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Summary

Despite the age of study, the existence and widespread use
of methods of specific prevention and treatment, hepatitis B
remains an urgent medical problem. This problem is caused
by severe forms and complications of the disease. The fre-
quency of mutations in the genome of the etiological agent.
The purpose of this work is to identify the causes of this
relevance by analyzing literary sources.
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Introduction:

Viral hepatitis B (HBV) is one of the most serious and vital
health problems. In terms of latitude, incidence, severity
and incidence of chronic forms with the transition to cirrho-
sis and hepatocellular carcinoma (HCC), hepatitis B is
economically damaged occupies a leading place in human
infectious diseases (1-16).

Safe and effective vaccines for the prevention of hepatitis B
have become available for mass use since 1981. In 1992,
the World Health Organization (WHO) recommended that
all countries evalable mass vaccination of newborns in the
state immunization schedules. Almost 10 years later, in
2003, 151 (79%) of 192 countries adopted a universal hep-
atitis B vaccination strategy, which includes vaccination of
newborns, adolescents, health workers, and populations
with an increased risk of infection with the hepatitis B virus
(HBV) (5,17-27).

Global anti-epidemic measures lead to the need for their
continuous and comprehensive assessment. The positive
impact of mass vaccination can be assessed by reducing the
frequency of detection of markers of hepatitis B virus in-
fection in the population and the incidence rate of acute
hepatitis B (AVH) and chronic hepatitis B (CVH), mortali-
ty from hepatitis B and its outcomes. There is another indi-
cator on which mass vaccination can not exert its influence.
This indicator - the average life expectancy (ALE) of the
population.

When conducting mass immunization, the phenomenon of
HBYV genetic variability acquires particular importance.
Due to the peculiarities of the virus replication mechanism,
including the stage of reverse transcription, the HBV ge-
nome has a very high degree of variability, the highest
among DNA-containing viruses (3,5, 28-36). The appear-
ance in the HBV genome of mutations associated with the
"vaccine escape", which allow you to escape from the vac-
cine ” associated immune response, gives the virus an
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advantage in terms of vaccination against HB. Therefore, it
becomes relevant to study the prevalence of such mutations
and assess the degree of threat they may pose to the mass
immunization program.

Viral hepatitis B - etiology, pathogenesis, clinic

HBYV is a widespread human infection caused by hepatitis
B virus; in clinically severe cases characterized by symp-
toms of acute liver damage and intoxication, different a
variety of clinical manifestations and outcomes of the dis-
ease (1,8,9,37-42).

HBYV belongs to the family Hepadnaviridae, to the genus
Orthohepadnavirus.

The main characteristics of the viruses that make up this

family are:

0 predominant hepatotropism;

0 development of persistent infection;

0 he occurrence of a virus-associated primary liver can-
cer;

0 presence of double stranded DNA (the smallest of all
DNA) containing viruses, approximately 3200 nucleo-
tides in length);

0 particle size - 40-48 nm,;

0 the presence of virus nucleocapsid coated with enve-
lope proteins;

0  the presence of viral DNA polymerase;

0  replication system, including the stage of reverse tran-
scription;

Morphologically, HBV is a complex spherical particle with
a diameter of 40-48 nm (42 nm on average). The particle
consists of a nucleocapsid nucleus with a diameter of 28
nm, inside of which there is a double-stranded DNA, the
terminal protein and the DNA polymerase enzyme Bilipid
layer with integrated viral proteins surrounds the icosahe-
dral capsid.

HBYV nucleic acid is represented by a double-stranded cir-
cular DNA molecule with a length of about 3,200 bp. The
genome of the virus includes four genes: S-gene (encoding
HBsAg), consisting of three sections Pre-SI, Pre-S2 and S;
C-gene (encoding HBcAg), consisting of Reg-C and C; P-
gene encoding a DNA polymerase, which has the function
of reverse transcriptase; X-gene, responsible for the synthe-
sis of X-protein . The high informative capacity of HBV
DNA is ensured by the fact that the open reading frames
partially overlap each other. HBV DNA is able to integrate
(integrate) into the cell genome and persist in it for many
years.

Inside the nucleocapsid of the Hepatitis B virus, in addition
to viral DNA, is DNA polymerase. This enzyme is neces-
sary for the completion of the single-stranded portion of the
short HBV DNA chain inside the viral particle, as well as
for viral replication in the hepatocyte, during which RNA-
replicative mediator (pregenome) is formed with simultane-
ous transcription and translation.
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During penetration into the cell, elongation (extension) of
the short ("plus") DNA chain occurs. In the nucleus, cellu-
lar DNA-dependent RNA polymerase synthesizes RNA of
3500 nucleotides (pregenome) and smaller mRNA for the
synthesis of viral proteins. Then pregenome and viral DNA
polymerase are packaged into a newly synthesized capsid,
which is transferred to the cytoplasm. This is where the
pregenome reverse transcription occurs. It synthesizes a
new "minus" -to DNA.

