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Abstract: Infectious diseases are one of the leading causes of death among children under the age
of 5 with 60% of those deaths preventable with prophylaxis. Vaccinations prove to be the most
succesfull and effective public health tool of infectious dieases preventions. Poland first
implemented a program of mandatory childhood vaccinations in 1960. The program is updated each
year and provides parents with a clear schedule to follow. The program includes vaccinations
against 12 diseases (tuberculosis, hepatitis B, rotaviral disease, diphtheria, pertussis, tetanus,
Haemophilus influenzae, Streptococcus pneumoniae, poliomyelitis, measles, mumps and rubella)
mandatory for all children and funded by the government. It also includes recommended
vaccinations which costs are covered by a patient. Inmunization rates are monitored nationwide
and reported to the Chief Sanitary Inspector. With recent outbreaks of infectious diseases among
young children the obligation lies on the government to provide childhood immunizations, and
largely on the physicians to provide reliable education about infectious diseases in children and
safety of vaccinations to the parents.

Keywords: childhood vaccinations; mandatory vaccinations; Poland; immunity; MMR vaccine;
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1. Introduction

Infectious diseases, preterm birth complications, and birth trauma are the leading causes of
death in children under the age of 5 [1]. Due to the immaturity of the immune system, children are
particularly prone to infectious diseases and their poor outcomes. Research suggests that over 60%
of child deaths may be preventable with correct actions with both maternal and childhood
vaccinations playing a huge role in infectious disease prevention [2,3]. Country-wide vaccination
programs provide access to immunizations for all children and high immunization rates which create
herd immunity and the possibility of eradication of some infectious diseases [4,5]. Recently, however,
vaccine hesitancy is believed to be the biggest threat to the vaccination programs which is reflected
in decreasing immunization rates and an increasing number of reported cases of infections such as
measles or pertussis [6]. The responsibility lies both on governments and on physicians to implement
strategies for educating parents about vaccines and the immune system, providing reliable
information, and dispelling doubts which all play a huge role in combating vaccine hesitancy among
parents [7].

2. Materials and Methods

Research for this paper was conducted through PUBmed searches in English concerning the
topics of immunology, childhood vaccinations and vaccine-preventable infectious diseases. It also
involved Google searches both in English and Polish and sourcing information from World Health
Organization websites. Information concerning the epidemic situation in Poland and law regulations
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was sourced from the official websites of the Polish government, Sanitary Inspectorate, and Statistical
Office.
3. Immunity

The main objective of the immune system is to provide a defensive reaction against pathogenic
microbes without destroying the body’s own tissues in the process [8]. We can divide immunity based
on two criteria: the time and how it is acquired into innate and adaptive, natural or artificial (Figure

1).

Innate
A |

Passive (maternal) Active (infection) | = Passive (antibody transfer) = | Active (immunisation)

Figure 1. Division of immunity based on time and way of acquiring.

3.1. Innate immunity

Innate immunity is present in the body from birth. It focuses on recognizing the damage to cells
or a pathogen as foreign through DAMPs (Damage-Associated Molecular Patterns) or PAMPs
(Pathogen-Associated Molecular Patterns) [9]. This type of immunity is not antigen-specific [8] but is
able to distinguish foreign particles from self [10]. This response can be initiated by any cell in the
body and happens quickly but does not provide an immunity memory. It does not involve T- and B-
lymphocytes, so it falls into the non-cell mediated immunity category [9]. Moreover, it only
recognizes extracellular pathogens so is predominantly targeted towards eradicating bacteria [10].

3.2. Adaptive immunity

The main characteristic differentiating adaptive immunity from innate is its antigen-specificity.
It can be divided into two main types based on which immunity cells are activated. Humoral-
mediated immunity depends on B cells and their ability to produce antibodies. It targets mainly
extracellular bacteria which are neutralized by antibodies in the blood or on the surface of mucosas.
Intracellular bacteria are immune to antibodies as they cannot penetrate inside a cell. Those bacteria
together with fungi are targeted by cell-mediated immunity with T-cells involved. In viral infections,
both types of immunity are activated [8,11].

3.2.1. Natural adaptive immunity

Natural adaptive immunity can be divided into active and passive.
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Active natural adaptive immunity is acquired through infection, either symptomatic or
asymptomatic [8]. The difference in immune responses to different microorganisms results in
immunization of varying quality. Long-term and highly antigen-specific immunity results from an
infection caused by an extracellular bacteria or a virus with a low mutability by activating humoral-
mediated immunity [8,12]. The primary immune response is not immediate after the first contact with
the antigen as it takes a couple of weeks to develop IgM antibodies and generate memory T and B
cells. During the next exposure, those cells induce a secondary response, producing the IgG
antibodies way quicker than during a primary response [13].

Passive natural adaptive immunity refers to a transfer of ready antibodies from mother to baby
through the placenta or breast milk. IgG immunoglobulins are mainly transferred through the
placenta whereas breast milk is rich in IgA antibodies [14]. Therefore a baby cannot gain natural
adaptive passive immunity towards pathogens that trigger only cell-mediated immunity, as those
cells cannot pass through the placenta [8].

3.2.2. Artificial adaptive immunity

Active artificial adaptive immunity aims to emulate a natural immune response without the
actual infection [8] by targeting humoral immunity [15]. Vaccines are medical products containing
immunogenic antigens used to provoke a primary immune reaction and production of immunity
memory cells [16] and are the most reliable and effective way of infectious disease prevention [17,18].
The aim of popular vaccination programs is to keep a high vaccination coverage rate in the
population, create herd immunity, and hopefully completely eradicate the disease [8]. Herd
immunity occurs when an adequate proportion of the population is immunized and is a sufficient
way to prevent infectious diseases in people who cannot be vaccinated [19,20].

Passive artificial adaptive immunity is a short-term immunization acquired through an injection
of antibodies. It is used in case of already active infection as it works immediately [8]. It is also
independent of the patient’s own immune system and therefore fit for immunocompromised patients
or those with vaccine contraindications [14,15].

4. A brief history of vaccinations

The most important infectious diseases concerning humans are relatively young and emerged
around 11000 years ago following the establishment of agriculture. Dense populations created perfect
conditions for these infections to spread which was impossible before that point. Most of these
diseases were originally only present in animals and then evolved to affect humans [21,22]. The
diseases that have appeared repeatedly in historians’ reports are bubonic plague, cholera, smallpox,
and influenza [23]. Attempts to avoid those diseases have been reported as early as the 15th century
and involved variolation. The process in which a healthy person was intentionally exposed to pus or
scab from smallpox blister in hopes of surviving the more mellow case of smallpox and acquiring
lifelong immunity to it [24,25]. A modern history of vaccinations began in 1796 with Edward Jenner
in the 18th century with the same concept. He successfully immunized an 8-year-old boy against
smallpox using pus from the hand of the milkmaid sick with cowpox [24,26]. The 19th century
brought a breakthrough with the development of vaccines against diphtheria, rabies, and typhoid. In
1918 and 1919 Spanish flu killed nearly 50 thousand people worldwide so creating an influenza
vaccine became a priority. It was developed and approved for use in 1945. The Polio vaccine was
developed a decade later. In 1967 WHO announced an Intensified Smallpox Eradication Programme
[18]. In 1980 WHO declared smallpox eradicated. The second half of the 20th century brought us the
majority of vaccines we use today: against hepatitis B, rubella, mumps, measles, pneumococcal
pneumonia, Haemophilus influenzae type B. In 1988 WHO launched a Global Polio Eradication
Initiative and in 2003 polio was completely eradicated in the Americas and Europe remaining
endemic in 6 countries [24]. In 1999 the first rotavirus vaccine was invented but unfortunately
withdrawn from use a year later because of severe side effects. A safer version was introduced in
2006 [27]. The 21st century brought the first vaccine against cancer with an HPV vaccine approved
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for use in 2006. In January 2020 WHO announced the state of the pandemic and the search for the
vaccine which was developed and approved for use in December 2020 [24].

5. Types of vaccines

The most basic method of categorizing vaccines is based on whether they contain live or killed
pathogens [8,15].

5.1. Live-attenuated vaccines

They contain live pathogens that have been modified to be harmless and not result in disease
[28]. Despite that, all the antigenic properties remain unchanged making this type of vaccine the most
immunogenic of all [8]. The immune response is strong and almost identical to one generated by an
actual infection. That is why one dose is usually sufficient enough to achieve a life-long immunization
[15]. Another consequence of containing live pathogens is that they have to be stored in cold
conditions which restricts their use in regions with limited access to refrigerators [29].

Live-attenuated vaccines need additional caution in comparison to other types of vaccines due
to the presence of live pathogens in the formulation. They are contraindicated during pregnancy, in
severe congenital immunodeficiencies, and in states of immunosuppression [28]. It is important to
note, however, that despite an active phase of AIDS being a contraindication to live vaccines, the HIV
infection itself, is not [8].

5.2. Inactivated vaccines

They contain killed pathogens creating a lesser immune reaction and, therefore, a shorter-lasting
immunity [8]. They oftentimes require a booster shot to prolong the disease resistance [28].

5.3. Toxoid vaccines

Created using strains of bacteria that produce strong toxins that are denatured in the vaccine
manufacturing process [15]. That modified toxin is safe while retaining its antigenic properties [8].
They may require booster shots [28].

