality) and at the age of 1 year of life (infants/toddlers mortality).

Perinatal mortality is calculated as a number of dead children plus number of dead 
children in the first 7 days  divided by a number of live birth multiply the result by 1000 
(for rates per 1000 live births or expressed in ‰)  in a given time period, usually a year. 

This death rate is high in developing countries associated with bad health care, among 
children with low birth weight and with congenital defects and maternal diseases.

Neonatal mortality is the most important part of infant mortality causing about 
two thirds of infant mortality. It is calculating as a number of newborns died during 
first 28 days after birth divided by number of live births multiplying the result by 1000 
(for rates per 1000 live births or expressed in ‰)  in a given time period, usually  a year.

 Neonatal mortality is mostly associated with pathology during pregnancy and deliv-
ery and disorders from the newborns (low birth weight, immaturity, malnutrition, etc.).

Infant mortality is the death rate of infants in the age 0-1 year of life. It is calculat-
ing as a number of deaths under 1 year of age divided by a number of live births multi-
plying the result by 1000 ((for rates per 1000 live births or expressed in ‰) in a given 
time period, usually a year. Infant mortality can be impaired by congenital disorders, 
maternal and child care in countries and finally socioeconomic status and education of 
mothers. It is very important indicator of standard of living, health care and prevention 
in the certain population/country. 

Specific rates can provide more accurate data than crude rates, but comparison be-
tween populations/countries/regions/periods is difficult because factors as age and sex 
structure could lead to misinterpretation of actual differences. It depends on popula-
tion pyramids (sex pyramid). The knowledge of age and sex distribution of a popula-
tion is important for correct comparison of occurrence of a disease in different countries.

This age structure histogram is constructed by computing the percentage distribu-
tion of the population by age and sex in every year. The values for each female age 
groups being plotted on the right and the corresponding values for males on the left. 

Three types of pyramids have been identified by live births and mortality rates of a 
country:

 a) stationary pyramid typical for countries with low fertility and mortality (fertil-
ity rate is defined as number of live births during a year per 1000 female aged 15 – 49 
years),

 b) expansive pyramid showing a broad base which reflects a rapid rate of popula-
tion grow and low proportion of older people (e.g. developing countries), 

c) constrictive pyramid showing lower proportion of younger people which 
means that people are generally older (e.g. in Europe). 

Life expectancy is the average number of years an individual at a given age is ex-
pected to live if current mortality rates continue to apply. Usually, this index is calcu-
lated at birth and at a given age, often at 65 years of age (concerning impact of chronic 
non-communicable diseases). This index is a measure and indicator of the health status 
of the population.         

One way of overcoming comparative problem in age structure and life expectancy 
of different population is to use a standardized (adjusted) rate, allowing straightfor-
ward comparisons to be made. Standardization can be calculated using either direct or 
indirect methods. Both compare a specific study population with a “standard popula-
tion” (often world or European).

In direct method, the number of deaths per 10000 (or per 1000, per 100000, etc.) for each 
group in the study population is multiplied by the proportion of individuals in each age group 
within the standard population. This produces the expected number of deaths that would have 
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been experienced by the standard population if it had the same death rate as the study popula-
tion. The resulting values for each age group are then added together to produce an age-stand-
ardized death rate per 10000. 

Indirect standardization is the most commonly used method. It yields more stable results 
than direct standardization for small populations or small numbers of events. The figure produced 
by this method is called the standardized mortality ratio or SMR. Death rates for age groups (or 
other groups) in the standard population are multiplied by the population of the same groups 
in the study population. This produces an “expected” number of deaths representing what the 
number of deaths in the study population would have been, if that population had the same death 
rates as the standard population. The observed (or actual) number of deaths in the study popula-
tion is then divided by the total expected number and multiplied by 100. This produces an SMR. 
The standard population always has an SMR of 100, with which the SMR of the study population 
can be compared. The SMR figure is actually a percentage. This means that if the study popula-
tion’s SMR is e.g. 130, its death rate is 30% higher than that of the standard population.

The formula for calculating the SMR is:            

SMR = observed deaths x 100 / expected deaths

Case-fatality rate (CFR) is often interpreted as a measure of severity of the disease 
or it can indirectly measure effectiveness of medical treatment. CFR is expressed in %.

The formula for calculating a CFR is:
number of persons died of the disease x 100/ number of all persons with 

the same disease 
Rabies without special prophylaxis (immunoglobulin plus vaccination) could be 100% fatal, 

i.e. all persons who were exposed to rabid animals failing passive –active prophylaxis should die 
of rabies. 

5.4 The Burden of Disease Approach

The 20th century witnessed the transition of major disease burden, defined by 
death, from infectious diseases to chronic diseases. Diseases of   the heart and vessels 
and cancer are the leading causes of death.  The measurement of health burden can 
be considered using internationally agreed indicators. The DALY (Disability Adjusted 
Life Years) is a composite measure that combines time lost due to premature mortality 
with time of healthy life lost due to living in health states worse than ideal health (see 
Fig 2.). Thus, the DALY measure is a health gap measure that quantifies the difference 
between the actual health of a population and some defined ideal or goal for population 
health. Just like DALYs, the QALY (Quality adjusted life year) measure is a way of meas-
uring disease burden, including both the quality and the quantity of life lived. Estimates 
of the duration of time lost due to premature death are reflected in the DALY formula by 
the component YLL (Years of Life Lost). This method calculates the time of life lost due 
to premature death with regard to a standard cohort life expectancy at each age. For the 
ideal standard, the expectations of life at each age are based on a model life table which 
has a life expectancy at birth. DALY sums up years of life lost due to premature death 
(YLL) and healthy years of life lost due to disability (YLD). 
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Figure 2.
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DALY = YLL + YLD     DALY: Disability Adjusted Life Years 
                                         YLL: Years of Life Lost due to premature death
                                         YLD: Years of Life Lost due to Disability

Years of Life Lost due to Disability (YLD) as the morbidity component of the   
DALYs   are considered to be the most difficult estimate in a burden of disease study. 
YLD estimates use disability weights in order to determine the extent of health losses 
in lifetime. 

The data required to estimate the YLD component are the disability incidence and duration, 
the age of onset, and the distribution by severity classes, all of which must be disease specific and 
disaggregated by age and sex. To make the specified disabilities comparable, YLDs are combined 
with a disability weight ranging from 0 (full health equivalent) to 1 (health state equivalent to 
death). The bigger a disability weight, the more health losses are estimated. Other key features of 
the DALY measure that affect the calculation of both YLL and YLD are social values with respect 
to age and time preferences.

DALYs can be calculated for disease grouping and for single disease entities like, e.g., 
tuberculosis, cancer, injuries.  The assessment of the impact of non-fatal health (i.e. the 
functional loss of capacity) outcomes on the burden of disease requires an in-depth 
understanding of the diseases specific epidemiology. 

Good reporting is essential for surveillance of diseases. Well established informa-
tion system as a combination of vital and statistical data from multiple sources is used 
to derive information about the occurrence of diseases, health needs, resources, costs, 
use of health services and finally for good health policy. Surveillance of zoonotic dis-
eases is necessary tool for their control and assessment of risk for human population. 
Very important are hospital data (in-patients data) including laboratory records and 
out-patients care data providing surveillance of particular chronic disease (diabetes). 
Data of non-communicable diseases (cancer, cardiovascular diseases, diabetes) and of 
certain infection (tuberculosis) can be acquired from registries.
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6. DECONTAMINATION

The term of decontamination concerns a wide set of measures targeted to lower 
the risk of infection in defined environments. Four main approaches are involved:

- disinfection aiming to eliminate pathogenic and potentially pathogenic micro-
organisms either in the environment (air, water, soil, foodstuffs, different surfaces, ob-
jects and items of daily use-fomites, etc.) or present on the skin and mucosae of  hosts,

- sterilization is the process for destroying all forms of microbes, including very 
resistant spores,

- disinsection with the aim to protect man against different insects and other ar-
thropods of medical importance, i.e. agents of vector-borne infections, also to reduce 
and control the vectors

- rodent control targeted to destroy rodents threatening human health as sources 
of infection.

6.1 Disinfection and sterilization

Disinfection is the process of elimination of most pathogenic microorganisms 
(excluding bacterial spores) on inanimate and animate objects. Disinfection can be 
achieved by physical or chemical methods. Sterilization is defined as the process 
where all the living microorganisms, including bacterial spores are killed. Sterilization 
can be achieved by physical, chemical methods or combinations.

These measures are associated with two terms, denoting basic principles im-
plied in everyday medical practice:

- asepsis - aims to prevent access of microorganisms into open wounds, body 
cavities and internal tissues, practically is realized by securing conditions of 
sterility mainly of materials used in therapeutic or diagnostic procedures. 
This preventive approach is used every day in healthcare, including 
disinfection of hands as essential condition in medical care, 

- antisepsis is an approach targeted to prevent the development of infection 
by killing or inhibiting pathogenic microorganisms on body surfaces, cavities, 
tissues, open wounds, burns, and contaminated injuries.

6.1.1 Sterilization

All instruments and other equipment used to perform surgery must be sterilized 
prior to use. Whatever method of sterilization is chosen, the procedure must be vali-
dated for each type of product or material, both with respect to the assurance of steril-
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ity. Failure to follow precisely a defined, validated process could result in a nonsterile 
or deteriorated product.  

a) Physical methods of sterilization:
Basic approaches of physical sterilization include heat methods (moist and dry heat), 

cold plasma and ionizing rays (gamma and electron-beam radiation). 

Heat methods
Classical sterilization techniques using saturated steam under pressure or hot air 

are the most reliable and should be used for thermostable (thermoresistant) material. 
Those articles that cannot withstand high temperatures (thermosensitive) can still be 
sterilized by chemosterilizants, cold plasma or by radiation. Both heat methods act in 
destroying microbes by protein coagulation, denaturation and oxidative damage by 
higher temperature. However, using lower temperature moist heat is superior to dry 
heat in action.

Thermal death time is the minimum time required to kill a suspension of organisms 
at a predetermined temperature in a specified environment.

During sterilization must come into consideration the time taken for the articles to 
reach the sterilizing temperature, maintenance of the sterilizing temperature for a de-
fined period - exposure time and the time taken for the articles to cool down.

Factors affecting sterilization by heat are:
•	 Nature of heat: moist heat is more effective than dry heat.
•	 Temperature and time: temperature and time are inversely proportional. As 

temperature increases the time taken decreases.
•	 Number of microorganisms: more the number of microorganisms, higher the 

temperature or longer duration required.
•	 Nature of microorganism: depends on species and strain of microorganism, 

sensitivity to heat may vary. Spores are highly resistant.
•	 Type of material: heat sensitivity, heat resistance 
•	 Presence of organic material: organic materials such as protein, sugars, oils and 

fats increase the exposure time required.

 Moist heat
 Sterilization by saturated steam above 100 °C is performed in autoclave. This most 

common method for sterilizing thermostable material is used for surgical dressings, 
medical devices, and surgical instruments with repeated decontamination, but also 
rubber, textile materials withstanding temperatures above 100°C and higher pressure 
than atmospheric (Fig 1). Effective is using overpressure of 100 kPa above normal at-
mospheric pressure inside the autoclave with the temperature 121°C with 20 minutes 
exposure or overpressure of 200 kPa corresponding to a temperature 134°C and expo-
sure of 10 minutes, respectively. To destroy very resistant infectious agents like prions, 
higher temperatures or longer exposure times are used; 134°C or 121°C for at least one 
hour under the overpressure of 300 kPa are recommended. 

The process of each sterilization means preparing items, materials before steri-
lization including disinfection (in the case of contamination by biological material), 
mechanical cleaning, rinsing by water, drying of items, packaging and delivery. Steriliza-
tion process must be controlled by physical, chemical and biological checking. Packages 
or baskets must be tagged with autoclave tape (chemical control) to verify sterilization.
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Preparing and packaging material is needed suitably: 
	Loose dry materials must be wrapped or bagged in steam-penetrable paper or 

loosely covered with aluminum foil. Sharps must be in a designated ‘Sharps’ con-
tainer. 

	All containers must be covered by a loosened lid or steam penetrable bung. 
	Containers of liquid must be a maximum of 2/3 full, with lids loosened.
	Plastics must be heat resistant, e.g.: polycarbonate (PC), PTFE (“Teflon”) and most 

polypropylene (PP) items. 

Figure 3.                                                  Steam autoclave 

source: http://www.puneetind.com/2.2_Principle%20of%20Steam%20Sterilization.html

Dry heat
Thermoresistant glass wares (such as petri-dishes, pipettes, flasks, syringes), swabs, 

oils, grease and some pharmaceutical products to be sterilized are exposed to high 
temperature (160°C up to 220°C) for duration of one hour/ 20 minutes in an electri-
cally heated oven. Different temperature-time relations in sterilization cycle are used 
as 160°C /60 minutes, 170°C/ 30 minutes and 180°C/ 20 minutes. These parameters 
(shorter exposure times) are recommended for ovens with forced air circulation. The 
hot air oven must not be opened until the temperature inside has fallen below 60°C to 
prevent breakage of glass wares. The oven should be fitted with a thermostat control, 
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temperature indicator, meshed shelves and must have adequate insulation. For sharp, 
metallic instruments this method is not recommended. 

Some rules must be followed in preparing articles. Dried articles must be placed at 
sufficient distance so as to allow free circulation of air in between. Articles such as petri 
dishes and pipettes may be arranged inside metal canisters and individual glass articles 
must be wrapped in craft paper or aluminum foils.

Burning concerns mainly disposable materials, hospital communal, biological 
waste using high temperatures from 300 up to 1000°C. Incineration is a method of 
destroying contaminated material, animal carcasses, pathological material and bedding 
that have to be disposed by burning them in incinerator. 

In the laboratory red heat and flaming could be used.  Articles such as bacteriological loops, 
straight wires, tips of forceps and searing spatulas are sterilized by holding them in Bunsen flame 
till they become red hot (red heat). Flaming is a method of passing scalpels, flasks, glass slides, 
cover slips over through Bunsen flame, but not heating it to redness without any guarantee that 
spores also would die.

Infrared rays are used for sterilization by generation of heat. Articles to be steri-
lized are placed in a moving conveyer belt and passed through a tunnel that is heated by 
infrared radiators to a temperature of 180°C for 7.5 minutes. It is mainly used in Central 
sterilization department.

Cold plasma:
For thermosensitive materials, instruments and medical devices (optical, endoscopes) 

is used low temperature plasma sterilization method. The cold plasma technique uses 
cold gases produced by H2O2 or peracetic acid in electromagnetic field at very low pres-
sure of 0.04 kPa in vacuum. The technique has the potential to inactivate microorganisms 
within 10 minutes at the temperature of 50°C without leaving toxic residues. It is used for 
good penetration, rapid sterilization for medical instruments with low diameter lumen 
and optic equipment. Duration of sterilization cycle is 45-75 min. 

Radiation:
Two types of radiation are used, ionizing and non-ionizing especially in large scale 

industrial sterilization. Mainly ionizing high-energy rays (cold sterilizations) are used 
for sterilization. Ionizing rays are of two types, particulate and electromagnetic gamma 
rays with higher penetrative power.

A high speed electron beams (particles) with lower penetrative power is less used. 
These particulates are produced by linear accelerator from a heated cathode. Electron 
beams are employed to sterilize articles like syringes, gloves, dressing packs, foods and 
pharmaceuticals. Sterilization is accomplished in few seconds. 

Electromagnetic gamma radiation (dose of about 25 kGy) emanates from nuclear 
disintegration of certain radioactive isotopes (Co60, Cs137). They have more penetra-
tive power than electron beams but require longer time of exposure. These high-energy 
rays are used extensively for sterilization of heat sensitive medical devices, disposable 
materials (petri dishes, plastic syringes, tubing, valves, prosthesis, etc.), medicaments, 
glass wares and fabrics. 

b) Chemosterilization
Chemicals with a wide spectrum of antimicrobial effect can be used for sterilization 

of heat sensitive instruments, devices, endoscopes and other optical devices and mate-
rials, e.g. for extracorporeal circulation, anesthetic and resuscitation equipment often 
made of plastic material. For sterilization purposes ethylene oxide and formaldehyde 
are used currently.
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The process of chemosterilization includes three steps:
•	 disinfection and mechanical cleaning
•	 sterilization itself – in special automated or semi-automated machines 
•	 removal of toxic residua of chemosterilizants by rinsing with sterile water, air-

ing in sterile air flow or using sterile neutralizing matters.

Ethylene oxide (EO) has a very good penetrative and sterilization capacity acting as 
protoplasmic poison. It is cyclic either with a boiling point of 10.7°C,  highly flammable 
in air and explosive, therefore mixtures of 10% EO with 90% carbon dioxide (explosion 
suppressor) or other gaseous carriers are used which significantly reduce the fire haz-
ard. EO pressure sterilizer is used for cold sterilization using temperature in range of 50 
- 60°C, mostly at 55°C. As EO and its byproducts are toxic, mutagenic and carcinogenic, 
safety measures lowering the risk to human health have to be applied and used to be a 
barrier for wide usage.

Formaldehyde sterilization, using gas, is performed at low temperatures of 60°C to 
about 80°C in formaldehyde sterilizers with exposure time of 15-70 minutes.

Table 3.          Sterilization methods – advantages and disadvantages

 ADVANTAGES DISADVANTAGES

Saturated steam
 - majority of health care materials  - not for heat sensitive material

 - short exposure time  - installing for medicated steam

Dry heat
 - proper to unguents, oils, powders  - no textile, rubber, plastic, cellulose

 - operation safety  - damage by heat, blunt instruments

Gamma radiation
 - majority of health care materials  - strictly industrial, 

 - good penetration  - low virus inactivation, no reuse

Plasma 

 - cold  sterilization -  55°C  - no paper, cellulose, textile, 

 - short cycle (max. 72 min.)  - special wrap Tyvek, surface action

  - booster for long narrow lumens

Ethylene oxide
 - cold sterilization, a majority of 
materials, good penetration (plastics), 
for hollow items

 - airing needed,

 - toxic, carcinogenic, mutagenic

 - explosive, special installing etc.

Formaldehyde

 - cold sterilization, majority of 
materials, unexclusive

 - surface action, strong adsorption to      
   plastics, no textile, narrow lumen

 - liquid phase storage  - low stability



47

6.1.1 Disinfection

Disinfection – epidemiological approach
Two main approaches are used in practice:

• Preventive disinfection – is a complex of measures without relationships 
to any known focus of infection, performed where a spread of infectious 
agent is suspected. Preventive disinfection is indicated in facilities with 
high concentration of persons, such as schools, nurseries, hospitals, places 
of common board and lodging, means of communication, etc., or as a 
component of water and food product safety assurance (e.g. disinfection of 
water, pasteurization of milk, etc.).

• Disinfection in the focus of infection - means to interrupt further spread 
of disease by   killing or inactivating infectious agents. It involves:

– concurrent disinfection – it must be performed in surroundings of the patient 
systematically and continuously, until excretion of pathogenic microorganisms is inter-
rupted; it concerns all items of daily use and objects the patient is contacted with (cut-
lery, dishes, linen, medical instruments, etc.) and excreta (stools, urine, sputum, saliva) 
according to the type of disease; 

– terminal disinfection – a final decontaminating measure performed in the focus 
of infection, where the source of infection lived, was hospitalized, recovered, or died.

a) Physical methods of disinfection

Moist heat- some of heating methods, such as boiling and pasteurization (at the 
temperature below 100°C) could be used on the level of disinfection.
	 Boiling water (100°C) kills most vegetative bacteria and viruses immediately, 

not spores, not toxins (Staphylococcal enterotoxin). 
	 Pasteurization is employed in food and dairy industry. There are two methods 

of pasteurization, the holder method (heated at 63°C for 30 minutes) and flash method 
(heated at 72°C for 15 seconds) followed by quickly cooling to 13°C.

Some old heat methods and special approaches are used for treatment of vaccines or pretreat-
ment of sera when only vegetative bacteria are killed and spores survive. The contaminating 
bacteria in a vaccine or sera preparation can be inactivated by heating in a water bath at 60°C 
(vaccine bath) or 56°C for one hour, in the case of a serum also several successive days.  Some 
cultivation media are subjected to free steam at 100°C for 90 min. in traditionally Arnold’s and 
Koch’s steamers. Tyndallization is fractional or intermittent sterilization of free steaming for 20 
minutes for three successive days. The vegetative bacteria are killed in the first exposure and the 
spores that germinate by next day are killed in subsequent days.
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Radiation by non - ionizing rays 
Non-ionizing rays are rays of low energy and wavelength longer than the visible 

light. Microbicidal wavelength of  ultraviolet (UV) rays lie in the wavelength range 
of 200-280 nm, with 260 nm being the most effective with maximum absorption by the 
microorganisms (germicidal effect). UV rays from germicide lamps ultimately inhibit 
DNA replication and induce mutations in cells. Microorganisms on surfaces and in air 
are inactivated within seconds in hospital wards, operation theatres, laboratories, etc. 
Disadvantages of using UV rays include low penetrative power, limited life of the UV 
bulb; some bacteria have DNA repair enzymes, and they do not penetrate glass, paper 
or plastic. Organic matter and dust prevent UV light´s reach.

Filtration does not kill microbes, it separates them out. Membrane filters with pore 
sizes between 0.2- 0.45 μm are commonly used to remove particles from solutions that 
cannot be autoclaved. It is used to remove microbes from heat labile liquids such as 
serum, antibiotic solutions or sugar solutions. Various applications of filtration include 
removing bacteria from ingredients of culture media, separating toxins from culture 
filtrates by using either positive or negative pressure with vacuum pumps. 

Air Filters: Air can be filtered by using air filters HEPA (High Efficiency Particle Air), 
which are at least 99.97% efficient for removing particles >0.3 μm in diameter. They are 
usually used in biological safety cabinets, in rooms housing high risk neutropenic pa-
tients and in operating rooms. 

Sonic and ultrasonic vibrations 
Sound waves of frequency >20,000 cycles/second kill bacteria and some viruses on 

exposing for one hour. High frequency sound waves and ultrasound are used for me-
chanical disruption of cells. They are used to clean and disinfect medical instruments 
and devices with less accessible parts (needles for punctures, dental instruments) as 
well as to reduce microbial load. This method is not reliable since many viruses and 
phages are not affected by these waves.

b) Chemical methods of disinfection:

Disinfectants are those chemicals that destroy pathogenic bacteria from inanimate 
surfaces. Chemicals differ by spectrum of activity. Those chemicals that can be safely 
applied over skin and mucus membranes in man or animals are called antiseptics. An 
ideal antiseptic or disinfectant should have following properties:

•	 wide spectrum of activity
•	 rapid effect
•	 active in the presence of organic matter
•	 active in any pH
•	 be stable
•	 have long shelf life
•	 have high penetrating power
•	 be non-toxic, non-allergenic, non-irritating or non-corrosive
•	 not have bad odor
•	 leaves non-volatile residue or stain.
Such an ideal disinfectant is not yet available. The level of disinfection achieved de-

pends on contact (exposure) time, temperature, type and concentration of the active 
ingredient, the presence of organic matter, the type and quantum of microbial load. 
Some chemical disinfectants at working concentrations rapidly lose their strength; they 
must be used as fresh solutions (peracetic acid).
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Classification of disinfectants
1. Based on consistency

a. Liquid (e.g., alcohols, phenols)
b. Gaseous (formaldehyde vapor, ethylene oxide)

2. Based on mechanism of action
a. Action on membrane (e.g. alcohols, detergents)
b. Denaturation of cellular proteins (e.g. alcohols, phenol)
c. Oxidation of essential sulfhydryl groups of enzymes (e.g. H2O2, halogens)
d. Alkylation of amino-, carboxyl- and hydroxyl group (e.g. ethylene oxide,       
  formaldehyde)
e. Damage to nucleic acids – chemosterilizants: ethylene oxide, formaldehyde

Chemical disinfectants comprise broad group of different chemicals, each with 
specific effect.

•	 Alkalies and acids
Their use in medical practice is limited mainly to rough decontamination (high tox-

icity). They are highly effective for destruction of spores (Bacillus anthracis) in raw 
materials of animal origin.

Alkalies – calcium hydroxide (decontamination of dwellings, 10-20% water solu-
tions for disinfection of cesspools, etc.) – sodium hydroxide (10% concentration for 
disinfection of instruments in dentistry) - along with potassium hydroxide for decon-
tamination of skin in tanneries, etc.

Acids – boric acid is used as an antiseptic (1-4% in eye drops, 10-20% in unguents 
and powders)

 –  peracetic acid (used in high-level disinfection)
•	 Oxidizing agents
Hydrogen peroxide (0.3-3% concentration) – commonly used as antiseptic for all 

types of wounds, in surgery and dentistry, at higher concentrations (3% and over) for 
disinfection of medical equipment, surfaces, etc.

Potassiumpermanganate is used in 0.1-0.3% concentration as an antiseptic – for 
skin lesions, irrigation, as a gargle, etc.

Ozone – mainly applied in decontamination of water
•	 Halogens
Chlorine compounds: Chlorine gas is used for disinfection of potable water, in 

1:10 dilution it can be used to disinfect floors, in higher concentrations is used to disin-
fect swimming pools.

Hypochlorites, the most widely used of the inorganic chlorine disinfectants, are avail-
able as liquid (e.g. sodium hypochlorite - NaOCl) or solid (e.g. calcium hypochlorite). 
They have a broad spectrum of antimicrobial activity, low toxicity without residues and 
are unaffected by water hardness. They are fast acting and could remove dried or fixed 
organisms and biofilms from surfaces. The sporicidal action of these chlorine releasing 
agents can be potentiated by adding activators, as ammonia salts.

Organic chloramines are more stable, they are the most widely used broad-spectrum 
disinfectants in medical practice. Chloramine T and Chloramine B and other chlora-
mines are used in 0.5-5% concentrations with 1 minute exposure for hand disinfection, 
in 2% for 30 minutes or in 3-5% concentrations up to 2-6 hours exposure to ensure 
virucidal, mycobactericidal and sporicidal effects. 

Iodine compounds: Tincture of iodine (2% iodine in 70% alcohol) is an antiseptic. 
Iodine can be combined with neutral carrier polymers such as polyvinylpyrrolidone 
(PVP) to prepare iodophores such as povidone-iodine. Iodophores permit slow release 
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and reduce the irritation of the antiseptic. For hand washing iodophores are diluted 
in 50% alcohol. 10% Povidone Iodine is used undiluted in pre and postoperative skin 
disinfection. 

•	 Alcohols
In the healthcare setting, “alcohol” with germicidal characteristics and denaturation 

of proteins is used in mixtures with alcohols, aldehydes and with water. 
Properties of alcohols as good disinfectants:
•	 good rapid bactericidal (including mycobacteria), fungicidal and virucidal ac-

tivities (against all of  lipophilic viruses, e.g. herpes, influenza viruses and many 
hydrophilic viruses) but not sporicidal effect

•	 ethanol (70%), propanol, isopropanol (60-70%) are effective against enveloped 
viruses, but less effective against non-enveloped viruses (90% ethanol). 

•	  cannot penetrate protein-rich materials.
•	  as rapidly drying disinfectants  are convenient for hand washing, for preopera-

tive skin disinfection and surfaces
•	 alcohol wipes have been used effectively to disinfect oral and rectal thermom-

eters, hospital pagers, scissors, and stethoscopes
•	 can be used as a base for other bactericides (e.g. aldehydes, surfactants, chlo-

rhexidine, iodine, triclosan) in combined preparations
•	 Aldehydes
Formaldehyde is used as disinfectant and for chemosterilization in both liquid and 

gaseous state. It may be obtained as 37- 40% solution in water – formalin, which is 
a bactericidal (also tuberculocidal), fungicidal, virucidal and sporicidal. In concentra-
tions from 1-2 to 8%, with preferred 4% solutions, it is effective as a liquid disinfectant. 
Hospital use of formaldehyde is limited by its irritating fumes, pungent odor and carci-
nogenic potential. 

Combined preparations, e.g. Desident spray (1% formaldehyde, 1% septonex in gly-
cols) for flash decontamination of instruments in dentistry and Sekusept forte (formal-
dehyde, glutaraldehyde, glyoxal, etc.) for heat labile medical devices are used.

The solid polymerized compound of formaldehyde – paraformaldehyde – may be 
used as a space decontaminant, e.g. for fumigation of rooms and buildings (molds after 
water damage, etc.), and gaseous decontamination of biological safety cabinets, air fil-
ter units and others. Formaldehyde could be also used for air decontamination.

Glutaraldehyde – is in the 2-3.2 % concentration active against all bacteria, mycobac-
teria, viruses and spores. Aqueous solutions – acidic and alkaline are used in practice. 
Because of the broad spectrum of antimicrobial activities, glutaraldehyde has become 
the chemical of choice as high level disinfectant for rapid disinfection of medical and 
dental equipment, mainly endoscopes, dialyzers, anesthesia and respiratory therapy 
equipment. 

•	 Surfactants 
These are soaps or detergents (anionic or cationic). Detergents containing nega-

tively charged long chain hydrocarbon are called anionic detergents (soaps). If the fat-
soluble part is made to have a positive charge by combining with a quaternary nitrogen 
atom, it is called cationic detergents, known as quaternary ammonium compounds 
(cetrimide and benzalkonium chloride). They have the property of concentrating at in-
terfaces between lipid containing membrane of bacterial cell and surrounding aqueous 
medium leading to disruption of membrane. They are active against vegetative cells, 
mycobacteria and enveloped viruses. They are widely used at dilution of 1-2% for do-
mestic use and disinfection in hospitals.

•	 Cyclic compounds
They comprise a wide group of chemicals used as common disinfectants. 
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Phenol – the classical hospital disinfectant has been replaced by numerous phenol 
derivatives (phenolics) in the last decades.

Phenol derivatives – are much improved in their antimicrobial properties showing bactericidal (incl. 
tuberculocidal), fungicidal, virucidal (with considerable variability) but not sporicidal activity. These com-

pounds are used mainly for decontamination of the hospital environment and laboratories. 

Cresols (ortho-, meta-, para-, metylphenols) – are widely used for surface rough dis-
infection, often with soaps as water emulsifiers (e.g. Lysol).

Halogenized derivatives of phenol and cresol – mainly chlorphenols: e.g. 
2-benzyl-4-chlorphenol – Orthosan BF is used in 2-5% concentrations with 15-20 min. 
exposure for surface disinfection, exhibiting good washing properties and lower toxic-
ity. Disadvantage is limited effect on opportune pathogenic bacteria. 

Chlorhexidine – 1. 6-Di (4-chlorophenyl) diguanide-hexane (Hibitane) is commonly 
employed as aqueous soluble gluconate or acetate salts, as well as alcohol solutions and 
detergent preparations. High protein (pus, blood, serum, etc.) may inhibit its effect. 
The spectrum of antimicrobial activity concerns gram-positive and to a lesser extent 
gram-negative bacteria, fungi, lipophilic viruses; activity against mycobacteria is poor 
having no sporicidal effect.  

6.12 High - level disinfection (HLD)

The HLD process destroys all microorganisms (including vegetative bacteria, myco-
bacteria, yeasts and viruses) except some bacterial endospores. High-level disinfection 
can be achieved by soaking instruments in chemical disinfectants, as glutaraldehyde 
and peracetic acid.

•	 Glutaraldehyde (mentioned above, among aldehydes)
•	 Peracetic acid or peroxoacetic acid, a colorless or yellowish liquid of sharp 

odor, exerts in low concentrations (0.001-0.2%) a rapid action against all microorgan-
isms, including bacterial spores. It remains effective in the presence of organic matter 
and is sporicidal even at low temperatures. Disadvantage is corrosive activity. 

It is considered unstable, particularly when diluted; for example, a 1% solution loses 
half of its strength through hydrolysis in 6 days, whereas 40% peracetic acid loses 1-2% 
of its active ingredients per month.

The commercial preparation Persteril, containing 32% of peracetic acid, can be used 
for surface decontamination either in solution of 0.2-0.5% per 10 minutes, or by appli-
cation of vapors of 0.5% solution in a desiccator  per 30 min., especially for heat-labile 
materials and instruments. 

6.13 Control of disinfection and sterilization

Control is an integral component of disinfection and sterilization programs, neces-
sary to validate the efficacy of the process. Concerning sterilization, either the function 
of sterilizers or the results of the process, i.e. sterility of the material, is to be controlled.

Methods of control include physical, chemical and biological methods.
Physical control - comprises watching the temperature in dry heat ovens and steam 

sterilizers to recommended temperature and pressure in steam sterilizers on built-in 
thermometers and manometers, or recording the process using thermographs, mano-
graphs, etc. (running control). To check the function or built-in indicator systems, e.g. 
maximal thermometers are put at different places of the sterilizing chambers (periodic 
controls). Checking of exposure time is also important component of control.
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Chemical or physical - chemical control. For verification of sterilization cycles 
indicators with changes of color or state of consistency (solid, liquid) of the given 
chemicals, dependent on temperature and exposure time are used. Special paper indi-
cators are widely used to check each sterilization method either of physical (dry heat, 
moist heat, radiation) or chemical sterilization (ethylene oxide, formaldehyde). 

HEPA filter efficiency is monitored with the dioctylphthalate (DOP) particle test us-
ing particles that are 0.3 μm in diameter.

Biological control - uses test microorganisms, mainly those with resistance to high 
temperatures; e.g. nonpathogenic Geobacillus  stearothermophilus, with spores most 
resistant to moist heat (autoclaving). If a sterilization process was successful in inac-
tivating a significant challenge of spores, all pathogenic bacterial spores as well as vi-
ruses, fungi and vegetative bacteria exposed to the given conditions are considered to 
be inactivated. For dry heat sterilizers spores of Bacillus mesentericus are used for the 
control.

Control procedure:
a) taking a sample (swab) before disinfection or sterilization  as a control of contami-

nation or growth of test microorganisms 
b) decontamination itself - parameters as temperature, pressure or spectrum of ef-

fect, concentration, exposure time, etc. are to be observed;
c) taking a sample after disinfection or sterilization;
d) processing of samples - inoculation, incubation, etc.;
e) evaluation of results – qualitatively, quantitatively.

6.1.5 Hand disinfection

Human skin is normally colonized with bacterial flora. The microbial composition 
and count of the skin flora vary depending on gender, age, health condition, and loca-
tion on the body. Bacteria found on the hands reside in highest concentrations in the 
subungual area and are divided into categories: resident flora and transient flora (skin 
contaminants) – Table 4 

Resident microflora – permanent flora, in deeper layers of skin, in ducts of seba-
ceous and sweat glands, if there is no unbalancing due to some chemical or physical fac-
tors, the colonization remains the same. Transient microflora – temporary coloniza-
tion of skin, the skin of health professionals is often covered by conditional pathogens.

The ability of bacteria to survive on the surface of skin is about 150 minutes, which 
is sufficient time for transmission from one patient to another, or to health workers, 
therefore it is very important to know the basics of hand disinfection.

Types of hand washing:
a) common washing is mechanical cleaning, using toilet soap and hot water. It 

only reduces some microorganisms. 
b) Types of hand washing for disinfection purposes:
•	 hygienic hand washing – is performed using disinfectant soap, which de-

stroys the transient skin microflora. It is recommended to use it after every contact with 
the patient. 

The disadvantage of this washing is that you have to use the towel or disposable pa-
per towels. On their surfaces including common soap there are too many bacteria, and 
they are after every using transmitted to hands. Soap also destroys fat layer of the skin, 
frequent use can damage the integrity of the skin, which thus becomes susceptible to 
the infectious agents.
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•	 hygienic disinfection – is performed by alcohol water free disinfectant, 
which must be rubbed into the skin for 30 seconds and should not be rinsed with wa-
ter. This type of hand disinfection reduces the number of microorganisms on the skin; 
it is suitable for frequent application without any irritating effect on the skin. 

•	 surgical hand disinfection – prior to surgeries, medical staff completely 
wets hands and forearms with a hand disinfectant (preoperative rub-in procedure) to 
reduce the transmission of microorganisms to surgical sites by the application of a hand 
disinfectant before donning surgical gloves. It aims at the resident microbial flora of 
hands.  The exposure time depends on the hand disinfectant used and can be 5, 3 or 1.5 
minutes (Fig 2). 

             Table 4.  Skin microflora

Hand Hygiene for the Prevention of Nosocomial Infections
Health care workers’ (HCW) hands represent the principal factor of transmission 

of nosocomial pathogens. They are colonized permanently by the physiological flora 
(“resident flora”) and temporarily, depending on the precise nature of the employee’s 
duties, by various pathogens (“transient flora”). Staphylococcus aureus, for example, 
can survive for over 2 hours on the hands and is found in 10% to 78% of health care 
workers (HCW) (Table 3).
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By commonly available hand rubs within 30 sec. disinfection results in complete 
elimination of bacteria (E.coli, S. aureus). The same could be applied to yeasts such as 
Candida spp. and to coated viruses such as HBV, HCV, HIV, and the influenza viruses. 
Hand disinfection thus eliminates the majority of agents known to cause nosocomial 
infections.

There are only a few pathogens against which the commonly available hand rubs 
are ineffective. These include uncoated viruses such as noroviruses and the spores of C. 
difficile, thus special hand rubs are recommended. 

There are only a few pathogens against which the commonly available hand rubs 
are ineffective. These include uncoated viruses such as noroviruses and the spores of C. 
difficile, thus special hand rubs are recommended. 

Benefits from disinfections are important in certain situations, such as before in-
vasive procedures, e.g. insertion of a venous or bladder catheter, endoscopy, injections 
and punctures, before contact with all patients and those who are at particular risk of 
infection, e.g. immunosuppressed patients, infected by the resistant strain (MRSA), be-
fore and after any contact with wounds and biological material.

Hand disinfection which eliminates the transient flora and wearing gloves are most 
important precautions for specific prevention of transmission of nosocomial infections.

Figure 4.  Six steps to clean hands

source: Hoffman P, Bradley Ch, Ayliffe G. Disinfection in Healthcare, 3rd edition
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Table 5. Frequency and persistence of selected nosocomial pathogens on the 
hands of health care workers 

Pathogen Frequent cause of 
nosocomial infection

Frequency on hands of 
HCW Persistence on hands

Staphylococcus 
aureus

Surgical site infection, 
pneumonia, sepsis 10-78% ≥150 min

Pseudomonas 
spp.

Lower respiratory tract 
infection 1-25% 30-180 min

Escherichia coli Urinary tract infection Unknown 6-90 min

Yeasts including 
Candida spp.

Lower respiratory tract 
infection, urinary tract 
infection, sepsis

23-81% 1 h

Rotavirus Viral gastroenteritis, 
particularly in children 20-79% Up to 4 h

Clostridium 
difficile

Antibiotic-associated 
diarrhea 14-59% Unknown

source: Kampf G, Löffler H, Gastmeier P. Hand Hygiene for the Prevention of Nosoco-
mial Infections

The wearing of protective gloves is a sensible precaution in various clinical situations in order 
to prevent gross soiling or contamination. A prospective, controlled intervention study showed 
that a training session and the availability of gloves directly at the bedside can significantly re-
duce the incidence of Clostridium difficile–associated with diarrhea. The hands should be disin-
fected when protective gloves are taken off, because in contrast to surgical gloves, these gloves 
are often permeable to pathogens even before use. Moreover, the hands may have come into con-
tact with the potentially contaminated outer surface of the gloves during removal. In the case of 
vancomycin-resistant enterococci (VRE), a study showed that despite the use of gloves the same 
pathogen could be found on the hands of the staff in 30%.