After the completion of the synthesis of the miUS-DNA,
the pregenomic RNA is destroyed. Virionic DNA polymer-
ase on the "minus" chain synthesizes the "plus" chain. Viral
DNA, now double-stranded, can exist in the cell for quite
some time and return to the nucleus for the next replication
cycle. If a new virus particle does not undergo further repli-
cation, then the formed nucleocapsid, passing through the
cell membrane, becomes covered by supercapsid, buds
from the cell, and the extension of the short plus-chain
DNA immediately stops in it. That is why the length of this
thread varies. In the typical acute form of hepatitis B, the
following serological markers consistently appear in the
blood: HBsAg, HBeAg and antibodies (IgM, IgG): anti-
HBcAg. anti-HBeAg and anti-HBsAg (2, 13,26,42-47).

A characteristic feature of HBV is the formation during
replication of an excess of subviral particles, which consist
of a bilipid layer of the cell membrane, expressing HBsAg
on the surface. The number of such particles reaches 1014
ml of blood serum (4,37,43,47,48).

HBYV is considered to be one of the most variable DNA-
containing viruses, the frequency of synonymous substitu-
tions in the HBV genome is 4.57 x 10 "5 / site / year . The
complex cycle of HBV replication, including the stage of
reverse transcription, provides its increased mutational po-
tential. Variants are identified HBV that has mutations in
all genes of the virus. Currently, more than 150 mutant var-
iants of HBV have been described (49,50,51).

One of the main properties of the virus, providing a wide
distribution of HBV, is its high infectivity. To infect HBs,
from 10 to 100 virus particles are sufficient. The concentra-
tion of viral particles in the blood serum with the presence
of HBsAg ranges from 101 particles in 1 ml to amounts
that are not available for detection using immune electron
microscopy. The high resistance of HBV to various envi-
ronmental influences also provides for the wide distribution
of HBV. HBV enters the human body directly into the
blood (with parenteral interventions, blood transfusions) or
through the mucous membranes, damage to the skin
(during sexual intercourse, close household contact), verti-
cal transmission, causing primary viraemia. The spectrum
of HBV infection is diverse. From acute hepatitis
(including the fulminant, or fulminant form) to chronic
hepatitis, which can turn into CP and primary liver cancer
(7, 52,53).
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The most common variant of the course is an acute cyclic
form, in which four periods are distinguished: incubation,
prodromal (preicteric), jaundice (height of the disease) and
convalescence. According to the severity of the disease,
AHB is divided into hepatitis, which has a mild, moderate,
severe course, including fulminant hepatitis, which in most
cases results in the death of the patient. In adults and older
children, usually acute hepatitis occurs in mild and moder-
ate form. In most cases, the GB ends in recovery. Antibod-
ies to HBsAg and HBcAg of the HBV virus, which have
been circulating for many years, persist in reconvalescence
(1, 32,53-61).

In 5-10% of cases, the disease takes a protracted or persis-
tent course. The development of CHB depends on the age
when the infection occurred. With perinatal infection
(especially if the mother has HBeAg), CHB develops in
90% of cases, with infection between the ages of one and
five years - in 20-50%, and among adults - in 5% (62-64).

Chronic hepatitis B is a long-lasting inflammatory liver
disease caused by HBV, which can turn into a more severe
disease - cirrhosis, remain unchanged or regress under the
influence of treatment or spontaneously. The main criterion
for attributing the disease to CHB is the preservation of
diffuse inflammation of the liver for more than 6 months.
In most cases, CHB is asymptomatic. (11, 34, 64-70).

The result of an active process with the development of
severe complications (CP and HCC) can be a complete loss
of working ability. A study in Taiwan has shown that the
percentage of deaths from cirrhosis of the liver or primary
cancer among patients with chronic hepatitis B is from 15%
to 25% (71-80).

Genotypes and Serotypes of Hepatitis B Virus,
Mutations in HbsAg

Directly related to vaccine prevention of HBV, is the study
of the genetic and serotypic diversity of the virus. Based on
the degree of difference in the nucleotide sequence of the
complete genome, exceeding 8%, or 4.1%, the analysis of
the nucleotide sequences of the S-gene results in the classi-
fication of HBV into genotypes. (77,81).