5.4. Subunit, polysaccharide and conjugate vaccines

They contain fragments of pathogens that generate an immune response. Subunit vaccines
contain proteins with immunizing properties, whereas polysaccharide vaccines are fragments of
bacterial capsules[8]. Polysaccharide vaccines are not effective in children under the age of 2 as until
that age antibody production by B-cell is T-cell mediated [30]. Conjugate vaccines contain a
polysaccharide antigen bound to an immunogenic protein which induces a T-cell response. This
provides antibody production in children under the age of 2 [30]. They may require booster shots
[28].

5.5. Recombinant vaccines

They consist of particular particles of pathogens which are obtained through genetic engineering
[8]. They guarantee the purity and effectiveness of the vaccine [31,32] lowering the risk of allergic
reactions. They require booster shots [28,32].

5.6. mRNA (messenger RNA) vaccines

They work by delivering an mRNA coding a particular antigen to the host whose muscle cells
from the injection site start producing the protein antigen [8]. This technology was used to produce
a COVID-19 vaccine in which a coronavirus “spike” protein was used as an antigen [29]. They are
viewed as the future of vaccines due to their high effectiveness, low risk of adverse effects, relatively
low attainment costs [33], short development and production times, and flexibility to new variants
[34].
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5.7.Viral vector vaccines

They use a modified virus to deliver the antigenic protein to the host [8,28]. The vectors have
been altered to be replication-defective and therefore do not produce progeny virions [35]. The most
common vectors are adenoviruses [35,36] but influenza virus, measles virus, fowlpox virus, and
herpes simplex virus have also been used [29,35].

The type of vaccine dictates the vaccination schedule, need for booster doses, and specific
contraindications (Table 1).

Table 1. Comparison of different types of vaccines.

Type of vaccine Composition Need for a Additional Examples
booster dose contraindications
Live-attenuated Live, attenuated Usually no Yes (pregnancy, Tuberculosis,
vaccine pathogens immunosuppression, MMR, polio (oral)
immunodeficiencies)
Inactivated vaccine Killed pathogens Yes No Rabies, flu (shot),
polio (shot),
whooping cough
(DTP), hepatitis B,
chickenpox
Toxoid vaccine Denatured Yes No Diphtheria,
bacterial toxins tetanus
Subunit and Immunizing Yes No Pneumococcal
polysaccharide proteins and disease,
vaccine bacterial meningococcal
polysaccharides disease,
Haemophilus
influenzae type B
Recombinant vaccine  Proteins obtained Yes No Hepatitis B,
through genetic
engineering
mRNA vaccine mRNA coding Yes No Covid-19
a particular
antigen
Viral vector vaccine a modified virus Yes No Covid-19
delivering the

antigenic protein

6. Contraindications to vaccines

Literature is consistent that there is one contraindication to all vaccines: a severe anaphylactic
reaction to a previous dose of the vaccine or to the vaccine component [8,34,37].

Acute infection, with or without fever, or exacerbation of the chronic disease is not an absolute
contraindication. However, it is advised to postpone the vaccine until after the infection [8,37]. Even
though the ongoing infection does not lower the efficacy of immunization, its natural progression
may interfere with the vaccine’s adverse effects [37] resulting in either overreporting or
underreporting. Vaccines may be administered in the presence of a contraindication if the benefits
outweigh the risks [8,38,39].
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6.1. Contraindications to live vaccines

Live vaccines are contraindicated in immunocompromised patients [8,37,40] (Table 2). The cases
of infection in immunocompromised patients caused by the strain of virus used in a vaccine are not
unheard of [40]. Those patients are at a high risk of acquiring infectious diseases, however, so the
decision about vaccinations should be made after considering the patient’s individual condition.

Table 2. Contraindications to live vaccines [8].

Immunodeficiency Congenital immunodeficiency disorders

Diseases associated with immunodeficiency

Immunosuppression associated with malignancy and its treatment

Immunosuppression associated with high-dose steroid treatment

Immunosuppression administered before and after bone marrow or organ

transplant

AIDS (just the fact of HIV infection I not a contraindication to live vaccines)

Live vaccines are contraindicated during pregnancy [8] as pregnant women are at a higher risk
of infectious diseases and poor outcomes to the fetus [41], especially during the third trimester [42].
The safety of the preservatives used in vaccines has also been questioned [41]. There are, however,
vaccines catered to pregnant women to bypass this contraindication. An inactivated influenza
vaccine is recommended for women who are pregnant during the influenza season [41] and it is
recognized that maternal vaccinations lower the infant hospitalization rates due to laboratory-
confirmed influenza [3].

Breast-feeding is not a contraindication to any routine adult immunizations [41].

7. A history of the Preventative Vaccinations Program in Poland

The system of common preventive vaccinations for children in Poland was first implemented in
1960 and included three vaccines. A live vaccine against tuberculosis was administered
subcutaneously in the first month of the child’s life. An attenuated smallpox vaccine was
administered at the age of 6-7 months and then again at 7 years of age. Lastly, a combined DTP
vaccine against diphtheria, tetanus, and pertussis was given at 3, 4 and 5 months, and repeated
between 18 and 24 months. At the age of 7, a child would receive a booster shot against diphtheria
and tetanus. In 1965 a typhoid vaccine was added to the program for 12, 15 and 18-year-olds. In
1972 guidelines regarding the typhoid vaccine were updated and doses were scheduled for 5, 6, 14,
18 and 20-year-olds. 1972 was also a year when an oral poliomyelitis vaccine entered the system,
administered between 18 and 24 months with a booster shot at the age of 7. 1975 brought an update
to a poliomyelitis vaccine pattern. It was now administered in three primary doses at 6, 7 and 8
months of age and a booster shot between 18 and 24 months. From now on children would also
receive a measles vaccine at 13-15 months. The typhoid vaccine pattern was updated again and would
include a single dose at the age of 6. Two years later , DTP and poliomyelitis vaccine patterns were
updated again. They were both administered in three primary doses at 3, 4-5 and 6 months old with
a booster shot at 18-24 months and an additional DT booster at 6 years old [43]. Since 1980 typhoid
and smallpox vaccines were no longer a part of the childhood vaccination system due to the
successful eradication of these diseases on Polish territories [44]. In that same year, diphtheria and
tetanus booster shot was scheduled for 14-year-olds and a tetanus booster for 18-year-olds. The
program remained unchanged until 1989 when the rubella vaccine was introduced for children at the
age of 13 and a poliomyelitis booster shot for 11-year-olds. Only one year later another booster for
poliomyelitis was introduced for 6-year-olds and in 1991 measles booster for 10-year-olds. In 1994 a
tuberculous vaccine booster shot was introduced to be administered at the age of 7 and in 1996
decision was made to administer the primary dose in the first 24 hours of the newborn’s life and that
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has remained unchanged until the present day. In that same year, a hepatitis B vaccine was
introduced with three primary doses at 24 hours, 2 months and 3 months, and a booster shot at 12
months. In 1998 the third primary dose of hepatitis B was removed and the poliomyelitis vaccination
program was completely revised [43,45]. The intramuscular poliomyelitis vaccine was administered
at the age of 3 to 4 months and followed by several doses of oral vaccine, at the ages of 5, 6-7, 16-18
months, 6 and 11 years. The dose at 11 years old was removed from the vaccination calendar in 2000.
The year 2004 brought some changes to the timing of DTP and poliomyelitis vaccines [43]. They were
scheduled almost identically which made the vaccination process more convenient to the parents.
Also, the poliomyelitis vaccine had three primary doses administered intramuscularly and only the
booster administered orally. That was also the year when a MMR vaccine was introduced and
scheduled for 13-14 months of age with a measles booster at 7 years and a rubella booster at 13. One
year later these boosters were swapped for a MMR booster between the age of 12 and 13, and finally
in 2006 were set for the age of 10. In 2007 a Haemophilus influenza type B vaccine was introduced
with a schedule mirroring those of poliomyelitis and DTP. In 2016 a poliomyelitis booster was
changed from oral to intramuscular to match other doses. In 2017 a pneumococcal conjugate vaccine
was introduced for children in second, fourth and fourteenth month of life. In 2019 a MMR booster
was moved from 10 to 6 years of age therefore matching the time of DTP and poliomyelitis boosters.
Since 2019 there have been no major changes in the childhood vaccinations calendar except the
addition of a rotavirus vaccine in 2021 for infants between 2 and 6 months of age [43,46,47].

8. Law regulations of the Preventive Vaccinations Program in Poland

The need for mass immunization of children due to outbreaks of infectious diseases has resulted
in the creation of mandatory childhood vaccination programs in many countries [48]. Although the
policies vary across counties they often center around school entries [49]. Most counties however opt
for unified immunization schedules with an option to implement an individualized vaccine calendar
if the child’s health prohibits them from following the usual schedule [8,49,50]. With the increasing
popularity of and the parents' reluctance and distrust towards vaccines, the responsibility of the
government to provide immunization programs is even greater [51-54]. Non-compliance penalties
are often implemented, and the educational penalty (meaning the limitation of access to school until
the vaccine is received) is the most common [55].