6.1.6 Disinfection of medical equipment

Disinfection of special devices need special sterilization or disinfection approaches. 
More health care–associated outbreaks have been linked to contaminated endoscopes 
than to any other medical device. Endoscopes represent a valuable diagnostic and ther-
apeutic tool in modern medicine. For example, greater than 10,000,000 gastrointestinal 
endoscopic procedures are performed each year in the United States. However, the 
incidence of infection associated with their use reportedly is very low  (about 1 in 
1.8 million procedures).To prevent the spread of health-care–associated infections, all 
heat-sensitive endoscopes (e.g. gastrointestinal endoscopes, bronchoscopes,) and pref-
erably flexible endoscopes must be properly cleaned and, subjected to high-level dis-
infection after each use. In general, endoscope disinfection or sterilization with liquid 
chemicals involves five steps after leak testing: 

1. Clean: mechanically clean internal and external surfaces, including brushing and flushing 
internal channels with water and a detergent or enzymatic cleaners (leak testing is recommend-
ed for endoscopes before immersion)

2. Disinfect: immerse endoscope in high-level disinfectant and perfuse disinfectant into all 
accessible channels
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3. Rinse: rinse the endoscope and all channels with sterile water 
4. Dry: rinse the insertion tube and inner channels with alcohol, and dry with forced air 
5. Store: disinfected endoscopes in the special cabinet hanging in free air

Disinfection of respiratory equipment required also special attention. Mechani-
cal ventilators, humidifiers and associated tubing and equipment are frequently con-
taminated with Pseudomonas aeruginosa or other gram-negative bacilli (legionellae). 
Disinfection of a ventilator is necessary provided after the use by every patient, de-
spite protection by bacteria-impermeable filters. For these purposes steam sterilization 
is preferred and for smaller ventilators ethylene oxide is used. Humidifiers should be 
cleaned, dried and refilled with sterile water every 48–72 hours. If nebulizers are used, 
they should be rinsed in alcohol after cleaning if heat disinfection is not possible. Sin-
gle-use anesthetic equipment could be used only by thorough cleaning, immersion in a 
chlorine-based disinfectant followed by thorough rinsing before reuse.

6.1.7 Disinfection and sterilization of prions contamination 

Prions, the etiologic agents of bovine spongiform encephalopathy and scrapie, are 
exceptionally resistant to disinfectants, heat, ultraviolet radiation, ionizing radiation 
and formalin, especially if it is in tissues or dried organic material. High concentrations 
of sodium hypochlorite (2% available chlorine for 2 hours) or heated strong solutions 
of 2-N sodium hydroxide are reported to inactivate these unconventional infectious 
agents. Prions also exhibit exceptional thermal stability and have prolonged survival 
when exposed to dry heat at 160°C. Autoclaving at 134°C for 60 minutes at 304 kPa 
pressure is considered effective for these agents.

6.1.8 Department of central sterilization

Sterilization and disinfection are basic ways to eliminate microorganisms. Both 
methods are focused on eradication of the microorganisms on instruments that could 
be a possible transporting medium of contamination or infection to human body. 

Department of central sterilization (DCS) provides sterile medical equipment, ma-
terial and any medical supplies. The scope of the tasks and responsibilities of this de-
partment places this center as a unit which contributes to prevention of nosocomial 
infections and represents one of the core aspects of comprehensive health care. De-
partment of central sterilization provides specialized hygienic operations (complex 
pre-sterilization preparation, high-temperature sterilization, low-temperature sterili-
zation). In order to routinely supply the hospital with all necessary sterile material, 
the management of the department closely cooperates with the leading employees 
of the surgery rooms and inpatient and outpatient clinics. The main aim of the De-
partment of Central Sterile Supply is to guarantee a high quality and level of steriliza-
tion for all medical supplies. Sterilization and disinfection of medical equipment is 
performed by skilled staff in appropriate rooms, using suitable technology. All these 
procedures are performed according to standards available for preparation of sterile 
material (Fig 5.).

The first part of this department is called unclean part receiving materials 
from all parts of hospitals. All material come in separated boxes with disinfectant 
and then material is sorted and marked. Material is controlled and noted in the spe-
cial book. The first decontamination is thermochemical disinfection of instruments 
in automated washing machines under the temperature of about 95°C and sodium 
hypochlorite, without any manipulation or contact with contaminated instruments. 
Ultrasonic basins could be used for mechanical cleaning. After the decontamination 
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and washing visual control of all instruments is performed by high qualified staff 
performing functional control of all instruments and checking the quality of washing 
process. 

Next step is sorting of instruments into the metal boxes and many others package 
materials (e.g. combination of paper and transparent plastic foils). All these bags also 
contain chemical control of sterilization (indicators). All transport boxes must be dis-
infected.

Figure 5.  Functions and activities in Department of central sterilization

source: http://www.slideshare.net/kirtichoukikar/central-sterile-supply-department

The second part of DCS is a clean part where actual sterilization and disinfections 
are performed. These two parts are spatially separated to avoid the crossing of the con-
taminated material with sterile material. 

Practically, among these two sections are autoclaves and hot-air sterilizer with two doors, one 
on the side of unclean part and one on the side of clean part. Also the employers cannot be in the 
contact, the employers working in the unclean part, put the decontaminated and clean material 
into the sterilizers and the other employers in the clean part pick the boxes with sterile instru-
ments on the other side of autoclave.

 The special part of DCS is the storage of sterile material (instruments, bandage ma-
terial, operation linen for surgical table, etc.). Distribution of decontaminated instru-
ments/material into the transport wagons is the final task of DCS in that way that sani-
tary workers carry the instruments into the operation rooms and wards of the hospital.
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6.2 Disinsection

Disinsection is a complex of measures aiming at reduction and control of arthro-
pods with medical importance, as agents of diseases (scabies), vectors of disease agents 
(biological in arthropod-borne infections, mechanical in some intestinal infections) 
and other bothering ectoparasites causing e.g. allergies, discomfort, but also economi-
cal loss in animal and food production, etc.

- prophylactic approach in disinsection and vector control involves preven-
tive measures in high risk areas (environmental management), concerns persons at risk 
(personal hygiene, personal protection), etc. Its aim is to make conditions unfavorable 
for multiplication and individual development of arthropods by reducing their pos-
sibilities to find breeding places, contact with hosts, and other sources necessary for 
survival.

- repressive disinsection and vector control comprises all measures used to de-
stroy or remove arthropod-vectors and other undesired arthropods actually present 
upon the person, clothing, in the environment of humans, domestic animals, etc. 

Biological methods are mainly used to kill agricultural and forest pests. Biological 
means also include infection of the arthropods with bacteria, viruses, fungi, protozoa 
and helminths. Microbiologic “insecticides” are widely used; they are prepared from 
toxins produced by microbes (dendrobacillin, insectin, toxobacterin, entobacterin). 
Studies are now carried out on viruses that are pathogenic to the arthropods.

Genetic methods, able to reduce insect populations e.g. through release of partially 
or completely sterile males (e.g. by radiation), or genetically altered strains e.g. with 
translocations, are limited use in practice due to the ecological threat when used on a 
large scale resulting in the presence of mutagens in the environment.

The chemical method of insect´s destruction is based on the use of insecticides 
and acaricides. Chemical substances killing the larvae of arthropods are called larvi-
cides; chemicals used to destroy the eggs are known as ovicides. The common forms of 
pesticides are dusts, granules, wettable powders, emulsifying concentrates, solutions, 
aerosols, soaps, baits, etc.

The main groups of chemical preparations are as follows:
Chlorine and phosphorus organic compounds, carbamates, pyrethrins, synthetic 

pyrethroids, and other chemical substances are now used for disinsection. Chlorine 
organic compounds are contact and intestinal poisons. They act on the nervous system 
of the arthropods to cause their paralysis and thus kill them.

Phosphorus organic compounds are less stable in the environment, but some prepa-
rations are highly toxic toward the warm-blooded animals. Most phosphorus organic 
compounds act when ingested by or come in contact with the insect. Some compounds 
are used as fumigants.

Pyrethrins and synthetic pyrethroids (neopinamine, permethrin, decamethrin, etc.) 
are strong neurotropic poisons for the arthropods; their toxicity towards warm-blood-
ed animals is low.

Among other chemicals used for medical disinsection are borax, boric acid (to con-
trol cockroaches and house ants), butadion (against lice), liquid petrolatum (against 
fleas and bed bugs), etc.

Repellents (chemical preparations) and mechanical means (ove ralls, goggles, and 
the like) are used to protect humans from blood sucking arthropods (gnats, ticks, fleas, 
mosquitoes). Repellents manufactured as aerosols or emulsions are applied to the skin 
or clothes, gauzes, masks, etc.
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6.3 Rodent Control

Rodent control is a complex of measures aimed against rodents harmful to human 
health and economy, such as the norway and black rats, house mouse and other field 
rodents. Rodents are frequent sources of some infectious diseases, e.g. murine typhus, 
plaque, leptospirosis, lyme disease, tularemia. Transmission occurs commonly via con-
taminated food, water, dust and soil. Rodents living in or close to human dwellings are 
called synanthropic, while those living in free nature are called exoanthropic (syl-
vatic) rodents. Rodent control measures include prophylactic (preventive) and repres-
sive methods. The most effective rodent control programs include: 

a) Prophylactic measures of rodent control are to avoid contact of animals especially 
with food and water. Therefore removal of rubbish is important, as well as food should 
be stored in sealed containers. Another approach is keeping rodents out of living (set-
tlements).

 b) Repressive measures
	mechanical methods  are effective only when suitable baits and traps are used
	biological methods are based on inter species antagonism by using natural ro-

dents´ enemies (cats, some kind of dogs, or free living birds)
	electric appliances are used to distract harmful rodents and to keep them away 

from human dwellings
	chemical methods are nowadays the most common way of rodent control. Chem-

ical rodenticides are either taken by rodents orally in solid or liquid form (e.g. 
vitamin K antagonists, zinc phosphide, etc.) or inhaled. 
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7. VACCINATION AND APPROACHES    
IN SPECIFIC PROPHYLAXIS

Abbreviations 

ACIP –Advisory Committee on Immunization Practices
AVR - adverse vaccine reaction 
BCG - Bacillus Calmette-Guerin 
CDC – Centre for Disease Control (U.S.A.)
CMI –cell mediated immunity
D – diphtheria vaccine (regular dose) 
d – diphtheria vaccine (booster strength dose) 
DT- diphtheria - tetanus vaccine 
DTaP - diphtheria-tetanus acellular cell pertussis vaccine 
Dtap - low dose diphtheria-tetanus acellular pertussis 
DTP - diphtheria-tetanus-pertussis vaccine
DTwP -diphtheria-tetanus-whole cell pertussis vaccine 
ECDC - European Centre for Disease Control 
EU - European Union 
HAV - hepatitis A vaccine
HBsAg - hepatitis B surface antigen 
HBV - hepatitis B vaccine 
Hib - Haemophilus influenzae type b (vaccine) 
HPV – human papilloma virus
IU - International Units
IPV - inactivated polio vaccine (injectable) 
MenACWY- tetravalent conjugated polysaccharide vaccine  
Men C – conjugate meningococcal C vaccine
MMR – measles, mumps, rubella vaccine
MMRV – measles, mumps, rubella, varicella vaccine
MPSV4 - quadruvalent meningococcal polysaccharide vaccine
NIP - national immunisation program 
OPV - oral polio vaccine 
PCV 7, 10, 13 - conjugate 7, 10, 13 valent pneumococcal vaccines 
PPV - 23 polysaccharide pneumococcal vaccine 
TT - tetanus toxoid 
TB - tuberculosis 
TBE - tick borne encephalitis 
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Td - tetanus-diphtheria vaccine (diphtheria booster dose) 
VPD - vaccine- preventable diseases
Var - Varicella vaccine
WHO - World Health Organization 
WHO-EURO - World Health Organization, Regional Office for Europe 

Introduction:
Vaccines are among the most effective interventions in modern medicine and most 

cost- effective public health intervention. Vaccination, more than any other public 
health intervention, has not only an intrinsic value for the individual but also a great 
value for society. Traditional vaccines have shown unprecedented success in prevent-
ing human infectious diseases and preserving public health by alleviating death and 
suffering from numerous microbial threats.

The notion of a weak form of a disease causing immunity to the virulent version was 
first discovered by Edward Jenner by vaccination using cowpox in 1796. Jenner created 
the successful smallpox vaccine by building on an observation in nature: milkmaids 
who were exposed to cowpox were resistant to smallpox. 

The introduction of small-pox vaccine has eradicated this disease in 1980 and the 
impetus now is to eradicate measles, rubella and polio through sustained vaccination 
campaigns worldwide. 

There are two basic mechanisms for acquiring immunity, active and passive. 
Active immunity is protection that is produced by the person’s own immune sys-

tem. This type of immunity is usually permanent. Vaccines interact with the immune 
system and often

produce an immune response and immunologic memory similar to that produced 
by the natural infection. 

Passive immunity is protection by products produced by an animal or human and 
transferred to another human, usually by injection. Passive immunity provides protec-
tion against some infections, but this protection is temporary, the antibodies degrade 
during weeks, months.

7.1 Active immunization 

Vaccines are attended to produce active immunity to specific antigens. Before intro-
duction of routine childhood vaccination, infectious diseases were the leading cause 
of child death globally. Vaccination is traditionally considered as a measure that is ad-
dressed to infants and children because in natural conditions, vaccine-preventable in-
fections are mainly spread at a young age  at day-care centers, nurseries and primary 
schools transmitted mainly  by airborne droplets or by  fecal–oral route.

Today, more than 70 vaccines have been licensed for use against at least 30 microbes, 
sparing countless lives. Immunization saves more than 3 million lives worldwide each 
year, and it saves millions more from suffering illness and lifelong disability (WHO es-
timates, 2009). 

7.1.1 Epidemiologic effects of vaccination

When a vaccine is introduced against an infectious disease and immunization cov-
erage rates increase, the number of persons with the disease will dramatically de-
crease leading to lower incidence, complications and mortality rate, even eradication 
of the disease. Conversely, when immunization coverage drops, disease will reappear. 
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Beneficial externalities linked to vaccination programs except health related effects 
have also broader societal benefits in the form of higher productivity (fewer working 
days lost), lower school absenteeism and economic gain (positive cost–benefit ratio). 
Indirect protection effect, which non-immune people could benefit from, is called 
herd immunity. 

Herd immunity is a complex issue inherent to a vaccine and the population receiv-
ing the vaccine. The conventional idea of herd immunity is based on the relationship 
between the transmission dynamics of infectious agents and population immunity. Im-
munization can also protect those not immunized by preventing the spread of certain 
infectious diseases, when enough people are immunized within a given community, 
diseases cannot spread. This leads to herd immunity or herd protection, e.g. for measles 
more than 95% of the population must be vaccinated to provide this benefit, due to the 
disease´s highly infectious nature.  

Vaccination coverage can be defined as the number of persons belonging to a 
certain population (i.e. one birth cohort, a group targeted by vaccination campaigns, 
etc.) vaccinated against a specific disease, divided by the total number of individuals 
belonging to the same population expressed in percentage.

Vaccine coverage is one of the primary output indicators of vaccination programs: 
program goals are usually expressed in terms of vaccine coverage levels (i.e. > 90%, > 
95%, etc.) and a drop in coverage should lead to an urgent reaction by public health. 
Vaccination coverage rates vary widely, between continents, countries and within 
countries. Lower socio-economic individuals are often disadvantaged in relation to 
health services and also rural-urban inequities differ. Vaccination coverage estimates 
provide public health professionals with important information on both the level of 
protection of the community as a whole and the potential presence of pockets of sus-
ceptible (unimmunized) individuals. Such pockets are among ethnic minority groups 
(Roma population), socially and economically marginalized populations, migrants, per-
sons who did not get immunized based on lack awareness about vaccination or are 
not motivated to seek it, while others refuse it on ethical or religious grounds  or may 
even lack access to primary health care.  This information is particularly important for 
designing and implementing tailored intervention, i.e. in specific regions or particular 
age groups. Vaccination coverage is a very good indicator for allowing benchmarking at 
local, national and international level. The planning and monitoring of immunization 
measures (immunologic surveys) require a deep understanding of their mechanisms 
and effects on transmission dynamics in a given community.   

Effectiveness of vaccination can be estimated as the difference between inci-
dence of the disease occurrence in vaccinated people minus incidence of this disease 
in nonvacinated divided by incidence in non-vaccinated people expressed in percent-
age. 

The benefits of vaccination is clear, but the vaccine-preventable diseases still pose 
a risk, because  the coverage of many highly recommended vaccines is still inadequate 
and children continue to suffer from diseases that could have been prevented. The 
Global Alliance for Vaccines and Immunization (GAVI) estimates that every year more 
than 1.5 million children (3 per minute) die from vaccine- preventable diseases (VPD), 
mainly among children less than 5 years of age. 

In some countries decline in coverage led to resurgence of contagious diseases, including 
measles, pertussis, diphtheria and rubella. A diphtheria epidemic in the Newly Independent 
States –NIS (former Soviet Union) in the 1990s peaked at over 50 000 cases in 1995. In 2007-
2010, measles explosive outbreaks were reported in many European countries due to pockets of 
susceptible people, the largest in Bulgaria, Ukraine, and France associated with low vaccination 
coverage.                                                                                                                                         
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A study of 11 western European countries reported that the cost of measles treatment was 
290-480 Euros per case, while the cost of measles vaccination and control was 0. 17 – 0. 97 Euros 
per person.

There are recognized some barriers to the vaccination of children and adolescents leading to 
lower vaccination coverage. 

Most of the problems  are due to a lack of understanding on the part of healthcare provid-
ers and parents, which underlines the need for educational programs and  elimination of all the 
problems that currently limit access to vaccination services, as mismatches in vaccine supply 
and demand (shortage of the vaccine),  better communications ,  appropriate reminder/recall  
systems, lack of adequate information to stop dissemination of misinformation by the media, the 
Internet and anti-vaccination groups.

7.1.2 Basic immunologic principles of vaccination 

Immunity is the ability of the human body to tolerate the presence of material indig-
enous to the body (“self”), and to eliminate foreign (“non-self”) material. The immune 
system develops a defense (immune response) against this foreign antigen, which usu-
ally involves the production of protein molecules by B lymphocytes, called antibodies 
(or immunoglobulins), and of specific cells (cell-mediated immunity - CMI). 

Optimal immune response to a vaccine depends on multiple factors, including host 
factors and characteristics (potency, effectivity) of the vaccine.

 Host specific factors influencing the immune response
1. The age of vaccines. Recommendations for the age of vaccines are influenced by 

age-specific risks for disease, for complications and age-specific responses to vaccina-
tion.

2. Immune status of the recipient. Immunocompetent immune system is an essen-
tial condition to vaccination success. Primary purpose of immune system is to identify 
(“non-self”) substances referred to as antigens. This discriminatory ability leads to spe-
cific immunologic response to microbes as antigens provide protection by antibody 
to that organism. Many vaccines (e.g. live viral vaccines) stimulate both cell-mediated 
immunity and neutralizing antibodies usually can induce prolonged immunity, even if 
antibody titers decline over time. 

In primary response, i.e. after the first injection of the vaccine antibodies of the IgM 
class and activation of memory, T and B lymphocytes with low level of IgG antibodies 
are detected. Subsequent exposure to such antigens usually results in a rapid anam-
nestic antibody response. This secondary response is typical of enlarged activation of 
the clones of T and B memory cells contributing to more intensive production of IgG 
antibodies to repeated stimulus (boosting) with longer persistence at protective levels. 
Local IgA antibodies are secreted after live vaccines, e.g. OPV induces IgA production 
in the gut.

3. Presence of maternal antibody can inhibit the immune response after vaccination 
with live vaccines (MMR) in the first year of life. Antiviral and antitoxic IgG antibodies 
crossing the placental barrier protect infants during first postnatal months.

Factors influencing selection of vaccine
1. Type of infection. In the case of localized infections, when the infection is in portal 

of entry (influenza) local defense is represented by IgA and local cell-mediated immu-
nity. The resistance in systemic infections (measles, diphtheria) is based on humoral 
IgM, G, A antibodies with systemic CMI.

2. Type of antigen. Antigens can be either live (viruses, bacteria) or inactivated (tox-
ins, viruses, bacteria). The most effective immune responses are generally produced 
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in response to a live antigen. Inactivated antigens (killed by formalin, treated by heat, 
phenol, UV light) are less effective immunogens.

Depending on chemical origin (nature) of antigens some of them are good immu-
nogens, as some proteins (anatoxins) are easily recognized by the immune system but 
as polysaccharides they are less effective antigens. Immunogenicity of   polysaccharides 
of Hib, pneumococci and meningococci can be enhanced by absorption on adjuvants 
(a vaccine component with immunostimulatory effect) and by conjugation with a larg-
er protein carrier.

3. Type of vaccines and doses. Inactivated vaccines always require multiple doses 
(primary vaccination, revaccination). In general, the first dose only “primes” the im-
mune system and a protective immune response develops after the second or third 
dose. In contrast to live vaccines, the immune response to an inactivated vaccine is 
mostly humoral with little or no cellular immunity. Antibody titers against inactivated 
antigens diminish with time, thus some inactivated vaccines may require periodic sup-
plemental doses to increase, or “boost,” antibody titers. 

Live attenuated vaccines produce immunity in most recipients with one dose. They 
stimulate both cell-mediated immunity and neutralizing antibodies and usually can in-
duce prolonged immunity, even if antibody titers decline over time. Subsequent expo-
sure to such antigens usually results in a rapid anamnestic antibody response.

4. Route of administration. Most vaccines are inoculated parenterally, only rarely 
does the mode of administration respect the natural port of entry (OPV, intranasal live 
flu vaccine).

7.1.3 Classification of vaccines

Traditional vaccines have relied on inactivated organisms, inactivated toxins and 
live-attenuated organisms. 

In the last three decades, the development of new technologies, like conjugation of 
polysaccharides and new subunit and recombinant vaccines allowed to produce vac-
cines more effective and less reactogenic. Progress in technologies also offers alter-
native products, e.g. innovation in manufacturing has allowed a shift from egg-based 
methods for cultivation of viruses to cell based or recombinant methods.

Inactivated vaccines
Inactivated vaccines are produced by growing the bacterium or virus in culture 

media, then by inactivating/killing it with heat and/or chemicals (usually formalin). 
They can be composed of either whole viruses or bacteria, or fractions.

Only few whole-cell inactivated vaccines,  e.g., against polio, hepatitis A, and ra-
bies are currently available, preferably are  used  fractional vaccines  containing only 
a part of the disease germ – component (e.g. the polysaccharide capsule of pneumococ-
cus) to be included  in this subunit vaccines (pneumococcal, hepatitis B, influenza, 
acellular pertussis, human papillomavirus, anthrax) and toxoids (diphtheria, tetanus). 

Vaccines containing adjuvants enhance an effective primarily antibody related im-
mune response to the antigen. Aluminum adjuvants are currently used in several vac-
cines, such as polysaccharide vaccines, vaccines against diphtheria, tetanus, pertussis, 
hepatitis B, HPV, anthrax, tick bite encephalitis and rabies. 

Polysaccharide inactivated subunit vaccines are available for Haemophilus influen-
zae type b, pneumococcal and meningococcal diseases and Salmonella typhi. 

These polysaccharide antigens are T-cell - independent, they do not induce T- cell mem-
ory and thus are not consistently immunogenic in children younger than 2 years of age.  

Conjugation with a protein molecule improves the effectiveness of polysaccharide 
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vaccines by changing the immune response to T- cell dependent, leading to increased 
immunogenicity in infants and antibody booster response (especially IgG) to multiple 
doses of vaccine. 

Recombinant inactivated vaccines are products with vaccine antigens produced 
by genetic engineering technology.  Hepatitis B and human papillomavirus (HPV) vac-
cines are produced by insertion of a segment of the respective viral gene into the gene 
of a yeast cells. The modified yeast cell produces pure hepatitis B surface antigen or HPV 
capsid protein when it grows. Live typhoid vaccine (Ty 21a) is Salmonella typhi bacte-
ria that have been genetically modified. Live attenuated influenza vaccine has been en-
gineered to replicate effectively in the mucosa of the nasopharynx but not in the lungs.

Live attenuated vaccines 
Live attenuated vaccines are produced by modifying a disease-producing (“wild”) 

virus/bacteria attenuated, or weakened, in a laboratory, usually by repeated culturing. 
The resulting vaccine organism retains the ability to replicate (grow) and produce im-
munity, but does not cause illness. 

For example, the measles virus used as a vaccine today was isolated from a child with 
measles disease in 1954. Almost 10 years of serial passage using tissue culture media was 
required to transform the wild virus into attenuated vaccine virus.

The immune response to a live attenuated vaccine is virtually identical to that pro-
duced by a natural infection.  Currently available live attenuated viral vaccines are mea-
sles, mumps, rubella, varicella, zoster (containing the same virus as varicella vaccine 
but in higher amount), yellow fever, rotavirus, and influenza (intranasal). Oral polio 
live vaccine is no longer used worldwide except in those countries with indigenous oc-
currence of poliomyelitis cases. Live attenuated bacterial vaccines are bacille Calmette-
Guérin (BCG) and oral typhoid vaccine.

Approximately 90%--95% of recipients of a single dose of certain live vaccines admin-
istered  at the recommended age (i.e. measles, rubella vaccines) and  for varicella and 
mumps vaccines  80%--85% of vaccines develop protective antibodies generally within 
14 days of the dose. However, because some of these vaccines fail to respond, a second 
dose is recommended to 97%--99% level of immunity in previous non responders.

Recombinant live vaccines are prepared by incorporation of genes coding synthe-
sis of protein antigens in live bacterial or viral carriers (BCG, vaccinia virus). 

Combination vaccines
Use of combination vaccines can reduce the number of injections patients receive 

and alleviate concern associated with the number of injections. Potential advantages 
of combination vaccines include 1) improved vaccine coverage rates, 2) timely vac-
cination coverage for children who are behind the schedule, 3) reduced shipping and 
stocking costs,   4) reduced costs for extra health care visits necessitated by deferral of 
vaccination, and 5) facilitation of additional new vaccines into vaccination programs. 
Combination vaccines represent a better overall economic value if the direct and indi-
rect costs of extra injections, delayed or missed vaccinations, additional handling and 
storage are taken into consideration.

7.1.4 Administration of vaccines

Routes and sites of administration 
With the exception of BCG vaccine (administered by intradermal route) and small-

pox vaccine in the past, injectable vaccines are administered by the intramuscular 
(i.m.) (preferably inactivated vaccines containing an adjuvant) or subcutaneous (s.c.) 
route. Sabin poliovaccine, rotavirus and oral typhoid vaccines (capsules) are the only 
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vaccines administered orally. Live attenuated influenza vaccine (LAIV)   is licensed for 
intranasal route (nasal spray).                                                                                                              

For the majority of infants (aged <12 months) and toddlers (aged 12 months -2 years) 
the anterolateral part of the thigh is the recommended site for injection. The deltoid 
muscle could be used also for toddlers and is preferred for children, adolescents and 
adults.

Simultaneous administration and interference                                                                                     
Specific circumstances that are commonly encountered in immunization practice are 

the simultaneous and non-simultaneous administration of different vaccines, the interval 
between subsequent doses of the same vaccine and timing of antibody-containing blood 
products and live vaccines (particularly measles and varicella-containing vaccines).                                           

The presence of circulating antibody to a vaccine antigen may reduce or completely 
eliminate the immune response to the vaccine. This interference depends on the type 
of administered vaccine and the amount of antibody.  Inactivated antigens are generally 
not affected by circulating antibody, so they can be administered before, after, or at the 
same time as the antibody and even administration of immune globulin and vaccine is 
used for postexposure prophylaxis of hepatitis B, rabies and tetanus.  Live antigen in 
vaccine may interfere with circulating antibody or with antibody from any source (e.g. 
transplacental, transfusion) leading to poor response to the vaccine (known as vaccine 
failure).                                                                                                                                                                                                                                                   

Immunoglobulins could be given with inactivated vaccine at any time, two weeks 
apart in the case of live vaccines. 

Simultaneous administration of vaccines is defined as administering more than one 
vaccine on the same day, at different anatomic sites. This administering of all vaccines 
for which a person is eligible at the time of a visit increases the probability that a person 
will be vaccinated fully by the appropriate age, also is critical for travelers and in a pa-
tient with incomplete schedule. Some limitations must be followed regarding interfer-
ence between live vaccines.                                                                                                                                    

The immune response to one live virus vaccine might be not impaired if adminis-
tered within 4 - 6 weeks of another live-virus vaccine, but MMR, varicella vaccine and 
attenuated influenza vaccine (LAIV) can be administered simultaneously. 

Live vaccine and inactivated vaccine used to be administered 4-6 weeks apart.  
There is no evidence that inactivated vaccines interfere with the immune response to 
other inactivated vaccines or to live vaccines. Inactivated vaccines can be given simulta-
neously or at any time, e.g. pneumococcal and influenza vaccines, tetanus and diphthe-
ria toxoids and acellular pertussis. Between inactivated and live vaccines, i.e. hepatitis 
B vaccine and yellow fever vaccine at least one week interval is recommended. 

7.1.5 Adverse reactions (side effects) of vaccination                                                                      

An adverse reaction is an undesirable side effect that occurs after a vaccination. Usually 
mild and short-lived are well known expected side effects which are classified as local and sys-
temic. Local reactions (e.g. redness, pain, swelling, local soreness, etc.) are the least severe and 
most frequent, mainly after inactivated vaccines containing an adjuvant.  Systemic reactions 
(e.g. fever, malaise, headache) occur less frequently than local reactions. Specific unexpected 
adverse events, i.e. complications, such as seizures after pertussis or measles vaccines, en-
cephalopathy – pertussis vaccine, encephalitis – measles vaccine, allergic reaction to antibiot-
ics or yolk eggs traces in vaccines, etc. can occur. Their occurrence after vaccination must be 
reported by health care professionals to health service and to vaccine manufacturers to inter-
rupt the usage of this certain lot/batch and identify the origin of vaccine failure.
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7.1.6. Contraindications of vaccination

Contraindications and precautions to vaccination are conditions under which vac-
cines should not be administered, they could increase the risk for a serious adverse 
reaction in recipient. Because the majority of contraindications (general and specific) 
and precautions are temporary, vaccinations often can be administered later.                                                                        

Among general  contraindications applicable to all vaccines are:
– presence of a moderate or severe acute illness with or without a fever 
– a history of a severe allergic reaction  after a previous dose of vaccine or to a vaccine 

component (anaphylaxis to egg – flu vaccine, neomycin – MMR, streptomycin - OPV)
– persons with severe immunocompromised conditions, like leukemia, treated with 

immunosuppressive drugs (transplant recipients), malignancy or human immunodefi-
ciency virus (HIV) infection should not receive live vaccines (MMR vaccine). Vaccina-
tion of these individuals may cause severe or fatal reactions. 

– pregnant women generally should not receive live, attenuated vaccines (risk of 
possible teratogenic effect to the fetus).                                                                                                                          

Some specific contraindications to administration of certain vaccines must be 
considered. A personal history of seizures or other neurological disorders is a precau-
tion for MMRV vaccination or for toxoids. 

7.1.7 Storage and handling of vaccines

Proper storage (especially maintaining the cold chain) and handling helps ensure 
vaccine potency, errors can result in inadequate immune response or may leave pa-
tients unprotected from diseases. 

7.1.8 Vaccination effects, assessment of vaccination coverage

Measurement of vaccination effects is performed using standard surveillance 
methods (collecting data of incidence, hospitalization rate, mortality rates of certain 
infection) to achieve control, elimination or even eradication of the disease.

With the newly developed vaccines, the impact of vaccination strategies is less fre-
quently only a direct effect, it is often prolonged for many decades (HPV vaccine), and 
it is not only ‘medical’ and not easily measurable, given the frequent impact on econom-
ics, on social settings or quality of life, also consequences on social disruption, resource 
use, protection of high-risk groups, family and community members, and impact on 
work absenteeism. 

For instance, for influenza, the reduction of hospitalizations and of work absen-
teeism might be more relevant than the simple decrease of disease cases; for herpes 
zoster, vaccination is expected to impact especially on quality of life and on social 
disruption.

Global immunization programs have considerable impact on reducing child mor-
tality and improving the lives of people everywhere. WHO estimates by collecting 
data through the Centralized Information System for Infectious Diseases (CISID) that 
vaccine coverage varies in accordance with the immunization schedules in all coun-
tries.  

VENICE I. project (2007) was the first specific survey performed in Europe with the 
aim to encourage collection and dissemination of knowledge and best practice of vac-
cination. 

 It included 5 Work Packages: immunization programs indicators, vaccine policy and deci-
sion making process, surveillance and management of adverse events following immunization 
(AEFIs).  Special attention was given to preexisting networks on vaccines and vaccination (e.g.  
EUVAC NET). 
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The Program on vaccine-preventable diseases (VPD) and invasive bacterial infec-
tions in Europe is operated and supported by ECDC. 

 In 2012 ECDC, through the VENICE II network, started the European Vaccination 
Coverage Collection System (EVACO project), with the final aim of improving the qual-
ity of vaccine coverage data at EU level.

Several methods have been developed to assess vaccination coverage:
1. Administrative methods that are based on routine estimates of administered vac-

cine doses divided by the total estimated number of people in the target population. 
2. Surveys of different designs have been developed to estimate the levels of immu-

nization coverage at national, subnational level, or in selected population groups. 
3. Serological prevalence surveys are designed to assess the actual level of immunity 

against specific infections and identify immunity gaps. These surveys are useful in hard 
to reach population subgroups that are likely to be missed by administrative methods. 
Serological surveys cannot distinguish between protection due to vaccination and natu-
rally acquired immunity, and cannot estimate or verify vaccination coverage. 

4. Immunization registries, defined as immunization information systems are com-
puterized databases that record each vaccine dose provided to persons resident (indi-
vidual records) in a defined area. Registries are useful tools for implementation of vacci-
nation programs, sustain high vaccination coverage and identifying gaps at population 
level. Locally they support many operational aspects of the vaccination, like managing 
recall/reminding systems, monitoring safety of administered vaccines, managing vac-
cine stocks, etc. 

National Advisory Committee on Immunization Practices consider recommenda-
tions for use of a vaccine, including consideration of vaccine efficacy as well as cost, 
benefit and risk, benefit analyses. In recent years there has been a trend toward an in-
creasing number of economic studies of vaccines. Immunization is often cost-effective 
and cost-saving for the healthcare system.

7.1.9 Types of vaccinations

Vaccination schedules (mandatory and recommended) set at national level 
are followed by recommendations of WHO and immunization  committees at  national 
levels, organized by public health services (epidemiologists) in subnational administra-
tive areas of the countries. Recommendations on vaccination schedules used to be pub-
lished in booklets, websites, technical documents, newsletters and Ministry of Health 
decrees.

Mandatory routine vaccines are governed by legislation and paid by the government; 
recommended vaccinations for those at risk are voluntary and need to be paid for by 
the patient or insurance. 

Mandatory vaccinations and recommended schedules 
Immunization programs can be divided into different groups such as: 
• Mandatory vaccinations for all 
• Mandatory vaccinations for those at risk 
• Recommended routine vaccinations for all 
• Recommended vaccinations for those at risk. 

a) Mandatory vaccinations for all - vaccination of children
During the first year of life and at the 12- through 15-month visit, according to up-

dated schedule a child might receive vaccines against sixteen diseases, like pediatric 
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diphtheria and tetanus toxoids and acellular pertussis (DTaP),  inactivated poliovirus 
(IPV),  conjugated vaccines against Hib, pneumococcal (PCV) and invasive meningo-
coccal disease type C (Men C),  hepatitis B (HBV),  live vaccines against measles, mumps, 
rubella (MMR), varicella,  hepatitis A (HAV), influenza vaccine,  rotaviruses vaccine, in 
some countries against TB (BCG). The national vaccination schedule provides flexibil-
ity, it depends on type of vaccine, suitable age of children according to age specific 
incidence, results of serosurveys, etc. 

For example, in Slovakia in 2007 were included vaccines as DTwP /IPV/Hib/ HepB/
MMR /BCG/Td in the national schedule, but in 2014 all except BCG are included and 
DTwP was substituted by DTaP. Vaccine against TB is recommended now only for peo-
ple at risk of this infection.

Simultaneous administration of all vaccines for which a child is eligible is very im-
portant in childhood vaccination programs increasing the probability that a child will 
be fully vaccinated at the appropriate age. Health-care providers should ensure that 
they are following the most up-to-date schedules of primary vaccination and revacci-
nation (e.g. against tetanus every 10-15 years) or introduction of new vaccine (against 
HPV infection). The recommended schedules are revised annually. 

b) Mandatory vaccinations for those at risk, e.g. health-care workers against 
VHB, specific professional vaccination (laboratory workers, veterinarians), travelers en-
tering countries with endemic occurrence of yellow fever.

c) Recommended routine vaccinations for all are proposed according to epide-
miologic situation in certain diseases, as in the case of influenza epidemic. 

d) Recommended vaccinations for those at risk should be used as preexposure 
vaccination  (against influenza, forest workers against tick-bite encephalitis) or postex-
posure (e.g. in the focus of infection to protect contacts of  patients, e.g. vaccination 
against rabies, viral hepatitis A and B, revaccination of adults against diphtheria, pertus-
sis (cocoon strategy). Meningococcal vaccine should be administered to microbiolo-
gists routinely exposed to isolates of Neisseria meningitidis, military recruits, persons 
at risk during an outbreak attributable to a vaccine serogroup and persons who travel 
to hyperendemic region. 

7.1.10 Age-related vaccination approaches

a) Vaccination of children
Neonatal immunization could serve as effective preventive strategy against ear-

ly life pathogens. Newborn´s immune system includes the preferential induction of 
memory B cell (TB vaccination) rather than antibody secreting plasma cells.  Some in-
activated vaccines given in pregnancy can protect children against certain infections 
in early infancy through the transfer of vaccine induced IgG across the placenta, e.g. 
against tetanus, influenza, pertussis.

In infants (12 months after birth) vaccination against eleven commonest infections 
are provided (diphtheria, tetanus, pertussis, polio, Haemophilus influenzae b, pneu-
mococcal, hepatitis B, TB), in toddlers against measles, mumps, rubella. Other vaccines 
(e.g. varicella meningococcal C, rotaviruses, and influenza) are less common.

Childhood vaccine coverage includes mostly vaccination (according to na-
tional schedules):
	 at 12 months of age (DTaP/IPV/Hib/HBV/PCV 7 or 10 or 13/BCG
	 at 24 months of age  (D/T/P/IPV/Hib/HBV/MMR/BCG/MenC/Var/PCV)
	 at school age   (D/T/P/IPV/Hib/MMR/MenC/HBV).
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Vaccines against diphtheria, tetanus, pertussis 
All children should be vaccinated by three doses (primary vaccination) of diphthe-

ria toxoid, tetanus toxoid and pertussis (acellular or whole cell, DTa/wP) inactivated 
vaccines by twelve months of age with 6-10 weeks and 6-10 months apart. These inac-
tivated components  with antigens against hepatitis B (HBsAg),  poliomyelitis (P1, P2, 
P3) and Haemophilus influenzae type B (Hib)  infection are included in  hexavalent 
vaccine (DTaP/Hib/IPV/HBV) administered s. c. or i. m. simultaneously with conjugated 
pneumococcal vaccine (three doses) administered in the same time. 

Whole-cell pertussis vaccine (wP) was composed of formalin inactivated Bordetella 
pertussis cells with aluminum adjuvant. Concerns about safety led to the development 
of more purified (acellular-aP) subunit pertussis vaccines that are associated with a low-
er frequency of adverse5reactions. Vaccine contains three antigens, mostly pertussis 
toxin (PT) and filamentous antigen (FHA) or five components, PT, FHA, pertactin, and 
fimbriae types 2 and 3 antigens. Vaccination is approved for children 6 weeks through 
6 years of age with another booster dose at school age or later. 

Vaccination against poliomyelitis
Inactivated poliovirus vaccine (IPV)
Inactivated poliovirus vaccine contains all three serotypes (1, 2, 3) of polio virus 

inactivated with formaldehyde. The vaccine should be administered by either s. c. or 
i.m. injection. IPV is highly effective in producing immunity to all three poliovirus types 
after two doses in 90% recipients, at least 99% following three doses providing protec-
tion especially against paralytic disease.  IPV appears to produce less local intestinal 
immunity than does OPV.

Oral poliovirus vaccine (OPV)
Trivalent OPV contains live attenuated strains of all t three serotypes of poliovirus. 

Live attenuated polioviruses replicate in the intestinal mucosa, lymphoid cells and 
lymph nodes. Vaccine viruses are excreted in the stool of the vaccinated person for up 
to 6 weeks after a dose with maximum viral shedding in the first 1–2 weeks particularly 
after the first dose to contacts. OPV is highly effective in producing immunity to all 
three polioviruses, after a single dose of OPV in 50% of recipients and after three doses 
in more than 95% of vaccinated. OPV produces lifelong immunity with excellent intes-
tinal immunity, which helps prevent infection with wild virus, therefore this vaccine 
was used in eradication of poliomyelitis.

Vaccination against invasive Haemophilus influenzae b infections
Haemophilus influenzae b (Hib) vaccine is routinely given in most European coun-

tries in three doses of inactivated polysaccharide conjugated vaccine during the first 
year of life as a component of hexavaccine. Mostly Hib is a mandatory vaccine, or rec-
ommended for those considered to be in an epidemiological risk group such as occu-
pants of children’s homes. Vaccination provides protection against disease in 90 -100% 
of recipients.

Vaccination against invasive pneumococcal diseases  
Streptococcus pneumonia is responsible for serious infection in children 1-2 years 

old and in the elderly above 60 years. Twenty three types among 90 known serotypes of 
pneumococci cause invasive pneumococcal   diseases (IPD), mainly pneumonia, men-
ingitis and otitis. The former inactivated polysaccharide vaccines were not enough ef-
fective in small children younger than 2 years of age. New conjugate vaccines (PCV), 
including seven (PCV 7) to thirteen (PCV 13) most frequent causative serotypes, de-
velop T cell dependent immunity and can be given even to infants.  Universal infant 
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vaccination program includes three doses including in hexavaccine (see above). Active 
surveillance of IPD revealed that universal mass vaccination of children aged <2 years 
has dramatically decreased the incidence of vaccine-type IPD in population, but circu-
lation of pneumococcal serotypes not included in vaccines have risen.  PCV is also rec-
ommended for children with functional or anatomic asplenia being in high risk of IPD.

Vaccination against meningococcal meningitis                                                                         
Meningococci cause serious infections especially in infants, the most severe are 

caused by type C with 10- 20% case fatality rates. Out of twelve serotypes most common 
according to various geographical distribution are types A, B, C, Y and W 135. The origi-
nal inactivated polysaccharide vaccines (A, C, divaccines A+C, tetravaccine A+C+Y+W)   
were not effective in infants.  The conjugated Men C vaccine is given routinely in some 
countries (UK) usually simultaneously with the hexavalent vaccine (DTaP/Hib/IPV/
HBV) in children aged 13-18 months. Polysaccharide of meningococci type B is not im-
munogenic, recently it was developed vaccine which contains proteins of outer mem-
brane of this type of meningococci.

Vaccination against hepatitis B                                                                                                                    
A variety of schedules may be used for universal hepatitis B immunization by inacti-

vated recombinant vaccine containing HBsAg and different age groups can be targeted, 
depending on the local epidemiological situation and logistic considerations. Universal 
newborn or infant vaccination (10 μg HBsAg) aims to address the people who would 
otherwise be infected perinatally or in early childhood, when the risk of chronic infec-
tion is highest, i.e. 90% of infants of HBsAg and hepatitis B e antigen (HBeAg) positive 
mothers, infected during the first year of life, develop chronic infection compared with 
30% of children 1 to 4 years old and <5% of infected adults. The level of 10 IU/ml anti-
Hbs antibodies is considered as protective.  In countries with high endemicity, adminis-
tration of the first dose of HBV vaccine as soon as possible (<24 h) after birth is a critical 
step in preventing perinatal HBV transmission.  Children should complete the series of 
3 doses by 6 months of age. High coverage by three doses of universal vaccination with 
HBV vaccine must be achieved.                                                                    

In countries with low endemicity, where hepatitis B infection is mainly acquired 
through risk behavior by young adults, universal vaccination programs (newborn/in-
fant and/or adolescent) aim to protect the entire population before they reach the age 
of greatest incidence of infection (adolescence and early adulthood). Revaccination is 
recommended in those not achieving protective level of anti HBs antibodies.                                                                                      

In 1992, the WHO recommended the inclusion of HBV vaccination in all national 
vaccination programs. As of 2012, hepatitis B vaccine was introduced in 181 countries 
(93%), reaching global coverage with three doses of 79% of them compared with cover-
age of 30% in 2000.  

Vaccination against measles 
Measles vaccine is most commonly administered as a part of a combination of live 

attenuated vaccines including measles, mumps, rubella (MMR) or MMR and varicella 
(MMRV). The measles vaccine induces an immune response that is similar to naturally 
acquired immunity and can be boosted by challenge from wild or vaccine virus (revac-
cination). A single dose at 12 months of age or older will induce immunity in about 
95% of immunized people, vaccine failure in up to 5% of people can be caused by in-
terference with maternal antibodies. In countries with endemic measles, or in day care 
centers, the first dose of measles vaccine is given as early as nine months, often finished 
by another dose during the second year of life. Experience shows that two doses of 
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measles vaccine are required to interrupt indigenous transmission and achieve herd 
immunity (at least 95% immunity level). All European immunization programs promote 
a two-dose measles immunization schedule with the first dose given during the second 
year of life following the second dose at an older age with wide range across coun-
tries. Active surveillance for measles is an important component of the measles elimina-
tion strategy.

Immunization is the only effective preventive measure against acquiring measles, 
viral infection which is serious for acute (pneumonia, encephalitis) and later (subacute 
sclerotizing panencephalitis) complications. In prevaccination era measles occurred in 
epidemics with high incidence.

Vaccination against mumps 
Mumps live attenuated vaccine is available combined with measles and rubella vac-

cines (MMR), or with varicella vaccine as MMRV. Two doses of mumps-containing
vaccine should be given according to schedule as vaccination against measles (see 

above). Vaccination against this viral infection is targeted preferably to decrease mor-
bidity rate of epidemic occurring infection and avoids complications, like orchitis lead-
ing to sterility, encephalitis and pancreatitis. Immunity after vaccination is lifelong. 

Vaccination against rubella 
Rubella vaccine containing a live attenuated virus RA 27/3 is available combined 

with measles and mumps vaccines as MMR, or as MMRV.  Vaccine is routinely recom-
mended for all children at 12 months of age or older. Second dose of MMR is recom-
mended to produce specific immunity in those who failed to respond to the first dose. 

The main objective of rubella vaccination is prevention of Congenital Rubella Syn-
drome (CRS). The virus may affect all organs of fetus causing a variety of congenital 
defects. Infection may lead to fetal death, spontaneous abortion, or premature delivery.

The largest rubella epidemic in the United States in 1964–1965 resulted in 12.5 million cases 
of rubella infections, 11 250 abortions, 2 100 neonatal deaths and about 20,000 newborns with 
CRS. Following vaccine licensure in 1969 rubella incidence decreased rapidly and decline in CRS 
was due also to an increased effort to vaccinate susceptible adolescent women.

Vaccination against varicella-zoster (chickenpox)
Varicella, caused by virus varicella zoster (VZV) is highly contagious infection in 

childhood. 
Vaccination by live attenuated vaccine could lead to lower risk of natural infection 

for people with depressed immunity and prevent persistent infection and shingles oc-
currence in adults or the elderly. Varicella vaccination is listed as a routine childhood 
vaccination in some countries or it is provided as an offer for children with no previous 
history of varicella, negative serology results for varicella or to risk group of children 
with leukemia. 

More than 70% of population overcomes this disease in childhood.  Varicella could 
be a serious disease complicated by encephalitis, cerebellitis, mainly in immunocom-
promised persons, immature infants and adults. Overcoming disease, virus could per-
sist in latent form lifelong in spinal ganglia and reactivation of VZV, especially due to 
decreased immunity, could result in shingles. 

Vaccination against tuberculosis
 BCG (Bacillus Calmette Guérin) vaccine contains live attenuated strain of M. bovis 

acquired by continual passage for 13 years by physician Calmette and veterinarian Gué-
rin obtaining the strain with low pathogenicity resulting in introduction of allergic in-
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flammation  which restricts dissemination of TB infection under subsequent exposure.  
BCG vaccine is given at different ages ranging from within 24 hours of birth to 6 weeks 
of age up to 13-15 years of age in some countries, but mainly before the age of 6 years, 
prior to commencing school. Revaccination is realized only in persons with negative re-
sult of tuberculin skin test Mantoux II., i.e. induration less than 6 mm after intradermal 
application of M. bovis protein.

Tuberculosis (TB) caused  by Mycobacterium (M.) tuberculosis, M. bovis, M. afri-
canum  is still important public health problem especially in developing countries, in 
regions with impaired infrastructure due to war conflicts, poverty and  bad social con-
ditions. TB is considered as reemerging infection in association with HIV infection and 
multidrug resistant strains of M. tuberculosis.

In developed countries with low incidence of TB vaccination is no more included in 
national schedules. However, vaccine does not protect against infection, it only decreas-
es occurrence of disseminated TB forms (basilar meningitis, miliary TB). BCG vaccine 
is  now only recommended  to those who are categorised as high risk groups, as  family 
members, people from a country with high endemicity, some ethnic  and migrating 
groups (Roma population),  refugees, prisoners, professionally exposed people unvac-
cinated or  Mantoux II.  negative. Children of immigrants from high endemic countries 
receive BCG at birth.

Vaccination against hepatitis A
Hepatitis A is an acute liver disease that is caused by the hepatitis A virus (HAV). 
The virus is present in the stool spread by close personal contact in the same house-

hold. Commonly hepatitis A is associated with low sanitary conditions; the virus can 
also be spread through ingesting food or water contaminated with HAV.  Symptoms of 
HAV infection include a mild flu-like illness, jaundice, and severe stomach pains and di-
arrhea. About 90% of infected small children are symptoms free. Once a person has had 
hepatitis A, he develops a natural lifelong immunity. 

Generally, in conditions with poor sanitary condition prevalence of hepatitis is high 
with small children being at high risk. In such situations and in developing countries 
could be followed recommendations that all children between the age of 12 months 
and 23 months must be vaccinated by inactivated vaccines. One dose of Havrix 720 
Junior Monodose or two doses of Havrix 360 dosis pediatric given as shots with 6-18 
months revaccination apart are recommended for complete protection. Currently, vac-
cines could be included in the schedules or are provided for people at risk (infants, 
children traveling to high endemic area).

Vaccination against rotaviruses                                                                                  
Rotaviruses are leading causes of severe acute gastroenteritis among children aged <5 

years worldwide, accounting for approximately 5 % of child deaths annually. Complica-
tions as bleeding, pneumonia, meningitis and intussusception could be extremely severe.  
Since 2009, WHO has recommended that rotavirus vaccines have to be introduced in 
all national immunization programs, particularly in countries with high diarrhea related 
child mortality and started to coordinate Global Rotavirus Surveillance Network.  

There are two the live oral attenuated rotavirus vaccine – Rota Teq and Rotarix. 
With RotaTeq, three doses are required; they should be given at the ages of 2 months, 4 
months, and 6 months. Rotarix requires two doses at 2 months and 4 months (6 weeks 
to 24 weeks of age, optimal before 16 weeks). The vaccine may be given as a part of the 
routine infants immunizations. 

Studies of the rotavirus vaccine have shown that it can prevent about 74% of rota-
virus infections, 98% of severe forms and 96% of hospitalizations from rotavirus. Con-
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traindications to vaccination could be severe allergic reaction to an earlier dose of the 
rotavirus vaccine and events that could compromise the immune system (HIV/AIDS, 
treatment with steroids, cancer or cancer treatment). Most vaccinated children have no 
side effects, there is a slight chance the child may have mild temporary signs (increased 
irritability, diarrhea, vomiting).

 
Vaccination against influenza
Currently flu inactivated vaccines for s.c. or i.m. administration  are either subunit 

vaccine, containing only superficial antigens hemagglutinin (H) and neuraminidase 
(N) or  split vaccine (H, N and internal antigens). Traditional flu trivalent vaccines are 
made to protect against influenza A viruses subtypes H1N1 and H3N2 and an influenza B virus. 

WHO proposes the combination of three flu strains for every flu season according 
to results of influenza surveillance. Vaccination should be administered in preexposure 
time, in northern hemisphere prior November and in southern hemisphere prior May.

Vaccination is recommended for children at risk groups, i.e. children with underly-
ing medical conditions being at increased risk of developing potentially fatal compli-
cations, but the CDC in U.S.A.  recommends that everyone 6 months of age and older 
gets a flu vaccine annually. Two doses of vaccine, four to six weeks apart have been 
suggested. Virus neutralizing antibodies could be detected 10-15 days after vaccination. 
Allergy to ovalbumin and to antibiotics are specific contraindications to vaccine.  

Vaccination of teenagers against human papillomavirus                                  Epi-
demiologic studies showing a consistent association between human papillomavirus 
(HPV) and cervical cancer were published in the 1990s. Since mid–2006, a new HPV 
vaccine has been available and recommended by the Advisory Committee on Immu-
nization Practices (ACIP) in U.S.A.  for routine vaccination of girls at the ages of 11 or 
12 years and in 2011 also boys at the same age. Two vaccines are currently available, 
both the quadrivalent (HPV4) and bivalent (HPV2) protect against HPV types 16 and 
18, which cause 70% of cervical cancers; HPV4 also protects against HPV types 6 and 
11, which cause 90% of genital warts. HPV vaccines in three doses can be safely co-
administered with other routinely recommended vaccines with administration of all 
age-appropriate vaccines. The second dose should be administered 4 - 8 weeks after the 
first dose and the third one after 12-24 weeks. Postlicensure monitoring data continue 
to indicate that vaccines are safe.  Many other industrial countries, especially in Europe 
have introduced vaccination against HPV in their national schedules.                                                                                                                   

b) Vaccination of adolescents 
Adolescents need immunization for several reasons: they may not have received the 

vaccines for primary vaccination or revaccination usually administered in childhood; 
new vaccines tailored for adolescents (HPV, VBH, etc.) have become available; postvac-
cination immunity can fade; older adults or those who are chronically ill are more sus-
ceptible to vaccine-preventable diseases and to their complications. 

Adolescence is a period of life when vaccination is of special importance, because 
of different and partly overlapping factors: a continuing risk of disease (e.g. menin-
gococcal meningitis, tetanus), with a possible need for booster doses; an epidemio-
logical shift of disease incidence because of incomplete immunization programs in 
childhood (i.e. measles, rubella); the forthcoming risk for some infections, due to the 
beginning of sexual life or at risk behaviors, such as smoking, drug abuse (e.g. HPV, 
hepatitis B) and decrease (or absence) of parental influence. Moreover, adolescence 
is also a sort of “filter age” to verify immunity to infections that might have a more 
serious outcome when contracted in adulthood (like varicella, hepatitis A, measles, ru-
bella).                                                                                                                                                          
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Among adolescents aged 13–17 years in U.S.A. in 2013:  The ACIP recommends that 
adolescents routinely receive one dose of tetanus toxoid, reduced diphtheria toxoid, 
and acellular pertussis vaccine, two doses of meningococcal conjugate (MenACWY) 
vaccine, and  three doses of HPV vaccine. ACIP also recommends administration of 
“catch-up” vaccinations, such as measles, mumps, and rubella (MMR), hepatitis B, and 
varicella, and for all persons aged six months and older, an annual influenza vaccination. 

Catch-up vaccinations are recommended for adolescents who were never vaccinat-
ed or who did not get all vaccinations, VHB, HPV and some vaccinations from schedules 
for children.                                                                              

Vaccination against HBV (full three shots) is very important for this age group con-
cerning prevention of parenteral or sexually transmitted hepatitis B, which is spread by 
blood, semen, vaginal fluid or other bodily fluid through unprotected sex, sharing nee-
dles, syringes. It is 50-100 times more easily to be infected by hepatitis B than by HIV.  
Hepatitis B vaccine will give immunity for up to 20 or 30 years and possibly for life.  

c) Vaccination of adults 
Adults need vaccinations for different reasons, e.g. they may not have been fully vac-

cinated in childhood and still unprotected, e.g. against tetanus, measles, rubella and others 
and immunity acquired by vaccines can waned.  Older adults who are chronically ill are 
more susceptible to vaccine preventable diseases and to their complications. The changing 
demographic profile towards an aging population and the shift of several infectious dis-
eases towards adulthood make it imperative to deliver vaccines also in the elderly. Special 
concern is vaccination of the elderly with changing typical social profile (remain active 
until advanced age), demand more health services  with increasing susceptibility to infec-
tious diseases (pneumonia, herpes zoster), longer life expectancy, but also an impairment 
of  the immune system. Proportion of elderly people in nursing homes is also increasing 
with higher chances of transmission of influenza, pneumococcal infections and other. 

Indications for vaccination in adulthood:
•	 protection against some diseases with non-permanent immunity  must be 

reinforced through booster doses
Vaccine against pertussis and tetanus induces a non-permanent immunity, therefore 

periodical booster doses, in tetanus every 10-15 years are needed to maintain protection. 
Adults with an unknown 3 dose primary vaccination should be administered by the first 
2 doses at least 4 weeks apart and the third dose 6 to 12 months after the second. For the 
incompletely vaccinated, remaining doses should be administered especially as prophy-
laxis in wound management with specific anti-tetanic immunoglobulin. Tetanus toxoid 
plus adult diphtheria toxoid (Td) is recommended every 10 years in many countries.

•	 protection of infants through adults
Revaccination of adults against pertussis by acellular vaccine is recommended to 

prevent infants from infected adults with whooping cough. This is the basis for the so-
called “cocoon strategy” aimed at supplying protection to the newborn through the im-
munity of parents and relatives. Maternal vaccination against influenza and pertussis 
(between 27 and 36 weeks’ gestation) and also for people who have contact with young 
babies are recommended.

•	 the elderly and adults with chronic illnesses
Older adults are more susceptible to vaccine-preventable diseases and to their com-

plications. The elderly and people, who are heavy smokers, suffer from asthma, heart 
and lung diseases, diabetes, other chronic disease or with immune system otherwise 
compromised should be every year vaccinated against influenza. Protection of adults 
by vaccination is effective in 70-90% of recipients, in those older than 60 years in 50 - 
80%. Vaccination protects especially against severe complications of flu (pneumonia) 
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or even deaths. The pneumococcal vaccination by either polysaccharide PPV23 or 
conjugated PCV13 vaccine helps prevent serious invasive disease such as pneumonia, 
meningitis, and blood infection caused by Streptococcus pneumoniae with one-time 
revaccination by PPV23 after 5 years.

•	 vaccination recommended in adulthood
Influenza is the commonest adult vaccination with annual campaigns in all coun-

tries.  Yearly vaccination against flu is recommended by one dose of trivalent subunit 
or split flu vaccine administered into the muscle or the nasal spray flu vaccine contain-
ing live attenuated (weakened) cold-adapted viruses or newly developed vaccine with 
enhanced potency for intradermal administration. In U.S.A. the tetravalent flu vaccine 
containing two subtypes type A and two strains of type B is licensed and used. 

The herpes zoster (shingles) vaccine is reserved just for adults older than 60 years. 
Shingles is caused by a reactivation of the chickenpox virus causing a severe and painful 
skin rash. The risk for shingles increases as a person ages. Vaccination is specifically de-
signed to protect   against complications (neuralgia) by a single dose of zoster vaccine.

Data from the Shingles Prevention Trial with vaccine Zostavax, which enrolled 38,000 
adults aged 60 and over, showed that people who got the vaccine were half as likely to 
get the ailment after a follow-up period of three years compared to those given a placebo 
shot. Vaccinated participants who did develop shingles had reduced pain compared to 
those given a placebo shot. The vaccine was most effective in people 60- 69 years old.

•	 vaccination of pregnant women
 Only inactivated vaccines should be used for immunization of pregnant women. 

This vaccination can protect against vaccine-preventable infections in early infancy, as 
was confirmed in prevention of neonatal tetanus in developing countries. Maternal 
immunization provides protection to the newborn through the transfer of vaccine in-
duced IgG across the placenta. 

A number of new maternal vaccines are now under development which should be used dur-
ing pregnancy, such as group B streptococcus and respiratory syncytial virus, to prevent neonatal 
infections. Maternal vaccination against influenza and pertussis is recommended in the United 
Kingdom and United States.

 7.1.10 Vaccination in the focus of infection 

Vaccination should be administered to contacts in the focus of infection, such as 
household, sex partners of hepatitis B (VHB vaccine), clients and staff members of insti-
tutions for persons with disabilities (VHB, VHA) and all adults in the following settings: 
STD treatment facilities, HIV testing and treatment facilities, facilities providing drug 
abuse treatment and prevention services, health care settings for injection drug users, 
residents and staff members of institutional settings. Contacts are protected by 3 doses 
of vaccine against hepatitis B and against hepatitis A (vaccine or polyvalent immuno-
globulin). Meningococcal vaccine is recommended to persons at risk in an outbreak 
attributable to a vaccine serogroup (A, C, Y, and W 135). In the case of exposure of in-
fants aged 6-8 months to measles, postexposure prophylaxis with monovalent vaccine 
is recommended within 72 hours after contact.

7.1.11 Vaccination of people at higher risk of exposure

Of special concern are vaccinations in people with occupational risk and in people at 
higher risk of any underlying health condition or those at risk because of risky behavior.   

•	 Professionally exposed people 
Among people with higher risk of various infections are  health care workers (in-

cluding laboratory workers), social workers, staff members of institutional settings 
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(VHB, VHA, influenza, TB), forest workers (tick-bite encephalitis), veterinary workers 
(rabies), military  recruits (meningococcal meningitis). 

Health care providers have to be fully (3 doses) vaccinated against hepatitis B (20μg) 
by usual schedule coming in direct contact with the blood and other body fluids from 
needle sticks or sharp instruments. If an accelerated schedule is needed, the minimum 
interval between the first two doses is 4 weeks, and the minimum interval between the 
second and third doses is 8 weeks. They should also get annual influenza vaccination.                    
Hepatitis A vaccination is considered for those working in pediatric wards and wards for infec-
tious diseases, for laboratory assistants testing stool samples, for gastroenterologists, 
etc. Meningococcal vaccine is recommended to microbiologists. Inactivated vaccine 
against tick bite encephalitis in three doses with revaccination every 3 years is offered 
to people working or living in areas where TBE is endemic. Preexposure immunization 
by three doses of inactivated vaccine against rabies is recommended for veterinarians, 
veterinary workers and those working with the virus in laboratory with revaccination 
in those with permanent risk of exposure to rabies. 

•	  People with various health problems are at risk of certain infections  
Adult patients receiving hemodialysis or with other immunocompromising condi-

tions should receive higher dose of HBV vaccine (1 or 2 doses of 40 mg/ml, 2 doses of 20 
mg/ml) on 4-dose schedule at 0, 1, 2, and 6 months. Mostly recombinant vaccine Engerix 
-B is used. Vaccination against hepatitis B (3 doses) used to be applied in persons with 
diabetes with the likelihood of acquiring HBV infection by an increased need for assisted 
blood glucose monitoring in long-term care facilities, hospitals.                                                              

Adults or the elderly ≥50 years of age suffering from chronic diseases, like cardiac, pul-
monary, renal or hepatic but also medical conditions, as asplenia, HIV infection, and im-
munodeficiency for the prevention of IPD could be vaccinated against pneumococci by 
either PPV23 or conjugated PCV13 vaccine with revaccination 5 years after the first dose 
of PPV23 in 19 through 64 years old persons. Hib vaccine (one dose) should be adminis-
tered to persons with asplenia or sickle cell disease or more 14 days before undergoing 
splenectomy.  Meningococcal vaccine is also recommended to persons with asplenia. A 
single dose of quadrivalent MPSV4 or conjugated MenACWY vaccines are preferred for 
adults older 56 years of age and revaccination with MenACWY every 5 years.                                                          

The elderly with chronic illnesses should be vaccinated against influenza.

•	 People with special behavior manners                                                                                                    
The general strategy requires all individuals in a high risk group to have access to 

healthcare, be identified, and get vaccinated before they are infected. The following 
people are considered at risk for hepatitis B and hepatitis A and should be vaccinated: 
those who are sexually active, anyone being treated for an STD and/or HIV, men having 
sex with men, people using street drugs and sharing instruments used to inject drugs. 
Clinicians must use every opportunity to recommend HPV vaccines and help realize re-
ductions in cancers caused by HPV.  HPV4 is recommended for immunocompromised 
(including HIV) people and for homosexuals up to the age of 26.  

7.1.12 Vaccination of travelers

International travel may pose health risks and contributes to the global spread of 
infectious diseases, including novel and emerging pathogens. In 2003 it was the global 
epidemic of Severe Acute Respiratory Syndrome (SARS) spread from southern China or 
more recently, in 2009 the  international travelers infected with novel H1N1 influenza 
with rapid global spread of the virus.                                                                                                                                  
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In 2012, the number of international tourist arrivals worldwide was projected to 
reach 1 billion arrivals, a 48% increase from 674 million arrivals in 2000. Tourist desti-
nations have become diverse, with the 47% of arrivals in developing countries in 2010.  
Of the 50 million travelers from industrialized countries to developing countries each 
year, 8% report becoming ill enough to seek health care, many others are unreported.                                                     

Travel and migration have contributed to recent introduction or reintroduction of 
pathogens to areas of the world where these pathogens were rare or had been eliminated.                   

Recent outbreaks of   measles and mumps in the United States have been traced   to con-
tact with persons who had traveled to locations where vaccination was less prevalent.  Recently 
reemerging vector-borne diseases occurred in places that had been free from these diseases, as 
locally acquired dengue in Florida and malaria in Greece.

The specialty of travel medicine is aimed at minimizing health risks associated with 
international travel. Changing epidemiological situation in the various parts of the 
world required intensive surveillance and modifications of the recommendations for 
prevention of burden of infections in travelers especially in endemic settings.                                                                                                                                       

For better information serve data from surveillance systems, e.g. in U.S. GeoSentinel, which is 
a clinic-based global surveillance system that tracks infectious diseases and other adverse health 
outcomes in returned travelers, foreign visitors, and immigrants.                                                                                                           

Before travelling, at least  six weeks, visiting health care providers in relevant tropi-
cal medicine bureau  is recommended to consult up-to-date vaccination according to 
person´s   immunization history, any health concerns related to traveling, activity in the 
destination, living, sanitary conditions and duration of stay. International travelers to 
countries with high prevalence of certain diseases should be protected by vaccinations, 
which are required by the country (WHO regulations) or are recommended. Vaccination 
against some specific infections is very effective (HAV, HBV) or could be partially effec-
tive (e.g. against cholera, plaque, typhoid fever). Recommendation for broad spectrum 
of vaccination in childhood and also vaccination against seasonal flu is recommended 
for families with children.                                                                                                                                                                                              

Currently the vaccination against yellow fever (YF) is the only one required for 
travelers entering endemic areas. YF virus is transmitted to humans through the bite of 
an infected mosquito. Live vaccine against YF is recommended for persons with mainly 
outdoor activities, 9 months to 60 years of age, administered s. c. with revaccination 
every 10 years.

A minimal interval of 4 weeks is recommended between administration of YF vac-
cine and other live parenteral vaccines. Oral typhoid or oral cholera vaccine can be 
administered at any interval before or after YF vaccine. There are international health 
regulations which outline the requirements for proof of vaccination against YE con-
firmed by the International Certificate of Vaccination or Prophylaxis (valid 10 days af-
ter primary vaccination, immediately upon revaccination) when entering country with 
endemic occurrence in rural or jungle areas and intermittently epidemic occurrence of 
YF (sub-Saharan Africa, tropical South America). 

There is a long list of recommended vaccinations, e.g. against cholera, typhoid 
fever, meningococcal meningitis, poliomyelitis, Japanese encephalitis B, hepatitis A 
and B.                                           

Vaccines against diarrheal infections, such as cholera and typhus do not protect 
absolutely, following general hygienic measures are preferably recommended.

 Vaccination against cholera can be recommended for travelers going to endemic 
countries (South Asia, Central Africa). Two oral cholera vaccines should be used. Mono-
valent vaccine contains formalin and heat killed whole cells of Vibrio cholerae 01 plus 
recombinant cholera toxin B subunit, two oral doses one week apart with revaccina-
tion after two years is used. Children aged 2 – 5 years should receive 3 doses with re-
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vaccination every 6 months. Bivalent vaccine is based on Vibrio cholerae 01 and 0139. 
It should be administered orally in 2 doses 2 weeks apart for those older 1 year with 
booster dose after 2 years. 

Typhoid fever, caused by Salmonella typhi remains common in Asia and Africa. Cur-
rently two typhoid vaccines are available with moderately effective (50%) protection 
against clinical disease for short periods of time. An inactivated vaccine containing Sal-
monella typhi Vi capsular polysaccharide antigen (Typh-I vaccine) for persons older 
than 2 years of age can be used. A single dose of vaccine injected i.m. at least 14 days 
prior to potential exposure is recommended with revaccination every 3 years. Typh-O 
vaccine is live attenuated oral whole cell typhoid vaccine containing strain TY 21a. 
Persons 5 years of age and older should take one capsule in alternate days to a total 
of four capsules completed at least 7 days prior to potential exposure. Revaccination 
should be every 7 years. This vaccine is contraindicated in pregnancy and in immuno-
compromised persons.  HA-typh-I vaccine is combined, parenteral inactivated hepatitis 
A vaccine and Salmonella typhi Vi capsular polysaccharide vaccine                                       

Several live attenuated vaccines are under development and may offer some advantages over 
Ty21a, like Vi-conjugate vaccines for children. Beside improvement of typhoid vaccines the de-
velopment of S. paratyphi A vaccine components started and bivalent combination with existing 
typhoid vaccines could be effective.

Invasive meningococcal disease is a rare but potentially devastating disease in 
travelers. The main areas of highest risk continue to be the Hajj pilgrimage (Saudi Ara-
bia) and travel to the meningitis belt in sub-Saharan Africa. Quadrivalent meningococ-
cal polysaccharide vaccine (MPSV4) or tetravalent conjugate vaccines (MenACWY) are 
preferred for adults aged 56 years or older given in one single dose.  

Japanese encephalitis (JE) B causes large epidemics and has spread to new areas 
in recent decades (e.g. India, Sri Lanka, Pakistan, and northern Australia). It is a leading 
cause of viral encephalitis in Asia with 30,000–50,000 cases reported annually.

JE is particularly common in areas where flooded rice fields attract water fowl and other birds 
as the natural reservoir and provide abundant breeding sites for mosquitoes such as Culex, which 
transmit the flavivirus to humans. Pigs act as important amplifying hosts.      

Vaccine contains inactivated virus and is administered subcutaneously in three dos-
es (0, 1- 2 weeks apart, 1 year later) with revaccination every four years. 

Vaccination against poliomyelitis is recommended for travelers going to coun-
tries, with indigenous occurrence of polio or recent virus detection, or countries locat-
ed near to those endemic areas.  Since the beginning of 2014, cases have been reported 
in three endemic countries (Afghanistan, Nigeria, Pakistan). 

Wild poliovirus type 1 was detected in sewage samples in Israel in March 2014, no cases of 
paralytic polio have been reported to date in Israel, the West Bank, or the Gaza Strip and all sam-
ples collected since April have been negative. Similar findings were in the same time in São Paulo, 
Brazil. 

Travelers are still encouraged to keep their routine immunizations up to date (3 
doses OPV or  IPV).  Infants and children under 18 years of age must have completed 
primary polio vaccine series and both children and adults should be offered another 
dose of polio vaccine before entering these countries.

Persons travelling to or working in countries that have high or intermediate ende-
micity of hepatitis A should be protected by vaccination one month before depar-
ture.  This vaccine should be administered in full schedule with revaccination (Havrix, 
Vaqta). A vaccine should be administered as soon as travel is considered. Vaccination is 
recommended for healthy persons less than 40 years of age, providing protection for 
5-10 years after revaccination. Unvaccinated adults older than 40 years of age, immuno-
compromised persons and those with chronic liver disease should receive the dose of 
vaccine and immune globulin (IG) at the same visit. 
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Travelers who choose not to receive vaccine should receive a single dose of IG (0.02 mL/
kg), which provides protection against HAV infection for up to 3 months. Persons whose travel-
ling period is more than 2 months should be administered IG at dose 0.06 mL/kg, repeated in 5 
months for prolonged travel.

If the combined hepatitis A and hepatitis B vaccine (Twinrix) is used three doses at 
0, 1, and 6 months are given, especially travelers to regions with moderate to high rates 
of hepatitis B (South-East Asia, Oceania, Africa, Middle and South America).

7. 2 Passive immunization

Passive immunity is a specific prophylactic approach used in very early postexpo-
sure period. It is the form of protection by antibodies produced by animal or human 
hosts. The protection introduced by animal globulins as well as human immunoglobu-
lins provide effective protection, but it wanes with time, usually within a few weeks, 
being less effective than immunity after active vaccination.

The most common form of passive immunity is that when infant receives antibod-
ies from its mother (natural passive immunity). Maternal antibodies are transported 
across the placenta during the last 1–2 months of pregnancy. As a result, a full-term in-
fant will have the same antibodies as his/her mother protecting the infant from certain 
diseases for up to a year or less. Protection for the baby is better against some diseases 
(e.g. measles, rubella, tetanus) than others (e.g. polio, pertussis) and longer persisting 
in the case of mother´s  postinfective immunity (she overcame infection in the past) 
versus postvaccination immunity (she was actively immunized).

There are three major sources of antibody used in human medicine.
•	  homologous pooled human antibody
•	  homologous human hyperimmune globulin
•	  heterologous / animal hyperimmune serum.
Homologous pooled human antibody is also known as broad spectrum immune 

globulin. It is produced by pooling the IgG antibody fraction from thousands of adult 
donors in the certain region. Because it comes from many different donors, it contains 
antibodies to many different antigens. It is used primarily for postexposure prophylaxis 
for hepatitis A, measles, varicella but also as therapy of certain congenital immunoglob-
ulin deficiencies and in HIV patients.

Homologous human hyperimmune/specific globulins are antibody products that 
contain high titers of specific antibody. These products are made from the donated 
plasma of convalescent patients or humans immunized with relevant vaccine. Hyperim-
mune globulins are used for postexposure prophylaxis for hepatitis B, rabies, tetanus, 
and varicella. Babies who are born to mothers infected with HBV or are carriers should 
receive their first dose of the vaccine along with a shot of hepatitis B immune globulin 
(HBIG)  within 12 -24 hours of birth.  

Heterologous hyperimmune serum is also known mostly as antitoxin or antibodies 
acting by neutralization of viruses (rabies). This product is produced in animals, usually 
horses (equine) or cattle, and contains antibodies against only one antigen.  Antitoxins 
are available for postexposure prophylaxis of botulism, diphtheria, tetanus, gangrene. 
A problem with this product is introduction of allergic reaction to animal protein, in 
the most serious form of hypersensitivity appearing as anaphylactic reaction or later 
as serum sickness. Personal history of any form of allergy, and also allergy to previous 
administration with tests of hypersensitivity are very important. Globulins have to be 
always administered very carefully, fractionally only intramuscularly.
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8.  EVOLUTION OF PARASITISM AND INFECTIOUS  
DISEASES 

Available evidence supports conclusions of evolutionary theory, that life on Earth 
has evolved and that species share common ancestors. Darwin’s conception of evolu-
tionary change and diversification explains many observations of natural processes and 
is supported by evidence from the natural world.

Infectious diseases, involving nowadays several hundred with constant rise in their 
numbers, differ from other conditions in being caused by live organisms, microbes, 
pathogenic agents.  

Infectious diseases undergo continuous changes being conditioned by changeo-
ver on the level of microbes, their hosts and the environment, and interactions among 
these three factors. 

8.1 Evolution of pathogenic microorganisms

The emergence of pathogenic agents results from a continuous process which in 
course of thousands years of evolution led to certain degree of adaptation of previously 
free living microorganisms to survival in organisms of animals and later in man, induc-
ing more or less severe pathological changes. According to generally accepted concept, 
pathogenic microbes developed from originally harmless microbial forms during long-
lasting evolution. 

Prokaryotes, single-celled organisms without true nucleus are evolutionary the earli-
est and most primitive forms of life on Earth (existent on the cell level 3.5 to 4 milliard 
years ago). Eucaryotic cells (single-celled algae) appeared about 1.5 milliard years ago.

Multicellular organisms occurred on the Earth more than 500 million years ago. Af-
ter the appearance of plant and animal kingdoms (570 to 250 million years ago) some 
originally free-living bacteria began to colonize superficial structures of higher organ-
isms. First acting as commensals, later as a result of invasion to deeper tissues causing 
damage in organs of their hosts, and acting as pathogens, they developed organ tro-
pism. 

Pathogenic microorganisms began to cause in their host state of infection – penetra-
tion and multiplication, possibly development of infectious agents in the organism of 
humans or animals. Host organisms began to develop defense mechanisms – first of 
unspecific immunity (complex of reactions on tissue, cell and molecular level), later of 
specific immunity (cellular and humoral).

According to their pathogenic properties, three main groups of microorgan-
isms can be distinguished:



83

Obligatory pathogens are microorganisms highly adapted to their natural hosts 
(man, animals) with specific pathogenic properties, causing after invasion typical clini-
cal picture. They have    the longest history of evolution, survival of the agents require 
continuous direct transmission from one infected macroorganism to another. In gen-
eral these microbes have limited ability to survive outside their hosts e.g. influenza vi-
ruses evoking inflammatory lesions typically in the upper respiratory tract of humans, 
rabies virus which affected hosts in central nervous system, gonococci causing inflam-
mation in genitourinary tract, etc. 

Opportune microbes are in a lower phase of evolutionary adaptation to predilec-
tious host, pathogenetically are effective mostly in hosts (man, animal) with altered 
or undeveloped mechanisms of defense (patients with immunodeficiency, under im-
munosuppression, neonates, aged people). They are encountered most often as causal 
agents of nosocomial infections, in HIV infected persons, etc., e.g. staphylococci, can-
didae, herpes viruses, some members of the family Enterobacteriaceae such as Escheri-
chia  coli, commensal of the gut, which may cause peritonitis or septicemia  if penetrat-
ing through the intestinal wall. 

 Commensals are microbes in the lowest phase of  parasitism, encountered in the  hosts 
without causing any harm by altering health status, e.g. some staphylococci or corynebac-
teriae on the skin, sarcinae in the throat, some coliform bacteria in the gut, lactobacilli in 
vaginal mucosa and others, which may exert even protective effect as normal flora.

8.2 Evolution of infectious diseases in man

Enormous adaptation rate and great evolutionary potential exhibited by microor-
ganisms resulted in a high diversity of infections at different stages of this process rec-
ognized in medical practice. 