Italian Pediatric Society has compared 31 European Countries and 35% of them, Poland
included, have mandatory vaccines against diphtheria, tetanus, pertussis, hepatitis B, Haemophilus
influenzae type B, poliovirus, measles, mumps, and rubella [56]. Mandatory vaccinations are funded
by the government whereas the cost of the recommended vaccines is covered by the patient [57].

8.1. Law in Poland

Poland has a program of mandatory childhood vaccinations [46] that applies not only to Polish
citizens but to all people who reside on the territory of Poland for longer than 3 months [8,57]. The
country-wide program of mandatory vaccinations is regulated by the Statute from the 5th of
December 2008 about prevention and combating infections and infectious diseases in humans [57].
Regulation of the Minister of Health from the 18th of August 2011 in regard to mandatory
preventative vaccinations established vaccinations against 13 diseases as mandatory [58] with a 14th
added in 2020 [59] and currently the list consists of diphtheria, tuberculosis, invasive infection with
Haemophilus influenzae type B, invasive infection with Streptococcus pneumoniae, pertussis,
mumps, measles, chickenpox, polio, rubella, tetanus, hepatitis type B, rabies, and infection with
rotaviruses.

The administration of a vaccination must be preceded by a doctor’s examination confirmed by
a certificate which is valid for 24 hours. If the examination finds a person unable to receive a
vaccination for a prolonged period of time, that patient is directed under specialist care. A person
issuing a birth certificate for the newborn is obliged to create an immunization card that remains at
the health care provider and a booklet of childhood vaccinations that is given to the patient’s
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caregivers. Both documents are filled with confirmations of the following vaccinations during the
course of the child’s life [57].

8.2. Adverse effects reporting

A doctor or feldsher suspecting or identifying an adverse effect is obliged by law [57] to report
it to the district sanitary inspector within 24 hours of raising the suspicion. The district sanitary
inspector fills the report with additional information in regard to the circumstances of the case,
reports it to the national sanitary inspector and maintains a record of all vaccine-related adverse
effects that happened in their district [8,57]. If the adverse effects are severe enough to perform the
conditions mentioned in the Statute [57], the patient is entitled to compensation.

8.3. Non-compliance punishments

The Statute from the 5th of December 2008 about prevention and combating infections and
infectious diseases in humans does not establish clear punishment for evading mandatory
vaccinations [57]. If parents do not fulfill the obligation they first receive a summons to appear at the
vaccination visit. Following legal actions include a warning and a fine of up to 10,000 ztotych (PLN)
at a time [60].

8.4. Ukrainian war crisis

Poland is also facing challenges following the war in Ukraine and the incoming migrants with
1.56 million registered Ukrainian refugees [61]. Many of them have not been vaccinated against the
diseases included in the Polish vaccination program [62]. The vaccination schedule for Ukraine [63]
is similar to Poland, however, the vaccination rates are much lower [62]. Ukraine is one of the
countries with the most cases of measles in recent years (4667) with the vast majority having occurred
in unvaccinated people [51]. Ukrainian refugees have the same right to health care in Poland as its
citizens, which includes access to vaccinations [8,61]. Many parents, however, cannot provide reliable
information regarding the immunization status of their children. The poliomyelitis vaccine is the
most problematic with 12% of parents not knowing if their child has received it [62].

9. Mandatory vaccinations for children and adolescents in Poland

The program of mandatory vaccinations is arranged in a schedule for the parents to follow and
is mandatory on all children (Figure 2).

oanl 2 [ 83 |4 [5 | 6 | 7 [13-15/16-18 6 [12-13] 14 | 19

months | months | months | months| months | months] months | months | years years years years

Tuberculosis

Hepatitis type B

Rotaviral disease

Diphtheria, tetanus _-_-

and pertussis

Haemophilus
influenzae type B

Streptococcus
pneumoniae

Poliomyelitis

Measles, mumps
and rubella

-lwa attenuated vaccine recombinant vaccine - toxoid vaccine inactivated vaccine polysaccharide vaccine

Figure 2. Childhood vaccinations mandatory for all children according to the Program of Mandatory
Childhood Vaccinations, with distinction of types of vaccine formulations [47].
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9.1. Tuberculosis
9.1.1. The disease

Tuberculosis is an airborne infectious disease caused by Mycobacterium tuberculosis
transmissible during an active pulmonary stage [64]. In 75% of cases it involves the lungs but
generally may include any organ [65]. Until 2020 tuberculosis was a leading cause of death due to a
single agent worldwide [66,67]. Patients with active pulmonary tuberculosis experience fever,
fatigue, weight loss, and persistent cough [64]. A combination of isoniazid, rifampicin, ethambutol,
and pyrazinamide, followed by a combination of isoniazid and rifampicin only is the standard
treatment with liver damage being a common adverse effect of this treatment [65]. A major risk factor
for tuberculosis is HIV as in 2016 22% of patients who died of TB were HIV positive [66].

In 2021 there were 3553 cases of tuberculosis reported in Poland, which is 316 more than in 2020
but 1522 less than in 2019 and 3101 less than in 2009 [68]. The persistent downward trend in
tuberculosis morbidity, however, results more from increased detectability of the infected and their
effective treatment than from vaccinations [8].

9.1.2. Vaccination

In Poland, a BCG vaccine is used which is a live attenuated vaccine produced from the strain of
Mycobacterium bovis BCG Moreau [8,69,70]. This vaccine is mandatory for all newborns and should
be administered on the first day of life (Figure 3) or before discharge from the neonatal ward [8,46].
In 2021 immunization rate for infants was 92.2% [71,72]. BCG vaccine is particularly effective in the
prevention of tuberculous meningitis in infants and young children [69]. The vaccine is administered
subcutaneously using the Mantoux method in the upper third of the arm in a single dose regardless
of the patient’s age [8]. Literature expresses some concerns considering the efficacy of the BCG
vaccine in providing lifelong immunity [8,69]. Despite that, WHO has not recommended repeating
the dose as there is no evidence supporting the use of a booster dose in this case [8].

oapl 2 | 8|4 | 5| 6 [ 7 [13-15/16-18 6 [12-13] 14 | 19

months | months | months | months | months | months| months | months | years years years years

-Iive atlenuated vaccine

Figure 3. Schedule of tuberculosis vaccination according to the Program of Mandatory Childhood
Vaccinations [47].

After the correct administration of the vaccine, a blister should form and subside after a few
minutes. After 2-3 weeks an infiltration should form with a small blister in the middle that progresses
to a sore that heals spontaneously in 2-3 months forming a 3-10mm scar. A minor lymphadenopathy
is also normal and not concerning [8].

9.1.3. Contraindications

All the contraindications to live vaccines also apply to the BCG vaccine. In addition to that, a
BCG vaccine is contraindicated in the following circumstances [8]:

Body weight under 2000g.

Active tuberculosis or a history of tuberculosis.
HIV infection

Splenectomy in the past

A positive tuberculin test

AN
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9.1.4. Adverse effects

The regional response rate is high at 76.6% [73]. The most common adverse effects are not life-
threatening or severe and include abscess, lymphadenopathy, excessive infiltration, ulceration, and
erythema [74]. Rarely, a BCG vaccine may result in purulent lymphadenitis or a BCG infection [8]
with almost all patients suffering from these complications being HIV positive [74]. The vaccine is
considered safe [73] and used in Poland and worldwide [69].

9.2. Hepatitis type B
9.2.1. The disease

Hepatitis B virus (HBV) is a DNA virus that causes acute and chronic liver infections [75]. It is
transferred through contact with infected blood or semen [76]. Antiviral treatment is not effective in
acute hepatitis B which presents with jaundice and elevated serum alanine transaminase levels and
positive testing for hepatitis B core or surface antigens [75,77]. If the antigens are present for over 6
months we consider it a chronic disease [75] which greatly increases the risk of liver cirrhosis and
hepatocellular carcinoma [76]. Long-term antiviral treatment is possible in chronic hepatitis B to
lower the risk of complications [75]. Patients with renal impairment, the elderly, and pregnant
women, however, have an increased risk of adverse effects such as nephrotoxicity, lactic acidosis,
and resistance to treatment [77]. The age of acquiring the infection determines the course of the
disease and the risk of its progression to chronic hepatitis with infants being the most susceptible to
poor outcomes [78]. 80%—90% of infants infected during their first year of life and 30%-50% of
children infected before the age of 6 years develop chronic hepatitis, as opposed to 1%-5% of patients
who get infected as adults [79,80].

9.2.2. Vaccination

The hepatitis B vaccine is recommended for all newborns within the first 24 hours from birth
[8,75]. In Poland, a recombinant intramuscular HBV B vaccine is used [8] which is highly
immunogenic with an efficacy rate of 95% in infants, children and adults [78]. The main objectives
are to prevent infections, prevent transmission of the virus and prevent hepatitis D as it only develops
in patients infected with HBV B [8]. In Poland, the standard vaccination consists of two doses
administered respectively in the first 24 hours of life and in the second month of life. The booster
dose is scheduled for the seven-month-olds (Figure 4) [8]. In 2021 immunization rate for 2-year-olds
was 97.2% [71,72].