Infectious diseases could have emerged during evolution by following main 
mechanisms:

- some were inherited by man from his phylogenetic antecedents – may have 
been involved in emergence of e.g. malaria, sexually transmitted diseases 
(STD), typhoid fever, which became typical diseases of humans (microbes 
previously parasites of animals followed the evolutionary process, transitions 
and adaptation to new hosts has been a driving force in their development to 
parasites of hominids and man);

- some diseases developed as a result of direct exposure of humans to agents present 
in the environment, mainly in surface waters, e.g. emerging of cholera agent 
from non-pathogenic water vibrios by repeated invasion during contact with 
human tissues until in some of them evolved pathogenic properties; 

- group of infectious diseases characterized by their animal hosts – zoonoses. 
The causal agents of which developed during evolution more or less typical 
pathogenic properties for different animal species, in some cases effective 
also in man. These natural agents of zoonoses are not transmitted  from man 
to man under natural conditions (rabies, anthrax, tularemia);

- in some infections of zoonotic origin after initial transfer from animal 
sources to humans further transmission continues from man to man, e.g. in 
Ebola viral disease;

- out of the microorganisms causing zoonoses some new types adapted to 
survival in man to such an extent that now being agents of typical human 
diseases – e.g. M. tuberculosis evolved apparently from causal agent of bovine 
tuberculosis (M. bovis),   now virtually with interhuman transmission.
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8.3 Causes of changes of infectious diseases

Causes of changes of infectious diseases are to be found on the side of microorgan-
ism, its host, the environment, and their interactions.

8.3.1 Changes on the level of infectious agents

Properties of microorganisms undergo changes due to numerous genetic mecha-
nisms such as mutations, transfer of genetic information in bacteria by bacteriophag-
es, plasmids, transposons - gene traffic, reassortment of segments in viruses, etc. As 
a result of genetic adaptability, microbes are able to develop new pathogenic proper-
ties (e.g. lysogenic conversion of factors of pathogenicity by phage in salmonellae), 
acquire resistance to drugs (e.g. bacterial antibiotic resistance from horizontal gene 
transfer, drug resistance in mycobacteria from gene mutations) and disinfectants 
(plasmid transmission), evade immune mechanisms of their hosts by acquiring new 
antigens (e.g. point mutations in influenza viruses type A and B – so called antigenic 
drift), and others.

Changes in the antigenic structure of influenza viruses type A can lead to epidemics up to 
pandemics; emergence of highly resistant strains of M. tuberculosis lead to therapeutically nearly 
unmanageable forms of tuberculosis, etc.

Simultaneously, opposite tendencies act in microbes and limit such genetically con-
ditioned changes (resulted from evolutional trends in individual agents) protecting 
them against extreme changes capable to disturb structures and functions necessary 
for their survival.   

8.3.2 Changes on the level of the host 

Second reason of changes of infectious diseases is on the side of the host organism.
Important role play genetic factors 
- genetic drift can come up after inbreeding in small communities because of high-

er probability to accumulate faults in gene distribution. Under such conditions either 
strengthening or weakening of ancestral gene can occur in the population (Sewal –
Wright effect). It is proved, that people from the New World and Polynesians are less 
heterogeneous comparing to the Europeans as to the presence of highly polymorphic 
loci of their gene pool, which control the system of immunity.

In native population of Hawaii Islands, after immigration from Marquesas Islands and Tahiti 
about 2500 years ago, pathogens causing syphilis, tuberculosis, measles and smallpox gradu-
ally disappeared because of limited number of susceptibles in a small community. After their 
reintroduction by troops of Captain Cook (1778), these diseases decimated susceptible native 
population during one generation to one tenth of its number. This being also a consequence of 
increased genetic predisposition of Hawaiians to infections - crossbreed among relatives   (about 
100 men and women)  led to changes in their gene pool towards more uniform  increasing pre-
disposition of this population to higher morbidity and mortality. 

On the contrary, but rather exceptionally, some genetically fixed characteristics 
could protect against disease occurrence. 

People in equatorial West Africa, having genetically fixed pathologically changed hemo-
globin in their red blood cells and suffering from sickle cell anemia, are protected against ma-
laria. Genetically determined lack of enzyme glucose-6-phosphate dehydrogenase has a similar 
effect.

Other reason from the side of host organism is now frequently occurring impair-
ment of the immune system of the host resulting from  

- infections such as e.g. HIV, HTLV 1 and HTLV 2 (human T cell leukemia virus), 
- longer survival of people with severe pathologic conditions causing immuno-
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suppression or requiring application of immunosuppressive drugs – as e.g. premature 
babies, children with genetic disorders,  people with cancer, diabetes or other meta-
bolic disorders, states after organ transplantation, etc.

People with impaired immune system are suffering from different opportunistic infections, 
in HIV positives   tuberculosis, candidiasis, cytomegalovirus and protozoal infections, among 
many others, occur frequently. 

- ageing of the population and rising proportion of the elderly. 
Old people are more vulnerable to severe complications and death from infectious diseases as 

a consequence of impaired function of their immune system. They are suffering from many high 
risk medical conditions negatively influencing their resistance to infections.

8.3.3 Changes on the level of the environment

Third cause of changes of infectious diseases, in a wider meaning, involves natural, 
but also social and cultural factors, including medical interventions. According to some 
specialists mainly the environment undergoes the largest changes.

From the past times man has influenced the environment entering deeper to the 
wild nature  to obtain food from wild plants and hunting animals, later enlarging the 
cultivable land. Closer contact with new pathogens of animals contributed to the 
emergence of infectious diseases. 

Animal hosts such as anthropoid apes, reservoirs of the agent of tropical malaria (Plasmo-
dium falciparum), were pushed into primeval forests and the vector mosquito (Anopheles gam-
biae) started to parasitize on hominids infecting them. Environmental factors thus contributed 
to spread of malaria in ancestors of humans.

The size of population and its density is another factor of exceptional impor-
tance. As long as populations lived on hunting for animals and collecting fruits and 
plants, the spectrum of infections they suffered from was small. Less numerous popula-
tions with low population density represented an inadequate substrate for the persis-
tence and spread of wide spectrum of infections. 

According to assessments about 10 000 years ago (end of the paleolite), the whole global 
population of only about 125 000 people, with a density of 0.00425 per square km. Probably two 
groups of human diseases occurred at that time, infections from prehominids (e.g. malaria, fram-
besia, salmonellosis, staphylococcus infections, etc.) and diseases acquired from wild animals 
(e.g. sleeping sickness, relapsing fever, tetanus, trichinellosis, etc.).

After  neolithic agrarian revolution (commencing about 10 000 years BC), as a result of  bringing 
the land under cultivation, crop production and animal domestication, when  people began to lead 
a settled style of life, new infectious diseases emerged, being acquired from domesticated animals, 
like tuberculosis, brucellosis, Q fever, anthrax and others. 

Some other diseases, such as measles, influenza, smallpox, could have emerged from 
pathogens of animals, gradually adapting themselves exclusively to humans.  For fur-
ther spread of the  latter  group of diseases, a certain critical size of the community was 
needed, e.g. for a continuous occurrence of measles, population of up to one million 
was stated as necessary, while farmsteads then had merely about 150 - 400 individuals.

The growth of preindustrial and industrial towns and nowadays uncontrolled 
development of megacities being other important factors influencing the spread of 
infectious diseases.

The growth of towns linked with the 19th century industrial revolution brought 
enormous problems with safe water and food supply as well as with sewage disposal. 
That was the reason of spread of intestinal infections, like cholera, shigellosis, typhoid 
fever, but also changed the nature of some other diseases, such as before urbaniza-
tion, syphilis occurred as a nonvenereal disease (similarly as nowadays nonvenereal 
treponematoses frambesia and pinta), but with advancing changes in sexual behavior 
(promiscuity) and structure of families, it became a venereal disease. At present an un-
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controlled growth of megacities due to great migration and rise of marginalized popula-
tions contributes to the spread of infections.

Problems are brought also with globalization of food production and food supply. 
Striking example was in 1995 the emergence of a new clinical entity, variant 

Creutzfeldt-Jakob disease (vCJD), regarded as human equivalent of bovine spongi-
form encephalopathy (BSE), so called mad cow disease. 

The disease of cattle originated as a result of improper change in technology of preparation of 
meat-bone powder which, in addition to that, cannot be used as forage for herbivorous animals 
including cattle. Transmission to man comes apparently through consumption of organs and tis-
sues of sick animals.

Until recently unknown Nipah virus (NiV) infection was first identified during an 
outbreak of deadly encephalitis in Nipah, Malaysia in 1998, in relationship with swine 
factory farming. 

First isolation of Nipah virus (family Paramyxoviridae) was from pigs in Kampung Sungai 
Nipah (Malaysia, 1998), causing disease after transmission to humans. Reservoirs of the infection 
are herbivorous fruit bats (family Pteropodidae), pigs were the intermediate hosts on this occa-
sion.

In association with Hong Kong epizootics of so called “bird “flu“  in breeds of the 
poultry, the avian influenza type A caused by subtype H5N1 occurred in 1997. Out of 
18 farm workers who were infected 6 cases were lethal. This was the first occurrence 
of avian influenza in humans. From December 2003 an unprecedented occurrence of 
avian influenza H5N1 was recorded in several countries of south-east Asia, later also in 
other regions of the world. 

From 2003 through 31 March 2015, 826 laboratory-confirmed human cases of avian influenza 
A (H5N1) virus infection have been reported to the WHO from 16 countries. Of these cases, 440 
died (case fatality rate 53 %).

The world’s first 3 human cases of infection with the avian influenza subtype 
H7N9 viruses were reported by China in 31 March 2013. That event also marked the 
first time that this H7N9 subtype had been detected in humans, poultry or any other an-
imals. Like H5N1, the H7N9 virus causes serious illness in humans. Studies have shown 
that exposure to live poultry and poultry markets are risk factors for H7N9 infection. 

To February 2015, 602 human H7N9 cases and 227 deaths (CFR 37.7 %) were reported, the 
vast majority in mainland China, 4 cases in Taiwan, 13 cases in Hong Kong SAR, Malaysia reported 
one case in a Chinese traveler (2014), and Canada reported 2 mild cases in travelers returning 
from China (January 2015).

Findings of interhuman transmission in avian influenza were up to now an excep-
tion, but there is a great concern that avian influenza viruses could gain the capability 
of human to human transmission, which could cause their fast spread and pandemic of 
the disease.

To nearly uncontrolled spread of some infections leads an acceleration of transport 
displacement to distant parts of the world is now possible during less than 24 hours. 

Recent example of fast spread of infection is SARS (Severe Acute Respiratory Syndrome), dis-
seminating during several months from south-east Asia nearly to thirty countries of all continents 
except Africa. 

Disease occurrence is negatively influenced by war conflicts, social changes and 
turbulences.

Dracunculiasis, a tropical parasitic disease is on the verge of eradication. Of the 20 
countries that were endemic in the 1980s, only 4 (Chad, Ethiopia, Mali, South Sudan) 
reported cases in 2014. The majority of people infected (56%) were in South Sudan, 
where war conflicts hamper successful fulfilment of global eradication program.

Disruption of vaccination discipline in former Soviet Union led to unprecedented occurrence 
of diphtheria namely in Russia and Ukraine. While in the year of 1989 less than 1 000 cases were 
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registered in both states, in the years 1992 and 1993 it was as many as 23 640 cases indicating 
reemergence of the infection.

Similarly in Slovakia, as a result of enhanced movement and social changes after the year 1989,  
more than 11-times higher incidence of syphilis was recorded,  in 1990  0.6/100 000  and  in 1992  
7.0 /100 000 population.

Anticipated global climatic changes, mainly the global warming, would influence 
geographical occurrence of infectious diseases – namely arthropod-borne infections. 

Mosquitoes, vectors of malaria parasites requiring for their development temperatures above 
16 ˚C, could enlarge their distribution area. Increase of temperature by 2 ˚C could carry spread 
of dengue to unconventional regions. Supposed rise of temperature by 5 ˚C until 2050 would 
change geographic distribution of vector-borne, but also other diseases.

There is some concern about possible iatrogenic diseases - xenozoonoses resulting 
from transmission of infected transplanted or implanted animal organ, tissue or cells to 
humans - e.g. pig cells in diabetes or hepatic failure. 

There are endogenous retroviruses present in pig cells which could induce, after mutation or 
recombination with human endogenous retroviruses, origination of until now unknown condi-
tions.

8.4 Examples of evolution of infectious diseases, disease 
emergence and re-emergence

Evolution of infectious diseases is, similarly as other evolutionary changes, in pro-
gress from the past to the present. Continuous evolutionary process is reflected in dis-
ease emergence and reemergence in populations. 

As emerging infectious diseases are considered newly occurring infectious diseas-
es, not encountered in a human population  previously, but rapidly increasing in their 
incidence or geographic range, like avian flu, HIV/AIDS, new variant of Creutzfeldt-
Jakob disease, SARS, hemorrhagic fevers (Hanta, Lassa, Marburg, Ebola), cholera non-O1 
type (O139), norovirus diarrheal disease, human ehrlichiosis, monkeypox, West Nile 
fever, Nipah virus encephalitis. As emerging infections are considered also old diseases 
that are newly classified as infectious ones because of the discovery of a responsible 
infectious agent, e.g. cat scratch disease and Lyme borreliosis (caused by Bartonella 
henselae and Borrelia burgdorferi s.l., respectively). 

As reemerging infectious diseases are meant diseases that had decreased in in-
cidence in a given region and more recently began to resurge as a health problem, as 
new outbreaks of old infectious diseases with important public health relevance, like 
dengue, malaria, Chikungunya, cholera, syphilis, tuberculosis, measles. 

In 1981, HIV/AIDS (human immunodeficiency virus infection and acquired im-
mune deficiency syndrome) was firstly diagnosed as a new, emerging infectious dis-
ease, now with pandemic occurrence for the mankind. The agent was found to be of 
animal origin,  HIV 1 being derived from a common ancestor with simian immunode-
ficiency virus (SIV) of African green monkeys, HIV 2 being supposed derivative of SIV 
of mangabeys (resembling Asian macaques). Both HIV 1 and HIV 2 lines probably sepa-
rated only 600 - 900 years ago.

HIV continues to be a major global public health issue, having claimed more than 39.0 million 
lives so far. In 2013, 1.5 million people died from HIV-related causes globally. There were approxi-
mately 35.0 million people living with HIV at the end of 2013 with 2.1 million people becoming 
newly infected. Sub-Saharan Africa is the most affected region accounting for almost 70% of the 
global total of new HIV infections.

Viral hemorrhagic fevers - Lassa, Ebola and Marburg are new, from the 70-ties 
of the last century known as serious, often deadly diseases with bleeding to different 
organs, having animals as primary reservoirs. 
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Lassa fever is endemic in West Africa - Sierra Leone, Liberia, Guinea and Nigeria; how-
ever, other neighboring countries are also at risk. The number of Lassa virus infections in 
this region is estimated at 100 000 to 300 000 per year, with approximately 5 000 deaths.

Ebola virus disease (EVD)                                                                                                               
More than twenty Ebola outbreaks have been reported over nearly four decades, all 

of them successfully contained. The unusually large Ebola virus disease outbreak 
evolving in West Africa since December 2013 has been unprecedented both in size and 
scale. It is the largest outbreak since the Ebola virus was first discovered in 1976.                                                                 

As of 3 May 2015, a total of 26 593 cases of EVD (confirmed, probable, suspected) 
and 11 005 deaths (CFR 41.38 %, outcomes for many cases unknown) have been re-
ported to the WHO, mainly from countries with widespread and intense transmission 
as Guinea, Liberia and Sierra Leone (among   them 871 health  care workers with 507 
deaths - CFR 58.2 %) but also from other countries (Mali, Nigeria, Senegal, Spain, United 
Kingdom and the U.S.A.) where was EBV imported.                                                                                

Marburg hemorrhagic fever. Large outbreak in Marburg and Frankfurt (Ger-
many) and in Belgrade (Serbia) in 1967, associated with laboratory work with African 
green monkeys (Cercopithecus aethiops) imported from Uganda, led to the initial rec-
ognition of the disease. 

Outbreaks and sporadic cases have been subsequently reported in Angola, Democratic Re-
public of the Congo, Kenya, South Africa (person with recent travel history to Zimbabwe) and 
Uganda. In 2008, two independent cases were reported in travelers who visited a cave inhabited 
by Rousettus bat colonies in Uganda.

Variability of antigenic complex in influenza type A viruses due to mutations or 
reassortments resulting in development of new agents could be threat of epidemics 
and pandemics therefore strict surveillance is needed to uncover pandemic potential 
of the virus. 

Influenza type A caused by subtype of the virus H3N2 emerged by reassortment 
of some viral segments between human and avian influenza viruses during mix infec-
tion, probably in organism of swine. Hemagglutinin H3, one of the important factors of 
pathogenicity, being of avian origin. There are variability of new subtypes, circulating 
in birds (ducks, geese, swans, gulls, terns and waders) and poultry (e.g. H5, H6, H7, H9, 
and H10), which have occasionally crossed the species barrier to infect humans, raising 
concerns of a new pandemic threat. The  avian influenza viruses, highly pathogenic, 
H5N1 (since 1997) in Asia and the Middle East and a novel emerging H7N9 (since 2013) 
in China  usually circulating among birds sometimes infect people through exposure 
to poultry or contaminated environments. An animal influenza virus that develops the 
ability to transmit easily from person to person could carry a risk of causing a pandemic. 

Coronaviruses are a large family of viruses that cause a range of illnesses in animals 
and in humans. Human can contract infections varying from common cold to the Severe 
Acute Respiratory Syndrome (SARS) and Middle East Respiratory Syndrome (MERS).

SARS was first documented in 2003 and spread from Asia (China, Taiwan, Singa-
pore), later was reported in North America and Europe. From November 2002 to July 
2003 the virus caused 8 422 registered diseases in 32 countries of the world, out of 
them 11% were lethal (774 deaths). Probable sources of infection were some animal 
species (cibets, badgers, etc.) consumed as delicacy, further with interhuman transmis-
sion. SARS was contained by strict isolation, no more cases were reported after 2004.

Middle East respiratory syndrome, caused by new coronavirus (MERS-CoV), has 
been a global concern since its discovery in Saudi Arabia in 2012. Researchers suggest 
the MERS virus originated in animals and, like other viruses, mutated to be able to infect 
humans. The findings support the hypothesis that camels are a probable source of infec-
tion transfer to humans, while bats may be the ultimate reservoir of the virus. 
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Symptoms as fever, caught, and shortness of breath,  flu-like symptoms, diarrhea, nau-
sea, vomiting, kidney failure can progress to a severe respiratory syndrome that could 
lead to death.

As of April 29, 2015 more than 1,100 confirmed MERS cases and more than 420 associated 
deaths (CFR-38.2%) had occurred globally. Importation of MERS-CoV by travelers from the Ara-
bian Peninsula to about 18 countries outside the Middle East has been documented.  All cases 
were linked to the Middle East, but in May 2014, the first 2 cases of MERS in the United States were 
identified in unrelated travelers from Saudi Arabia.

The public health community has come to recognize that also Chikungunya virus 
(family Togaviridae), transmitted by a mosquito (Aedes aegypti, Aedes albopictus) is an 
emerging, epidemic prone pathogen. Epidemics have been described in Africa, the Mid-
dle East, Europe, India, and Southeast Asia.
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9. EPIDEMIC PROCESS 
Epidemic process is the basis for the parasitic existence of pathogenic microorgan-

isms in the given population in natural and social environment. Pathogenic microor-
ganisms are adapted during their historical evolution to survive in the host organisms 
(their sources of infection) required for its natural existence a continuous exchange of 
hosts. In every model the interaction of humans with infectious agents and their envi-
ronment represents a dynamic equilibrium, a balance of forces, especially influenced 
by biologic factors. These are relevant to the study of infectious disease epidemiology.

Infection represents a complex interplay between host factors, characteristics of 
the infectious agent, and environmental influences. Environment in a broader sense 
includes not only physical factors but also biological and social factors. This complex 
interaction has been modelled as a triangle or a chain. The consequence is the process 
of the spread of infection, an uninterrupted chain of infections (illness or carriership) 
often called as epidemic process regardless its intensity.

9.1 Characteristics of the epidemic process

The epidemic process has three essential characteristics:

9. 1. 1 Continuity of the epidemic process                                                                      

Epidemic process is a continual chain of particular infections.  The occurrence of 
each infection indicates the presence of a source of infection, from which the patient 
became infected. Interruption of the continuity of epidemic process through the death 
or cure of the last disease or carriership (as in leprosy, typhus, trachoma) means stop 
of the spread of infection in local conditions.  Its interruption by vaccination or large 
epidemics leading to a high degree of herd immunity, means a stop for further infec-
tions - elimination  (measles, rubella, etc.) and globally an eradication of the disease 
(smallpox, poliomyelitis). Mainly vaccination efforts but also sanitary control (dracun-
culiasis) are very helpful in achieving these goals.

Smallpox once been pandemic had been eradicated from the planet. Eradication of smallpox 
was declared by WHO in 1980 and eradication of poliomyelitis is  at  this time in finishing phase.

9. 1. 2 Structure of the epidemic process                                                                                 

The structure of the epidemic process of an infectious disease is typical for every 
infection and reveals its internal side underlying the incidence of the infection. Its 
knowledge is indispensable for implementation of rational preventive measures. Four 
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basic structural forms of the epidemic process may be distinguished (Fig. 6). In case 
of sporadic incidence the chain is narrow, unbranched, in case of an epidemic, the 
chain become richly branched.  On the outside it presents itself as morbidity of the 
population.

The first, simple type (A) is characteristic for diseases with high degree of conta-
giosity, very close to 1.0 or 100% (measles, influenza, varicella, small pox, whooping 
cough, syphilis, exanthematous typhus, gonorrhea, etc.). Incidence appears to be true 
picture of the intensity of epidemic process since there is no carriership, the sources 
of infection are only ill persons with highly manifested disease. Each illness reflects one 
element of the epidemic process, which can thus be more or less easily reconstructed.  
Through a proper epidemiological search of the chain of diseases the whole process 
can be traced and controlled (early diagnosis, early isolation of patients and treatment). 
In some diseases this may be the way to their elimination (measles) and eradication 
(leprosy).

Figure 6.  Structure of epidemic process
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The second, composite type (B) is typical for diseases, where a greater or lesser part of 
the infected sources of infection are not only ill persons, but healthy carriers (short term 
carriers). The continuity of the epidemic process remains therefore hidden and the ob-
served morbidity reflects its intensity only partly, depending on the index of contagiosity. 

Index of contagiosity (IC) can be calculated by following formula:

number of those who contract the disease / number of nonimmune exposed to the infection

In the case of poliomyelitis exposure of 100 nonimmune people only one develops 
polio. In the case of polio IC is 0.1 or 1%.  Poliomyelitis has a low index of contagiosity 
(IC). In contrary measles is a highly contagious disease. Out of 100 nonimmune persons 
exposed to measles about 99 will contract the disease, IC is 0.99 or 99%. 

This composite type of epidemic process could be recognized in scarlet fever, diph-
theria, meningococcal meningitis, viral hepatitis A, etc.  

The control and prevention of diseases of this structural type are more demanding, 
because the greater part of sources (mainly carriers) can escape our attention, thus 
isolation is of limited efficacy. Other measures, such as vaccination, chemoprophylaxis 
(meningococcal meningitis), application of immunoglobulin (hepatitis A) and meas-
ures to interrupt transmission are more important.

The third type (C) is characteristic for diseases with long lasting contagiosity of the 
patient (TB, leprosy, syphilis, etc.) or the carrier status (HIV/AIDS, hepatitis B, hepatitis 
C, typhoid fever, trachoma, helminthiases, etc.). Control of  these diseases is focused on 
screening and active searching for infected persons or animals (bovine TB), treatment 
(TB, trachoma, helminthiases, mycoses), social measures (exclusion of carriers from 
work with foodstuffs, from donorship of blood and organs, health care, the care of chil-
dren, changing of life-style, etc.) as well as  health education.

The fourth type (D) is typical for zoonoses. Appearance of an illness in man depends 
naturally from a contact (exposure) with an infected animal or seen more broadly, from 
the intensity of the epizootic process in domestic or wild animals. Preventive measures 
are primarily the domain of veterinarian activities, e.g. vaccination of dogs and foxes 
against rabies, control of foodstuffs of animal origin (salmonellosis, taeniosis, and trich-
inellosis) and personal protection. In professionally exposed persons vaccination may 
be indicated (tick-borne encephalitis, rabies, tetanus, etc.).

9.1.3 Intensity of epidemic process

The degree of intensity of epidemic process is expressed by the terms reflecting the 
level of morbidity (incidence):

•	 sporadic - the term is denotes the lowest degree of incidence of a certain disease 
in a given region and time, when singular cases without any apparently associa-
tion in time and place occur.  

•	 epidemic - denotes an unusual incidence exceeding evidently the usual morbid-
ity of a certain disease in a defined population in a given period and certain area. 

Clusters are few cases associated in time (within one incubation period) and region 
(geographic accumulation of cases).

 Attack rate is a disease frequency calculated as a ratio of the number of new infec-
tions divided by the number of exposed, susceptible individuals in a given period or in 
a particular outbreak, usually expressed as a percentage.

Recently identified infections, such as Ebola virus in Africa and highly pathogenic avian flu 
H5N1 in Asia are emerging diseases with epidemic potency.
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•	 pandemic - is the highest degree of morbidity (intensity) of an infectious dis-
ease spreading usually over broader geographic areas or even transcontinen-
tally, like cholera, HIV/AIDS. 

 
The Spanish flu, caused by type A H1N1 virus, at the end of World War I cost the lives of 

more than twenty million people all over the world.
Plague has been associated with perhaps the most serious and extensive epidemics in hu-

man history with high case fatality rate.  The earliest description of plague dates from sixth cen-
tury AD in Egypt, then with spread throughout North Africa and into Europe. During the “Great 
Plague“ epidemic in London, which peaked in 1665, 7 000 deaths per week were reported in 
a population of half million. Plague gradually disappeared from Europe in 1840. However, epi-
demics of plague occurred in Asia (Vietnam, India) last decades of 20th century and recently in 
Africa (Madagascar).

For zoonoses, analogically the terms epizootic and panzootic are used.
Because of the great relativity of these terms an assessment of the level of morbidity, 

the type of disease, region and time should be always taken into account, e.g. sporadic 
occurrence of influenza may be in the case of cholera considered as an epidemic in 
some regions. 

The term endemic means indigenous, naturally occurring disease associated with 
a certain region by natural (sources, vectors, biotope) or social determinants (zoono-
sis, tropical diseases), regardless of its intensity. Sometimes this term is used instead of 
sporadic.

Occurrence of malaria is sometimes expressed by combination of markers, regional 
determination and intensity using the terms hypoendemic, mesoendemic and hyper-
endemic. Holoendemic occurrence denotes the infections with the high prevalence in 
most of the population with high rate already in childhood.

In the cases of exposure to infections abroad disease could be imported. If the 
region is free of this disease this infection could be classified as exotic (malaria, hepa-
titis E). 

 

9.2 Determinants of the epidemic process                                                                                           

9.2.1 Basic determinants 

Factors determining the dynamic spread of infectious diseases constitute the funda-
mental issues of epidemiology in theory and practice. Their study provides knowledge 
forming the basis for rational repressive and preventive measures.

The incidence of an infectious disease, sporadic or epidemic is possible only if the 
following three basic conditions (determinants) are fulfilled:

•	 Presence of a source of infection. Each infection indicates that in this area (fo-
cus) there must be or must have been an infected person (ill or carrier), or an 
infected animal that is to be considered as the source of infection, from whom 
the infection was transmitted. In regions free of some infectious diseases, with-
out sources, infections can be only imported.

•	 Possibility of transmission of infection. In diseases caused by more resistant 
agents to various conditions of environment different factors of transmission 
(inanimate vehicles, like water, foodstuffs, live vectors - mosquitoes, ticks, etc.) 
play role in transmission, as well as actual contact slightly evident or even fea-
sible with  the source (zoonosis,  nosocomial infections). In diseases caused by 
less resistant agents, mostly personal contact with the infected person is neces-
sary for transmission (sexually transmitted diseases).
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•	 Susceptibility of the population to the infection plays in the spread of infec-
tious diseases just a passive role. Susceptible host in epidemiologic terminology 
means man or animal not specifically protected to certain agent by specific (B 
or T cell mediated) immunity acquired by natural exposure/infection (postin-
fection immunity) or artificially after vaccination. A high level of immunity in 
a population (after an epidemic or mass vaccination) inhibits a further spread 
of the disease.

Postinfection or postvaccination immunity could protect individuals against disease 
(measles, varicella), against disease but not reinfection (rubella), or after short time 
not at all against disease (rotaviral infections). Susceptibility to certain infections can 
make the epidemic process more rapid or by acquiring specific immunity the epidemic 
process is weaning.  These three determinants of the epidemic process are unavoidable 
for the occurrence of whichever infectious disease but none of them has the potency 
to determine its intensity. But any factors able to influence it, to intensify or suppress 
its dynamics, can be effective only through changing the activity of at least one of its 
determinants. Factors with some influence on the dynamics of the epidemic process 
are numerous and varied. The environment provides the mutual background on which 
host and agent interaction takes place. 

Two large groups of factors, natural (biological and physical determinants) and so-
cial influence the occurrence and spread of disease. The latter are prevailing because 
man can change his natural environment. These factors are very important and in some 
occasions decisive for occurrence of certain diseases (zoonoses, TB, vector-borne infec-
tions, etc.) that both factors must be included in surveillance for effective prevention.

9.2.2 Natural determinants

Infectious diseases occur in a natural environment with more or less characteristic 
climatic and geographic conditions which may influence their occurrence by determin-
ing the role of sources of infection or possibilities of transmission. Climatic conditions 
(heat, cold, humidity) influence both the survival and the multiplication of agents in 
their sources and the behaviors of the host in housing, occupation and recreation that 
relate to exposure. Food and waterborne diseases (salmonellosis, shigellosis) flourish 
in warmer months and respiratory infections transmitted by air droplets in the closed 
communities and closer living environments in winter (flu). Some animal reservoirs as 
well as some living vectors are restricted to some geographical areas and moreover, the 
vectors show mostly a certain seasonal activity, e.g. trypanosomiasis may occur only in 
regions where the fly tsetse is endemic, malaria is endemic in areas with special condi-
tions for surviving of mosquitoes and seasonal variation of maximal incidence of tick-
bite encephalitis in spring, summer and autumn is associated with maximum biological 
activity of ticks. Natural conditions provide often favorable possibilities for some eco-
nomic activities of man, e.g. agriculture, animal breeding, fishing, tourism which may 
support the spread of some infectious diseases (leptospirosis, brucellosis). The success-
ful implementation of infectious disease control depends on thorough knowledge of 
epidemiologic facts. Epidemic control is based on surveillance and detailed knowledge 
of the paths of transmission in a population. Environmental prevention rests on epide-
miological studies of environmental risk factors.  Mathematical modelling is employed 
to compute and estimate parameters for understanding the transmission, to simulate 
outbreaks and to assess the effectiveness of different prevention and intervention strat-
egies. Results from modelling studies help with interpreting the epidemiological data 
and support evidence-based decisions for targeting interventions for effective disease 
control.
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Natural focus of infection is defined as an area with ecological conditions (cli-
matic, flora, fauna) supporting a local circulation of pathogenic agents without inter-
vention of man. These areas with typical conditions favorable also for the survival of 
reservoir animals, even vectors (ticks, mites, fleas, etc.) are called biotopes and con-
tribute to maintaining of endemic occurrence of certain diseases. In the cases of wild 
animals, mostly feral rodents as sources of infections these zoonoses are called diseases 
with natural focality (tick-bite encephalitis, Lyme borreliosis, tularemia, hanta virosis, 
etc.). Mutual relations between fauna and flora, special climate (with higher tempera-
ture) and alimentary requirements of both animals and blood suckling ectoparasites 
create special biocenosis. Other, not vector-borne zoonoses are transmitted in focuses 
by surface water or wet soil contaminated by urine mainly of rodents (leptospirosis) or 
by bites (rabies). For risk assessment of natural focus  its monitoring and surveillance of 
endemic zoonotic diseases are needed to  identify actual phase of dynamic of epizootic 
process to determine the focus with high activity or latency. Control of this process is 
the basis for prevention and protection of population living or working there.

9.2.3 Social determinants                                                                                                       

The socio-economic development of the society is considered to be the most im-
portant factor influencing the incidence of infectious diseases. Its favorable effect is 
explained by its apparent association with social advances due to the development of a 
modern industry requiring a high technical level of water supply, sewerage, removal of 
rubbish, hygienic control of foodstuffs and other public health measures (vaccination, 
health education, etc.). The general improvement of living standards such as housing, 
nutrition and working conditions certainly played a role in reducing exposure, further 
incidence and mortality rates of infectious diseases, especially in developed countries.

Bad social conditions, war, famine, disasters are regularly accompanied by epidem-
ics of infection diseases. Inhabitants living at lower socio-economic level have usually a 
higher incidence of some diseases, mainly intestinal infections, TB and other airborne 
infections with typical higher rates in childhood. 

Regarding social factors, they do not only act directly on biological variables, but 
they interact with each other, too. They may also have an influence on environmental, 
lifestyle, or iatrogenic factors, which in turn affect biological variables.

Some professional groups are more exposed to some infections, e.g. agricultural 
workers (leptospirosis, tularemia, Q fever, etc.), forest workers (tick bite encephalitis, 
Lyme borreliosis, etc.). Medical staffs   have to face a higher exposure to respiratory 
infections but also to hepatitis B, C, HIV infection and some others. 

Globalization of trade requires more precise control of foodstuffs and imported 
animals. Increasing travelling into countries with a lower health standard is associated 
with higher risk of some infections, like malaria and other vector-borne diseases (yel-
low fever), diarrheal infections, Legionnaires ’ disease, HIV/AIDS.

Crowding people should be always considered an important epidemiological chal-
lenge (refugees, pilgrims, etc.). Lifestyle-related factors or specific behavior factors can 
contribute to development of diseases with special parenteral mode of transmission, 
like VHB, VHC, HIV in drug addicts.

The manifold and complex intervention of social conditions in the health status of a 
society shows that without substantial support of political authorities, not even a well-
organized health service is able to solve many health problems. 
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10.  SOURCES OF INFECTION 

Pathogenic microorganisms during evolution acquired properties through adap-
tation in animate organisms, becoming their natural environment for the existence. 
These hosts are designed as sources or reservoirs of infection. They are macroorgan-
isms (human or animal), which are infected by infectious agents (bacteria, viruses, para-
sites, fungi), in which   microorganisms can live, propagate, reproduce, and die in the 
natural state. The germs could be discharged from the human or animal body through 
portals of exit, i.e. through respiratory tract,  genitourinary tract,  gastrointestinal tract, 
skin and mucous membranes, via placenta (i.e. from  mother to fetus),  by blood and 
could invade through portal of entry of  another susceptible host, next  reservoir of the 
infection. Microbes gain entrance via the same portals. According to the resistance of 
the germs to environmental factors they can survive or not in environment. 

An infection is mostly exogenous when the pathogenic agent is introduced from any-
where outside to inside the body or on the body (Salmonella spp., Neisseria meningitis, 
Neisseria gonorrhea, agents of superficial mycoses, etc.). These infections are caused by ob-
ligatory or facultative pathogenic microorganisms. The latter germs cause infection in im-
munocompromised people and are frequently causative agents of nosocomial infections. 

 An endogenous infection occurs when the infectious agent comes from patient´s 
own body, usually from his “normal” flora and when his immunity system became com-
promised e.g. by HIV infection, diabetes, immunosuppressive treatment, etc. In these 
cases colonizing flora in other, not usual residing sites, could be discovered. Examples 
are some species of staphylococci and streptococci which are normally found in the 
body but can become pathogenic in certain circumstances (wounds).

Colonization denotes the presence of a microorganism on/in a host, with its growth 
and multiplication but without interaction between host and microorganism (no clini-
cal expression and no immune response exist).  Endogenous normal flora is commen-
sal flora of skin, respiratory tract, gastrointestinal tract, or genitourinary tract present in 
relatively inactive forms. Endogenous microflora plays role in development of infection 
when the delicate balance between agent and host is disturbed (e.g. by chemotherapy 
and radiotherapy for cancer, by immunosuppressive drugs, etc.). 

Two general categories of sources/reservoirs of infectious diseases are recognized 
– human and animal in the case of anthroponosis or zoonosis. It is very important to 
recognize the form of sources, because of measures and control. 

There are three basic sources of infection: 
•	 sick person 
•	 carrier of infectious agents
•	 infected animal 
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10.1 Sick person with infectious disease

Sick person is considered as the most important source of infection. Human is the 
only source for syphilis (Treponema pallidum), gonorrhea (Neisseria gonorrhea), HIV 
infection, hepatitis B and C, typhoid fever (Salmonella typhi). Epidemiologic signifi-
cance of this form of the source of infection is expressed by some determinants:

•	 diseased man is the only source of infection in some specific infectious diseases, 
exclusively only human diseases, no carriership exists, e.g. influenza, varicella, 
measles, chickenpox, etc.

•	 symptoms of the disease, like coughing, sneezing, nasal discharges, diarrheal 
stool, etc. contribute to excretion of pathogenic microorganisms to proximal 
external environment. Ill person thus discharge larger amount of germs as the 
carrier

•	 close to ill person, being the source of infection, more secondary cases of infec-
tion occur compared to proximity to a carrier. Therefore health care of ill per-
son is associated with risk for health workers being infected.

Infectiousness of diseased person changes a lot during infection, in some diseases pa-
tient starts to be infectious at the end of incubation period. Infectiousness   increases in phase of pro-
dromal signs with peaks at the time of maximum manifestation, when disease is fully developed. De-
creasing expression of the disease is associated with lower infectiosity of infected man.  

For example mean incubation period of hepatitis A is 4 weeks (14-50 days), patient excretes 
virus 7-10 days before prodromal signs. Leaving symptoms patient is not mere infectious. Incuba-
tion time of   diphtheria is in average 2 - 5 days (1 – 10 days), patient is infectious shortly before 
clinical manifestation, in time of maximum symptomatology, during clinical infection and some 
days or weeks after clinical symptoms.

Various clinical forms of disease have different epidemiologic importance:
•	 fully manifested form with typical clinical symptoms is usually relatively easy 

diagnosed leading to early treatment and introduction of appropriate measures,
•	 fudroyant form with rapid and severe course is associated with massive excre-

tion of pathogenic agent, often with fatal outcome (hemorrhagic fevers such as 
Ebola),

•	 abortive form with not severe course of infection manifested by nontypical 
signs could be difficult to diagnose. Patients are not ridden to bed and could 
spread the infection uncontrollably in close contacts.

•	 chronic form of a disease is associated by long-term excretion of pathogenic 
germs and diseased people have to be actively searched. Among such infections 
are TB, some of sexually transmitted diseases (STD), some helminthiases, etc.

•	 inapparent infection is a symptomless disease, those infected do not know 
about their infection, they are not ridden to bed and can spread infection with-
out any restriction. Inapparent   infections are those with low manifest index, 
like meningococcal meningitis, poliomyelitis, hepatitis A.

•	 latent or persistent form is typical for some viral infections. Virus survives in 
the body in nonreplicant form, its activation is achieved by e.g. fever, hormo-
nal dysbalance, etc. After primary infection of herpes simplex virus it is usually 
maintaining in dormant form in sensoric ganglia and about one third of infect-
ed persons reveal repeated reactivation. Relatively few pathogens are able to 
evade host defenses and cause latent infection, such as herpes viruses (Herpes 
simplex, Varicella zoster, cytomegalovirus, Epstein-Barr virus), HIV-1 and HIV-2, 
Mycobacterium tuberculosis, and some fungi. 
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Index of manifestation of an infectious disease (IM) expresses variability of 
clinical course of infectious disease.

 IM is a ratio of number of clinically evident ill persons to number of infected per-
sons confirmed by laboratory tests (cultivation, serology). This ratio could be expressed 
also in percentage by multiplying by 100. 

Some very contagious diseases, like chicken pox has very high IM (0.99), IM of scar-
let fever (0.3) is low and IM of meningococcal meningitis is very low (0.02).