24h* 2 3 4 B 6 7 [13-15(16-18 6 [12-13] 14 | 19

months | months | months | months | months | months| months | months | years | years years years

recombinant vaccine

Figure 4. Schedule of hepatitis B vaccination according to the Program of Mandatory Childhood
Vaccinations [47].

9.2.3. Contraindications

There are no specific contraindications to this vaccine [8]. It is recommended to postpone the
vaccine in newborns weighing less than 2000g [75].

9.2.4. Adverse effects

The adverse effects are minor and regional usually including erythema and tenderness [8].
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9.3. Rotaviral disease
9.3.1. The disease

Diarrhoeal diseases are one of the leading causes of death in children under the age of 5, causing
over 500,000 deaths annually worldwide, the majority in low-income countries [81]. Rotaviral
infections are responsible for over 200,000 deaths globally each year despite the vaccinations [82].
Environmental enteropathy, which is more prevalent in low-income countries, lowers the efficacy of
the vaccine and is responsible for higher morbidity and mortality rates in those regions [83]. In low-
income countries, 60-80% of severe rotavirus disease cases concern children between 12 and 15
months of age whereas in industrialized countries 75% of cases happen between 3 and 35 months
[84]. The virus causes severe dehydrating gastroenteritis through the destruction of absorptive
enterocytes and stimulation of intestinal secretion [82].

Since 2015 number of cases of acute diarrhoea in children under the age of 2 has decreased by
53.1% with 33,943 cases of rotaviral infections reported [72]. In 2021 in Poland, there were 20,384 cases
reported of acute diarrhea in children up to the age of 2 including 7,417 cases caused by rotaviruses.

9.3.2. Vaccination

The rotavirus vaccine was introduced into the Polish system of mandatory childhood
vaccinations in 2021 and provides protection against severe rotaviral disease lowering hospitalization
and mortality rates [8,72]. However, it does not provide immunization against rotavirus strains
responsible for mild cases. The vaccine contains live attenuated viruses and is administered orally
[83]. There are two formulations available under the brand names Rotarix and RotaTeq. Rotarix is
administered at 6 weeks of age with a second dose 4 weeks after the first. RotaTeq follows the same
schedule but adds a third dose 4 weeks after the second with no booster doses recommended (Figure
5). If the vaccination course is not completed before the age of 24 weeks for Rotarix or 32 weeks for
RotaTeq it should not be continued regardless of the number of administered doses [8].

24h 2 3| 4 5 6 | 7 [13-15/16-18] 6 [12-13] 14 | 19

months | months | months | months | months | months| months | months | years years years years

-Iive attenuated vaccine

Figure 5. Schedule of rotavirus vaccination according to the Program of Mandatory Childhood
Vaccinations [47].
9.3.3. Contraindications

In addition to standard contraindications for live wvaccines, the rotavirus vaccine is
contraindicated in patients with a history of intestinal intussusception or gastrointestinal tract defects
predisposing to intestinal intussusception. Vaccination should be postponed in case of acute
infections presenting with vomiting or diarrhea [8].

9.3.4. Adverse effects
Both vaccines are considered safe with no specific adverse effects [83]. However, due to the way
of administration appetite loss, constipation, diarrhea, or vomiting may occur [8].
9.4. Diphtheria, pertussis and tetanus
9.4.1. The disease

Diphtheria is an acute respiratory infection caused predominantly by toxigenic
Corynebacterium diphtheriae strains and sporadically by toxigenic C. ulcerans and C.
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pseudotuberculosis strains transmitted by direct contact or respiratory secretions [85]. Most
commonly it presents as a classic respiratory diphtheria with the formation of membranous
inflammation of the throat and possible transfer to other organs such as the myocardium and
peripheral nerves which contributes to its fatality [86]. Treatment consists of antitoxin administration.
The disease is reportable to the WHO due to its high mortality rate [87].

In 2022, over 5,800 cases of respiratory diphtheria have been reported to the WHO worldwide
with the overwhelming majority of cases from India, Indonesia, Niger, and Nigeria. In Europe, the
countries with the highest number of cases reported in 2022 were The United Kingdom Of Great
Britain and Northern Ireland, Switzerland, and France with respectively 88, 86, and 60 cases [88]. In
Poland, in the years 2001-2021, there have been no reported cases of diphtheria [72]. The second most
common form of the disease is cutaneous diphtheria with a much milder course and significantly
lower mortality rate [85,87].

Individual diphtheria vaccines are available but used rarely with all routine immunizations
performed using the DTP formulations [8].

Pertussis is an acute, extremely infectious illness caused by a Gram-negative bacterium
Bordetella pertussis transmitted through the respiratory route and droplets [89,90]. A classic pertussis
clinical presentation includes paroxysmal cough, whooping, and postussive vomiting without
serious fever after a few days of non-specific symptoms [90]. Pertussis is possible in vaccinated
individuals with non-specific, milder, or no symptoms [89] as the immunity provided by the vaccine
wanes 5-10 years after the last dose [91]. Antibiotic treatment with macrolides in the early stage before
the occurrence of the cough reduces the severity and duration of the illness [89]. The highest
hospitalization and mortality rate is observed in infants under the age of 3 months as they have not
yet received the vaccination [90]. The vaccine has an 89% efficacy rate for preventing serious disease
or death from pertussis [91].

In 2022 in Europe, the highest number of cases of pertussis was in Germany with 3,462 cases
reported, whereas worldwide pertussis was the most prevalent in China with 38,295 cases [92]. In
2021 in Poland, 180 cases of pertussis were reported, compared to 4,956 in 2015 [72].

Tetanus is a disease caused by the toxin of the bacterium Clostridium tetani and presents with
muscle spasms and dysfunction of the autonomic nervous system [93]. Spores of the bacteria are
present worldwide in the soil and gastrointestinal tracts of animals, including humans. Infection
happens through a wound or skin break contaminated with soil or feces containing the spores [94].
The incubation period ranges from 4 to 14 days and the longer the distance between the wound and
central nervous system, the longer the incubation period. Symptoms start with localized muscle
spasms near the site of the injury [95]. Generalized tetanus makes up over 80% of cases and is
characterized by spasms of the masseter muscle, resulting in trismus and lockjaw [94]. Treatment
includes post-exposition vaccination, anti-tetanus immunoglobulin, or administration of
metronidazole [95].

Neonatal tetanus happens due to poor umbilical cord hygiene with an onset of symptoms 3-7
days after the delivery with the majority of the cases reported in East Asia and sub-Saharan Africa
[94].

In 2022, 6651 cases of tetanus were reported to the WHO worldwide, including 2076 cases of
neonatal tetanus [96-98]. In Poland in 2021, there were 5 cases of tetanus reported, compared to 2
cases in 2020 and 12 cases in 2015 [72].

9.4.2. Vaccination

In Poland, a combined diphtheria, tetanus, and pertussis vaccine is used and two different types
are available. Both versions contain a diphtheria toxoid and tetanus toxoid obtained from the
diphtheria and tetanus toxins in addition to a pertussis component [8]. DTPw (whole-cell) vaccine
contains whole inactivated bacteria and the DTPa vaccine (acellular) contains pertussis antigens [99].
The vaccine is administered in a 7-dose scheme consisting of 4 doses of basic vaccination and 3
booster doses [46]. The primary dose at the age of 2 months, the second dose at 4 months, the third
at 5-6 months, and a fourth at 16-18 months are executed using a DTPw vaccine. The first booster is


https://doi.org/10.20944/preprints202311.0261.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 November 2023 doi:10.20944/preprints202311.0261.v1

13

administered the the age of 6 with a DTPa vaccine, second at the age of 14 with a dTaP vaccine and
the course is completed with a third booster using a Td formulation (Figure 6) [8,46]. DTPw according
to its registration shall be used only for children younger than 3 and therefore children who have not
completed their basic vaccination and are 3 or older should complete the course with a DTPa vaccine

8.

- toxoid vaccine inactivated vaccine

Figure 6. Schedule of diphtheria, pertussis and tetanus vaccinations according to the Program of
Mandatory Childhood Vaccinations [47].

In Poland in 2021, the immunization rate for basic doses against pertussis, diphtheria and
tetanus was 83.8%, in comparison to 92.4% in 2015 [72].

9.4.3. Contraindications

In case of serious contraindications for DTPw, immunization should be performed using the
DTPa vaccine. If DTPa is also contraindicated, tetanus and diphtheria immunizations should be
performed with pertussis vaccination omitted [8].

In addition to standard contraindications true to all vaccines, both DTPw and DTPa have some
specific ones. Both formulations are contraindicated in patients with progressive diseases of the
nervous system. Additionally, DTPw is advised against in patients who suffered from serious
adverse effects following the previous dose whereas DTPa is in those who developed an
encephalopathy during the 7 days after the previous dose [8].

9.4.4. Adverse effects

DTPw vaccine is responsible for over half of the adverse effects of vaccines reported in Poland.
The adverse effects that forbid the administration of the following doses are [8]:

1. Seizures, with or without fever, within 3 days from the vaccination,
2. Inconsolable cry lasting at least 3 hours within 24 hours from the vaccination,
3. Fever of 40.5 °C without other cause within 3 days from the vaccination.

The hypotonic-hyporesponsive episode is also a known adverse effect of a DTPw vaccination.
Although some sources suggest withholding from the following doses after such an episode, there is
no consensus or clear recommendation in that matter [8,100,101].

9.5. Haemophilus influenzae type B
9.5.1. The disease

Haemophilus influenzae is a Gram-negative bacterium transferred through the respiratory route
[102]. It causes both mild infections of the upper respiratory tract as well as invasive ones including
bacterial meningitis being the most serious presentation [103]. Children under the age of two are the
most susceptible to an invasive infection and its poor outcomes [104]. Meningitis develops in
approximately 66% of children with invasive infections and 15-30% of convalescents suffer from
permanent neurological deficits such as deafness, epilepsy, or difficulty walking [105,106]. With
increasing resistance of the bacteria to antibiotics, vaccines are crucial in order to reduce morbidity
[102].
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In Poland in 2021, there were 52 cases of invasive infection with Haemophilus influenzae
reposted, compared to 78 in 2020 and 62 in 2015 [72].

9.5.2. Vaccination

Vaccination is performed using the conjugate polysaccharide vaccine which ensures its efficacy
in the targeted age group. Conjugate vaccines solved the problem of polysaccharide vaccines not
being effective in children under the age of five. Binding the PS to the immunogenic proteins induces
T-cells to produce antibodies as before the age of two antibody production is T-cell dependent [104].

The scheme of vaccination is dependent on the child’s age. The Polish system of mandatory
childhood vaccinations, however, suggests a 4-dose approach with 3 basic doses at 2, 3-4, and 5-6
months with a booster dose at 16-18 months (Figure 7) [8].

24h* 2 3 4 5 6 7 [13-1516-18] 6 [12-13] 14 | 19
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Figure 7. Schedule of Haemophilus influenzae type B vaccination according to the Program of
Mandatory Childhood Vaccinations [47].

In Poland in 2021, the immunization rate was 93.8% for basic vaccination and 83.7% for a
complete course, in comparison to respectively 97.8% and 92.5% in 2015 [72].

9.5.3. Contraindications

There are no specific contraindications [8].

9.5.4. Adverse effects

Sometimes mild regional or systemic (fever) adverse effects may occur. There are no specific
adverse effects [8].

9.6. Streptococcus pneumoniae
9.6.1. The disease

Streptococcus pneumoniae is a Gram-positive opportunistic bacteria carried in the human
nasopharynx, more prevalent in children than in adults and transferred through close contact and
aerosols [107,108].

It is the most prevalent cause of bacterial pneumonia [108] but also commonly causes otitis
media, meningitis, and sepsis [107] with over 500,000 children worldwide annually dying due to
pneumococcal infection [109]. Pneumococcal virulence factors differ between strains and include
the capsule, the toxin, and surface-associated proteins allowing biofilm formation, with the capsule
being the most important [110]. Children who are HIV-positive, have hematological cancers, or are
immunodeficient have an increased risk of invasive pneumococcal disease [111].

In 2021 in Poland, 932 cases of invasive Streptococcus pneumoniae infection were reported,
compared to 629 in 2020 and 979 in 2015 [72].

9.6.2. Vaccination

In Poland pneumococcal vaccine is administered in a three-dose scheme: at 6 weeks, 4 months
and 13-15 months Figure 8), and is mandatory for all children born after 31.12.2016. The oldest
variation of the vaccine contained polysaccharides from 23 strains most commonly causing infection
in young children [109]. In Poland, basic vaccinations are performed with 10 or 13-valent formulation


https://doi.org/10.20944/preprints202311.0261.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 November 2023 doi:10.20944/preprints202311.0261.v1

15

(PCV-10 or PCV-13) [8]. As polysaccharide vaccines are not effective in children under the age of 2,
linking it to the carrier protein ensures T-cell-dependant antibody production and lasting immunity
[30,109].

24h" 2 3 4 5 6 7 |13-15(16-18] 6 [12-13] 14 | 19
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Figure 8. Schedule of Streptococcus pneumoniae vaccination according to the Program of Mandatory
Childhood Vaccinations [47].

The vaccine efficacy has been diminishing lately with the increasing prevalence of pneumonia
cases caused by non-vaccine type S. pneumoniae strains [109].

In Poland, in 2021 immunization rate was 94.0% for the primary dose and 87.9% for the full
vaccination compared to respectively 93.3% and 87.8% in 2020 [72].

9.6.3. Contraindications

There are no specific contraindications [8].

9.6.4. Adverse effects

There are no specific adverse effects. Regional adverse effects are usually mild and systemic ones
may include a fever [8].

9.7. Poliomyelitis
9.7.1. The disease

Poliomyelitis is caused by an enterovirus transmitted through the fecal-oral route [112]. The
poliovirus incubates for 3-6 days and paralysis appears in 7-21 days [113], with children under the
age of five being the most susceptible to infection [112]. 75% of the infections are asymptomatic.
However, 0.5% of the infected will develop paralysis due to meningitis 1-3 weeks after the
gastrointestinal or flu-like symptoms [112,114]. Muscle weakness and paralysis usually concern
lower limbs but in severe cases may also involve breathing and swallowing muscles [114]. Patients
with symptoms suggestive of polio should seek medical attention and have a stool sample collected
for testing for the presence of the virus. There is no specific cure or treatment for poliomyelitis,
however, occupational physiotherapy is beneficial [112,114].

In 2003 polio was declared eradicated in Europe [24] and currently only Pakistan, Nigeria and
Afghanistan remain endemic sources of the virus [115]. In the years 2001-2021 in Poland there have
been no reported cases of poliomyelitis caused by a wild strain of poliovirus. There has been however
one case per year reported in 2003, 2004, 2009, 2010, and 2014 caused by the strain used in vaccines
[72].

9.7.2. Vaccination

There are two types of polio vaccine. The oral poliomyelitis vaccine (OPV) is a live attenuated
vaccine. There have been reports of OPV causing the infection and consecutive paralysis and
therefore it has been slowly replaced with IPV (inactivated poliomyelitis vaccine) [72,115]. In April
2016 OPV was removed in Poland from routine use in mandatory childhood vaccinations and is no
longer advised for recommended vaccinations [8].

IPV contains three serotypes of inactivated polioviruses and induces close to 100% immunity
[8,115]. It also includes a trace of antibiotics (streptomycin, neomycin, polymyxin) which may induce
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an anaphylactic reaction in those who are allergic [8]. In Poland, basic vaccination consists of three
doses administered respectively at 4, 5-6, and 16-18 months and the booster dose is scheduled for 6
years of age (Figure 9) [46]. The immunization rate for the standard vaccination (I + II dose) in 2021
was 83.9% and for the booster dose was 82.8% [71,72].
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Figure 9. Schedule of Streptococcus pneumoniae vaccination according to the Program of Mandatory
Childhood Vaccinations [47].

9.7.3. Contraindications

A specific contraindication to IPV is a history of allergy to streptomycin, neomycin, or
polymyxin in addition to standard contraindications to live vaccines [8].

9.7.4. Adverse effects

No severe adverse effects are associated with IPV [115].

9.8. Measles, mumps and rubella (MMR)
9.8.1. The disease

Measles is an acute, febrile, highly contagious disease caused by the measles virus transmitted
through a respiratory route [116]. It remains the second most common cause of death due to a
vaccine-preventable disease among children under the age of five [117]. It should be suspected in
patients presenting with a classic triad of the three “Cs”: cough, conjunctivitis, and coryza (runny
nose) followed by a characteristic erythematous, maculopapular rash [116,118]. The rash usually
starts behind the ears and on the face before spreading to the trunk and extremities [119]. 1-2 days
before the appearance of the rash, Koplik’s spots can be observed on the buccal mucosa as small white
papules [116]. In mild measles cases, patients recover in approximately a week with clinical
symptoms diminishing a few days after the onset of the rash [119]. Clinical presentation may differ
in vaccine-modified measles or HIV-positive patients with less pronounced rash [116].

Due to measles-associated immunosuppression patients are at a higher risk for secondary
bacterial infections such as pneumonia or otitis media [120]. 10-20 % of patients in industrialized
countries develop nervous complications of measles including acute disseminated encephalomyelitis
(ADEM) [119] acute post-infection measles encephalitis, measles inclusion body encephalitis (MIBE),
and subacute sclerosing panencephalitis (SSPE) which contribute to measles morbidity [117].

In 2021 there were 13 cases of measles reported in Poland which is 3.7 times less than in 2015
[72].

Mumps is caused by the mumps virus and spreads through the respiratory route [121]. It is
usually benign and characterized by pain and swelling of the parotid glands [122]. The virus may
spread to different organs and in some instances lead to viral encephalitis or sudden onset deafness
due to the infection of the central nervous system [121]. A few weeks after infection complications
may occur [122] and include meningitis, encephalitis, deafness, and pancreatitis. It may also cause
orchitis and oophoritis in men and women respectively increasing the risk of infertility [123].