Measures against sources are targeted to restriction/stopping of spread to others, like:
•	 Early isolation of ill persons at home, in hospitals or searching for them. Mode 

and the length of isolation are determined by seriousness of the disease and 
by duration of excretion of pathogenic germs. Before leaving hospital or end-
ing protective isolation negative control samplings are required in the case of 
bacterial diseases and in viral infections clinical status of patient and common 
knowledge of the certain disease are decisive.

•	 Diagnosing and notification of the disease, especially in the case of very serious 
infections or with very rapid spreading should be reported to local health au-
thority (Public Health Service) by calling, by fax or mailing. 

•	 Treatment of ill persons leads also to weakness of infectiousness and shortage of 
releasing/excreting the pathogenic microorganisms.  

10. 2 Carriership of pathogenic microorganisms

10.2.1 Definition of carriership

Carriership of pathogenic microorganisms or carrier state is defined as survival and 
replication of infectious agents, and their excretion from the organism of humans or 
animals without any clinical manifestations of the disease. Carrier state still can be re-
flected in changes of some laboratory parameters - immunological, biochemical. 

Carriership does not exist in diseases leaving so called sterile immunity which ex-
cludes the survival of pathogenic agents in the immune macroorganism (e.g. in mea-
sles). Immune mechanisms facilitating persistence of pathogens in the organism of 
man and animal

are not completely understood. One cause of this phenomenon can be the fact that 
defense mechanisms of the body against pathogenic activity of the agents may differ 
from those involved in getting rid of them. 

For instance in diphtheria, caused by Corynebacterium  diphtheriae, clinical symp-
tomatology of the disease is caused by an exotoxin. Since the immunity after infection 
or vaccination is antitoxic, but not antibacterial, it protects from developing the dis-
ease, but does not protect from carriership.

In each infectious disease where carriership exists, it clearly reflects specific features 
of the pathogenesis of that disease. Therefore, in individual diseases, carriership differs 
as to its portal of excretion, amount of excreted pathogens, its duration, sensitivity to 
treatment etc. Local inflammatory process can potentiate epidemiologic importance of 
carriership and its duration and the amount of excreted pathogens (e.g. cholecystitis or 
urethritis as predisposing factors to carriership of Salmonella typhi ). Identification of 
carriership is mostly based on epidemiologic indicators such as recorded transmission 
of the infection to others and results of laboratory examinations (e.g. presence of anti-
Vi antibodies in carriers of typhoid fever). 
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10.2.2 Epidemiologic importance of carriership of pathogenic  
microorganisms      

Carrier is a person who carries agents of a disease in his body and who can transmit the 
disease to others without showing any signs of infection himself. The amount of excreted 
pathogens by a carrier is usually lower than by a sick person, but the epidemiologic impor-
tance of carrier state is increased by the fact that carriers have no manifestations and often 
remain unidentified. On the other hand their mobility is not affected by the disease com-
pared to patients, thus they can spread the infection freely in population. Much depends on 
susceptibility of contacts with the disease, the social status and kind of work. High threat 
pose those carriers working professionally with foodstuffs or in public catering, in teams 
with high risk for susceptibles, e.g. facilities for children, the elderly, hospitals, etc. 

10.2.3 Classification of carriership

From the practical point of view four main forms of the carrier state are distin-
guished:  

Convalescent carriership is persistent excretion of pathogenic agents from the 
organism after the disease, during convalescence. Carrier state is usually short-term, 
lasting from days to weeks, until the body gets rid of the agents. Its end indicates the 
time when patients can be released from isolation (discharge from hospitalization). 
For this purpose it should be monitored, commonly examined by bacteriologic meth-
ods (typhoid fever, paratyphoid, bacillary dysentery), in viral diseases the isolation of 
patient is terminated according to clinical status and empirical knowledge on length 
of carriership in specific disease, more recently also by molecular methods (viral load, 
markers of virus presence in tissues, etc.).  

Chronic carrriership is characterized by a long-term excretion of pathogenic 
agents after an infectious disease and   convalescence. It can develop also as a conse-
quence of asymptomatic infections (e.g. perinatal infections with hepatitis B virus often 
developing to chronicity). This form of carriership can be lasting for years up to life-
long carriership, if not identified and treated. 

Of high epidemiological importance is chronic carrier state in HIV infections, typhoid 
fever, paratyphoid, viral hepatitis B, C, D and hepatitis G or TT (transfusion transmitted). 

Persistent carrier state caused e.g. by staphylococcal, streptococcal infections and 
some intestinal parasitoses poses threat mainly in hospitals, children´s preschool or 
school facilities,  military garrisons, in unhygienic and overcrowded conditions. 

Healthy carriership is an inapparent infection, clinically asymptomatic or with 
only minute symptoms. Healthy carriership occurs in diseases with low manifestation 
index such as scarlet fever, poliomyelitis, meningococcal meningitis, viral hepatitis A. 
This type of carriership is usually short-term. Its duration is limited to the length of 
infectiousness, which is similar to that in the respective disease.  It is epidemiologically 
important because unidentified carriers can freely spread the infection in population. 

Immune carriership occurs in individuals with postinfection immunity after natu-
ral infection or after vaccination with postvaccination immunity, mainly in respiratory 
infections without leaving sterile immunity (diphtheria, rubella, scarlet fever, etc.). This 
carriership is short-term, mostly lasting some weeks or months, epidemiologically im-
portant in nonimmune population.

10.2.4 Epidemiologic measures in carriership of pathogenic agents

Priority in epidemiologic measures is targeted on searching for and identification of 
carriers indicated according to epidemiologic situation and protection of transmission 
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of the infection. Measures to be implemented are repressive and preventive, first ones 
associated with an actual risk (e.g. disease outbreaks, sporadic cases), second ones if 
risk is suspected (e.g. in donors of biologic materials, food handlers, personnel of pre-
school and health facilities).   

Measures related to carriers 
These epidemiologic measures are oriented on timely identification and containment 

of carriers according to legislation, guidelines and directives of public health authorities.   
•	 Active search for carriers – screening (fr. dépistage) – oriented mainly on 

uncovering of chronic carriers in epidemiologically important infections using 
clinical and laboratory examinations, with emphasis to epidemiological case 
history.  

•	 Notification of carriership is obligatory – without delay the physician re-
ports identification of carrier state to regional public health authorities and to 
general practitioner of the carrier. 

•	 Recording and dispensation – physician should record carriership in health 
documentation of a person excreting pathogenic agents and records are made 
for epidemiological purposes also in regional Public Health Authority. Chronic 
carriers are assigned to dispensation, i.e. persons continually followed and of-
fered expert consulting and special medical care (HIV/AIDS, hepatitis B and car-
riers, etc.)

•	 Modification of life and occupational conditions – persons excreting path-
ogenic agents must submit  general or emergency epidemiological measures to 
reduce the risk they pose to their vicinity, e.g. exclusion from epidemiologically 
hazardous profession  (health care personnel, workers in food stuff industry, 
handling food stuff) temporary or definitely, according to directives and deci-
sive of public health authorities.

•	 Treatment – necessary in epidemiologically indicated situations – medicamen-
tous, surgical (e.g. in typhoid fever).

•	  Isolation – can be ordered in carriers until epidemiologically indicated, name-
ly in dangerous epidemically occurring diseases such as cholera, or to convales-
cent carriers in e.g. children visiting pre-school facilities, etc.

•	 Health education – designed for to increase knowledge and experience help-
ing to prevent spread of infections and improve health of individuals and com-
munities. 

Carrier of pathogenic microorganisms is obliged to:
- respect instructions of physician concerning protection of other persons against 

transmission - inform a physician about his carriership before the examination, thera-
peutic intervention,  

  admission to hospital, curative stays in spa, to social care facilities, etc.
- give the physician data concerning his/her profession and their changes. 
Measures oriented to interruption of disease transmission 
These measures are hampered by the fact that transmission of infection by carriers 

frequently results from unidentified exposure. Strategies are implemented generally as 
preventive ones, in places with supposed presence of carriers and as repressive meas-
ures in foci of infection.    

Decontamination - according to guidelines and the risk of infection, for destruc-
tion of agents epidemiologically important, e.g. in health care, food and water supply, 
body care facilities.

Personal protection in contact with patients/ clients - face masks, gloves, cloths, 
aprons,  face masks, shields, respirators against infectious aerosols, disposable materi-
als, etc.
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Measures protecting people at risk from infection 
Specific prophylaxis - provides specific protection of susceptible people at risk of 

specific disease by preexposure active immunization – vaccination, or by passive im-
munization generally postexposure or by combination of both strategies. 

Chemoprophylaxis - refers to administration of antibiotics to contacts of patients 
with Haemophilus influenzae type b and Neisseria meningitis.

10.2.5 Carriership in particular diseases

Diseases where carriership develops, namely the one of long-term character, are of 
great public health importance, and require effective epidemiologic measures to be 
implemented, e.g. in cases of viral hepatitis, HIV infection and typhoid fever. 

Carriership in viral hepatitis 
The term of viral hepatitis comprises several nosologic units, differing in their clini-

cal course and epidemiology. While only healthy carriership occurs in viral hepatitis 
A (VHA) and E (VHE), convalescent and chronic carriership can develop in viral hepati-
tis B (VHB), with VHB associated D (VHD) and C viral hepatitis (VHC).  As a carrier of 
viral hepatitis is, according to WHO, considered a person who has viruses of VHB, VHC 
and VHD   in his blood for longer than 6 months even if all symptoms have disappeared. 
The virus can be transmitted by blood or other body fluids. Carrier can be recognized 
by a specific blood test.

Carriership in viral hepatitis B 
People with hepatitis B develop either an acute or a chronic infection which can last 

lifelong. Infectiosity in VHB starts mostly in the second half of the incubation period 
(30 -180 days). . The symptoms can vary greatly, clinically apparent illness occurs in > 
25%.  In general, the frequency of clinical cases increases with age, whereas the per-
centage of carriers decreases.

 In acute VHB symptoms include jaundice, dark urine, extreme fatigue, nausea, vom-
iting, abdominal pain. Infection is confirmed by the presence of surface HB antigen 
(HBs Ag) and immunoglobulin M antibody to the core - HBc antigen (anti-HBc IgM). 
During the initial phase of infection, patients could be also HBe Ag positive, which in-
dicates that the blood and body fluids of the infected individual are highly infectious. 
Majority (90%) of otherwise healthy adults infected with the HBV will recover with 
anti-HBs antibodies with no liver damage in 4–12 weeks and be completely rid of the 
virus within 6 months, but VHB in elderly can be fatal with the case fatality rate of 2 %. 

Chronic infection is characterized by the persistence of HBs Ag for more than 6 
months (in about 5-10%), with or without concurrent HBe Ag, which is most likely to 
develop in young babies. Those who become chronically infected (from >30% among 
children to <5% among adults) are at a higher risk of serious consequences: liver cirrho-
sis (25%) and hepatocellular carcinoma (5%) later in life.  More than 780 000 people die 
every year due to the acute or chronic consequences of hepatitis B.  

In about 20-30 % of clinically inapparent conditions, HBs Ag positivity persists.  
If it exceeds one year, it is considered as a chronic carriership of HBV. There are 
estimated 280 million carriers worldwide, in Central Europe the prevalence of this 
carriership is 1%.   

Transmission: VHB can be transmitted by blood, blood derivatives and by body flu-
ids (saliva, sperm, vaginal secretion). Epidemiologically important is horizontal trans-
mission by parenteral and sexual transmission, and vertical transmission from HBs Ag 
positive mother to child (perinatally, less prenatally to fetus) in about 25 % of cases.
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 If the mother is HBs Ag and HBe Ag positive and she got infected with HBV during the 2nd or 
3rd trimester of pregnancy, infection of the offspring occurs in 80 – 90 % and about 90 % of these 
children become chronic carriers. 

High risk groups are persons frequently undergoing parenteral procedures, homo-
sexuals (men having sex with men) and intravenous drug users (IDU). Before intro-
duction of vaccination health workers were also among the highest risk group (name-
ly workers in hemodialysis, biochemical and hematological laboratories, in surgical 
branches, in dentistry, etc.).  

Preventive measures
Precautions against blood transmission in health care - sterilization, disinfection, 

use of disposable materials (syringes, tubes, etc.), personal protection (gloves, goggles, 
shields), testing of blood, blood products, biologic materials, testing for safety, screening 
and exclusion of HBs Ag positives from donorship of blood, sperm, organs, tissues, etc.;

Specific prophylaxis - the hepatitis B vaccine is the mainstay of hepatitis B preven-
tion: 

•	 vaccination of infants against hepatitis B as a part of regular vaccination sched-
ule,  

•	 preventive vaccination of people  at risk, e.g. professionally exposed (health 
workers),   persons with frequent parenteral interventions (hemodialyzed pa-
tients), homosexuals, drug addicts, prisoners, 

•	 vaccination  as protection - in foci of infection ( contacts of carriers –sexual, fam-
ily members), - of travelers to high risk destinations,  - passive-active prophylaxis  
in newborns of HBs Ag positive mothers, in injuries e.g. by contaminated needles, 

Health education is focused on contact transmission in families, carrier´s living con-
ditions (individualized towels, razors, teeth brushes) and on protection of sexual con-
tacts (condom use).

Carriership in viral hepatitis D (VHD) - delta hepatitis
Since infection with hepatitis delta virus (HDV) is linked to the presence of hepatitis 

B virus, it has all epidemiological features of VHB. Vaccination against VHB provides 
protection also against HDV infection and simultaneous HBV and HDV infection.

Carriership in viral hepatitis C
Viral hepatitis C (VHC) is a liver disease caused by hepatitis C virus (HCV) causing 

acute and chronic infections. The incubation period is 2 weeks to 6 months. Approxi-
mately 80 % of people do not exhibit any symptoms. Acute HCV infection is usually mild 
or asymptomatic, rarely life-threatening disease. About 15–45 % of infected persons 
spontaneously clear the virus within 6 months without any treatment. The remaining 
55–85% of persons develop chronic HCV infection. Course of chronic infection can be 
asymptomatic, but with persistent viremia over a period of six months.  Of those with 
chronic HCV infection, the risk of liver cirrhosis being 15–30% within 20-30 years, and 
risk of hepatocellular carcinoma is 1- 5%. Estimated 350 000 to 500 000 people die each 
year from hepatitis C-related liver diseases.

Laboratory diagnosis of HCV infection is based on detection of antibodies to HCV 
beginning 2-6 weeks postinfection or after several months (diagnostic window period 
can be 2-6 months or longer). All persons anti HCV positive are considered potentially 
infected and could be sources of infection. A positive antibody result does not distin-
guish a resolved infection from a chronic carrier state. 

Persistent viremia (positive HCV RNA in PCR) over six months is used to define 
the state of chronic VHC and the majority of infected persons do progress to become 
chronic carriers. This can pose high risk in donors of blood, blood products and other 
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biological materials. Anti-HCV antibody prevalence of 0.2 – 2.0 % has been found in 
blood donors.

The HCV virus is mainly parenterally transmitted through unsafe injection practice 
in IDU (sharing of injection equipment), inadequate sterilization of medical equip-
ment, unscreened blood and blood products, sexually less frequently compared to VHB 
(about 6 % of cases), vertically from an infected mother to the child (perinatal route in 
0 -13 % children), family contacts (by saliva) has been reported in about 3 % of cases. 
Relatively frequent are mixed infections HCV and HBV as well as HDV, namely in intra-
venous (i.v.) drug users.

Prevention of VHC:  
Screening of blood donors and other biological materials (prove of anti-HCV, detec-

tion of HCV RNA) and their thorough examination with exclusion from donorship (i.v. 
drug users, homosexuals, persons with frequent transfusions, etc.) is the prevention 
of VHC in recipients. This resulted in decline in frequency of posttransfusion hepatitis 
from 10% to 1%.

Prevention of transmission by sterilization of medical equipment; supply, exchange 
and safe destruction of used disposable syringes and needles in   i.v. drug users; 

Prevention of sexual transmission of the infection and through close contact in fam-
ilies follows the same guidelines as in VHB. No vaccine is available against VHC. 

Carriership in HIV infections
There are two types of HIV virus, HIV-1 and HIV-2, with minimum 10 and 5 subtypes, 

respectively. Type HIV-1 occurs globally and type HIV-2 mainly in West Africa. 
Laboratory diagnostics of HIV infection is based on positive findings of anti-HIV 

antibodies  (or findings of HIV antigen) in serum/plasma several weeks to months after 
infection in repeated ELISA tests in two independently taken samples, followed by posi-
tive results of  confirmatory examination of Western blot. 

Most people have a “window period”, usually 3 to 6 weeks, during which antibodies to HIV  
are not yet detectable, but the HIV virus can be detected in this time of greatest infectivity before 
seroconversion. Transmission can occur during all stages of the infection. 

All serologically positive persons should be considered infectious and infectiosity of 
such a person is of lifelong duration.

In a part of patients, non-specific clinical signs resembling mononucleosis (lymphadenopa-
thy) appear 3-6 weeks after infection. During 1-3 months infectiousness increases. After remis-
sion of clinical symptoms, either an asymptomatic phase follows or lymphadenopathy persists as 
the single manifestation. 

HIV can be transmitted via the exchange of a variety of body fluids from infected 
individuals, such as blood, breast milk, semen and vaginal secretions, not by ordinary 
day-to-day contacts.

HIV continues to be a major global public health issue, having claimed more than 
39 million lives so far (two thirds in Sub Saharan Africa). There is no cure for this infec-
tion, but control the virus was achieved by effective treatment with antiretroviral (ARV) 
drugs so that people with HIV survive more.

Risk factors  
Behaviors and conditions that put individuals at greater risk of contracting HIV in-

clude having unprotected anal or vaginal sex, having another sexually transmitted in-
fection –STI (syphilis, herpes, chlamydia, gonorrhea),  sharing contaminated  injecting 
equipment and drug  solutions in IDU,  receiving unsafe injections, blood transfusions, 
medical procedures, piercing, experiencing accidental needle stick injuries (including  
health workers). 
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Prevention 
There is no available vaccine against HIV infection. Prevention of parenteral and 

sexual transmission of the infection follows similar guidelines as in VHB. Limiting ex-
posure to risk factors can reduce the risk of HIV infection. 

Key approaches for HIV prevention, which are often used in combination, 
include:

-male and female condom use - correct and consistent use during vaginal or anal 
penetration 

-testing and counselling for HIV and STIs all people exposed to any of the risk factors              
(partners or couples)

-voluntary medical male circumcision 
Antiretroviral therapy (ART) use
ART as prevention: if an HIV-positive person adheres to an effective ART regimen, 

the risk of transmitting the virus to their uninfected sexual partner can be reduced by 
96%.

Preexposure prophylaxis (PrEP) for HIV negative partner: Oral PrEP of HIV is the 
daily use of ART by HIV uninfected people to block the acquisition of HIV and  reducing 
HIV transmission among serodiscordant heterosexual couples, homosexuals, transgen-
der women, high-risk heterosexual couples, and IDU peoples. 

Postexposure prophylaxis for HIV (PEP): This prophylaxis includes use of ART with-
in 72 hours of exposure to HIV. PEP includes counselling, first aid care, HIV testing, and 
follow-up care and administering of a 28-day course of ART. 

Elimination of mother-to-child transmission of HIV   (MTCT) during pregnancy, de-
livery or breastfeeding can be prevented if both the mother and the child are provided 
with ARV drugs. 

Without any interventions this transmission of HIV can occur in 15-45 %. 

Carriership in typhus fever and paratyphus
Typhoid fever caused by bacteria Salmonella typhi (S. enterica subspecies enterica  

serovar Typhi) and paratyphuses  caused by S. paratyphi A, B, C (S. enterica subspecies 
enterica  serovar Paratyphi A, B, C) are transmitted through the ingestion of food, water 
contaminated by the feces or urine of infected people. Shedding of the agents begins at 
the end of the incubation period. Symptoms usually develop 1-3 weeks after exposure, 
varying from mild to severe. Carrier state may follow acute illness. Convalescence after 
typhoid fever is rather long, up to one year, detected by salmonella in the patient´s 
stool, urine or bile samples, and such positives are classified as convalescence carri-
ers.  If positivity exceeds one year, the person is considered a chronic carrier. 

Laboratory tests for S. typhi carriership start after withdrawal of antibiotic treat-
ment. Cultures are set up after 3, 5 and 7 days, then after 3, 6, 9 and 12 months. The 
final proof of the carriership is confirmed by isolation of S. typhi in stool (after MgSO4), 
urine, and/or in the bile (duodenal probe). Detection of Vi antibody has been used as a 
screening technique to identify carriers, e.g. among food handlers and in outbreak in-
vestigations, this should then be confirmed by culture.  Vi antibodies are high in chron-
ic S. typhi carriers. 

 Chronic carriership develops in 1 - 5 % of patients, mostly in those older than 50 
years, up to ten times more frequently in women compared to men. Predisposing fac-
tors to carriership are obesity and cholecystitis, with higher rate in patients with chole-
lithiasis or schistosomiasis.

Forms of carriership according to localization can be:
-biliary - localized in bile ducts with excretion of bacteria through stool - the most 

frequent and epidemiologically the most important form,
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-urinary - localized in the urinary tract with excretion of the agents through urine,
-in other organ/tissues, e.g. in bone marrow, spleen, etc. with transmission when 

infected sites communicate with external environment (through fracture, fistula), it 
occurs rarely.

Antibiotic treatment of chronic carriers (ampicillin) or surgical treatment (cholecys-
tectomy) combined with antibiotics can be successful in about 90 %.

Chronic carriers in typhoid fever are major sources of infection mainly in countries 
with low disease occurrence and good epidemiologic situation. Identified chronic 
carriers are registered according to their phage type, which can be helpful in tracing 
sources and contacts. 

Epidemiologic measures in chronic carriers:
- reporting of carrier state to local health authority,
- follow up (may be lifelong),
- health education and counselling for personal hygiene, particularly for 

sanitary disposal of excreta - if their disinfection is indicated,
- exclusion from occupations in communal water supply, food preparation, 

serving, food handling, attendants in the care of patients or children. Food 
handlers should not resume their duties until they have had three negative 
stool cultures at least one month apart).

- vaccination of people at risk.

10.3 Animals as sources of infection 

Diseases due to infectious agents that have been primarily adapted to animal hosts 
and may be transmitted from them to man are called zoonoses (former anthropozo-
onoses).

The sources of zoonoses may be domestic or free-living (wild) animals. In the 
latter case the infectious agents cause the so-called diseases with natural focality, linked 
to natural conditions, favorable for living of wild animals, favorable for  arthropod vec-
tors (in vector -borne diseases) and supporting disease transmission independently of 
humans. 

The epidemiologic importance of particular animal species as reservoirs of patho-
genic agents differs with respect to some inner and outer factors:

•	 warm-blooded animals, as animal species phylogenetically more related to man, 
are more important as sources than cold-blooded ones (biological factor),

•	 animals which are objects of economic activities of man such as domestic farm 
animals, or kept as pets in households, are in general more important sources of 
infection for man than the free-living ones (social factor). Nowadays the impor-
tance of the latter group rises mainly due to increasing free time activities. 

Some animals as most important sources of zoonotic infections: 
Cattle may host agents of bovine tuberculosis, brucellosis, Q fever, campylobacteri-

osis, yersiniosis, listeriosis, salmonellosis, leptospirosis, toxoplasmosis, teniasis, tricho-
phytosis, bovine spongiform encephalitis (BSE), anthrax, etc.

Pigs may be reservoirs of salmonelloses, yersiniosis, bovine tuberculosis, campylo-
bacteriosis echinococcosis, teniasis, leptospiroses, toxoplasmosis, listeriosis, etc.

Sheep and goats may be hosts for salmonelloses, Q fever, tick-borne encephalitis, 
listeriosis, toxoplasmosis, etc.

Poultry may host agents of salmonellosis, campylobacteriosis, listeriosis, avian in-
fluenza, ornithosis.

Dogs are reservoirs for echinococcosis, rabies, leptospiroses, toxocarosis. 
Cats are main reservoirs for toxoplasmosis, toxocarosis, rabies, cat-scratch disease.
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Rabbits and hares are reservoirs of tularemia.
Small rodents could be sources of leptospirosis, tularemia, Lyme borreliosis, tick 

bite encephalitis, hemorrhagic fever
Foxes are important reservoirs of rabies and echinococcosis

10.3.1 Etiologic agents of zoonoses

Zoonosis is any disease or infection that is naturally transmissible from vertebrate 
animals to humans. Animals thus play an essential role in maintaining zoonotic infec-
tions in nature. These infections represent significant public health threats, affecting 
hundreds of thousands of people especially in developing countries, although most of 
them can be prevented. 

Zoonoses are caused by all types of pathogenic agents, including bacteria, viruses, 
parasites, fungi, or may involve unconventional agents such as prions.

Bacteria. Every year millions of people acquire foodborne zoonoses such as salmo-
nellosis and campylobacteriosis which are manifested with fever and diarrhea. Other 
bacterial zoonoses of epidemiologic importance are e.g. anthrax, tetanus, brucellosis, in-
fections by verotoxigenic Escherichia coli, leptospirosis, plague, Q fever and tularemia. 

Viruses. Rabies is a disease of carnivores and bats transmissible to humans by bites, 
without specific anti rabies prophylaxis almost all persons infected by rabid animals 
die. Every year about 55 000 persons, mainly children, die of this disease in the world, 
the majority in developing countries. Dogs are mostly sources. Important viral zoonotic 
diseases involve avian influenza, Crimean-Congo hemorrhagic fever, Ebola viral disease 
or Rift Valley fever. 

Fungi. Dermatophytoses are superficial mycoses that may be acquired from infect-
ed animals and affect the skin, hair and nails of humans, e.g. sporotrichosis. 

Parasites. Trichinellosis, an intestinal infection caused by parasitic nematodes 
of the genus Trichinella with wide range of host species, mostly mammals. Humans 
acquire the infection eating raw or inadequately cooked meat infested with infec-
tious Trichinella larvae. Toxocarosis is caused by ingestion of roundworms of dogs 
and cats, Toxocara canis and T. cati. Taeniasis is an intestinal infection caused by 
two species of tapeworms Taenia solium (pork tapeworm) and T. saginata (beef 
tapeworm). Other important parasitic zoonoses involve echinococcosis/hydatidosis 
and toxoplasmosis. 

Unconventional agents. Bovine Spongiform Encephalopathy (BSE) agent is the 
cause of variant Creutzfeldt – Jakob disease (vCJD)

10. 3.2 Epidemiologic and medical importance of zoonoses

Zoonoses have been recognized for many centuries and according to estimates be-
tween one third and one half of all human infections are of zoonotic origin, about 200 
clinical entities and the number keeps rising. The severity of these diseases in humans 
varies from mild to life-threatening conditions.  About 75% of the new diseases that 
have affected humans over the past decades (e.g. West Nile fever in North America) 
originated from animals.

Different reasons could account for this trend, such as: 
•	 uncovering of etiologic agents of already known clinical entities (e.g. Borrelia 

burgdorferi, verotoxigenic strains of Escherichia coli as agents of hemorrhagic 
colitis)  

•	  some animal agents  in the past are recognized as human pathogens  at present 
(e.g. streptococci of the group B as the cause of severe meningitis and sepsis in 
newborns, members of the genus  Ehrlichia causing human ehrlichiosis, 
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•	 occurrence of true new diseases originating from animals and emerging in hu-
mans, such as e.g. the new variant of the Creutzfeldt-Jacob  disease (vCJD), con-
sidered as the human form of bovine spongiform encephalopathy (BSE) or Ebola 
virus disease. 

Importance of many zoonotic diseases lies in their tendency to epidemic 
spread, in Europe represented e.g. by salmonelloses, Q fever, leptospiroses, tularemia, 
tick-borne encephalitis or trichinellosis. Possibility of pandemic spread to immuno-
logically naive populations can pose continuous risk globally - as in avian influenza. 

An important feature of zoonoses is their professional character – e.g. Q fever in dairy  
workers, veterinarians, farmers, leptospiroses in farmers, abattoir and sewer workers, min-
ers, ornithosis in persons exposed to infected poultry and birds (parrots, pigeons); tricho-
phytosis is found mainly in dairy workers, farmers taking care of diseased livestock, etc.

Some zoonoses are life-threatening with severe clinical course and high case fatal-
ity rate (CFR) if not adequate or timely prophylaxis and treatment is  implemented, e.g. 
rabies with 100% CFR, tetanus 50% CFR, untreated bubonic  and pneumonic plague 
50% -100% CFR. Mass occurrence of some zoonotic diseases can cause a serious eco-
nomic loss as a result of decrease in productivity, death, and some infected animals 
must be destroyed - e.g. infected fowl due to bird flu posing risk to humans, cattle infect-
ed by Mycobacterium bovis or BSE, cattle, sheep, goats owing  Q fever, etc. Even if some 
zoonoses have been under effective control (bovine tuberculosis, brucellosis, anthrax), 
in others the prophylactic and repressive epizootic and epidemiologic measures 
have not been sufficiently efficacious (e.g. in campylobacteriosis, tularemia, rabies 
in developing countries, etc.) and they still present a serious public health problem.

10.3.3 Transmission of infectious agents of zoonoses

Transmission of infectious agents from animals to humans is dependent on the lo-
calization of the infectious process in the organism of infected animal, with all basic 
routes (alimentary, respiratory, arthropod-borne, skin-mucosae), mainly through: 

•	 contaminated foodstuffs (meat, milk, eggs, fruits, vegetables) or drinking water,
•	 Infectious agents in foodstuffs include e.g. bacteria such as Salmonella and 

Campylobacter,  Listeria, Yersinia, parasites such as Trichinella,  Echinococcus,  
prion - an abnormal form of a protein (known as PrPc) causing BSE in cattle and is 
also transmissible to humans through consumption of contaminated meat  caus-
ing variant Creuzfeldt-Jakob disease (vCJD). 

•	 surface water and soil contaminated with excrements or cadavers of infected 
animals (e.g. leptospirosis, tularemia), 

•	 contaminated dust and environments, e.g.  ornithosis, Q fever, avian influenza,
Q fever agent, Coxiella burnetii can be present in a wide range of species, including 

cattle, sheep, goats and birds, as well as in arthropods. Human infection mainly results 
from the inhalation of contaminated dust with bacteria from the placenta and birth 
fluids or feces from infected farm animals.

Avian influenza, caused by viruses as A(H5N1), A(H7N7), recently A(H7N9) primar-
ily occurring in poultry and other birds, being transmitted also to humans through  di-
rect or indirect exposure to infected live or dead poultry or contaminated environ-
ments in  live bird markets. 

•	 bloodsucking arthropods - live vectors such as ticks (tick-borne encephalitis, 
Lyme borreliosis, mosquitoes (West-Nile fever), fleas (plague) etc., 

•	 contact with infected animals – direct or indirect  (through their hair, fleece, 
fur, skin), e.g. zoonotic mycoses, anthrax, etc., 

•	 animal bites and injuries – rabies, tetanus, cat-scratch disease.
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10.3.4 Prevention of zoonoses 

Preventive and repressive epidemiologic measures relative to animals involve all the 
three general principles of control of infectious diseases, such as elimination of animal 
sources, interruption of transmission of infectious agents and protection of susceptible 
population.  

Measures oriented to elimination of sources of infection involve:
•	  preventive veterinary strategies  to secure good animal health  with sanitary ser-

vice,
•	 repressive  destroying of infected animals under legislation rules and safe sani-

tary conditions (e.g. flocks infected by salmonellae or avian influenza viruses, 
in  suspected infections as rabies, bovine tuberculosis, brucellosis, anthrax, etc.); 
treatment is less frequently implemented in a larger scale (livestock in cases of 
trichophytosis, swine in leptospirosis, deworming of pets, etc.),

•	 implementation of quarantine measures may be needed in zoonoses of inter-
national health concern, e.g. restrictions of transport and trade because of avian 
influenza ,

•	 in wild animals (small rodents, hares, boars, foxes) rodent control  and  shooting 
as necessary measures for reproduction control with  surveillance useful in order 
to determine  prevalence of infections posing a risk to humans.

•	 Measures targeted to interruption of disease transmission 
•	 protection of  foodstuffs and safe food supply (milk and food pasteurization, ad-

equate heat processing, safe manipulation, storage of foods at safe temperatures),
•	 protection of water and soil against contamination by pathogens of zoonotic ori-

gin (water chlorination, functioning sewerage, safe techniques of irrigation and 
fertilization), following guidelines concerning decontamination and sanitation, 

•	 vector control in arthropod borne infections which includes monitoring of vec-
tors activity, usage of  insecticides or acaricides ,

•	  personal protection required for work with animals, in protection against arthro-
pod vectors usage of window screens, bed nets and repellents.

Measures protecting people at risk from infection 
Specific prophylaxis being implemented in humans, as e.g.  lifelong preventive 

vaccination against tetanus, against rabies- in high risk professions and travelers and  
postexposure in cases of bite of animals, vaccination of people at risk against tick-borne 
encephalitis, etc. and as veterinary measures performed in animals, e.g. against Q fe-
ver, trichophytosis, anthrax, rabies, chlamydiosis, salmonellosis, leptospirosis, Lyme 
borreliosis, etc. 

10.3.5 Occurrence of zoonoses in Europe 

Basic epidemiologic characteristics of most important zoonotic diseases in Europe 
are mentioned in Table 6. 

Epidemiological situation of zoonoses in Europe, based on EU/EEA surveil-
lance sources, provides data of following zoonotic diseases: 

Among the most common bacterial zoonotic infections transmitted to man 
(with number of cases and incidence rates per 100 000 population in 2012) are campy-
lobacteriosis (217 261 cases, 68.35/105), salmonellosis (92 438 cases, 21.9/105), yers-
iniosis (6548 cases, 1.96/105),   Shiga toxin/verocytotoxin-producing Escherichia coli 
(STEC/VTEC) infection (5748 cases, 1.5/105) and listeriosis (1 676 cases, 0.35/ 105).

Uncommon bacterial zoonoses with decreasing rates in EU/EEA countries are Q fe-
ver (649 cases, 0.15/105), quite rare are tularemia (991 cases, 0.21/105), leptospirosis 
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(489 cases, /105 ), brucellosis (376 cases, 0.08 /105) and  tuberculosis caused by Myco-
bacterium bovis (125 cases, 0,03/105). Anthrax is very rare with single cases reported 
yearly, 20 sporadic cases in 2012 in seven countries.

Table 6.  Zoonoses in Europe 

Disease Agents Reservoirs Transmission Occurrence

Salmonellosis

Salmonella 
spp., mainly 
S. Enteritidis,   
S.Typhimurium

poultry, domestic 
and free living 
animals 

foodstuffs – after 
former  
multiplication 

high, frequent 
epidemics

Campylo-
bacteriosis

Campylobacter 
jejuni, C. coli 

cattle, swine, 
poultry, 

milk,  foodstuffs 
– cross contami-
nation

sporadic, 
outbreaks 

Listeriosis Listeria 
monocytogenes

cattle, sheep, 
goats, fish

dairy and 
meat products, 
foodstuffs  

sporadic 

Yersiniosis Yersinia spp.             swine, other 
animal species

undercooked  
pork meat

sporadic, 
epidemic

Brucellosis
Brucella 
melitensis, B. 
abortus, B. spp.

cattle, sheep, 
goat, swine, hare

milk, amniotic 
fluid, meat, 
contact

sporadic

Bovine tbc Mycobacterium 
bovis cattle

milk, 
contaminated 
dust, contact

sporadic

Avian tbc Mycobacterium 
avium poultry, birds contact sporadic

Ornithosis Chlamydia psittaci poultry, birds contaminated 
dust, secretions

professional,  
sporadic

Q-fever Coxiella burnetii
cattle, sheep, 
goat, small 
mammals

amniotic fluid, 
dust, milk, ticks 

professional,  
epidemic

Leptospirosis Leptospira spp. small mammals, 
dog, swine, cattle

contaminated 
water, soil

professional, 
sporadic

Tularemia Francisella 
tularensis

small mammals, 
hare, rabbit

contact, contami-
nated dust,  
ingestion, ticks

professional,  
outbreaks
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Out of viral zoonoses notified in 2012 in EU tick-borne-encephalitis (TBE) has be-
come a growing public health challenge in Europe. In this year total 2 106 confirmed 
cases of TBE were reported with an overall notification rate of 0.52/105.  West Nile fever, 
another arthropod-borne zoonosis, was confirmed in 232 cases (22 deaths). Positive 
solipeds were reported mainly by Southern European countries, horses also by Central 
and Western European Member States. Generally, very few cases of rabies in humans 
are reported in the EU, and most countries have not had any indigenous cases for dec-
ades. 

Parasitic infections are uncommon in Europe, e.g. echinococcosis (812 cases, 
0.19//105), trichinellosis (301cases, 0.06 //105) with nine food-borne outbreaks report-
ed in 2012 from seven member states, eight from Romania. Very serious toxoplasmosis, 
congenital form with 40 cases was reported by 19 EU countries in 2012, representing 
substantial decrease compared with 2011 (214 cases).  The overall EU case rate was 0.3 
per 100 000 in infants.

Variant Creutzfeldt-Jakob disease (vCJD) is a rare but fatal neurodegenerative hu-
man prion disease that produces a fatal spongiform encephalopathy, manifested by rap-
idly progressing dementia. Transmission to humans is through consumption of meat 
products from infected cattle and has an incubation period of several years. This zo-

Disease Agents Reservoirs Transmission Occurrence

Tick-borne 
encephalitis

Flavivirus small mammals, 

ticks Ixodes  
ricinus 
I. persulcatus, 
milk

sporadic, 
epidemic

West Nile 
fever

Flavivirus wild birds Culex 
mosquitoes

sporadic, 
epidemic

Rabies Lyssavirus. dog, cat, fox, 
racoon dog, bat 

bite of infected 
animal very rare

Toxoplasmosis Toxoplasma 
gondii

mammals,  
mainly cat

oocytes shed 
in cat ´s feces, 
meat, raw milk

common

Trichinellosis Trichinella spiralis 
and other spp.

boar, swine, 
small mammals meat sporadic, small 

outbreaks

Toxocarosis
Toxocara canis, 
T. cati and other 
spp. 

dog, cat, 
carnivors excreta sporadic

Taeniasis Taenia saginata cattle  raw meat 
(tartar steak) moderate

Taeniasis/
cysticercosis Taenia solium swine meat sporadic
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onosis has become very rare due to the effective control measures established at the 
EU level. One new case was reported in the EU/EEA in 2012. Continued surveillance of   
vCJD is crucial to monitor closely the gradual elimination of the disease and the impact 
of control measures.
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11. TRANSMISSION OF INFECTIOUS  
           DISEASES

Possibility of transmission of infectious germs is an essential condition of epidemic 
process. Microorganisms during their evolution developed properties allowing them 
to survive and multiply in the host to which they became adapted. Surviving requires 
unavoidable continuous exchange of hosts, microorganisms must be released from the 
infected host into the environment and survive until they succeed to invade another 
host. Intensity of host exchanging determine possibility of infection spread. 

Transmission of infectious diseases is a three-phase mechanism, which emerged during 
evolution simultaneously with the properties of the pathogenic microorganism. Characteris-
tics of pathogenic agents and transmission together with the clinical picture of each specific 
disease should be understood as three different dimensions of one and the same evolutionary 
process. The sequence  of  spread usually involves the exit of the organism from the infected  
host, surviving in the environment (air, water, food, insect) or animal, with or without mul-
tiplication of  the causative germs, and the entry of a sufficient number of viable organisms 
into an appropriate portal of susceptible host to initiate infection. For some infectious agents, 
specific receptors on the cell surface  are needed to permit attachment and multiplication of 
the organism. Possibility of transmission of germs via multiple routes depends on a variety of 
sources, more in zoonotic diseases, resistance of germs to environmental factors, size of infec-
tious dose, production of toxins and susceptibility of hosts. 