In 2022 approximately 370,000 cases of mumps were reported worldwide with the vast majority
in Senegal (125,256) and China (104,016) [124]. In Poland, in 2021 484 cases were reported compared
to 2208 in 2015 [72].
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Rubella is an acute disease caused by the rubella virus which is transmitted through the
respiratory route and direct contact [125]. The incubation period lasts 14-21 days and the disease
usually presents with a rash in children and with prodromal symptoms preceding the rash by
approximately 5 days in adolescents and adults [126]. Although rubella is considered a mild illness,
a congenital primary rubella infection may lead to congenital rubella syndrome with 100,000 cases
reported each year [125]. Congenital rubella includes typical anomalies such as hearing loss,
congenital cataracts, or bone lesions [127]. In 2022 there were over 1,500 cases of congenital rubella
syndrome reported worldwide, with almost 90% of cases reported from Afghanistan, India,
Indonesia, and Bangladesh [128]. In Poland in 2021, 50 cases of rubella were reported, compared to
2007 in 2015 [72].

9.8.2. Vaccination

Since 2004 in Poland the MMR vaccine has been used which contains live attenuated viruses [8].
The use of a combined vaccine in comparison to single-component vaccinations does not decrease
their effectiveness or the quality of immunization [129]. It also includes gelatin and a trace neomycin
which may induce an anaphylactic reaction in those who are allergic [8]. It is administered in two
doses, a primary dose at 13-15 months and a booster at the age of 6 (Figure 10) [8,46].
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Figure 10. Schedule of measles, mumps and rubella vaccinations according to the Program of
Mandatory Childhood Vaccinations [47].

The immunization efficacy for each component of the vaccine is different with over 95%
immunity to measles and rubella, whereas for mumps it ranges between 79 and 95% [130]. That
disproportion is speculated to result from either mumps virus mutating or waning immunity as even
the wild-strain mumps virus infection does not guarantee lifelong immunity [131].

In Poland, the vaccination rate in 2021 was 90.8% for the primary dose and 85.6% for the booster
compared to respectively 98.2% and 53.5% in 2015 [72].

9.8.3. Contraindications

A specific contraindication to an MMR vaccine is a history of allergy to neomycin or gelatin in
addition to standard contraindications to live vaccines [8].

As the viruses are propagated inside the chicken embryos, the question has emerged whether
this vaccine is safe for children with egg albumen allergy. Despite this production method the vaccine
does not include enough of the protein to induce an allergic reaction and is therefore safe [8,132].

9.8.4. Adverse effects

The most common adverse effects include fever 5-12 days after the vaccination, febrile seizures
and rubella-like or measles-like rash [8].

9.8.5. Controversies

After the publication of Andrew Wakefield’s paper in the Lancet magazine in 1998 linking cases
of autism to an MMR vaccine controversies considering the safety of the vaccine emerged and set the
cornerstone for the antivaccine movement [133-136]. The publication was in 2003 found fraudulent
and retracted but the damage was already done [133]. The decrease in trust in vaccinations, especially
the MMR vaccine, led to outbreaks of resurgence of preventable diseases such as measles [137]. Many
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later studies have proven that the MMR vaccine does not increase the risk of autism even in high-risk
children with a sibling with autism [138].

10. Mandatory vaccinations for people with a high risk of infection due to clinical or
epidemiological reasons in Poland

10.1. Hepatitis type B

Hepatitis B vaccine is mandatory for people who have not been previously vaccinated and meet
one of the following conditions [8,47]:

Students of medical schools or other schools that offer medical education.

Students of medical universities or other universities that offer medical education.

People working medical field who are at risk of hepatitis B virus infection due to a line of work.
People at risk of hepatitis B virus infection due to direct contact with an infected person.
People infected with a hepatitis C virus.

People with advanced renal insufficiency and glomerular filtration <30 ml/min.

Patients on chronic dialysis.

N

10.2. Chickenpox
10.2.1. The disease

Chickenpox is a childhood disease caused by the Varicella Zoster Virus (VZV) from the
herpesvirus family. It is transmitted through the respiratory route and aerosols and presents with an
itchy rash with vesicles filled with serous fluid that later turns into scabs. The rash is accompanied
by systemic symptoms in the form of fever and malaise [139]. In 30% of patients who experience
chickenpox in childhood the latent infection may reactivate later in life in the form of shingles [140].
Chickenpox may lead to serious complications in all age groups. Children under the age of four suffer
usually cutaneous complications such as secondary bacterial infection, in children aged 5-14 nervous
complications are observed, whereas, in children older than 14, pulmonary complications are the
most prevalent [141,142].

In Poland, 150,000-220,000 cases of chickenpox are reported annually, the majority in children
under the age of 10, and 1,000-1,300 patients are hospitalized due to the severe course of the illness
[143].

10.2.2. Vaccination

The Varicella Zoster Vaccine is a live-attenuated vaccine administered in two doses with 6 weeks
space, targeted for children over 9 months of age [8,144]. The vaccination is mandatory for children
under the age of 12 who meet one of the following conditions [8,47].

1. Children with severe immunodeficiency, with acute lymphoblastic leukemia in remission, HIV-
positive, prior to immunosuppressive treatment or chemotherapy.

2. Children from the environment of people mentioned in point 1, who have not been previously
vaccinated for chickenpox.

3.  Children resident in orphanages, nursing homes, educational health centers, interventionist pre-
adoption centers, and homes for mothers with minor children or pregnant women.

4.  Children attending nursery or children’s clubs.

There is a possibility of a post-exposure vaccination within 72 hours of the exposition [8].

10.2.3. Contraindications

All contraindications to live vaccines apply. There are no specific contraindications [8].

For children with acute lymphoblastic leukemia, the possibility of a chickenpox infection may
be a mortal danger. Therefore those children should receive a chickenpox vaccine despite the
contraindication in the form of malignancy-related immunodeficiency [8].
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It is crucial to ensure that children qualified for chemotherapy receive the vaccination prior to
the beginning of the treatment, as they are at a high risk of serious complications and research
suggests that 20% of autologous hematopoietic stem cell graft recipients get infected with chickenpox
[141].

10.2.4. Adverse effects

Mild regional adverse effects may occur in approximately 20% of patients. 3-5% of patients may
present with chickenpox-like rash 5-26 days after the immunization, either at the site of vaccination
or systemically [8].

11. Mandatory post-exposure vaccinations in Poland
11.1. Diphtheria

Diphtheria vaccination is mandatory for people at risk for infection due to direct contact with a
sick patient. Immunization is conducted using either a single diphtheria vaccine (D or d) or a
combined diphtheria and tetanus (Td) formulation [8,47].

11.2. Tetanus

Tetanus vaccination is mandatory for patients at risk for infection due to a wound exposed to
soil, feces, or other defilement that may contain tetanus spores. Immunization is conducted using
either a single tetanus vaccine (T), a combined diphtheria and tetanus (Td) formulation, or a
combined diphtheria, tetanus acellular pertussis (Tdap) formulation [8,47].

11.3. Rabies
11.3.1. The disease

Rabies is a disease caused by an animal-mediated rabies virus which left untreated is virtually
fatal. In 99% of cases, the virus is transmitted by dogs through contact with the saliva of an infected
animal and 40% of cases concern children under the age of 15 [145]. The disease has five stages:
incubation, prodrome, acute neurological period, coma, and death. The incubation period lasts
usually 30-90 days, although extremely rarely may range from 5 days to 2 years [146]. Prodromal
symptoms are usually non-specific and stretch across 2-10 days [146,147]. The acute neurological
period takes the form of either furious or paralytic rabies. Furious rabies occurs in 67% of patients
and presents with inspiratory spasms, hyperactivity, hallucinations, hydrophobia, aerophobia, and
signs of autonomic dysfunction, however, those symptoms may not be present simultaneously and
during a coma [145,147]. Paralytic rabies present in 33% of patients also involves signs of central
nervous dysfunction but with ascending pure motor weakness, flaccid paralysis, and areflexia [147].

It is estimated that annually rabies is responsible for 60,000 deaths worldwide [148]. In Poland,
since 2003 there have been no reported cases of rabies in humans [8].

11.3.2. Vaccination

Eliminating rabies in animal carriers and immunization of people are the two ways of rabies
prevention [145]. Herd immunity for rabies does not exist due to a low immunization rate in the
population [8]. In compliance with a regulation of the Minister of Agriculture and Rural Development
since 2004 in Poland there is an active program of rabies eradication [149]. Due to a red fox (Vulpes
vulpes) being the main reservoir of the virus in Poland, a program of fox vaccinations was put into
place in 2013 with oral rabies vaccine distributed in regions with the highest infection rates [150].

Annually almost 30 million people worldwide receive rabies post-exposure prophylaxis (PEP)
[145]. WHO recommends vigorous wound washing using soap and water as the first step of PEP
[151]. The vaccine is then administered in one of two schemes: 5-dose Essen scheme (on days 0,3,7,14,
and 28) or 4-dose Zagrzeb scheme (2 doses on day 0, one dose on days 7 and 21) [8].
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In Poland, post-exposition rabies vaccination is mandatory for patients who had contact with an
animal with rabies or are suspected of rabies [8]:

1. Patients bitten by a wild animal.
Patient bitten by a rabid domestic animal or a domestic animal suspected of rabies that has not
tested negatively for rabies (either vitally or post-mortem).

3. Patients who had contact with saliva or brain substance of a rabid animal either through mucosa
or damaged skin.

11.3.3. Contraindications

No contraindications as the administration of post-exposure rabies vaccine is considered a life-
saving therapy [8].

11.3.4. Adverse effects

There are no specific adverse effects [8].

12. Childhood vaccinations recommended as an extension of the mandatory vaccinations
program (Figure 11)

oan] 2 |3 |4 |5 | 6 |7 [1315)16-18( 6 [12-13] 14 | 19

months | months | months | months| months | months| months | months | years years years years

“
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Hepatitis A

Tick-borne
encephalitis

Human papilloma
virus (HPV) ™

-hve attenuated vaccine recombinant vaccine inactivated vaccine polysaccharide vaccine
* live attenuated intranasal vaccine Is also available for children between the ages of 24 months and 18 years
** vaccine recommended for all children from the age of 9: it is government funded for 12-13 year olds as a part of National Oncological Strategy

Figure 11. Childhood vaccinations mandatory for all children according to the Program of Mandatory
Childhood Vaccinations, with distinction of types of vaccine formulations [47].

12.1. Influenza
12.1.1. The disease

The influenza virus is one of the most prevalent causes of respiratory infections and one with a
high pandemic potential due to its mutability and easy transmission [152,153]. Influenza A, B, and C
viruses infect humans and attack the respiratory epithelium, with the majority of cases having the
influenza A virus etiology [154,155]. Influenza virus infections are characterized by their seasonality
with a peak in the number of cases from November to February [154]. Symptoms include fever,
malaise, cough, sore throat, headache, muscle and joint aches, and rhinorrhea, usually with an abrupt
onset [156]. Infants, young children, the elderly, and people with chronic infections influenza virus
infection carry a high risk of hospitalization, complications, and decease [152]. It is estimated that
annually 3-5 million patients suffer a severe case of influenza and 290,000-650,000 patients because
of it [156]. In Poland, in 2020 and 2021 there were respectively 3160711 and cases 2973793 of influenza
reported [72].
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12.1.2. Vaccination

There are three types of influenza vaccine used commonly in Poland: intramuscular inactivated
vaccine type “split”, intramuscular inactivated vaccine type “subunit” and live attenuated vaccine
administered intranasally [8]. Due to the virus’ mutability, the vaccine is valid for only one season as
it contains strains of the virus valid for that particular year based on the predictions of the WHO
[157].

In Poland, the influenza vaccine is recommended for patients post-transplantation, children
since the age of 6 months and adults with chronic diseases (with an emphasis on respiratory distress,
asthma, and chronic obstructive pulmonary disease), people in states of impaired immunity, children
with risk factors (such as HIV infection, congenital immunodeficiency, post-splenectomy, before or
after transplantation) from the age of 6 months until 18 years of age, children with congenital heart
defects, pregnant women and women trying to conceive [8,47]. Patient covers the price of vaccine
themselves [8].

Children up to the age of 9 who have never previously received an influenza vaccine, should be
vaccinated with 2 doses with a 4-week break between doses. Otherwise, patients receive one dose of
the vaccine per season [8].

12.1.3. Contraindications

The vaccine should not be administered in children younger than 6 months [158].

A specific contraindication to the intramuscular influenza vaccine is a history of Guillain-Barre
syndrome during the 6 weeks following the previous dose. A chicken albumen allergy used to be a
contraindication as the vaccine contains a small amount of it. Currently, it is advised that in such
patients the vaccination is performed under the strict supervision of a doctor with access to an
anaphylaxis response kit [8].

In addition to standard contraindications to live vaccines, nasal influenza vaccine is also
contraindicated in patients [8]:

1. treated with oseltamivir, zanamivir or amantadine. Treatment should be withheld from 2 days
before the vaccination until 14 days after.

with severe asthma.

children with severe immunodeficiencies.

children and adolescents under the age of 18 treated with salicylates.

People remaining in close contact with an immunodeficient person (due to a risk of infection
with a vaccine strain virus).

G LN

12.1.4. Adverse effects

Adverse effects are usually mild and regional. A specific but extremely rare adverse effect in
adults is Guillain-Barre syndrome [8,158].

12.2. Chickenpox

Chickenpox vaccination is recommended for those who have not been previously vaccinated
and have not been ill with chickenpox, with emphasis on healthcare workers, students of medical
schools or medical universities, pregnant women, and women planning conception [8,47].

12.3. Neisseria meningitidis
12.3.1. The disease

Neisseria meningitidis is an opportunistic bacteria found commonly in the nasopharynx of
healthy individuals which may cause invasive meningococcal disease (IMD) in the form of meningitis
and septicemia in immunocompromised individuals [159]. It is transmitted through the respiratory
route, aerosols, and direct contact with the nasal secretions of the infected, with infants aged 3-12
months at the highest risk for infection [160]. Classic symptoms of meningitis include fever, headache,
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and meningeal signs with an abrupt onset. After the development of septicemia the symptoms
progress to vomiting, severe malaise, chills, and a characteristic dark ecchymosed rash [161]. In
neonates, clinical presentation may be atypical with irritability and difficulty feeding shortly
followed by a sudden clinical decline [162].

Despite the access to antibiotics the fatality of IMD in Europe varies between 4.5% and 9.7%
[163]. In 2019 meningococcal infection was responsible for an estimated 250,000 deaths and leaving
20% of the convalescents with life-long neurological consequences [164]. In Poland in 2021, there were
20 cases of invasive meningococcal disease reported, compared to 106 in 2020 and 220 in 2015 [72].

12.3.2. Vaccination

In Poland three formulations of the vaccine are available: conjugated monovalent vaccine,
conjugated polyvalent vaccine, and recombined vaccine combined with bacterial proteins. The exact
dosing scheme depends on the formulation but usually consists of 2 basic doses and one booster dose
[8]. Patients cover the cost of the vaccination themselves.

In Poland, a vaccination against Neisseria meningitidis is recommended for all infants from the
age of 6 or 8 weeks (depending on the type of vaccine), children and adults with congenital or
acquired immunodeficiency, and people at risk of infection such as healthcare workers or children
attending nurseries [8,47].

12.3.3. Contraindications

There are no specific contraindications to that vaccine [8].

12.3.4. Adverse effects

Conjugate vaccines usually produce regional adverse effects in all age groups, with infants also
occasionally experiencing a lack of apetite, irritability, and vomiting [8].
Drowsiness and atypical crying are known adverse effects of a combined vaccine [8].

12.4. Hepatits type A
12.4.1. The disease

Hepatitis A virus is transmitted through fecal-oral route, direct contact or consumption of
contaminated food or water and presents with jaundice, hyperbilirubinemia, pain in the upper right
quadrant of the stomach, and anorexia. In children, on the other hand, it oftentimes remains
asymptomatic [165]. HAV produces an acute infection that may lead to an acute liver failure. The
infection does not, however, show the tendency to become chronic [166]. Symptoms develop
following the 2-week incubation period and include fever, malaise, jaundice, and dark urine, with a
possibility of atypical presentation [167]. HAV accounts for 0.5% of mortality because of hepatitis
with over 7,000 people dying due to it in 2016 [166]. In Poland, in 2021 there were 92 cases of hepatitis
A infection reported, compared to 111 in 2020 and 49 in 2015 [72].

12.4.2. Vaccination

An inactivated HAV vaccine is available in adult and pediatric formulations, with pediatric
being intended for children over 12 months of age [8]. The vaccine is administered in two doses with
a 6-12 month gap between the doses, with the second one being crucial for long-term immunization
[168].

In Poland, the vaccination is recommended for all children since preschool age and adolescents
who have not been previously infected with HAV, people at a high risk of infection due to their line
of work (healthcare workers, people working in the production or distribution of food and people
working in municipal waste disposal), and people traveling to regions of the endemic distribution of
HAV [8,47].
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12.4.3. Contraindications

There are no specific contraindications to this vaccine [8].

12.4.4. Adverse effects

Adverse effects might be regional or systemic, usually mild [8].

12.5. Tick-borne encephalitis
12.5.1. The disease

Tick-borne encephalitis is a disease caused by a flavivirus transmitted by a bite of a tick. The
disease has recently increased its geographical range with reported incidence rates doubling between
2015 and 2020 [169-171]. Predominantly asymptomatic, in 2-30% of patients it causes encephalitis
[170]. After the incubation period of approximately 8-10 days, the first phase of the illness begins with
symptoms such as fever, malaise, fatigue, and body aches that last around 5 days. A 7-day symptom-
free interval follows and then the disease progresses to the second phase with symptoms ranging
from mild meningitis to severe encephalitis [172]. As there is no specific treatment, preventative
actions in the form of vaccinations are crucial [170]. In Poland, in 2022 there were 445 cases of tick-
borne encephalitis, in comparison to 210 in 2021 and 149 in 2015 [173].

12.5.2. Vaccination

The vaccine contains inactivated viruses propagated in chicken embryos and is administered in
three basic doses (day 0, 1-3 days after the first dose, 5-12 months after the second dose) and booster
doses administered every 3 years starting 3 years after the end of basic vaccination course [8,170].

In Poland, the vaccine is recommended for people residing in areas where the disease is
especially prevalent, with an emphasis on people working in forest exploitation, soldiers, firefighters,
board guards, people who frequently practice outdoor activities that may put them at risk of a tick
bite, and children at summer camps [8,47].