11.1 Phases of transmission

The first step is the release or excretion of the causal microorganisms from the infected 
host, which is dependent on the localization of the infectious process in the body, at least 
in the certain phase of the infection. It is important that this given site allows the agent to 
be excreted, e.g. in intestinal infections it leaves the body by fecal route (e.g. V. cholerae), 
in infections of the respiratory tract by expired air containing its secretions, cells (e.g. in-
fluenza virus), etc. Mode of excretion of the germs through portal of exit is determined 
by specific primary localization in the host (organ tropism) what generally corresponds 
with the site of pathologic process and clinical symptomatology. Pathogenesis of infectious 
diseases and transmission of their etiologic agents are the result of long-term evolution.

The site of body from which the infectious agent is released does not to be invari-
ably the site of primary localization where the typical clinical manifestation appear, 
e.g. in the case of meningococcal meningitis the inflammatory process in the upper 
respiratory tract from where meningococci are expired is decisive for its transmission. 
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Similarly in the case of hepatitis A or poliomyelitis both viruses are excreted from the 
intestine by fecal route.

Some other infections, except dominant and most epidemiologically important mode 
of transmission, could be rarely transmitted also by less decisive routes (secondary 
mode), e.g. through contact with wet vesicles on skin in varicella lesions. However, defi-
nitely varicella virus is from upper respiratory tract released by droplets and transmitted 
typically as airborne infection. Rotaviruses are released from the body by stool and urine, 
but in some patients in early phase of the disease also by secretion of respiratory tract.

Concerning zoonoses, their transmission is naturally dependent on the localization 
of the infectious process in the animal, or germs are present in blood in the certain 
phase of infection and transmission is performed by arthropods (e.g. viremic phase in 
the case of tick borne encephalitis) or in saliva in the case of rabid foxes, dogs and other 
infected animals by lyssa virus. 

The second phase in the transmission is the survival of the excreted agents outside 
the infected hosts. The environment, where they have to survive, is determined by the 
way of excretion. If expired, they contaminate the air or dust (M. tuberculosis, influenza 
viruses, etc.), if excreted from the intestine (V. cholerae, salmonellae, E. coli, etc.) they 
contaminate the soil, surface water, foodstuffs, flies, hands, etc., from the blood they 
enter the organisms of living vectors (ticks, mosquitoes, etc.) and from the skin vari-
ous objects of daily use (towels, clothes, medical instruments, etc.) are contaminated. 
Causative agents of sexually transmitted diseases (T. pallidum, N. gonorrhoeae, Hae-
mophilus ducrey) are very susceptible to factors of external environment, they can-
not survive there. Therefore these agents with low degree of resistance are transmitted 
by direct contact from infected man to susceptible hosts. There is no second phase in 
transmission of these infections.

The contaminated environment mostly does not support a longer survival of patho-
genic microorganisms, because during evolution most of them lost the necessary resist-
ance against different physical, chemical and biological factors of the environment, as 
ultraviolet radiation, pH, temperature, humidity, chemical composition of the soil, mi-
crobial antagonism in soil and sewage water, lack of necessary nutrients, etc. All these 
factors together are usually called self-cleaning factors of the environment. Some man 
made measures, as disinfection or sewage plants contribute to unfavorable conditions 
for microbe’s survival in the environment.

On the other side, pathogenic germs are equipped with variable degree of resistance. 
The lowest degree of resistance is recognized in agents transmitted directly from man 
to man by expired air or personal contact, e.g. in influenza, measles, rubella, whooping 
caught, syphilis, etc. In these infections as well as in arthropod-borne infections where 
the environment is fully represented by the body of the living vector, no terminal disin-
fection is required. 

The highest degree of resistance is seen in sporulating bacteria (Clostridium tetani, Ba-
cillus anthracis, etc.), but also Mycobacterium tuberculosis, Corynebacterium diphtheriae, 
etc. Spores of Cl. tetani are known to survive in the soil or street dust even for years. 

Some other groups of pathogenic microorganisms with moderate degree of resist-
ance are able to survive outside the body of the host for days or weeks. They are trans-
mitted by surface water, foodstuffs, dust, etc.

The route of agent shedding often predicts the portal of entry to the subsequent 
host. Some agents only cause disease when presented to the host by specific means. 
Shigella dysenteriae, which causes severe diarrhea, must be ingested; other agents such 
as Staphylococcus aureus can cause disease via multiple portals of entry, including res-
piratory tract (pneumonia), skin (furuncle), gastrointestinal tract (food poisoning), 
and blood (bacteremia). 
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The third phase of transmission is the invasion of pathogenic agents released from 
the source of infection into a new host. The portal of entry and the invasion are deter-
mined by the environment where the agents survived in the second phase of transmis-
sion. The agents expired by breathing, coughing or sneezing (influenza virus, measles 
virus, etc.) naturally enter nasal cavity and respiratory tract of the next host by inspira-
tion of the contaminated  air or dust, agents of arthropod-borne infections (tick bite 
encephalitis, malaria, etc.) enter blood system of other host by sucking living vectors, 
agents causing intestinal infections (cholera, typhoid fever, etc.) by entering oral cavity 
of another host by contaminated water, foodstuffs, milk, fruit, vegetables and some in-
fections of skin and external mucosae (dermatomycoses, etc.) are transmitted through 
contact of impaired skin by contaminated items of daily use (towels, beddings, etc.). 

Zoonoses are mostly transmitted by foodstuffs (milk - bovine TB, brucellosis, meat 
-campylobacteriosis, taeniosis, salmonellosis, etc.) and by  arthropods (mosquitoes – 
malaria, yellow fever, fleas - plague, ticks - Lyme borreliosis, tularemia, Q fever, etc.).

Some organisms may be spread by several different means, depending on the epide-
miologic circumstances. Revealing mode and factors of transmission is very helpful to 
propose adequate measures and stop spreading of infection.

Tularemia provides an example of a disease transmitted by multiple routes.  Francisella  tula-
rensis  may be transmitted from its animal reservoirs to human by cutaneous or mucosal contact 
with infected animal or its products, ingestion of contaminated food or water, inhalation of dust 
from contaminated soil, bites from infected rodents, and by biting arthropods such as  ticks, 
deerfly, or mosquito.

Plague, zoonotic disease of rodents is transmitted to humans and other mammalian hosts by 
rodent’s fleas. Percutaneous inoculation of Yersinia pestis in humans results in bubonic plague, 
bloodstream invasion may lead to septicemic plague or to infection of lung or meninges. Pneu-
monic plague can be transmitted from person to person via the respiratory route.

11.2 Infections with particular ways of transmission

Particular ways of transmission are typical for some diseases as the consequences of 
their evolution. Specific modes of transmission can be recognized in infections trans-
mitted from mother to child by hematogenous  route during pregnancy through pla-
centa (prenatal infections - in utero transmission) or in time of delivery or early after 
childbirth (perinatal infections). This vertical transmission is considered as a separate 
mode of transmission. Vertical transplacental transmission is known in syphilis, toxo-
plasmosis, rubella, cytomegalovirus and HIV, but could occur at the time of birth via pas-
sage through a birth canal contaminated by B streptococcus, Listeria monocytogenes, 
N. gonorrhoeae, Chlamydia trachomatis.

11.2.1 Prenatal (congenital) infections

The most important infections of an infant acquired from the mother in utero are 
rubella, toxoplasmosis, listeriosis, syphilis and HIV/AIDS.  Infections of the mother in 
the first trimester of pregnancy are considered to be most harmful. 

Infants exposed to rubella during the first trimester contract in 90% infection resulting in abor-
tions, stillbirths, deaths or malformations of fetus and newborn. They develop congenital rubella syn-
drome (CRS) with disorders, such as ocular abnormalities (mainly cataracts), cardiac defects, deaf-
ness, microcephaly. During the early second trimester the risk of abnormalities is lowered to 20-40% 
occurring deafness and mental retardation as sequels.

 For transplacental transmission of syphilis the 2nd trimester and of hepatitis B the 
3rd trimester are decisive. Congenital infection with Toxoplasma gondii may result in 
generalized lymphadenopathy, hepatomegaly, splenomegaly or meningoencephalitis 
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with hydrocephaly, microcephaly and convulsions with many sequels apparent several 
years later.

Some other viruses are associated with vertical transmission, e.g. viruses of HIV/
AIDS, cytomegalovirus (CMV), herpes viruses (types 1, 2, varicella-zoster), parvovirus 
19, ECHO, Coxackie or bacteria, e.g. Mycoplasma hominis, Chlamydia trachomatis (se-
rotypes D-K). 

11.2.2 Perinatal infections

Perinatal infections are caused by colonizing flora of delivery canal or by contami-
nated devices and hands of health care personnel (instrumental and prolong deliver-
ies). They are transmitted by blood or cervical and vaginal secretion and excrements of 
mother. These kinds of infections are more prevalent in hypotrophic premature new-
borns.  They are caused by streptococci group B (severe meningitis and sepsis in new-
borns), Neisseria gonorrheae (blennorrhea neonatorum), Clostridium tetani (infec-
tion of umbilical cord - tetanus neonatorum), Candida albicans and Candida tropica, 
Escherichia coli and also by the same agents as prenatal infections, e.g. viruses of CMV, 
herpes viruses (HSV) types 1, 2, HBV, HIV, Listeria monocytogenes and Chlamydia tra-
chomatis. When the mother has an active primary HSV infection the risk for infant 
developing a generalized serious infection is 40%.

11.2. 3 Transmission by intermediate hosts

Some parasitic diseases require for their transmission intermediate hosts.  The dog is 
the main reservoir for echinococcosis, but its transmission requires sheep, goats, cows 
and other animals as intermediate hosts. In schistosomiasis some kinds of snails as in-
termediate hosts are necessary for the full development of the schistosomas enabling 
them to invade man. 

11.2.4 Occasional infections 

Occasional infections may occur in laboratories by handling experimental animals or 
contaminated biological material. In specific group of professional infections several modes 
of transmission (contact, air borne, etc.) may take part including antroponoses (VHB, TB, 
influenza in health care personnel) as well as zoonoses (Q fever, leptospiroses, etc.). 

11.2.5 Nosocomial infections

Nosocomial infections are associated with health care, mainly due to specific paren-
teral invasive procedures, not adequate sterilized and disinfected medical instruments, 
devices and hands of health care personnel (see chapter 17). 
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12. CLASSIFICATION  OF  INFECTIOUS  
           DISEASES

The large number of infectious diseases and certain relatedness of their main char-
acteristics make a rational classification very desirable. For practical purposes several 
classification systems have been proposed, as e.g. based on the type of causal agent 
(bacterial, viral,  protozoal, etc.), or on  typical clinical manifestation - symptomatol-
ogy (rash, diarrhea, meningitis, etc.), preventability by vaccination  and some others. 
Clinicians tend to classify infectious diseases according to their most common or most 
important clinical manifestation or by the organ systems that are primarly affected and 
microbiologists do it according to causative agents.

The scientific evolutionary classification of infectious diseases is based on the 
more or less typical evolution of certain groups of infections, coevolution of their  eti-
ologic agents determining their localization in the infected host and the  routes and 
mechanism of their transmission which all  correspodent  with epidemiologic charac-
teristics of the infections. Epidemiologists usually classify infectious diseases according 
to two important epidemiologic characteristics – their means of  transmission and 
reservoir of the microrganisms, which seems to be most practical for the praxis 
for proposal of adequate  repressive and preventive measures for  the certain group of 
infections. 

Transmission generally refers to the mechanism by which exogenous pathogens 
reach another host. It may occur by one or more of four essential / basic routes:  com-
mon vehicle (food, water), airborne, contact or vector-borne and some other 
specific modes of transmission, like vertical transmission from mother to child or 
nosocomial infections. 

According to these criteria corresponding to their natural history infectious 
diseases fall into four  groups:

1. Intestinal infections (called sometimes food- or water -borne infections) – 
transmitted by fecal-oral route, by ingestion of contaminated food. Outbreaks  
may be large and dispersed, depending on distribution of food or water.

2. Air-borne infections – transmitted by inhalation of contaminated air, contami-
nated aerosols, dust.

3. Arthropod-borne infections – transmitted by blood sucking arthropods - liv-
ing vectors (transmissive transmission) dependent on their biology (mosquitoes, 
ticks, flies, etc…), as well as infectivity of the organism. 

4. Infections of the skin and external mucosae (buccal, conjuctival, genital) 
– transmitted by  direct (skin or sexual) contact and indirect contact requiring 
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an intermediate object, usually inanimate vehicle, factors  (fomite, blood, body 
fluid).   Direct contact includes such activities as touching, kissing, and sexual ac-
tivity. Exchange of saliva via kissing may transmit such diseases as mononucleosis 
and oral herpes simplex.  Close contact may result in transmission of external 
parasites such as scabies. Infections like HIV, HPV, syphilis, gonorrhea, VHB could 
be transmitted by direct sexual contact and diseases, such HIV,VHB,VHC could be 
transmitted  by indirect contact (by parenteral route). 

There could be some differences in the transmission of some infectious diseases  
inside the group of diseases but basic form of the transmission is maintained and char-
acteristic for this group. Except dominant mode of transmission in some diseases there 
is also secondary possibility of transmission, e.g. in varicella and rotaviral infections.

While some infectious agents could be transmitted by several routes, like HIV, VHB, 
VHC, Treponema pallidum (by horizontal mode and vertical transmission from mother 
to child), tularemia, other pathogenic germs are transmitted by only a single mecha-
nism. 

Since the transmission of zoonoses is sometimes more complicated than in antro-
ponoses, it is suggested to list these diseases within a separate group. Zoonoses, very 
heterogenous group according to animal sources, with several mechanisms of trans-
mission as main epidemiologic characteristics, listing the diseases within one of the 
four classical groups, e.g. salmonelloses (intestinal infections), botulism  (alimentary 
intoxication), Lyme borreliosis (atrhropod-borne infection), tetanus (skin infection), 
etc. On the other side, in some infections there could be several modes of transmission 
(tularemia, plague, anthrax, leptospiroses, psittacosis, etc.), caused by pathogens (F. tu-
larensis, Yersinia pestis, Bacillus anthracis) which can survive in environment (see in 
other chapters).

From the practical point of view  it seems to be reasonable to classify  also  nosoco-
mial infections as one separate group because of the specific modes of transmission 
and conditions in health care  determining their incidence and prevention. Another 
specific group with several modes of transmission and exposure  could be the group of 
professional infections.
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13. EPIDEMIOLOGY OF AIR-BORNE  
           INFECTIONS

Air-borne infections are very common diseases, important causes of morbidity and are 
among the most frequent reasons for consulting a health-care worker or being admitted 
to a health-care facility. Upper or lower respiratory tract infections are among the lead-
ing causes of morbidity and mortality from infectious diseases in the world primarily 
among children, mainly in developing countries.  The most severe is pneumonia being 
the largest killer of infants and young children, causing almost 20 % of all children deaths 
globally, approximately 1.9 million deaths annually. These infections are common also 
in the elderly. Clinical manifestation ranging from mild infections to severe respiratory 
diseases requiring hospitalization (pneumonia, bronchiolitis). These infections can be 
acquired especially indoors, since they can be easily transmitted, especially in crowded, 
poorly ventilated environments. Of special concern is transmission in hospitals, due to 
their greater clinical significance for patients, already suffering from other comorbidities. 

13.1 General characteristics                                                                                                 

The most important characteristics of air-borne infections are the localization of 
the infectious process in the respiratory tract and spreading of pathogens into envi-
ronment through coughing, sneezing, raising of dust, or similar activities to generate 
aerosol particles or droplets. An air-borne infection can be transmitted by exposure to 
a source (an infected patient/carrier, animal) by respiratory secrete from their mouth 
and nose to susceptible people through these portals of entry by inhaling infectious 
particles or by aspiration.

The large group of air-borne infections includes:
•	 typical respiratory infections. Pathogenic effect of respiratory pathogens is lim-

ited to the respiratory tract (common cold, influenza, pneumonia, diphtheria, 
etc.).  Infections caused by agents with low or facultative pathogenicity (oppor-
tune microorganisms) propagating in immunocompromised persons (severe 
pneumonia) are also included.

•	 infections due to agents penetrating from the respiratory organs to other tissues 
and organs (measles, mumps, meningococcal meningitis, etc.). This secondary 
site is not decisive for the transmission. 

•	 infections with specific skin lesions, such as vesicles, pox lesions (varicella, small-
pox, leprosy) when infectious particles are present in skin wet lesions  can be 
transmitted through contact, but this transmission is less important than the 
droplet infection in the catarrhal stage of the infection.   
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13.2 Etiologic agents of air-borne infections

The relevant pathogens of air-borne infections are especially viruses (rhinoviruses, 
influenza, parainfluenza, respiratory syncytial virus -RSV, coronaviruses, adenoviruses,  
viruses of measles, mumps, rubella, EBV), bacteria (Streptoccocus pneumoniae, Haemo-
philus influenzae type b, Bordetella pertussis, Corynebacterium diphteriae, Legionella 
pneumophila, Mycobacterium tuberculosis), or fungi (Aspergilus fumigatus, Pneumo-
cystis jirovecii, Cryptococcocus neoformans). The latter agents especially cause pulmo-
nary infections in immunocompromised persons (HIV).

Among most common viral airborne infection is seasonal influenza occurring in 
epidemics, caused by types A (mostly subtypes H1N1, H3N2,) and B flu viruses or even 
pandemics. 

Well known was pandemic Spanish Flu in 1918-1920 caused by H1N1 subtype of flu 
virus type A. The H1N1 new flu virus first detected in 2009 was called “swine flu“(the 
virus was similar to those found in pigs) caused a world-wide spread in 2009. It is now 
a human seasonal flu virus that also circulates in pigs.  

Some new viral agents are responsible for emerging airborne infections, like avian 
influenza (H5N1, H7N9 and others), but also new coronaviruses causing severe acute 
respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS-CoV). Both 
infections are   life-threatening with breathing difficulties, followed by pneumonia (see 
chapter 8). 

Among bacterial agents TB is considered as reemerging disease, especially in low 
and middle income countries, where e.g. in 2012 occurred 95% of TB deaths (from total 
1.3 million deaths)  out of 8.6 million ill people. Threating is associated mainly with 
multi-drug resistant TB (MDR-TB) present in virtually all countries.

13.3 Sources

 An air-borne disease can be caused by exposure to a source, like an infected patient, 
healthy carrier or animal (avian influenza, MERS). An avian influenza infection (H5N1, 
H7N9 and others) in humans results from contact with infected poultry (e.g., domesti-
cated chicken, ducks, and turkeys) or surfaces contaminated with secretion/excretions 
from infected birds. Nosocomial infections may be transmitted by patients, hospital 
personnel and visitors.

13.4 Transmission

 Air-borne infections are caused by pathogenic microbes discharged from an in-
fected person via coughing, sneezing, laughing and close personal contact or aero-
solization of the microbes. Pathogens are spread by the respiratory route mostly 
through person-to-person close contact, fomites, and occasionally by airborne aero-
sols. 

A single cough can release hundreds of droplets, a single sneeze up to 40 000 drop-
lets at speeds of up to 50-200 miles per hour, each droplet containing millions of viral 
particles (although the number varies greatly in the course of infection). 

Once released in indoor environments, the movement and fate of viruses in the air is a complex 
process, involving many factors: the mechanism and speed by which the droplets are ejected from the 
infected person, the concentration of agents in respiratory secretions, the presence of organic matter, 
environmental factors affecting the infectivity and viability of agents (e.g. temperature and humid-
ity) and ventilation, heating, air conditioning. Relative humidity affects the viability and dispersal of 
viruses in aerosol, e.g. adenoviruses tend to survive best at high relative humidity (70%-80%) with 
resistance to UV light.
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 The discharged microbes remain suspended in the air on dust particles (Corynebac-
terium diphteriae, Mycobacterium tuberculosis, Coxiella burnetii, etc.), respiratory 
(Streptococcus pneumoniae, etc.) and water droplets (Legionella pneumophila). 

Contracting disease depends on many factors, short distance from source to another 
man, number and size of particles, contagiousness of agents and environmental condi-
tions. Illness is caused when the microbe is inhaled or by contact with mucus mem-
branes or secretions. 

The number of particles necessary to produce infection (infection dose) in the res-
piratory tract is decisive, in viruses it is relatively small. This is in the order of 3 particles 
for influenza A by aerosol and 7 for adenoviruses. Respiratory syncytial virus causing se-
vere bronchiolitis or pneumonia in infants is highly contagious, infant´s nasal discharge 
contains high concentrations of RSV (> 10 7 /mL) with transmission rate up to 100%.   

Crowded indoor environments, especially when poorly ventilated, represent greater 
risk for transmission. Hospitals are environments with particular hazard. 

Droplet transmission occurs when agents are in relatively large respiratory drop-
lets (> 10 μm) that people sneeze, cough, or exhale during conversation or breathing 
(primary aerosolization). Aerosol droplets travel only short distances before set-
tings on surfaces, where e.g. viruses can remain infectious for hours or days. Patho-
gens survival on fomites depends on their resistance and is influenced by temperature, 
humidity, pH and ultraviolet light. Hands that come into contact with these surfaces 
become contagious (through later contact with mucous membranes). Droplet spread 
refers to transmission by respiratory droplets and requires relative close proximity, but 
these droplets may be also transmitted to recipients for a long distance by wind (water 
aerosol containing viable legionellae from cooling towers). 

The smallest droplets, those ≤ 5 μm in size, remain suspended in the air and dry 
rapidly. The organisms they contain then become small-particle residue - droplet nu-
clei of evaporated droplets or dust particles that can remain suspended in the air for 
long periods and are moved around the room. Viruses contained within the droplet 
nuclei can be transported over considerable distances by air currents to be inhaled by 
a susceptible host, penetrating deep into the respiratory alveoli and initiate an infec-
tion. These particles have a relatively long circulation time and long-range transmission 
mostly indoor, especially in hospitals.  

Secondary aerosolization can occur when air displacements disperse the agents 
(viruses) back into the air from contaminated surfaces. 

Larger droplets sediment rapidly under the influence of gravity and may contami-
nate environment, become a part of dust containing some airborne pathogens resistant 
to desiccation (M. tuberculosis, C. diphtheriae, Streptococcus sp., C. burneti). Particles 
between 5 μm and 10 μm in diameter represent an intermediate stage; most particles 
will be trapped in the nose, although some will penetrate to below the larynx.

In some cases, microorganisms excreted by respiratory route can infect the skin of 
the host (staphylococci) or contaminate food by multiplying and producing exotoxin 
(staphylococcal enterotoxicosis). Finally, some infections with other mode of spread, 
like plague (pneumonic plague), tularemia (atypical pneumonia) can be also transmit-
ted via respiratory route. 

Susceptible individuals /population, like premature babies, infants and children 
started to attend day-care centers, nurseries and primary school mostly contracted 
these infections.

Air-borne infections are also relatively common in the elderly and those with comor-
bidities, patients undergoing major surgery and immunocompromised patients, e.g. 
RSV can become serious also in the elderly, adults with heart and lung diseases, or with 
weakened immunity. 
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13.5 Epidemiological features of air-borne infections:

High frequency of infections. These diseases are the most common diseases of 
man (common cold, tonsillitis, rhinitis, influenza, etc.), because of very easy transmis-
sion and relatively low infection dose. Children aged 1-4 years have an experience of 4-6 
usually mild episodes per year.

 In prevaccine era many diseases occurred in epidemics, like measles, mumps, ru-
bella (figures 7, 8, 9.) or even pandemics (influenza). 

Before beginning of vaccination in 1963 in U.S.A., approximately 500,000 cases of measles 
and 500 deaths were reported annually, with epidemic cycles every 2–3 years (fig. 7). However, 
the actual number of cases was estimated at 3–4 million annually, in years 1956-1960 an average 
incidence was 313/100, 000. Following vaccination the incidence of measles decreased by more 
than 98% (in 1982-1988 1.3/100, 000), and epidemic cycles no longer occurred. Measles elimina-
tion efforts have achieved success in 2000, the reported annual incidence has been <1 case/mil-
lion population with only few endemic cases and no domestic transmission. 

However, careful surveillance revealed   increase of cases in recent years, about 300 in 5 
months in 2014 in 18 U.S. states, mostly among unvaccinated groups living in traditional life-style 
and religious manners (Amish population) with importation from Philippines. 

Figure7.  Occurrence of measles in U.S.A. and vaccination 

The largest annual total of cases of rubella (fig. 8.) in the United States was in 1969, when 
57,686 cases were reported (58 cases per 100,000 population). Following vaccine licensure ru-
bella incidence declined rapidly  to less than 0.5/ 100,000 population by 1983. Elimination of 
rubella and congenital rubella syndrome (CRS) was achieved in 2010 (see chapter 4).

Estimated 212,000 cases of mumps (fig. 9) occurred in the United States in 1964. Following 
vaccine licensure, reported mumps decreased rapidly. Approximately 3,000 cases were reported 
annually in 1983-1985 (1.3 -1.55/100,000).
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Figure 8.  Occurrence of rubella in U.S.A. and vaccination 

Figure 9.  Occurrence of mumps in U.S.A. and vaccination 

Three pandemics of influenza caused by different  subtypes  of flu virus type A occurred in 
the 20th century; Spanish fever caused by H1N1 subtype in 1918 – 1919, Asian flu  caused by H2N2 

subtype in 1957 – 1958 and Hong Kong flu caused by H3N2   subtype in 1968 – 1969. The 1918 
influenza A (H1N1) pandemic was one of the most devastating events; an estimated ≈1% of the 
global population (20–40 million persons) died.

Periodicity means more or less regularly occurrence of higher incidence (epidem-
ic cycles), which could be caused by variations in the immunity to specific microbe 
as reflected by natural infection or by change in the antigenic structure of the agent.  
Periodicity is typical for children´s diseases leaving long-life immunity (measles, vari-
cella, mumps). 
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Growing up a new generation of children causes an increase in the number of 
persons susceptible to infection with increased frequency of contacts leading to an 
increase in disease incidence.  As incidence rises, the number of susceptible persons 
decreases. This reduces the chances of an infectious person making contact with a sus-
ceptible person and disease incidence begins to fall. As the incidence falls, susceptibles 
accumulate until a threshold is passed, at which time disease transmission increases 
again. The length of the interepidemic interval depends on the rate of accumulation of 
susceptibles, which is in turn dependent on population density, birth rate and migra-
tion patterns. 

The induction of herd immunity by vaccination (measles, rubella) has resulted in the 
loss of periodicity and in the elimination of the disease. 

Periodicity due to antigenic variation of etiologic agent is typical for influenza virus. 
The major factor responsible for recurrence of influenza epidemics is antigenic varia-
tion of the surface glycoproteins of influenza A and B viruses. Major antigenic changes 
in the H and N antigens - antigenic shifts are results of reassortment between two or 
more influenza A viruses (human and animal). Minor antigenic changes are designated 
as antigenic drifts. Immunity protects to reinfection only against homotypic virus. New 
influenza subtypes due to antigenic shifts have emerged because of no specific immu-
nity in the population (Spanish flu in 1918, new pandemic influenza in 2009).

High incidence in childhood, usually in infancy and early childhood peaks the 
incidence of air-borne infections. The age distribution of these infections depends on 
the rate of maternal antibody loss and age-related frequency of contacts with others. 
The early age, first few months of life is typical for RSV infection while varicella, scarlet 
fever, mumps occur mainly in children at school age.

Seasonal variation. The seasonality depends on social factors (frequency of con-
tacts at home, at school, in playgrounds, in overcrowding environment) allowing ef-
ficient transmission. Meteorological factors contribute generally indirectly to seasonal 
variation. The diseases of preschool children (rubella, measles) peak usually in the 
spring months, when clustering in playgrounds, while at school-aged children infec-
tions like mumps, scarlet fever and varicella are common in autumn. Influenza occurs 
mostly in winter and adenoviral respiratory infections are most common in the late 
winter, spring, and early summer. In mild climates, RSV infections usually occur during 
late autumn, winter, or early spring. 

Acute respiratory infections (ARI) are most common diseases of man occurring 
in winter season when relatively easy transmission is due to increased clustering and 
mostly indoor activity. In temperate climate, the onset of ARI used to be common in 
September-October with predominant viral etiology (rhinoviruses, adenoviruses, influ-
enza, parainfluenza viruses) and Mycoplasma pneumoniae. The second wave of ARI 
morbidity occurring in January-April is usually explosive and associated with influenza 
epidemics. Recently, with special attention are notified severe acute respiratory in-
fections (SARI) requiring hospitalization sometimes with fatal outcome.

13.6 Prevention and control of airborne infections

The most important and effective measure to control air-borne infections  is mass 
vaccination. Vaccination is traditionally considered as a measure that is addressed to 
infants and children, but also the elderly are recommended to be vaccinated against 
flu and pneumoccocal infections.  Vaccination protects individuals against certain in-
fection but by mass coverage and good strategy it could be induced herd immunity. 
A high level of immunity in a population inhibits a further spread of the disease and 
indirectly can protect unvaccinated or no completely vaccinated people, e.g. spread 
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of measles is contained when herd immunity by vaccination at high level (95 % im-
mune persons) is achieved for the final target of WHO global immunization program 
to eliminate and eradicate measles. Such program was effective in global eradication of 
smallpox. On the other side decrement of large scale vaccination for several years can 
lead to reappearance of the disease, e.g. diphtheria in Ukraine. 

Of special concern is vaccination for individual protection against influenza. A num-
ber of variants of the influenza viruses co-circulate each year. Individuals can develop 
immunity to the different subtypes of influenza viruses, but there is little cross-immuni-
ty between subtypes. Currently all influenza vaccines contain surface antigens of three 
different influenza strains (trivalent): two influenza A subtypes (H1N1, H3N2), and one 
influenza B type.

Measures related to control the sources of infection like isolation and treatment 
of patients reduce the risk of transmission and infectiousness, with personal hygiene 
(washing hands) and appropriate disinfection. 

Control of transmission of the infection agent is difficult. Transmission can be 
greatly reduced by practicing social and respiratory etiquette (covering of mouth dur-
ing coughing and sneezing) and keeping close contact with an ill person to a minimum. 
Wearing a mask and good hand washing (hand disinfection) can greatly reduce trans-
mission. The measures include also air exchange (ventilation, air conditioning systems) 
indoors with special concern in hospitals. Environmental controls and engineering alter-
natives help reduce transmission of water droplet aerosolized pathogens (legionellae). 

Susceptibles can specifically be protected getting regular immunizations against 
diseases and avoid overcrowding places, events especially in cold weather in winter 
(influenza). 
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14. INTESTINAL INFECTIONS

Food safety is an important public health priority. Food-borne illness (sometimes 
called “food-borne infection,”) is a common, costly, yet preventable, public health 
problem.    Living standards, filtered water supplies, sewage systems and nutrition in 
developed countries had increased considerably and contributed to the steady de-
cline of infectious diseases particularly of intestinal infections during the first half of 
the 20th century, but CDC estimates that each year roughly 1 in 6 Americans (or 48 
million people) get sick, 128,000 are hospitalized, and 3,000 die of food-borne diseases. 

The absence or the shortage of safe water and sufficient sanitation combined with 
a generally poor environmental status are the main causes of spread of these diseases 
especially in developing countries. Typical risk areas include periurban slums and 
regions in war or social conflicts where basic infrastructure is not available, as well as 
camps for internally displaced people or refugees where minimum requirements of 
clean water and sanitation are not met.

The risk of large outbreaks of intestinal infections in the era of global food trade 
is of increasing importance. Today, unprecedented volumes of products are distributed 
to a large number of markets throughout the world, thereby increasing the risk for food 
safety.

14.1 General characteristics

 The main features of these infections are the localization of the infectious process 
in the gastrointestinal tract and the fecal- oral route of the transmission of the patho-
genic agent. In some diseases belonging to this group the leading clinical sign is present 
in another organ, e.g.  liver damage in viral hepatitis A and E, etc.

   The large group of intestinal infections can be divided into: 
- typical intestinal infections - the infectious process is localized only in the  intes-

tinal  tract  (e.g.  cholera, bacillary  dysentery,  Escherichia coli infections),
- infections  in  which  the infectious process is localized also  extraintestinal-

ly, yet  the pathogenic  agent is shed through stool into the environment  (viral hepatitis 
A and E) or is excreted  also in urine during  bacteremia (typhoid  fever, etc.),

- infections due to enteroviruses (polioviruses, Coxackie and ECHO viruses),  ro-
taviruses and noroviruses. Gastrointestinal shedding of enteroviruses is prolonged, 
and fecal - oral transmission is the major mode of transmission, but other important 
routes are through person to person contact and by inhalation of air-borne viruses ex-
creted by nasopharyngeal secretes in respiratory droplets for a short time. Rotaviral and 
noroviral infections are accompanied by diarrhea.
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- food-borne infections (alimentary toxiinfections) - the causal agent has to propa-
gate in foodstuffs producing endotoxins (e.g. salmonellosis) or exotoxins (in intoxica-
tions due to staphylococci, Bacillus cereus, and Clostridium perfringens),

- some zoonoses, e.g.  campylobacteriosis,  infections due to Aeromonas  spp.  

14.2 Etiologic agents of intestinal infections

The leading causes of these infections are viruses, such as noroviruses, rotaviruses, 
astroviruses, adenoviruses, caliciviruses, viruses of hepatitis A and E, etc. Out of bacte-
ria nontyphoidal Salmonella spp., Campylobacter spp., and E.coli infections (several 
types) are most common agents of intestinal infections in developed countries (includ-
ing noroviruses). Pathogenic Escherichia coli includes also verotoxigenic Escherichia 
coli, other bacterial agents include Listeria, Brucella, Shigella. In developing countries 
also Salmonella typhi and Vibrio cholerae are common as well as parasites (Trichinella, 
Cryptosporidium, Giardia, etc.). 

Occurrence of  food-borne  infections each year  in the United States is estimated at 9.4 mil-
lion infections, caused by viruses in 59% (5.5 million), by bacteria in 39% (3.6 million), and by 
parasites in 2% (0.2 million). The pathogens that caused the most illnesses were norovirus (58%), 
nontyphoidal Salmonella spp. (11%), C. perfringens (10%), and Campylobacter spp. (9%).

Human noroviruses are emerging as the leading cause of gastroenteritis epidemic (GE) and 
as an important cause of sporadic GE in both children and adults. It is responsible for nearly half 
of all GE cases and for more than 90% of non-bacterial GE epidemics worldwide. Noroviruses are 
highly contagious with a low infectious dose (< 100 virus particles). 

In 2012 a total of 5,363 food-borne outbreaks were reported in the European Union 
(EU), resulting in 55,453 human cases, 5,118 hospitalizations and 41 deaths. Most of the reported 
outbreaks were caused by Salmonella, bacterial toxins, viruses and Campylobacter.  The total 
number of Salmonella outbreaks in EU decreased by 19%, from 1,888 (2008) to 1,533 outbreaks 
in 2012. Campylobacteriosis was the most commonly reported zoonosis. The occurrence of 
Campylobacter continued to be high in broiler meat. 

Overall, 16 water-borne outbreaks with 1,113 human cases, were reported in 2012, caused by 
calicivirus, verocytotoxigenic E.coli, Cryptosporidium  parvum and rotaviruses.

Since 2005, the reemergence of cholera has been noted in parallel with the ever increasing 
size of vulnerable populations living in unsanitary conditions (Sudan, Angola, Haiti).

Traveler’s diarrhea is of special concern, it could be acquired when a person leav-
ing developed country contract diarrheal disease in developing area of the world (Af-
rica, South-East Asia, Middle and South America, Caribbean region). These infections 
are mostly caused by  enterotoxigenic E. coli – ETEC ( 30 – 60 %), other types of E. coli, 
Campylobacter  spp., salmonellae, shigellae, Vibrio cholerae, viruses and parasites (Gi-
ardia intestinalis, Entamoeba histolytica).

14.3 Transmission of intestinal   infections                                                                         

Intestinal infections may be transmitted by common vehicles (factors of transmis-
sion), contaminated by released microbes from infected persons by stool (urine). Trans-
mission is realized by ingestion mostly of water or foodstuffs, but also surface water, 
soil, contaminated hands, different fomites may also play role.

  Drinking water may be contaminated by surface water and soil (recipients of human 
and animal excreta) containing pathogenic microbes (the contents of a cesspool or a cess-
pit may seep into a well). Transmission in such a way may concern typhoid fever, viral hepa-
titis A, rotaviral infections, shigellosis, diarrheal diseases due to Escherichia coli, etc. A typi-
cal feature of water-borne epidemics caused by drinking water is their explosive character.

An explosive epidemic is characterized by a sharp rise of incidence curve at the begin-
ning of the epidemic, when many cases occur in a short time achieving rapidly culmination.
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Foodstuffs   
Factors of transmission could be meat, milk, eggs originated from sick animals (pri-

mary contaminated), food not properly prepared, uncooked or secondary contaminat-
ed during handling, kitchen preparation by  using contaminated utensils, cutlery, or 
cross contaminated by  hands (improper personal hygiene) or small rodent´s excreta. 

  Meat and meat  products   may play the role in transmission of salmonellosis, taenia-
sis, trichinellosis, campylobacteriosis, toxoplasmosis, listeriosis, botulism. 

Milk and milk  products  (cheese, cream, butter, cottage cheese) -  these foodstuffs 
may be  vehicles of transmission of salmonellosis, yersiniosis, campylobacteriosis, bo-
vine tuberculosis, staphylococcal food poisoning (intoxication), typhoid fever, viral 
hepatitis A. Eggs  and  derived  meals (mayonnaise, ice, sweets), prepared particularly 
by  using  raw  eggs,  may  be  involved  in transmission of  salmonellosis, staphylococcal 
intoxication.

Vegetables  and  fruits  may  become  contaminated by sewage water (containing  
human  or  animal  excreta)  used  for irrigation, ascaridiasis and typhoid fever may be 
transmitted.

 Soil as the primary recipient of excreta may be the vehicle of ascaridiasis, strongyloi-
diasis, ancylostomiasis and necatoriasis.

 Surface  waters being  recipients of  sewage water  contain human  or  animal  patho-
gens which can contaminate drinking  water  (wells)  and  vegetables. Some intestinal 
infections, e.g.  leptospirosis, shigellosis, enteroviral and adenoviral infections may be 
acquired directly while swimming.

 Hands  may  be  implicated  in  transmission  of  various infections, like bacillary 
dysentery,  viral  hepatitis  A, and enterobiasis.

 Fomites (beddings, underclothes, towels) may be vehicles for typhoid and paraty-
phoid fevers.

Flies may perform mechanical (not biological!) transmission of typhoid fever, bacil-
lary dysentery, viral hepatitis A, poliomyelitis from feces to foodstuffs. 

The main food factors in the 5,363 reported food-borne outbreaks in EU in 2012 
were eggs, mixed foods, fish and fishery products.

14.4 Main epidemiologic features of intestinal diseases

 They have relatively high incidence rate, but lower than in air-borne infection 
(more complicated transmission in intestinal infections). The incidence rate of these 
diseases is relatively high in developing but for several reasons also in developed 
countries (import of exotic food, fast food consumption, etc.). Explosive epidemics 
are characteristic for some of intestinal infections, mainly transmitted by drinking 
water (e.g. viral hepatitis A and E, cholera), salmonellosis, staphylococcal intoxica-
tion, shigellosis.

Large protracted outbreaks of noroviral acute gastroenteritis are often recognized in institutions 
such as hospitals and homes for the elderly, with person-to-person transmission predominating. Food-
borne norovirus outbreaks are common, but still under-recognized.

Cholera remains a global threat to public health and one of the key indicators of social de-
velopment. It is estimated that only a small proportion of cases, less than 10%, are reported. The 
true burden of disease is therefore grossly underestimated. While the disease is no longer an is-
sue in countries where minimum hygiene standards are met, it remains a threat in almost every 
developing country.