12.5.3. Contraindications

The vaccine is contraindicated in patients with a history of allergy to chicken albumen, neomycin
or gentamycin in addition to the standard vaccine contraindications [8].

12.5.4. Adverse effects

There are no specific adverse effects [8].

12.6. Human papilloma virus (HPV)
12.6.1. The disease

HPV infection is estimated to be the most common sexually transmitted disease both in
heterosexual and homosexual contacts [174] with most infections happening between the ages of 18
and 30 [175]. The virus infects squamous epithelia with low-risk subtypes responsible for genital
warts and high-risk subtypes, such as HPV16 and HPV1S, associated with different types of
anogenital cancer with emphasis on cervical, anal and penile cancers [174,175]. Cervical cancer is the
fourth most common cancer in women and accounted for 342,000 deaths in 2020 [176]. The World
Health Assembly in 2020 affiliated “The Global strategy towards eliminating cervical cancer as a
public health problem”, which includes a three-step approach. Primary prevention establishes HPV
vaccinations in girls aged 9-14, secondary prevention includes high-sensitivity testing for HPV
infection and immediate treatment in case of a positive result while tertiary prevention consists of
treatment of invasive cancer [176,177].
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In Poland, despite screening for cervical cancer, the disease is frequently diagnosed at an
advanced stage and entails approximately 50% mortality rate [8]. In 2020 3,862 new cases of cervical
cancer were diagnosed and 2,137 women died because of it [178].

12.6.2. Vaccination

HPYV vaccines are polyvalent, recombined formulations, containing antigens of either 2,4 or 9
strains of the virus, with children between 9 and 13 (Gardasil) or 14 (Cervarix and Gardasil 9) years
of age receiving 2 doses, and children older than 13 (Gardasil) or 14 (Cervarix and Gardasil 9)
receiving three doses [8]. If the vaccine course is interrupted, there is no need to repeat the previously
administered doses [179].

In Poland, the vaccine is recommended for all children from the age of 9 [8,47]. As it is not a
mandatory vaccination, patients cover the cost themselves. However, in 2023, a nationwide program
was launched targeted at both girls and boys at the ages of 12 and 13, that funds the two-dose course
of the 2-valent Cervarix vaccine or 9-valent Gardasil 9 vaccine [180].

12.6.3. Contraindications

There are no specific contraindications [8].

12.6.4. Adverse effects

There are no specific adverse effects. Regional redness or swelling at the site of the injection may
occur together with short-lasting fever or urticaria [8].

13. Recommended vaccinations for adults who did not receive mandatory vaccination in
childhood

If an adult has not received their mandatory vaccinations in childhood despite the absence of
absolute contraindications, the Program of Protective Vaccinations recommends that they get
vaccinated later in life [47]. The rotavirus vaccine, however, is exempt from that recommendation as
it can be administered only in children below the age of either 24 or 32 weeks depending on the
formulation [8].

13.1. Tuberculosis

The vaccine is recommended for children under the age of 15 who have previously not been
vaccinated [8,47].

13.2. Hepatitis B

The vaccine is recommended for people who have not previously been vaccinated and are at
risk of infection or its severe course. Groups mentioned in the vaccination program include people
who may be infected due to their line of work or dangerous lifestyle practices, immunocompromised
patients, patients pre-surgery, the elderly, and women who are pregnant or planning to conceive
[8,47].

13.3. Diphtheria, pertussis and tetanus

In addition to unvaccinated individuals, the vaccine is recommended for all people and to be
administered every 10 years in place of a combined diphtheria and tetanus booster dose. It is also
encouraged for people at risk of infection with an emphasis on healthcare workers, pregnant women
between 27 and 36 weeks of pregnancy, and people from the surrounding of newborns and infants
[8,47].
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13.4. Streptococcus pneumoniae

The vaccine is recommended for individuals over 50 years old, people with chronic illnesses,
people with anatomical or physiological asplenia, people with immunodeficiencies regardless of the
cause, and people addicted to alcohol or cigarettes [8,47].

13.5. Haemophilus influenzae type B

The vaccination is recommended for children under the age of 6 who have not been vaccinated
according to the mandatory vaccination program and people with immunodeficiencies if the doctor
has decided so [8,47].

13.6. Measles, mumps, rubella (MMR)

The vaccine is recommended for healthcare workers and students of medical schools and
universities. In addition, it is highly encouraged for women working around children as a
preventative measure against congenital rubella [8,47].

13.7. Poliomyelitis

The vaccination is recommended to all people over the age of 19 who have not previously been
vaccinated, with an emphasis on people traveling to areas of endemic distribution of polio [8,47].

14. Recommended vaccinations for people traveling to regions with endemic occurrences of the
diseases

14.1. Cholera

Cholera is an acute disease presenting with severe watery diarrhea caused by Vibrio cholerae
and is responsible for an estimated 100,000 deaths annually worldwide [181]. The bacteria is
transmitted through consumption of contaminated food or water with symptoms appearing after an
incubation period ranging from 12 hours to 5 days [182]. The main objective of treatment is to reduce
both the severity and the duration of the illness which is achieved through rehydration therapy and
employment of antibiotics such as doxycycline, azithromycin, and tetracycline [183,184].

In Poland, cholera vaccination is recommended to people traveling to areas of endemic
distribution of cholera such as South-East Asia and Africa [8,47]. An inactivated oral vaccine is
administered in 3 basic doses and one booster in children aged 2-6 and 2 basic doses and one booster
in patients over the age of 6 [8,184]. The specific contraindication is an acute gastrointestinal disorder
and adverse effects include stomachache, nausea, vomiting and diarrhea [8].

14.2. Typhoid

Typhoid or typhoid fever is caused by Salmonella enterica serotype Typhi (S Typhi) with an
estimated 9 million cases and 110,000 deaths annually worldwide [185]. The disease presents with
prolonged high fever, malaise, abdominal pain, nausea, and diarrhea or constipation [186] with 10-
15% of untreated patients developing serious complications [185]. Although the disease may be
treated with antibiotics, the increasing resistance to azithromycin and third-generation
cephalosporins poses a new challenge in managing typhoid.

In Poland, the typhoid vaccine is recommended to people traveling to areas of endemic
distribution of typhoid such as Asia, Africa, Latin America, and the Middle East, and to people who
may come in contact with the bacteria due to their line of work [8,47,187]. In the case of the latter, the
employer covers the cost of the vaccination. There are four formulations available: live oral vaccine,
live subcutaneous vaccine, intramuscular polysaccharide vaccine, and combined typhoid and tetanus
vaccine. There are no specific contraindications or adverse effects [8].
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14.3. Rabies

Rabies vaccine contains an inactivated rabies virus and its main objective is to provide protection
for the vaccinated individual rather than to create herd immunity. The vaccine is performed using
the same formulation as for post-exposure prophylaxis [8].

The vaccination consists of 3 basic doses on days 0, 7, and 21 (or 28) and boosters every 2-5 years
[8]. WHO allows basic vaccination consisting of two doses: on days 0 and 7 [151]. Vaccination is
recommended for people traveling to regions of endemic rabies, in which instance the patient covers
the cost of the vaccine. It is also recommended for people who may come in contact with rabies due
to their line of work. The cost of the vaccine in that case is reimbursed by the employer [8].

There are no specific contraindications [8].

14.4. Yellow fever

Yellow fever is a hemorrhagic fever caused by a flavivirus transmitted by mosquitos [188] with
200,000 cases and 30,000 deaths reported annually worldwide [189]. Initial symptoms include fever,
shivers, muscle pains, lack of appetite, vomiting, nausea, and headaches [188,189]. The course of
infection may vary from asymptomatic to liver failure resulting in coagulopathy and death in 20-60%
of cases [188,190]. Due to the lack of effective treatment, preventative actions in the form of protection
from mosquito bites and vaccinations are crucial [191].

In Poland, yellow fever vaccination is recommended for people traveling to areas of endemic
distribution of yellow fever such as South America and Africa [8,188]. A live vaccine is administered
in one dose and from the 10th day after the vaccination, the immunity is believed to be life-long
[8,192]. All contraindications to live vaccines also apply to the yellow fever vaccine. Due to containing
traces of chicken albumen, it is contraindicated in those who are allergic [8]. In addition to mild
regional adverse effects, neurotropic and viscerotropic diseases are known, extremely rare adverse
effects associated with yellow fever vaccine [192,193].

15. Conclusions

The creation of immunizations was a huge step in combating infectious diseases and still
remains one of the most important tools of protection of public health. Poland is an example of a
country which implemented a program of mandatory childhood vaccinations and watched the
number of cases of infectious diseases plummet. Often evaluations of the program and its infection
rates provide an effective, long-term, and cost-effective strategy for infectious disease prevention.
Nowadays Poland is dealing with the consequences of antivaccine movements and an immigrant
crisis due to a war in Ukraine and the number of cases is rising again. The creation of new vaccine
formulations makes them available to a wider range of patients who were previously unfit to receive
them due to particular contraindications such as chicken albumen allergy. Maintenance of high
immunization rates, combating vaccine hesitancy, and searching for new formulations of vaccines
should be a priority in order to preserve herd immunity against vaccine-preventable diseases and
public safety.
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