S. typhi infection continues to be a leading cause of enteric disease and significant public 
health issue in low income countries, principally among children. The WHO estimates the global 
incidence of typhoid fever to be 21 million cases per year with high death rates with more than 
90% of cases occurring in Asia, predominantly in South Asia (e.g. India).
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Hepatitis E, implicated in about 50% of sporadic cases of acute hepatitis in developing coun-
tries, is a major cause of large epidemics in Asia, and to a lesser extent in Africa and Latin America, 
typically promoted through postmonsoon flooding with contamination of drinking water by hu-
man and animal feces.

 Age distribution is also a typical feature of intestinal infections. In  infants there  
is a  higher frequency of salmonellosis, rotaviral diseases, diarrhea due to enteropatho-
genic Escherichia coli; in preschool  children  campylobacteriosis, shigellosis, poliomy-
elitis and  some helminthiases are common; children of school age are afflicted by viral 
hepatitis A,  adenoviral   infections,   yersiniosis; in  adults  trichinellosis, taeniarhyncho-
sis, typhoid fever could occur. 

 Seasonal distribution of intestinal infections is primarily in the summer and early 
autumn. This is associated with higher rate of travelling and optimal environmental 
conditions for microbial growths. The higher incidence rate of rotaviral infections in 
infants in winter is not explained.

14.5 Preventive measures of intestinal infections 

 Control of the vehicles of transmission is the most important measure.  Apart 
from good agricultural, hygienic and manufacturing practices it includes also:

- safe water supply (disinfection or heat treatment of water),
- safe disposal of sewage (installation of sewer and sewage disposal systems),
- heat treatment of foodstuffs, e.g. meat must be thoroughly cooked reaching 

70°C in all parts, boilling eggs, pasteurization of milk dairy products,
- avoid cross contamination by safety handling (keeping raw meat and eggs 

separate from cooked or ready to eat foods, using separate chopping board, 
knife for raw meat and other foods),

- garbage collection,
- control of flies (insecticides) and rodent control,
- hand washing and good hygiene when handling foodstuffs,
- reduction of contamination of animal products entering the food chain 

(proper storage),
- education on food handling and kitchen hygiene.

Control of  the  sources  of infection embraces isolation  and   treatment  of  pa-
tients;   screening  and treatment  of  chronic  carriers  (typhoid fever, helminthias-
es). Control of zoonoses includes preferably veterinary control by testing live animals, 
slaughtered animals and control of herds.  Animals that are clearly sick or that have died 
of diseases or died unexpectedly should not be eaten.

Vaccination (active immunization) is very effective in poliomyelitis, viral hepatitis 
A (VHA) and against diarrhea due to rotaviruses. The typhoid fever vaccines (contain-
ing the purified Vi antigen of Salmonella typhi or the live attenuated vaccine containing 
the strain Ty 21a) and vaccines against cholera are not fully effective. On the other side 
vaccination against VHA (also for travelers) and rotaviruses provide good protection. 

Prevention  of acute diarrheal diseases in travelers  include general recom-
mendations  related to the intestinal diseases (mentioned above) with special measures 
targeted to safe tap water, avoidance of drinking rough water, unwashed vegetables, 
fruits, cold foods,  raw or uncooked meat and seafood.
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15. ARTHROPOD - BORNE INFECTIONS 

15.1 General characteristics

Arthropod-borne diseases are of major importance in tropical and subtropical re-
gions, to lesser extent in temperate zones. The main feature being the localization of 
disease agents (viruses, bacteria, protozoa, helminths) in the blood of hosts (sources 
or reservoirs) of infection, longer or shorter during the course of infection, and their 
transmission to another host by bloodsucking arthropods (living vectors). 

A great majority of arthropod-borne diseases are zoonoses, with different animal 
reservoirs, either domestic (dogs, cattle, goat, sheep, etc.) or free living ones (rodents, 
small mammals, hares, deer, birds, etc.), the latter linked with natural habitats, so called 
natural foci of diseases. The pathogenic agent circulates among its reservoirs - wild 
animals, and arthropod vectors, independently of man (exposed only accidentally, e.g. 
professional or leisure activities) in a natural focus.

 Only some of arthropod-borne diseases, such as malaria and epidemic typhus  fever 
have solely human reservoirs of epidemiological importance, some others may have 
both, e.g. yellow fever  have  humans in its urban and monkeys in a jungle form. 

15.2 Transmission 

Transmission of disease agents by blood-sucking arthropods, which need host 
blood to accomplish their individual life cycles, has developed during evolution and 
may be characterized by high specificity of vector - pathogen relationship (e.g. mosqui-
toes of the genus Anopheles and malaria Plasmodium, mosquitoes of the genus Aedes 
and viruses of yellow fever or dengue fever, flies of the genus Glossina and Trypanoso-
mae causing sleeping sickness, rat flea Xenopsylla sp. and plague bacteria). 

Different arthropod-borne agents multiply or even undergo parts of their cyclic de-
velopment in arthropod vectors. A period of time (days, weeks, or longer) is required 
following infection while the arthropod becomes able to transmit the agent to another 
host –  depending on conditions of the environment (humidity, temperature,  etc.) and 
on life cycle of a particular vector. 

Transmission occurs either:
- by inoculation from salivary glands of infected arthropods through their mouth-

parts into the skin (e.g. malaria, tick-borne encephalitis, Lyme borreliosis);
- by contamination through their excreta (e.g. epidemic - louse-borne typhus fever, 

endemic - or murine typhus - fleas, Chagas disease) or crushed-body contents of vectors 
(epidemic – louse-borne relapsing fever), or e.g. through coxal fluid of argasid ticks 
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(endemic – tick-borne relapsing fever), into wounds and skin abrasions – scratched and 
rubbed sites of the bites; 

- by regurgitation during biting in infected rat flea (Xenopsylla cheopis) with 
plague bacteria (Yersinia pestis). This is referred to as biological transmission and must 
be differentiated from simple mechanical carriage (e.g. shigellae by means of house 
flies). Persistence of disease agents in their arthropod vectors may be lifelong and is of 
special epidemiological importance in species with a long life cycle, especially where 
stage to stage as well as transovarial transmission occurs (e.g. borreliae of endemic re-
lapsing fever in Ornithodoros ticks). 

- less frequently also other routes of transmission may be involved in arthropod-
borne diseases, e.g. through the respiratory tract by inhalation of dried infective excre-
ments of ectoparasites, such as lice (classical, epidemic typhus fever), ticks (tularemia), 
contaminated dust or aerosols (Q fever, tularemia) or exhaled droplets (pneumonic 
plague), but also by consumption of raw milk and milk products from infected ani-
mals (tick-borne encephalitis). Some other modes of transmission are very rare, e.g.  
by  blood transfusion,  organ transplantation,  or use of contaminated medical instru-
ments, by drug addicts, etc. (malaria, babesiosis, West Nile fever,) as well as by contact 
with blood, body fluids and tissues of infected animals or humans (e.g. Crimean-Congo 
hemorrhagic fever).

15.3 Biological vectors and their epidemiological  
  importance

Mites: 
parasitizing mainly on small mammals and birds are vectors of some rickettsial dis-

eases:  
– Japanese river fever, syn. scrub typhus or Tsutsugamushi disease (mite-borne ty-

phus fever) (agent Orientia tsutsugamushi), transmitted by larvae of genus Leptotrom-
bidium   in natural foci (Southeast Asia, Far East, etc.) 

 – rickettsialpox (Rickettsia acari) transmitted by a rodent mite from mice (North 
America, Asia, Europe). 

Ticks: 
involve two main epidemiologically important families – ixodid or hard ticks and 

argasid or soft ticks. Both undergo three developmental stages – larval, nymphal, and 
adult, argasid ticks may go through several nymphal stages. All require blood meal from 
appropriate hosts.

a)  Hard ticks (Ixodidae), characterized by the presence of a hard shield – scutum, 
are vectors of arthropod-borne diseases mainly in mild climatic regions of the Northern 
Hemisphere:

– tick-borne encephalitis (virus, family Flaviviridae), in western and central Eu-
rope (tab.6.) caused by western subtype of the virus, dominant vector being Ixodes (I.) 
ricinus,  in eastern  Europe and Asia  by Siberian and Far Eastern subtype, with main 
vector Ixodes persulcatus.  Tick-borne encephalitis is an important viral infection of the 
central nervous system in eastern, central and northern European countries, in north-
ern China, Mongolia, and the Russian Federation. Approximately 10 000–12 000 cases 
are reported each year.

– Lyme borreliosis (Borrelia burgdorferi sensu lato), transmitted by I. ricinus in 
Europe, I. persulcatus  in Asia, I. scapularis  in North America (main pathogenic geno-
species are B. afzelii, B. garinii and B. burgdorferi sensu stricto). 

– anaplasmosis  (Anaplasma phagocytophilum) transmitted by similar Ixodes ticks
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– tularemia and Q fever (Francisella tularensis and Coxiella burnetii) transmitted 
by ticks of the genus Ixodes, Haemaphysalis, Dermacentor, etc., mainly among reservoir 
animals (tularemia via tick-bite also to humans)

– Marseilles fever (Rickettsia conori), vector is a dog tick Rhipicephalus san-
guineus 

– Rocky Mountain spotted fever (Rickettsia rickettsii), common vectors in the 
United States are Dermacentor, Amblyomma, Haemaphysalis, etc. 

– babesiosis  (protozoan of the Babesia sp.), emerging zoonosis similar to malaria, 
vectors I. scapularis in North America, I. ricinus in Europe, severe in immunocompro-
mised individuals  

– Crimean-Congo hemorrhagic fever (virus, family Bunyaviridae) reemerging in 
south-east Europe with relatively high fatality rates, transmitted by ticks of the genus 
Hyalomma.

b) Soft ticks (Argasidae) lack the hard scutum.  In hot climatic regions ticks of genus Or-
nithodoros transmit endemic (tick-borne) relapsing fever, caused by strains of Borrelia sp. 

Mosquitoes: 
females of different mosquito species, mainly genera of Anopheles, Aedes and Culex, 

are vectors of malaria, yellow fever, dengue, filariosis, viral encephalitis, and other ar-
thropod-borne diseases, most importantly in hot climatic regions. 

Anopheles – malaria (Plasmodium malariae, P. falciparum, P. vivax, P. ovale) is 
a major health problem in endemic countries of the tropics and subtropics. Most com-
mon and fatal is P. falciparum malaria, with A. gambiae as a vector. Man is the only 
important reservoir of the disease in humans.

247 million cases of malaria and nearly one million deaths were recorded in 2008 according 
to WHO, mostly among children in Africa, where the disease accounted for 20 % of all childhood 
deaths. According to the estimates   released in 2014, there were about 198 million cases of ma-
laria in 2013 and 584 000 deaths. Malaria mortality rates have fallen by 47% globally since 2000, 
and by 54% in the WHO African Region. 

Some human cases of malaria have occurred recently with P. knowlesi – a monkey malaria of 
forested areas in South-East Asia.

Aedes – yellow fever (virus, family Flaviviridae) – urban form with specific vector 
Aedes aegypti, reservoirs are humans, and jungle form, transmitted from animals also by 
other mosquito species in tropical South America and Africa. 

According to WHO estimates, 200 000 cases of yellow fever, with 30 000 deaths, are expected 
globally each year, with 90% occurring in Africa. Over 900 million people live in risk endemic coun-
tries of Africa and Latin America. The burden figures would be much higher without vaccination.

– dengue hemorrhagic fever (virus, family Flaviviridae), main vector is Aedes aegypti, 
reservoirs are humans, in forests of west Africa and south-east Asia also monkeys. Its inci-
dence has grown dramatically around the world in recent decades. Dengue hemorrhagic 
fever is a leading cause of serious illness and death among children in some Asian countries. 

Over 2.5 billion people, over 40% of the world’s population, are now at risk from dengue. 
WHO currently estimates there may be 50 -100 million dengue infections worldwide every year. 

Culex, Aedes, Anopheles and others – lymphatic filariasis or elephantiasis (worms 
Wuchereria bancrofti, Brugia malayi and others), a mutilating disease – under Global 
Program to Eliminate Lymphatic Filariasis. 

– viral encephalitis (different viruses) in different geographic regions transmitted 
by various   mosquito vectors, e.g. Japanese encephalitis – Culex tritaeniorhynchus and 
related species, 

  – West-Nile fever – predominantly genus Culex (C. univittatus in Africa and Middle 
East), C. pipiens in urban cycles in Europe and Eastern United States – in 1999 spread  
was recorded in  Western Hemisphere with outbreaks in North America.  
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Midges: 
very small, mosquito-like insects, e.g. Phlebotomus papatasii, the common sandfly 

(bloodsucking female) or other sandflies (Phlebotomine) transmit sandfly fever or Pa-
patasii fever (flu-like viral illness), 

– bartonellosis (bacteria Bartonella bacilliformis),  occurring in two stages, an acute 
(Oroya fever), highly lethal hemolytic anemia and chronic (verugga peruana), benign 
hemangioma like skin illness (reservoirs humans) 

– leishmaniasis - cutaneous and visceral forms (protozoa,  Leishmania tropica, L. 
donovani).

Lice: 
– epidemic typhus fever, typhus exanthematicus (Rickettsia prowazeki), vector is 

body louse Pediculus humanus, transmitting the disease among humans under poor 
hygienic conditions,

– epidemic (louse-borne) relapsing fever (Borrelia reccurentis), reservoirs are humans.
Fleas:                                                       
– plague (Yersinia pestis), specific vector is the oriental rat flea Xenopsylla cheopis,
– murine typhus, endemic typhus fever (Rickettsia typhi), vector - rat flea Xenop-

sylla cheopis.
Bugs: 
– American trypanosomiasis or Chagas disease (Trypanosoma cruzi) is transmitted 

by blood sucking species of Reduviidae, esp. Triatoma in Central and South America.
Flies: 
– African trypanosomiasis or sleeping sickness (Trypanosoma gambiense, T. rho-

desiense) with tse-tse fly (Glossina) as a specific vector,
– onchocerciasis or river blindness, a chronic filarial disease (nematode worm On-

chocerca volvulus), transmitted by black fly (genus Simulium) in Africa and South 
America, 

– filariasis Loa-loa, transmitted by flies of the genus Chrysops,
– tularemia transmission by deer fly in some foci of North America (deer fly fever).

15. 4 Epidemiologic features of arthropod-borne  
   infections

Endemicity
Endemic occurrence means in general constant presence of a disease or infectious 

agent within a given geographic area or a population group:
– in case of vector-borne diseases, there is a linkage to localities with natural condi-

tions favorable for survival of specific vectors (e.g. yellow fever is confined to regions 
with Aedes mosquitoes , sleeping sickness to tropical Africa with Glossina, the tse-tse 
fly, etc.),

– in case of zoonoses, esp. with natural focality, there is also a linkage to localities 
favorable for survival of reservoir animals, essential for maintaining the infection,

– in case of diseases where humans are reservoirs responsible for maintaining the 
infection (e.g. louse-borne typhus fever), these are often confined to geographical areas 
with low living standard and poor personal hygiene  (the term social endemicity is used).

Seasonal variations of incidence
In arthropod-borne diseases, seasonal occurrence corresponds mainly with maxi-

mum biological activity of their vectors - in temperate climate spring-summer peak of 
tick-borne encephalitis with peak occurrence of I. ricinus and I. persulcatus ticks or, 
as in the case of social endemicity, with closer contact of hosts and vectors (e.g. with 
lice in winter); malaria –dynamics according to ecological conditions in tropical and 
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subtropical regions, transmission  of Japanese encephalitis, associated  with favorable 
conditions for mosquitoes, is in rainy season in southeast Asia,  year-round transmission 
is in wet tropical climate zones.

Influence of climatic conditions
Influence of climatic conditions – especially trends in global warming with possible 

climate and environmental changes would enable different arthropods, e.g. mosquitoes 
(vectors of malaria, yellow fever, dengue, etc.), but also others to spread, survive and 
breed in new regions, with new geographical distribution of diseases they transmit. 
Extreme weather conditions may favor explosive population growth in animals and 
vectors, e.g. milder winters and spread of tick-borne Lyme disease in North America 
and Europe, floods and mosquitoes calamities followed by disease outbreaks (e.g. West 
Nile fever).  

Social influence 
Occurrence of arthropod-borne diseases is mainly associated with factors determin-

ing exposure of different groups of population to vectors (occupation, hobby, travel). 
The spread may be accelerated by development programs such as road building, dam con-

struction, mining, forest exploitation, migration, increasing leisure activities in nature, interna-
tional travel and trade with increasing contact with vectors, as well as by tropical cities with 
overcrowding and poor housing, supporting breeding of arthropod-vectors. On the other hand, 
an improved environment  may contribute to the suppression of arthropod-borne diseases,  like 
e.g. by melioration of swampy areas, measures reducing man-vector contact (correct disposal of 
sewage, piped water supply, residential landscape management,  mechanization of agriculture 
and changes in plant and animal production).

15.5 Principles of prevention and control of  
  arthropod-borne infections 

As the most important condition in the epidemic process of arthropod-borne diseases 
is the activity of the bloodsucking arthropods, the epidemiologic measures, either pre-
ventive or repressive, must be oriented mainly to the interruption of transmission 
by effective vector control with emphasis on reduction in exposure to live vectors.  

These require good knowledge of the ecology of vectors and as far as zoonoses, es-
pecially with natural focality and also of their animal hosts. Targeted control relies on 
surveillance data, nowadays often supported also by imaging using geographical infor-
mation systems. Efficient control programs (e.g. on Chagas disease in South America, on 
onchocerciasis in Africa, etc.) are of essential importance.

Reduction in exposure. This approach involves observing basic measures of per-
sonal hygiene, sanitation of dwellings, outbuildings for farm animals, pets, etc., pro-
hibiting access and infestation with live vectors (lice, fleas, bugs, flying insects, ticks). 
Prevention includes personal protection  by wearing protective clothing, boots, using 
head nets, bed nets,  repellents, using long-duration insecticides or acaricides in natural 
focuses, avoidance of foci of infection in endemic regions during activity of arthropod 
vectors (awareness of population at risk, timely warning needed), 

– measures of environmental management eliminating breeding places and mak-
ing conditions unfavorable for the existence of vectors (e.g. removing stagnant water 
to prevent breeding larvae of mosquitoes, keeping lawns cut and restrict access to deer 
by fencing). 

It includes also prevention of the spread of infected vectors and of introduction of 
new vector species by international travel and trade (via airplane, ship and land trans-
port) according to International Health Regulations (2005) of WHO and operative in-
ternational agreements. 
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Disinsection. This approach comprises all mechanical, physical, biological and 
chemical, or combined measures. Chemical methods, spraying with insecticides (aca-
ricides) – small scale (e.g. indoor, residual spraying of human habitations), large scale 
(e.g. spraying from aircraft) play an essential role in vector control. Highly effective, 
low toxicity and biodegradable insecticides (e.g. pyrethroids) are used, preferably 
along with environmental, biological and other control measures as integrated vector 
management.  

 Protection of non-immune population. This is best achieved by active immu-
nization when a vaccine is available. Thus e.g. yellow fever vaccination is almost totally 
effective, while in non-immune adults the case fatality is more than 60 % (certificate is 
required in international travel to endemic regions); Japanese encephalitis vaccination 
is the most effective means of disease prevention (difficult outdoor control of vectors); 
vaccination against tick-borne encephalitis allows to reduce markedly high disease oc-
currence in endemic regions; tularemia, Q fever and some other vaccinations concern 
mainly persons at special risk of exposure.  

Protection by vaccines for veterinary use can in farm animals prevent economic 
losses and also reduce risk of transmission to humans (e.g. Q fever), dogs and horses 
can be protected by vaccination against Lyme borreliosis, effective horse vaccines were 
developed against WNF. 

Passive immunization by human or animal immunoglobulins is suitable for acci-
dental exposure. Chemoprophylaxis, e.g. in malaria prevention and control, mass chem-
oprophylaxis in Global Program to Eliminate Lymphatic Filariasis was launched by the 
WHO in 1997.  

Table 6.   Tick-borne infections transmitted by ticks occurring in Europe

Disease Agent Source of infection Vector

Tick–borne 
encephalitis

Flavivirus
rodents, cattle, sheep, 
goats 

Ixodes

Lyme borreliosis Borrelia burgdorferi s.l small mammals, birds Ixodes

Tularemia Francisella tularensis small rodents, hare, etc.
Ixodes,
 Dermacentor

Q-fever Coxiella burnetii
cattle, goats, sheep, 
small rodents

Ixodes, Dermacentor, 
Haemaphysalis **

Hemorrhagic 
fevers *

Bunayvirus, Flavivirus
rodents, cattle, sheep, 
goats, hares, muscrats

Hyalomma
Dermacentor and others

Marseilles fever Rickettsia conori dog, rodents, sheep
Rhipicephalus, 
Amblyomma

Spotted fever Rickettsia slovaca Dermacentor

* Crimean - Congo hemorrhagic fever, Omsk hemorrhagic fever
**  transmission among reservoir animals

Health education. Campaigns are often needed to provide qualified information 
for populations at risk, e.g. community education programs to raise awareness and pro-
mote benefits of local hygiene practices for lymphatic filariasis control, etc.
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Control of animal reservoirs is performed by controlling populations of rodents, 
by treatment, vaccination or destruction of other important animal hosts according to 
actual epidemiologic and epizootologic situation. 

The same applies to measures related to humans as sources of infection involv-
ing mainly treatment, isolation, disinfestation.
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16. EPIDEMIOLOGY OF INFECTIONS OF THE    
           SKIN AND EXTERNAL MUCOSAE     

Infections of the skin and external mucosae represent a large and diverse group of 
diseases. Many of them are chronic, some of them cause high disease burden and death 
without effective prevention and treatment.

16.1 General characteristics

Common feature of the group of infections of the skin and external mucosae is 
characteristic localization of the infectious process on the skin and on external 
mucosae (ocular, oral, nasal, genital, anal) and contact transmission. In some of 
these conditions the infectious process propagates to deeper tissues and affects also 
some internal organs. However, excretions from superficial lesions of affected epider-
mis and skin adnexa are essential for the spread of major part of these infections. Some 
of these infections can penetrate the skin and mucosae through contaminated wounds 
(e.g. life threatening gas gangrene or tetanus), others by bites of infected animals (ra-
bies), or can be mechanically transmitted by arthropods such as flies (e.g. trachoma) 
under unhygienic conditions. 

There are also human infections, caused by saprophytes, obtaining nutrients from 
dead organic matter in soil, on decaying wood, vegetal residues  as parts of  biocenoses 
- also called sapronoses (sources of infection unknown) as e.g. some mycoses typical for 
tropical and subtropical zones (sporotrichoses, chromoblastomycosis). 

Characteristic general feature of these infections is their tendency to chronic 
course, even lifelong, if not treated. Some of these diseases cause severe disability 
and death, mainly in developing countries, where an effective prevention and treat-
ment is unavailable. The prevalence of these infections is generally very high in tropical 
countries with hot and humid climate, where some diseases show strong endemicity 
(e.g. yaws, also called frambesia).  

16.2 Transmission

The infection can be transmitted from its source - mostly human (venereal diseases), 
animal in case of zoonoses (anthrax, erysipeloid), to susceptible individuals by direct 
contact of skin or mucosal surfaces (e.g. syphilis, scabies), or indirectly, through con-
taminated inanimate objects (items of daily use, medical instruments), water with parts 
of superficial lesions with infectious agents (e.g. dermatophytoses, pyoderma, infec-
tious conjunctivitis). 
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Direct contact of affected and healthy skin and superficial mucosae is an essential 
way of transmission in sexually transmitted infections (STIs) and some mycoses. STIs 
are spread predominantly by person to person sexual contact (vaginal, anal, oral), some 
of them may be spread via skin to skin sexual contact or can also be spread through 
nonsexual means (by blood products, tissue transfer). Syphilis, gonorrhea, chlamydia, 
HIV, HPV, HSV2, VHB are also transmissible from mother to child during pregnancy and 
delivery.

Fungal infections are one of the most common skin infections, typically athletes with 
exposure of unprotected skin. Specific form of direct contact transmission are wound 
infections resulting from animal bites and scratches where the agents are spread via 
saliva of an infected animal  and  broken skin or mucosa of the host (rabies, cat scratch 
disease).

Most of these infections transmission may occur via indirect contact through scales 
of affected epidermis, hair, nails, crusts,  ruptured vesicles (trichofytoses) by various 
objects of daily use shared by several persons, e.g. towels, beddings, combs, brushes, 
razors, headgear, rubber boots (microsporosis). Epidermophytoses can be acquired by 
contaminated nail files, scissors, manicure or pedicure sets.  Places where such infec-
tions often take place are hostels, dormitories, communal showers, workplaces with 
poor sanitation, unproperly operated body care facilities and hospitals. 

Health care-associated infections are transmitted by insufficiently sterilized medical instru-
ments, inappropriate use of invasive devices, contaminated hands of nursing staff, and   un-
ncorrect nursing practice (purulent superficial infections, gas gangrene, etc.).

Wound infections caused by highly resistant agents (tetanus and anthrax spores), 
causing life-threatening diseases and accidental injuries contaminated by dust and soil 
(injuries in agriculture, building industry, car accidents, etc.) also belong to this group 
of infections. 

Some of these diseases are transmitted through contaminated water mainly in over-
crowded and unadequately sanitated swimming pools (infectious conjunctivitis).

Mainly zoonotic infections are often associated with professional exposure to infect-
ed animals in farms, slaughterhouses, etc. (e.g. trichophytoses in livestock production).

16.3 Epidemiological features 

The occurrence of these infections is often associated with social conditions such 
as the living, working and sanitary standard, cultural niveau and lifestyle of the popu-
lation. Social problems, economic crisis with shortage of resources, unemployment and 
homelessness, wars, refugeeism, etc., always contribute to the increased prevalence of 
these diseases (e.g. scabies, trachoma, wound infections). 

Civilization with economic growth, intensive travel, tourism, higher life standard 
can also support spread of infections (e.g. mycoses in sportsmen, visitors of thermal 
baths, travelers). Unwanted phenomena such as sex tourism, drug addiction, prostitu-
tion, social changes take their toll in emergence or reemergence of STIs (HIV/AIDS, 
syphilis, viral hepatitis B and C). 

16.4 Preventive measures  

With respect to the complexity of this group of infections, preventive strategies dif-
fer according to measures available and disease specificities. Cultural advancement 
and civilization with high standard sanitation and health services generally influence 
positively the epidemic process of these diseases, some can be controlled and even 
eliminated through improved social situation and access to medical care (tetanus, tra-
choma, nosocomial skin and mucosae infections, etc.). 
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16.4.1 Measures related to the source of infection 

In a part of these infections, preventive measures are based on the dominant role 
of the source of infection. Since these diseases are frequently of chronic nature, with 
long-term shedding of the agents, the highly effective is an active search for cases, 
carriers with specific treatment, (STIs, trachoma, scabies, dermatophytoses) with 
early notification, isolation and treatment. 

There is no cure for HIV infection but effective treatment with antiretroviral (ARV) 
drugs can control the virus and reduce the risk of transmission to sexual partners by 96%. 

In 2013, 12.9 million people with HIV were receiving ARV globally, of which 11.7 million  
in low and middle-income countries (36 % of the total  HIV positive in these countries).   

WHO has implemented obligatory testing for HIV and some other STIs for blood 
donors and strongly advised for all people at risk.

 Treatment of people with scabies and their contacts are basic measures, now to be 
supported by a mass drug administration (MDA) to achieve the goal of scabies control 
and elimination.  This as a public health priority is supported by an International Alli-
ance for the Control of Scabies (IACS) with the global network.

Similar measures concerning animal sources of zoonoses are in authorization of vet-
erinary service. Prevalence of infections can be effectively restrained by vaccination of 
animals, if available, or by regulation of their population density. Measures, including 
oral vaccination of wildlife and domestic animals against rabies, control of stray dogs 
and monitoring of epizootologic situation, reduced the risk of infection in most of de-
veloped countries. 

16.4.2 Measures interrupting routes of transmission 

In many infections, measures should be focused primarily on improvement of liv-
ing, working and social conditions. To decrease or eliminate exposure to  infections  
measures  must be oriented on avoiding exposure and effective decontamination of  
fomites, different items of personal use (combs, brushes, razors, towels, linen, bed 
clothes, etc.) along with their individualization (fungal infections, hepatitis  B and C, 
scabies, pediculosis),  as well as environmental risk factors posing professional expo-
sure and in  places with increased risk. 

For instance replacement of wooden parts in bathrooms and shower baths by wash-
able plastic materials and regular disinfection and sanitation in communal facilities 
(body care centers, swimming pools and other sports and recreational areas) is preven-
tion of mycotic infections.

In health care facilities, sufficient supply of disposable materials, proper sterilization of medi-
cal instruments and devices, strict hand hygiene, correct nursing techniques and effective decon-
tamination along with regular controls of implemented measures can reduce direct and indirect 
transmission of hospital acquired infections.             

Principal preventive programs and strategies must involve promoting health 
awareness through health education. Health education of youth in schools empha-
sizes responsible and safe sexual behavior and importance of mechanical protection 
(condom use) in prevention of STIs. Educational and material support is a requirement 
for implementing basic hygienic habits in socially deprived and marginalized communi-
ties of the population.

16.4.3 Protection of people at risk - specific prophylaxis

Availability of specific prophylaxis in this group of  infections, involving diseases 
with very high burden, is up to the present limited. Active immunization with effec-
tive vaccines is implemented in vaccination programs against severe life-threatening 
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wound infections such as rabies and tetanus, from STIs against viral hepatitis B and hu-
man papillomavirus (HPV) infection. Passive immunization is effective in prophylaxis 
of gas gangrene,  passive-active immunization is used as postexposure prophylaxis of 
rabies, tetanus, hepatitis B.

16.5 Main subgroups of infections of the skin and  
   external mucosae

Regarding the epidemiologic features and high etiological and clinical diversity of 
the   infections of the skin and external mucosae, they are divided into several main 
subgroups: 

16.5.1 Superficial skin and mucosae infections

Localization of infectious process in these infections is typically on superficial lay-
ers of the skin, its adnexa such as hair, nails, and of external mucosae. This group in-
cludes primarily superficial mycoses defined according to appearance, etiology, or 
site.  Among these fungal infections  widespread are dermatomycoses caused by  
dermatophytes of the genera Epidermophyton, Microsporum, Trichophyton. Fungal 
infection of the skin, hair or nails affects up to 25 % of the world’s population. Onycho-
mycosis (tinea unguium) is common mainly in adults, about 5-25 % are infected with an 
increasing incidence in elderly people.

According to localization of fungal infection, we distinguish: epidermomycoses affect-
ing skin of hands, groins feet (athlete’s foot),  trichomycoses affecting hair (tinea capitis) and 
onychomycoses affecting nails.

Yeasts, mainly Candida albicans, other candidae and other fungi, as part of nor-
mal flora can cause skin, nail and mucosae infections (up to severe opportunistic in-
fections) mainly in individuals with weakened immunity, e.g. the elderly, with other 
infections and conditions, antibiotic therapy, etc. 

Thrush is mucosal infection by Candida spp. in the mouth (denture stomatitis) and vagina, 
often recurrent. 

Verrucae, warts are contagious papillomas of viral origin (different HPV types). Common 
warts - rough lesions on the skin of hands and fingers (HPV 2, 4) in young children. Among oth-
ers are plantar warts (HPV 1) on the soles of the feet in teenagers and genital warts (other HPV 
types) are among sexually transmitted infections.                                                                                                                                

 Infestations with parasitic arthropods such as mites or lice are transmitted by 
close contact. They affect the skin or hair causing itching (an allergy to the mite).  Sores 
due to scratching pose a threat of secondary infection, such as impetigo.

Scabies is caused by a small mite Sarcoptes scabiei, easily spread by direct skin to 
skin contact with person infested, also with crusted scabies, less often indirectly by 
sharing clothes, beddings, towels or in a swimming pool. Scabies is one of the common-
est skin diseases in developing countries. It affects more than 130 million people of 
all groups and ages worldwide, the occurrence varies from 0.3% to 46%. Outbreaks of 
scabies are common in nursing homes, dormitories, child care centers and health care 
facilities. 

Crusted scabies (Norwegian scabies) affects people with a compromised immune system, 
e.g. the elderly, patients with HIV/AIDS, lymphoma, etc. The lesions are often predisposing to 
staphylococcal infections.

Prevention involves personal hygiene, sanitation, decontamination and avoid contacts 
with infected persons with treatment of them and also of family and sexual contacts.

Pediculosis is caused by the lice, insects parasitizing on hair and skin of humans, 
infesting also their clothing. In Europe, 1 - 20% people are affected. 
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Pediculosis capitis (head lice) is a common infestation of the head hair and scalp in chil-
dren by Pediculus humanus capitis.  Medication and complete nit (eggshell) removal are neces-
sary to prevent reinfestation. All clothing, bedding, and furniture surfaces must also be washed 
or sprayed with insecticide.

Pediculosis pubis (pubic lice) is a genital infection caused by the crab louse Phthirus pubis. 
Patient and his sexual partners should be treated and evaluated for other STIs and his bedding 
and clothing should be machine-washed with hot water.

Tropical endemic nonvenereal human treponematoses (yaws - frambesia, 
bejel-endemic syphilis, pinta) are caused by members of the genus Treponema (other 
than Treponema pallidum subsp. pallidum). They are spread among humans by con-
tact of skin lesions, frequently among children.  In 2012, the WHO officially set a goal 
for yaws eradication by 2020 by oral azithromycin mass treatment.

16.5.2 Wound infections

Wound infections occur due to disruption of the skin integrity by injuries and surgical 
interventions which facilitate penetration of germs to deeper subcutaneous tissues devel-
oping purulent infections, such as abscesses, furuncles, carbuncles and diffuse inflamma-
tion of the soft or connective tissue with microaerophilic conditions. In some cases also 
inner organs can be affected (arthritis, osteomyelitis, empyema, meningitis) or sepsis. 

Purulent bacterial infections are common, caused by grampositive agents (staph-
ylococci, streptococci) mostly, often occurring as nosocomial infections.  

Impetigo contagiosa (“school sores”, impetigo bullosa) is a highly contagious 
epidermal infection, common in young children (also impetigo bullosa neonatorum), 
caused by group A ß -hemolytic streptococci (GABHS), Staphylococcus aureus and Methi-
cillin-resistant S. aureus (MRSA). Small epidemics occur in collective institutions and 
families, in summer. 

Folliculitis - impetigo non-bullosa of hair follicules can also be caused by gramnegative bacte-
ria often in patients with acne vulgaris after long-term antibiotic treatment. Whirpool  folicullitis  
is an infection of macerated skin acquired in warm public baths often caused by Pseudomonas 
aeruginosa. 

Ecthyma - serious form of impetigo mainly in immunodeficient children caused by Pseu-
domonas aeruginosa, Proteus sp., E coli. 

Risk factors are breaks in the skin, such as injury or trauma, insect bites, animal bites, 
etc. Infection can spread through fluids from purulent blisters or detached crusts. Treat-
ment is by antibiotics in severe infections. Prevention of the spread is targeted on using 
always a clean wash cloth and towel, not sharing towels, clothing, razors, other personal 
care items, avoid touching blisters and wash hands (antibacterial soap) thoroughly. An 
infected child should be excluded from child care facilities until treatment is not finished. 

Staphylococcal scalded skin syndrome is a blistering skin disorder affecting 
neonates and young children induced by the exfoliative (epidermolytic) toxins of S. 
aureus.

Necrotising fasciitis is a rapidly progressive necrosis of subcutaneous tissue, 
caused by S. aureus, GABHS and anaerobes. It can cause severe illness with a case fatality rate 
up to 25 %.

Cellulitis is a skin infection extending to subcutaneous tissues. The most common 
causes  are  (GABHS) and S. aureus. Predisposing are skin abrasions, lacerations, burns, 
eczematous skin.

Erysipelas is a specific erythematous superficial form of cellulitis caused by GABHS. 
Streptococcus pyogenes causes most of the facial infections and non–group A strepto-
cocci cause lower extremity infections. Risk for erysipelas may be reduced by keeping 
skin healthy, avoiding dry skin and preventing cuts and scrapes. 
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Erysipeloid is an acute bacterial infection of traumatized skin and other organs 
caused by the Erysipelothrix rhusiopathiae, acquired after direct contact with infected 
animals (swine erysipelas, other in poultry, sheep). It is an occupational disease, com-
mon among farmers, butchers, cooks, anglers, homemakers, etc., mainly in summer or 
an early fall. 

Serious specific infections caused by sporulating resistant agents persisting 
in outer environments, entering wounds by means of contaminated dust and items in-
volve:

Tetanus is a zoonosis acquired when the spores of the bacterium Clostridium 
tetani,  present in the soil, infect a wound or a newborn’s umbilical stump. Tetanus is 
still a threat mainly in developing countries. Neonatal tetanus (NT), mostly lethal, is par-
ticularly common in rural areas where deliveries are at home without adequate sterile 
procedures.

Prevention of tetanus is through tetanus-toxoid (TT) vaccines. NT can be prevented 
by immunizing women of childbearing age with TT, at the latest during pregnancy. This 
protects the mother and through a transfer of antibodies her baby, too.                                                           

In response to the high burden of tetanus WHO set the goal of Global maternal and neonatal 
tetanus elimination (MNTE) by 1995, through the increased availability of TT vaccine, improved 
hygiene for deliveries and improved surveillance.  Elimination of NT was defined as an annual rate 
of <1 NT case per 1000 live births in every district. According to WHO estimates, in 2010, NT was 
responsible for 58 000 deaths worldwide, a 93% reduction from the situation in the late 1980s (NT 
global deaths 787 000 per year) when this goal was stated. Maternal tetanus elimination was added 
to the worldwide goal in 1999.

Cutaneous anthrax (pustula maligna) is the most common form of Bacillus an-
thracis infection, when spores get into the skin through a cut or scrape by handling 
with infected animals or animal wool, hides, or hair. It affects the skin and tissue around 
the site of infection (head, neck, forearms, and hands). Case fatality rate of this form is 
up to 20% without antibiotics. Vaccine is not available for the general public. 

Clostridial gas gangrene is a highly lethal necrotizing soft tissue infection of 
skeletal muscle caused by anaerobic, spore forming toxin and gas producing bacilli of 
Clostridium species (Clostridium perfringens, Cl. novyi, Cl. septicum). Clostridia are 
common throughout nature but also they have been isolated from normal human co-
lonic flora, skin and vagina.  If treated, the case fatality rate (CFR) is 20-30%, if untreated, 
the disease is 100% lethal.

 Prevalence is most likely higher in countries with lack of access to health care. However, in 
the U.S.A, about 1000 cases of this gas gangrene are reported per year. 

Specific infections of wounds caused by animal bites and scratches include 
rabies, cat scratch disease (bartonellosis) and rat bite fever (two forms - spirillosis or 
sodoku and streptobacillosis or Haverhill fever).

Rabies is a viral zoonosis transmitted to humans (mainly children, travelers) from 
wild and domestic animals by infected saliva via bites or scratches. The most cost-effec-
tive strategy for preventing rabies in people is eliminating rabies in animals (dogs, cats, 
foxes) through vaccination. Dog rabies potentially threatens over 3 milliard people in 
Asia and Africa, mostly in rural areas where vaccines are not readily available. Safe and ef-
fective vaccines can be used for preexposure and postexposure prophylaxis in humans, 
the latter combined with passive immunization according to WHO recommendations.

Pre-exposure immunization in people e.g. in certain high-risk occupations (laboratory 
workers dealing with live rabies virus, travelers with outdoor activities in rural areas, people 
living in rabies-affected areas with possibility of  contact with bats, carnivores, and other mam-
mals. Post-exposure prophylaxis (PEP) consists of: local treatment of the wound as soon as 
possible after exposure; a course of rabies vaccine and the administration of rabies immuno-
globulin, if indicated.



144

WHO supports targets for elimination of human and dog rabies: e.g. in all Latin 
American countries by 2015 and of human rabies transmitted by dogs in South-East Asia 
by 2020. 

Cat scratch disease is caused by bacteria Bartonella henselae via cat scratches, 
bites, or exposure to cat saliva, causing chronic swelling of the lymph nodes mostly in 
children. Avoiding scratches, bites and cat saliva along with hand hygiene can prevent 
the disease. 

Rat-bite fever is an acute febrile illness transmitted from rodents (rats) through 
wounds contaminated by the rodent’s secretions. Household pets (dogs, cats) exposed 
to these animals can also carry the disease and infect humans. Prevention is to avoid 
exposure and in case of bite quickly washing and cleansing the wound with antiseptics 
to reduce the risk of infection.

Spirillosis form (sodoku in Japan), is caused by the spirochete Spirillum minus. Most cases 
occur in Asia, but specific strains are present in other continents. Streptobacillosis form (Haver-
hill fever), is a severe disease caused by Streptobacillus moniliformis. Untreated disease can be 
lethal in 20 % of cases. 

16.5.3 Eye infections

Infectious process in eyes can endanger visual functions and in severe cases cause 
blindness. This group involves trachoma and all forms of infectious conjunctivitis. 

Trachoma is the leading cause of blindness with highest disease burden in develop-
ing countries preventable blindness in the world. It is due to an obligate intracellular 
gramnegative bacteria Ch. trachomatis (serotypes A, B, Ba, C) and transmitted through 
contact with eye and nose discharge mainly of infected young children mostly under 
poor social conditions. It can be spread also mechanically by so called eye seeking flies. 

There are estimated 5.6 million people blind, visually impaired, or at risk of blindness from 
trachoma, an additional 146 million cases of the disease need treatment and 500 million people 
are at risk of infection. Trachoma is endemic in 49 countries, mostly in Africa, but also in the East-
ern Mediterranean, South-East Asia, and Western Pacific regions, socioeconomically deprived of 
basic needs in housing, health, water, and sanitation.

Strategy known as “SAFE” (Surgery, Antibiotics, Facial Cleanliness, and Environmen-
tal Change) is applied in affected areas expecting that will be possible to eliminate 
trachoma as a blinding disease by the year 2020.

The WHO Alliance for the Global Elimination of Blinding Trachoma (GET 2020) support col-
laborating international organizations and foundations included under the VISION 2020.

In VISION 2020, the intervention strategy focused on identifying communities with blinding 
trachoma through Trachoma Rapid Assessments (TRA), providing surgery for those with trichia-
sis , reducing active disease and spread of infection mainly in children through topical tetracy-
cline or oral azithromycin, encouraging facial cleanliness through health education, improving  
water supply and reducing fly density through  sanitation. 

Among viral conjunctivitis are mainly herpetic (corneal herpes) and  adenoviral.
Epidemic keratoconjunctivitis (EKC) is highly contagious adenoviral infection 

with a tendency to occur in epidemics worldwide. It is acute follicular conjunctivitis 
one of the most common causes of acute conjunctivitis with sudden onset and charac-
teristic features 

Common causes of bacterial conjunctivitis include e.g.  Chlamydia trachoma-
tis, Moraxella lacunata, but also those due to streptococci, staphylococci (purulent 
blepharoconjunctivitis of adults), gonococci (blenorrhea of newborns). Ophthalmia 
neonatorum is neonatal chlamydial, herpetic or gonorrheal conjunctivitis occurring 
within the first month of life. 

Povidone-iodine solution 1.25% ophthalmic solution may be alternative to topical 
antibiotics for treating bacterial conjunctivitis, especially in resource poor countries. 
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Topical ophthalmic tetracycline, erythromycin, and povidone iodine 2.5 % in newborns 
substituted silver nitrate (Crede´s), used in the past.

16.5.4 Oral, nasal and aural infections

Oral infections are bacterial and viral diseases that affect the teeth, gums palate, 
tongue, lips, and inside of the cheeks. Prevention of tooth decay, gingivitis, periodonti-
tis and some other infections in mouth are included in programs of oral health world-
wide (see chapter 4). 

Among most common infections are included: herpetic stomatitis (oral herpes) 
or gingivostomatitis caused by the herpes simplex virus (HSV) type 1 with about 90% 
of the population being carries of HSV, herpangina - an infection marked by painful 
sores on the roof of the mouth, the tonsils , sometimes  cheeks caused by coxsackievirus  
and angular cheilitis - inflammation  at the angles of the lips, mostly linked to candidi-
asis or to streptococcal infection with predisposing vitamin deficiency or malnutrition.

Nasal infections involve nasal vestibulitis and nasal furuncles (boils) caused by S. 
aureus.

Superficial infections in orofacial region always represent a risk of further dis-
semination with severe consequences, they may reach the cavernous sinus in the crani-
al cavity and spread to the brain causing cavernous sinus thrombosis, meningitis, brain 
abscess, and complications.

 Spread all of these infections can be prevented especially in children by washing 
hands often, keeping toys, eating utensils clean and avoiding their sharing. 

Ear infections are bacterial, viral or fungal infections of different parts of the ear 
with variety of clinical symptoms, even deafness if untreated.

Outer ear infections (otitis externa) is a common infection of the skin of the ear 
canal, generally caused by bacteria, occasionally due to a fungus or yeast occurring 
mainly in people with skin problems - eczema, psoriasis, dermatitis, swimmers. Middle 
ear infections (otitis media) are very common in children.  Inner ear infections are 
less common, generally due to viruses.

16.5.5 Sexually transmitted infections (STD)

More than 30 bacterial, viral and parasitic pathogens are transmissible sexually. More 
than 340 million new cases of sexually transmitted bacterial and protozoal infections 
occur throughout the world every year. Besides obligatory  classical venereal diseases 
represented by lues – ulcus durum (T. pallidum), gonorrhea (N.gonorrheae), ulcus 
molle (Haemophilus ducreyi), lymphogranuloma venereum (Ch.trachomatis), other 
STD belong to this subgroup: as e.g. trichomoniasis, herpes genitalis, HPV infections, 
molluscum contagiosum  and others, as well as sexually transmitted HIV infections and 
viral hepatitis B and C. Most severe are lues, gonococcal, chlamydial and HPV infections, 
HIV infections and viral hepatitis B and C (see chapter 10)

In pregnancy, untreated early syphilis will result in a stillbirth rate of 25%, responsi-
ble for 14% of neonatal deaths and an overall perinatal mortality of about 40%. Syphilis 
prevalence in pregnant women in Africa, for example, ranges from 4% to 15%.

Untreated gonococcal and chlamydial infections in women will result in pelvic 
inflammatory disease in up to 40% of cases, in 25% resulting in infertility. 

Worldwide, up to 4000 newborns become blind every year because of eye infections 
attributable to untreated maternal gonococcal and chlamydial infections.

New vaccines against human papilloma virus (HPV) infection could stop the 
untimely death of approximately 240 000 women from cervical cancer every year in 
resource-poor settings.
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Human immunodeficiency virus (HIV) infection leading to acquired immuno-
deficiency syndrome (AIDS), has been recognized as a major public health problem for 
many years. 

Globally, an estimated 35.0 million people were living with HIV in 2013; 3.2 million 
of these were children, mostly in sub-Saharan Africa. They were infected by their HIV-
positive mothers during pregnancy, childbirth or breastfeeding. The vast majority of 
HIV positive people live in low and middle income countries. An estimated 2.1 million 
people were newly infected in 2013, over 240 000 were children. 

Access to preventive interventions remains limited in many low and middle income 
countries. Progress has been made in prevention of mother-to-child transmission and 
keeping mothers alive. In 2013, 7 out of 10 pregnant women living with HIV (970 000 
women) received antiretrovirals.

Occurrence of STDs in humans is influenced by various factors involving 
mainly:

- microenvironmental conditions - hormonal, microbiological, 
immunological,

- personal behavior - sexual (age at beginning of sexual activity, number of 
partners, commercial sex, sexual practices, etc.), drug use (i.v. drug users, 
hard drug addiction, alcohol consumption), health protection habits – 
condom use, circumcision, oral anticonception, vaginal showers, intrauterine 
contraceptives;

- macroenvironmental conditions – factors- socio-economic (health 
infrastructure and resources), geographical (urbanization, tourism),  
technological, demographic and epidemiological  (prevalence of STDs in 
populations etc.).

Prevention of STDs involves measures oriented on: 
- sources of infection – screening, timely diagnosis, notification, searching for 

contacts, therapy, supervision, if needed isolation;
- routes of transmission – safe sexual practices - condom use (masculin, 

feminin),  measures oriented on people at risk; 
- susceptible population – vaccines are available only in prevention of VHB, 

HPV infections. 
Health education – providing information, up to date guidelines to patients, carri-

ers, people at risk, health care professionals, concerning disease prevention. 
Measures on cultural and social level include reduction of poverty, exclusion of 

drugs and alcohol, control of sequels of promiscuity, improvement of social status of 
women, building up of appropriate health care infrastructure, accessibility of medica-
ments and diagnostics, etc.
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17. NOSOCOMIAL INFECTIONS   

17.1 General characteristics

Healthcare-associated infections (HAIs) and antimicrobial resistance are well known 
major public health threats. Hospital-acquired (HAI) or nosocomial infections (NI) in-
crease morbidity, mortality and medical costs.  These infections develop in inpatients 
after 48 hours of staying in hospital or after during ambulatory care in outpatients. NI is 
not present or incubating on admission. Some of NI may not be clinically evident until 
after discharge home or to other ward or hospital.  

Current importance of NI is increasing with rising trends of their incidence asso-
ciated with advances in medical care, which allow treating patients with previously 
intractable conditions. All these procedures resulted in the proliferation of a severely 
ill, often immunodepressed, hospitalized patient population, highly susceptible to NI. 
The occurrence of NI is associated with nonsufficient barrier system of health care. 
Other problems that contribute to increasing incidence of NI include colonization of 
hospital environment by high resistant microflora, large scale using of broad spectrum 
antibiotics, rising rates of endogenous infections associated with lower immunity of 
patients. The risk of NI is higher in immunocompromised patients and those suffering 
from chronic diseases. In hospital case fatality rates place HAI among the top 10 causes 
of hospital deaths.

17.2  Incidence and prevalence 

The ECDC has calculated that NI involve 4.1 million patients annually in EU Member 
States directly resulting in 37 000 deaths. In the USA alone, nosocomial germs cause 
about 1.7 million infections and 99 000 deaths per year. 

The NI “rate“ - incidence is commonly determined by citing the number of NI per 
100, 1 000 or 10 000 hospitalized patients, patient discharges, patient´s days or device 
days (e.g. ventilator days, catheter days) in the case of device associated infections. 

Incidence studies done  with collaboration of  WHO have found in 55 hospitals of 
14 countries representing 4 WHO Regions (Europe, Eastern Mediterranean, South-East 
Asia and Western Pacific) NI rates from 5 - 20% with a mean of 8.7 nosocomial infections 
per 100 patients.  The highest frequencies of NI were reported from hospitals in the East-
ern Mediterranean and South-East Asia Regions (11.8 and 10.0% respectively), with the 
prevalence of 7.7 and 9.0% in the European and Western Pacific Regions respectively.

Continuous surveillance, especially prospective active surveillance, is considered 
as the gold standard. It has been estimated that 8-12% of patients admitted to hospitals 
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in European countries suffer from adverse events while receiving healthcare, e.g. in the 
United Kingdom approximately 10% of patients acquire an infection during a hospital 
stay. The European Centre for Disease Prevention and Control (ECDC) proposed in 
2008 that the total burden of HAIs should be measured regularly in a standardized man-
ner throughout the European Union (EU). 

The initial steps towards standardization of surveillance of HAIs in Europe had been carried 
out on surgical site infections and infections in intensive care units by the Hospitals in Europe 
Link for Infection Control through Surveillance (HELICS) project, from 2000 to 2003.  HELICS 
implemented standardized surveillance of HAIs in 2004 and 2005, and later as part of the ‘Im-
proving Patient Safety in Europe (IPSE) network from 2005 to 2008.

However, repeated point prevalence surveys (PPSs) represent a more feasible al-
ternative for hospital-wide surveillance of all HAIs, while still allowing the estimation 
of disease burden by HAIs in acute hospitals, and helping to prioritize areas requiring 
interventions.

 A national study of point prevalence (active survey) of NI in Slovakia (38 hospitals) in 1986 
showed a 7.7% rate, which was higher than notified rates. Based on a review of 30 national or 
multi center PPSs in 19 countries that had been carried out between 1996 and 2007 and included 
a total of 837,450 patients, ECDC estimated in 2008 the prevalence of HAIs in EU acute care hos-
pitals to be on average of 7.1%. However,   methodological differences between these PPSs made 
comparison between countries impossible.  Subsequently, the ECDC prepared a protocol for a 
PPS of HAIs in acute care hospitals, which was finalized in   2011. Similar PPS carried out in 23 
countries in 66 hospitals with 19 888 patients   confirmed also the rate of 7.1%. The highest rate 
of NI was in intensive care units (ICU) with 28.1% patients contracting HAI.  

17.3 Classification of nosocomial infections                                                                                 

Patients admitted to medical care facilities are colonized rapidly by microbial strains 
circulating in health care facility, in the first two days about 30% of patients and in 
chronically ill persons the rate is about 70%.  

According to epidemiological characteristics NI could be divided into specific and 
nonspecific. Specific NI (typical, real) can occur due to special mode of transmission 
(certain medical diagnostic or therapeutic procedures) performed only in a health care 
facility.  

For example nosocomial urinary cystitis is associated with prolonged introduction 
of   indwelling urinary catheters. Patients receiving respiratory assistance over 24 hours 
acquire   serious nosocomial pneumonia very often. Transcutaneous implantation of 
central venous catheter (CVC) may be associated with catheter related sepsis. Bad barri-
er health care may result in secondary wound infections.                                                                 Treat-
ment of these infections is often difficult because of populations of multiresistant noso-
comial strains causing infections.                                                                                 Nonspecific 
NI mostly reflect the current epidemiologic situation in a community and can be also 
be acquired anywhere outside the hospital, e.g. salmonelosis, influenza, food poisoning. 
Treatment of these infections is less difficult, they are caused by common   microbial 
agents usually susceptible to antibiotics.                                                                                               Ac-
cording to the origin of etiologic agents causing NI they could be recognized as exog-
enous  or endogenous NI.

 Exogenous NI  are transmitted from infected person (patient, health care personnel, 
visitors) to another patient. These infections are caused by hospital strains often resist-
ant to antibiotics and disinfectants usually with prolong usage. NI could be transmitted 
by several routes to other patients. Contaminated instruments and hands of personnel 
play an important role in spread of bacteria, like Pseudomonas aeruginosa, S. aureus 
methiciline resistant (MRSA), Klebsiella pneumoniae. 
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Endogenous NI are caused by patient´s own microbial flora (from nasal or oral 
cavity, respiratory and intestinal tracts, skin) disseminated to other tissue systems in 
unusual sites resulting in infection especially in immunocompromised persons during 
surgery, corticosteroid or antibiotic treatment. Therapy is effective because causative 
agents are mostly sensitive to antibiotics. E.g. sporulating Clostridium as a part of the 
gut microflora can cause endogenous peritonitis after laparotomy or gut surgery.

17.4  Etiology of NI 

Spectrum of agents, mostly facultative pathogens, has been changed with the de-
velopment of new more invasive diagnostic and therapeutic methods. Nosocomial in-
fections are mostly of bacterial etiology, during the last decades of 20th century 55 
- 75% of NI were caused by gramnegative microorganisms (Pseudomonas aeruginosa, 
Escherichia coli, Klebsiela pneumoniae, and others). Gram-positive bacteria, mainly 
staphylococci and some new agents appeared as Legionella and some previously non-
pathogenic bacteria (e.g. Serratia marcescens, Acinetobacter spp., Burkholderia cepa-
cia) have started to play a dominant role recently.

Major therapeutic problems are with resistent agents, like methicilin resistent  Staphylococ-
cus aureus (MRSA) and  coagulasa negative stafylococci  (MRCNS),  vankomycin resistent ente-
rococci (VRE), Streptococcus pneumoniae resistent to penicilin  and production of extended-
spectrum β-lactamase by some microorganisms (Klebsiella pneumoniae). 

In 2008, the ECDC estimated that a total number of 171,200 nosocomial MRSA infections are 
acquired annually in the Member States of the European Union, and in Iceland and Norway, re-
sulting in 5,400 attributable excess deaths, more than 1 million excess days of hospitalization and 
EUR 380 million excess in-hospital costs. 

Among gram-positive bacteria staphylococci are most important agents of 
NI. S. aureus is responsible for suppurative skin and wound infection. Coagulase-
negative staphylococci (S. epidermidis) are normal flora of skin and mucosa, often 
responsible for HAI associated with catheters (vessels, urinary) and some intravas-
cular related blood stream infections after implantation (cardiostimulator, joints).  
Streptococci group A (S. pyogenes) caused in the past puerperal fever, postsurgical 
sepsis, wound and skin infections.  Streptococci group B (S. agalactiae) are respon-
sible for very serious perinatal infections in neonates (pneumonia, sepsis) due to 
maternal colonization.  However enterococci (E. faecalis, E. faecium) are part of 
normal intestinal flora but can cause endogenous infections as endocarditis, wound 
and urinary infections.

Gram-negative pathogenic aerobic rods from a family of Enterobacteriacae,  as  P. 
aeruginosa, B. cepacia),  Acinetobacter spp.,  K. pneumoniae,  E. coli and Proteus spp. 
can survive in hospital environment  and be responsible for various infections in high 
risk patients.

Anaerobic infections due to G-negative rods (Bacteriodes, Fusobacterium) are main-
ly of endogenic origin. These bacteria are commensals in the gastrointestinal tract, oro-
pharynx, female genital tract and after surgery they can cause severe abscesses in the 
abdominal cavity, brain or lung. Sporulating G-positive rods (Clostridium perfringens, 
Cl. novyi, Cl. welchii, Cl. septicum) can cause gas gangrene and severe endogenic in-
flammations after surgery. Cl. difficile can cause diarrhea and colitis after prolonged 
antibiotic therapy. 

Viruses of hepatitis B and C can be responsible for specific NI. Very common are 
airborne nonspecific NI caused by viruses of influenza, parainfluenza, adenoviruses, 
varicella-zoster and RS viruses. Enteroviruses (ECHO, Coxackie) are responsible for res-
piratory and intestinal infections and rotaviruses can cause serious gastroenteritis in 
infants.
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The majority of nosocomial fungal infections are reported to be caused by Can-
dida albicans, followed by Aspergillus spp. Protozoal infections could occur in low 
standard wards, such as pediatric departments (lambliasis, amoebiasis, oxyuriasis) or in 
geriatric wards (scabies).

17.5 Risk factors for acquiring nosocomial infections

1. Extremes of age (elderly, neonates) are known to be correlated with higher sus-
ceptibility to infection.

2. Within acute-care settings, several high-risk units for NI have been recognized, 
such as burn units, intensive-care units, nurseries, dialysis units, transplant and 
oncology units, surgical and orthopedic wards. The common denominator ap-
pears to be the use of specific invasive medical procedures and the presence of 
more compromised patients with various underlying diseases.

3. Modifications of host defenses by treatment, severe underlying diseases or by 
medical implements and devices which impair anatomical barriers and pro-
vide a route of entry for microorganisms contribute to acquisition of infec-
tion. The compromised host can be infected by a much smaller dose of patho-
genic agents.

4. Antibiotics modify the endogenous microflora and some of them interfere with 
immune functions. Corticosteroids and chemotherapy modify the inflammatory 
response, depress the immune response.

17.6 Sources of nosocomial infections 

Sources of nosocomial infections are mostly ill persons or carriers like patients, 
medical care personnel and relatives/ friends coming to visit patients: 

1. Ill patients or carriers of pathogenic germs and those colonized with nosocomial 
pathogens can be the sources for other patients (cross infections).

2. Health- care personnel are often carriers of S. aureus and streptococci. They can 
transmit the germs by contaminated hands or by airborne route. Compliance 
with handwashing in hospital environments is generally less than 50%.

3. Visitors can transmit microbes from the community to patients.
4. Infected animals (rodents) can contribute to transmission of infection indirectly 

by contamination of food in poor sanitation conditions.

17.7 Mechanisms and routes of transmission

Exogenous transmission of pathogenic agents may occur by contaminated hands, 
by medical equipment, by airborne route, through fomites, by ingestion of contami-
nated food or water, or by insects. Transmission by direct and indirect contact remains 
the common and most significant route of acquiring NI. The microenvironment of the 
facility, providing a niche of survival of pathogenic germs (including water supply or 
plumbing, air–conditioning system) plays an important role. 

Endogenous infections develop in patients with reduced host defense in whom 
their own microorganisms are replaced in other endogenous sites in the same host, e.g. 
by invasion of commensal flora from the gut to urinary tract (E. coli infection).

17.8 Localization of nosocomial infections
Spectrum of NI depends of several factors, including standard of medical care, age 

and immunodepression of patients, according to type of wards (providing mostly surgi-
cal or internal medical care), size of hospital, etc. 
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The most common type of HAI in PPS coordinated by ECDC and finalized in 2011 
was pneumonia and other lower respiratory tract infections, representing 25.7% of all 
reported HAI. The second most frequently reported type of HAI were surgical site in-
fections (18.9%) followed by urinary tract infections (17.2%) and blood stream infection 
(14.2%).

Respiratory infections occur in the highest rates, about 20-25% of total NI, upper 
respiratory tract infections are most common because of easy transmission, but pneu-
monias are the leading causes of death (60%). The most serious is ventilator associated 
pneumonia (VAP) caused by P. aeruginosa, G-negative rods and S. aureus.   

Urinary tract infections (UTI) are identified generally in about one third of total in-
fections. As many as 70% of them are caused by G-negative bacilli, preferably with E.coli. 
Almost all UTI are associated with indwelling bladder catheters or instrumentation.

Surgical wound infections occur in about 15-25% of reported NI. S. aureus remains 
the most common agent, followed by E. coli, enterococci, coagulase-negative staphy-
lococci. Surgical site infections are frequently recognized after the patients discharge.

Catheter related bloodstream infections caused by transcutaneous implantation of 
central venous catheter (CVC) in critically ill patients for efficient fluid supply, chemo-
therapy and parenteral nutrition are quite common. They are caused mostly by S. au-
reus and coagulase-negative staphylococci in relation to intravascular devices. 

Cutaneous infections due to not adequate barrier system are less common. Among 
other serious NI requiring special attention are intestinal infections, gynecological and 
ocular infections. 

17.9 Control and prevention of nosocomial infections

The basis for control is routine, continuous collection, evaluation and reporting of 
NI data. Sources for data are medical records, patient’s charts, laboratory data, death 
certificates, etc. Nosocomial surveillance and control programs consist of clinical, epi-
demiological and microbiological surveys and feedback of these systematically collect-
ed data (Infection Control Manual). 

Epidemiological data include prevalence (cross sectional) studies (point – PPS or 
period) and annual incidence surveillance of NI. Analysis by Specific Infection Control 
Committee (Infection Control Team) within the hospital present data of NI occurrence, 
control measures, survey of relatedness of isolates from patients and environment, re-
sults from monitoring of routine sterilization and disinfection practice in connection 
with proposals of new decontamination approaches. Knowledge of local microbial epi-
demiology is important for correct diagnosis of NI, establishing nosocomial origin of 
infection and antibiotic treatment.

Prevention includes general and special principles:
General principles include:
– preventive engineering (department of central sterilization, air-conditioning sys-

tem, protective isolation, etc.),
– aseptic principles in medical care, biocides (disinfectants and antiseptics) form an 

integral part of hospital infection control policies, must be used rotationally (pre-
vention of resistance of microbes), 

– maintaining hygienic regimens in wards with high level of decontamination prac-
tice with routine proper hand and surface cleaning and disinfection (alcohol-
based hand rubs), wearing of gloves, gowns, masks, use of the barrier system of 
health care, etc.,

– screening of health care personnel for carriership of some germs (S.aureus, MRSA),
– equipment control,
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– consideration of appropriate indications for invasive examination or therapeutic 
procedures,

– lower antibiotic drug usage will reduce risk of antibiotic-resistant microorganisms 
and should improve efficacy of antibiotics given to patients who do acquire infec-
tions,

– consideration of suitable antibiotic choice (reporting of antimicrobial resistance 
patterns),

– continuing personnel education programs,
– vaccination against influenza and pneumococci prior planned hospitalization, 
– effective decontamination practice in the department of central sterilization, 
– nurse – patient ratio is decisive in health care of patients with high severity score 

and in prevention of cross infections, like in ICU and other risk wards.

Special principles include recommendations or guidelines for:
– regimens in certain wards (surgery, ICU, etc.)
– invasive procedures (surgery, endoscopic investigation, vascular and urinary cath-

eters, etc.); using antibiotic or silver-coated urinary and central venous catheters in 
prevention of catheter related  bloodstream infections

– patients at higher risk of development of NI (immunocompromised, mechanically 
ventilated...)

– usage of high-efficiency particulate air (HEPA) filters and better ventilator manage-
ment have all been associated with significantly lower nosocomial infection rates,  

 – antibiotic prophylaxis in high risk patients prior surgery.
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18. PRINCIPLES OF CONTROL OF  
           INFECTIOUS DISEASES

The epidemic process has three basic conditions, such as presence of the source 
of infection, possibility of transmission and presence of susceptible population. Major 
principles of control of infectious diseases are related to these conditions, involving 

- elimination and containment of the sources of infection,
- interruption of the transmission of infectious agents, 
- protection of the susceptible (nonimmune) population.

Applying these principles the following strategies must be respected: 
- preventive approach (e.g. vaccination of children, filtration and 

chlorination of water, pasteurization of milk, etc.),
- complexity of epidemiologic measures (use all accessible methods),
- choice of the most effective measure – e.g. improvement of water 

supply in the control of enteric infection such as cholera, typhoid fever, viral 
hepatitis A.

Interrruption of a single known essential condition may effectively control a disease 
even if knowledge of the other conditions, or etiology itself, is incomplete.

18.1 Elimination and containment of the source of   
  infection

18.1.1 Patients

Isolation of patients is one of the oldest effective measures of protection against 
infection and disease. Varying isolation standards have been developed nowadays for 
various groups of diseases and they often depend on state laws or hospital regulations. 
Isolation of patients – removing the ill persons who can spread the infection to others 
is generally realized at home or in a hospital with the aim to prevent the disease from 
spreading. This preventive measure is effective only if isolation occurs early after the 
onset of the disease and if it is a strict isolation of all cases. In some situations, isolation 
of patients has limited value in controlling spread of the disease, for the reason that also 
persons in the incubation period and in the prodromal stage, before the diagnosis of 
the disease has been established, can be infectious. The duration of isolation depends 
on infectiousness of the patient, e.g. the period of communicability of varicella is co-
incident with the duration of vesicular lesions; in measles, virus excretion is reduced 
promptly with the appearance of the rash; in hepatitis A,  shedding of the virus is at its 
highest point during the late incubation period and prodromal phase of the illness and 
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then the excretion rapidly decreases; in pertussis, excretion continues approximately 
for 2 - 4 weeks after the onset of the paroxysmal stage; in typhoid fever the organisms 
appear in the stool by the end of the 1st week of disease and without therapy for as 
long as 4 – 6 months. Beyond this period, continued presence of salmonellae indicates 
a greater than 90% chance of developing a chronic carriership.

Notification - all health workers have to notify infectious illness, persons suspected 
of having such illness, carriership of epidemiologically important infectious agents and 
death due to infectious diseases, to the national public health authorities. Notification 
of events that may constitute a public health emergency of international concern to 
WHO authorities is specified according to International Health Regulations (IHR 2005). 

Treatment of patients - with various antimicrobial drugs reduces markedly massive 
excretion of pathogens and the length of time during which the pathogenic agents are 
excreted from patients.

18.1.2 Carriers

Preventive measures are oriented mainly to chronic carriers as well as to identifying 
carrier state in epidemiologically indicated situations.

Search for chronic carriers - concerns e.g. typhoid fever with laboratory exami-
nations obligatory after finishing treatment and extremely important in foci of infec-
tion without known sources; hepatitis B, hepatitis C, HIV – screening of blood and 
other biological material donors to prevent parenteral transmission of these infections. 

Notification - when carrier state is identified it must be reported to the respective 
public health authorities by physicians as well as diagnostic laboratories.

Quarantine measures – to prevent asymptomatic persons shedding pathogens to 
infect others. They involve restrictions for convalescent carriers from visiting e.g. pre-
school or school facilities, day care centers, etc., until negative. Restrictions can be im-
posed also on performance of some epidemiologically important professional activities 
posing a high threat of infection.

Control of living and occupational conditions – carriers of Salmonella typhi must 
observe measures of repressive disinfection and must be prevented from working in 
any position that could result in contamination of food or drinking water, carriers of 
hepatitis B, C and HIV must be excluded from donorship of blood and other biological 
materials. 

Treatment of carriers – applied to reduce the amount and length of excretion of 
pathogenic agents. In some carriers of S. typhi - therapy with large daily doses of anti-
biotics (ampicillin, amoxicillin) or surgical treatment by cholecystectomy when gall 
stones are present, in carriers of hepatitis B - an interferon therapy, can be effective. 
Under certain conditions (in persons undergoing hemodialysis, surgery, in the HIV 
infected), short-term carriership should also be eradicated, e.g. staphylococci by local 
mupirocin (Bactroban) application.

Health education - carriers must be adequately informed on how to behave safely 
in their everyday life. They are obliged to observe regulations concerning their carrier 
state and instructions of their physician. 

18.1.3 Animals

Containment of risk and control of animals as sources of infection to humans must 
be performed in cooperation of human and veterinary health service. 

Notification - diseases with animal sources of infection are reported to respective 
public health authority and they inform respective veterinary and food administration 
according to valid public health regulations. 
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Issues concerning veterinary health service involve:
- destroying diseased animals, domestic or wild ones: - slaughtering 

birds (fowl) in cases of bird flu, ornithosis; cattle in bovine tuberculosis, - 
application of rodenticides and destruction of rats in foci of plague; - safe 
destruction of rabid animals (foxes, stray dogs – still posing high risk namely 
in developing countries where unvaccinated);

- isolation and treatment of diseased domestic animals or pets,
- immunization - domestic animals against rabies, brucellosis, leptospirosis, 

salmonellosis, Q fever; wild animals, e.g. foxes by oral vaccine against rabies 
(reduction of sources of infection).

18.2 Interruption of transmission of infectious agents

18.2.1 Intestinal infections 

Control of transmission is the most effective way of interrupting the chain of in-
fection 

from human or animal sources of infection through contaminated factors of trans-
mission to   susceptibles. Spread of infection is dependent on socioeconomic status and 
hygienic practices.

The most effective measures involve:
- safe water supply - only pure water free from dangerous microorganisms and 

toxic chemicals at levels that could cause infection and/or illness must be 
used for drinking and for food preparation (protection of water reservoirs, 
treatment and disinfection of drinking water by chlorination, chemical and 
bacteriological control – the presence of coliform organisms is taken as an 
index of fecal contamination),

- safe food and milk products – protected against contamination at their 
sources (cows and other farm animals must be free from tuberculosis, 
brucellosis, Q fever) a chain of safety procedures must be followed during 
production, transportation, storage, processing, marketing and preparation. 
Milk must be collected under clean conditions, preferably by automated 
machines, quality after pasteurization must meet bacteriological standards. 
Food requires safe storage and preparation, refrigeration or freezing prevent 
the multiplication of most bacteria (small numbers of bacteria that frequently 
contaminate food, such as salmonellae or staphylococci, are generally unable 
to cause a disease - danger temperature zone being from 5°C to 60°C),  
adequate cooking immediately prior to eating, avoiding contact between raw 
and cooked foods (preventing cross contamination),

- basic sanitation -  keeping clean, washing hands before handling food, after 
going to the toilet, often during food preparation, washing and sanitizing 
surfaces and equipment used for food preparation,

- safe waste and sewage water disposal - effective sewage water system needed 
as sewage water carries fecal materials, industrial, chemical and other waste 
- reprocessing in sewage water treatment plants. Garbage and other solid 
wastes must be kept in closed, stable containers protecting against access of 
insects, rodents and other animals,

- measures of disinsection - reducing populations of insects of public health 
importance e.g. flies and cockroaches, important mechanical vectors (may 
play a role in transmission of enteric infections such as typhoid fever, cholera, 
shigellosis),
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- reducing populations of rodents, e.g. rats and mice (may play a role as sources 
of infection – salmonelloses, leptospiroses)

- health education – personal hygiene mainly in children, hygiene in 
preparation, serving and storage of food.

Mainly food safety is a significant public health issue susceptible to effective epidemiologic 
measures. The World Health Organization (WHO) has long been aware of the need to educate 
food handlers about their responsibilities for food safety. 

In the early 1990s, WHO developed the Ten Golden Rules for Safe Food Preparation, which 
were widely translated and reproduced. Successively it became obvious that simpler and more 
generally applicable rules are needed. After consultations with food safety experts and risk com-
municators, WHO introduced the Five Keys to Safer Food poster in 2001, incorporating all the 
messages of the Ten Golden Rules for Safe Food Preparation under simpler headings that are 
more easily remembered and also provide more details on the reasoning behind the suggested 
measures. The poster has been translated into more than 40 languages and is being used to spread 
WHO’s food hygiene message throughout the world.

The core messages of the Five Keys to Safer Food are: 1) keep clean; 2) separate raw 
and cooked; 3) cook thoroughly; 4) keep food at safe temperatures; and 5) use safe wa-
ter and raw materials. 

18.2.2 Air-borne infections 

Airborne infections – spread is difficult to control. The measures include:
- well-ventilated rooms,
- covering of mouth during coughing and sneezing by use of disposable tissues,
- masks (surgeon´s mask which cover the nose and mouth - ineffective after 

they have become moist; high biosafety level masks and respirators for 
management of highly communicable diseases,

- protective eyewear should be used by dentists and all health care workers 
who are exposed to aerosols of saliva and blood,

- air disinfection by ultraviolet light,
- air-conditioning units with filtration of air to prevent transfer of 

microorganisms, specialized health care facilities with negative air pressure,
- chlorination and disinfection of water-cooling systems of air conditioning 

units and respiratory therapy equipment – e.g. prevention of legionellosis.

18.2.3 Arthropod-borne infections 

In arthropod-borne infections the control of transmission includes:
Personal protection by reduction of exposure avoiding bites of arthropod vectors:

- personal and clothing hygiene preventing infestation with body lice 
(important vector of typhus fever caused by Rickettsia prowazeki),

- protective clothing such as long pants, long-sleeved shirts, boots, etc. should 
be worn when exposure to ticks (vectors of tick-borne encephalitis, Lyme 
borreliosis, anaplasmosis, babesiosis, etc.) or biting insects is expected 
(treatment of clothing and footwear by insecticides or acaricides is also 
highly suggested), 

- bed-nets preventing from bites of mosquitoes (vectors of malaria parasites, 
viruses of yellow fever, dengue, Japanese encephalitis, West Nile fever) 
or other vectors –protective effect can be increased by nets treated by 
insecticides or acaricides (e.g. permethrin treatment), 

- window and door screens prevent indoor access of vectors,
- repellents such as e.g. DEET (N, N diethyl-m-toluamide) can be  used on skin 
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exposed to insects, ticks and other arthropod vectors,
- immediate removal of attached ticks and disinfection of the site of 

attachment can markedly reduce transmission of e.g. Lyme borreliosis and 
tick-borne encephalitis (ticks must be attached to the body for several hours 
to allow effective transmission of the agents).

Arthropod-vector control in the environment includes:
- environmental management, e.g. reduction of mosquito breeding places by 

drainage of swamps, removal of containers with stagnant water mainly in 
highly populated urban areas,

- chemical control by application of pesticides, e.g. indoor or outdoor spraying, 
most effective as a component of large-scale programs of disease control 
(WHO control programs for malaria, onchocerciasis, lymphatic filariasis, etc.), 
eradication or elimination, 

- biological control such as e.g. use of larvicidous fish species (Gambusia, 
Poecilia). 

18.2.4 Infections of skin and external mucosae

Prevention in infections of the skin and external mucosae depends first of all on 
hygienic standard of the population.

Preventive measures include mainly:
- personal hygiene with high standards of cleanliness of an individual, clothing 

hygiene (individual towels, tooth brushes, combs, beddings, etc.),
- health safety and good sanitation of publicly visited facilities such as 

swimming pools, wellness and fitness centers, etc.,
- avoiding high risk sexual contacts with STD infected persons, drug addicts, 

promiscuity, in sexually active age groups modification of behavioral risk 
factors by education and prevention by condom use, etc.,

- avoiding direct contact with animal reservoirs of infection (e.g. exposure to 
animal sources of mycoses), prevention of exposure to biting animals.

As to hospital-acquired infections, safe invasive diagnostic and therapeutic proce-
dures avoiding spread of infection must be strictly implemented.  

18.3 Influencing susceptibility of population 

Performed effectively in many diseases according to set programs and schedules: 
- active immunization (vaccination)
- passive immunization 
- chemoprophylaxis. 

18.4 Measures in a focus of infection

Focus of infection - the term denotes a place where the source of infection is being 
present and from which the causal agent may be spread to susceptibles, non-immune 
persons (contacts), and time period while risk of exposure persists. 

18.4.1 Measures related to sources of infection

In patients as sources of infection measures rely on
- diagnosis of the illness,
- notification of the illness to respective public health authorities (e.g. regional 

public health authority), 
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- isolation - separation of ill persons who have a communicable disease from 
those who are healthy, generally in hospital, at home if hospitalization is not 
indicated, 

- treatment  of patients.
In animals measures being in competence of veterinary service - must be informed  

without  delay if animals, domestic or wild ones, are suspected as sources of infection 
for humans. 

18.4.2 Measures related to contact persons

Measures in contact persons or individuals exposed to contaminated environment 
and factors of transmission rely on:

Quarantine measures involving
- observation during one maximum incubation period (if not otherwise 

stated) after the exposure, involving recommended medical examinations,
- except medical follow up restrictions concerning epidemiologically 

important activities mainly professional (health care professionals, food 
handlers),

- quarantine - separation of persons suspected of being infected from 
susceptibles and restriction of their movement - enforced isolation (at 
home, at hospital or in other appropriate facilities) – in the case of zoonosis 
it concerns also animals.. This is implemented only in epidemiologically 
indicated situations (e.g. Ebola hemorrhagic fever or other highly contagious 
diseases, namely when  effective treatment is unavailable), namely when 
there is a risk of possible international spread of a disease  measures are 
performed according to International Health Regulations (2005); 

The word quarantine comes from the Italian (seventeenth-century Venetian) quaranta, mean-
ing forty, which is the number of days ships were required to be isolated before passengers and 
crew could go ashore during the plague epidemic. Quarantine can be applied to humans, but also 
to animals of various kinds, and both as part of border control as well as within a country.

Passive and active immunization (hepatitis A, hepatitis B, meningococcal men-
ingitis);

Chemoprophylaxis (meningococcal meningitis, diphtheria);
Personal disinfestation (body lice – typhus exanthematicus, Sarcoptes scabiei - 

scabies).

18.4.3 Environmental control 

Involved are public health measures aiming at sanitation of contaminated environ-
ment - environmental decontamination such as:  

- disinfection (safe sewage disposal  -  incineration)
- destruction of insects - disinsection, rodent comtrol, or control of other 

animal forms present in items and surroundings of persons, which may 
transmit disease).

18.4.4 Health education

In each focus of infection, population must be informed about main disease charac-
teristics, clinical symtomatology, routes of disease transmission, epidemiologic meas-
ures implemented and their importance in disease control and prevention.
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