Distinguish 8 genotypes of VGV designated by Latin let-
ters A-H which in turn divide into subgenotypes which des-
ignate by figures (A1, A2, B1, etc.). Researches on molecu-
lar epidemiology of VGV showed that the genotype is
most widespread in Northwest Europe, North America and
Africa. Genotypes in and With circulate in Asia. The geno-
type of D is the most widespread around the world, meets
on all continents, however prevails in the Mediterranean
region, the Middle East and India. The genotype E is re-
vealed in Africa, F genotype mainly in the New World. The
genotype of G is described in North America and in France,
and a genotype of N - in Central America, Mexico and the
USA (California), and as well as F genotype, it is consid-
ered a genotype of the native population of America (82-
895).
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In the 1970th by means of a method of immunodiffusion
the serological heterogeneity of VGV was established. It
was shown that the antigenic HBsAg complex includes
several determinants: the general determinant - and (three
couples of its option - al, a2 and a3), two couples of allelic
or substandard determinants of d or at and or w (four op-
tions — wl, by w2, w3, w4 are identified) and additional
(minor) determinants x, f, t, i, g, to, q. The combination of
antigenic determinants of HBsAg defines its serotype. Nine
main serotypes of VGV { aywl, ayw2, Aum> 3 are allocat-
ed, to ayw4, ayr, adrq, adrq, adw2, adw4) and five more
rare (awr, adrw, adyr, adyw, adywr) (86).

Later the molecular foundation of serological distinctions
of VGV was laid. It turned out that variations in the amino-
acid sequence of a product of a S-gene in positions 122 and
160 define specificity of d/y and w/r, respectively (88), and
the basis in position 127 influences the choice of subdeter-
minants and, designated as wl/w2, w3 and w4 (89).

In terms of vaccinal prevention of GV the most important
issue is the genetic variability of VGV in the site of a d-
determinant. The protective immunity which is formed as a
result of vaccination is caused by development of neutral-
ized HBsAg of antibodies (anti-HBs) specific to a "-
determinant. Development of neutralized antibodies to an
adeterminant provides cross protection against VGV of all
genotypes. The termination of the VGV-infection is almost
always connected with seroconversion of HBsAg on anti-
HBs. However in some sporadic cases of GV which devel-
oped despite the carried-out vaccination at patients HBsAg
and anti-HBs at the same time come to light.

General for all options of VGV and a determinant is the
main immunogene epitope of HBsAg. It is located between
amino-acid positions 122 and 137, and 139 and 149 and
forms two conformational loops supported by several disul-
fide bridges.(89)

In spite of the fact that there is a correlation between geno-
types and serotypes of VGV, some serotypes can treats
more than one genotype, or on the contrary, one genotype
can code several serotypes as it is shown, for example, for a
subgenotype of D2 coding serotypes of ayw3 and ayw4
(90).

Studying of a variety of serotypes of VGV in various re-
gions of the world showed a prevalence of one of serotypes
in this or that territory. All territory of the globe can be di-
vided into four zones:

0 the zone "Y" (HBsAg/qy) - the Middle East, Iran, Paki-
stan, East Mediterranean, the South European coun-
tries, Africa;

0 the zone "D" (HBsAg/aaf) - the Northern and Central
regions of Europe, America and Africa, Thailand, Indo-
nesia, New Guinea; - the zone "R" (HBsAg/alr) -
Southeast Asia (China, Japan, Korea), the Far East;

0 the mixed zone - the central areas of Oceania (24, 90).
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In terms of vaccinal prevention of GV the most important
issue is the genetic variability of VGV in the site and - de-
terminants. It is connected with the fact that the protective
immunity which is formed as a result of vaccination is
caused by development of neutralized HBsAg of antibodies
(antihbs), specific to a d-determinant. Development of neu-
tralized antibodies to and - a determinant provides cross
protection against VGV of all genotypes. The termination
of the VGV-infection is almost always connected with se-
roconversion of HBsAg on anti-HBs. However in certain
cases, when the disease of GV developed despite the car-
ried-out vaccination, at patients HBsAg and anti-HBs at the
same time come to light. The analysis of the virus isolates
emitted from such cases showed existence of mutations in
and - HBsAg determinant. The mutant HBsAg allocated
from patients at the researches in vitro was not distin-
guished monoclonal or poliklonalntm by the antibodies
specific for and - determinants of "wild" type. Therefore
mutations in an adeterminant of HBsAg in amino-acid po-
sitions 124 - 148 consider as connected with avoiding of a
virus of an immune response of an organism (91).

Because of overshoot of the open reading frames in a ge-
nome of a virus coding HBsAg and a virus polymerase,
mutations in and - a determinant can lead to mutations in a
polymerase that can lead to development of medicinal sta-
bility of a virus. In turn, the mutations in a polymerase gene
arising in a virus genome during anti-virus therapy and
leading to development of medicinal stability can cause
mutations in HBsAg. It was shown that mutations in a pol-
ymerase of VGV rtV173L rtL180M rtM204V lead to emer-
gence of replacements in HBsAg sE164D s[195M that is
followed by weakening of binding of HBsAg neutralized
antibodies. Though decrease in binding was not full as it is
observed for a classical mutation of "vaccinal flight" of
sG145R, it was considerable in comparison with VGV of
wild type (51, 92,93).

It shows that under the influence of anti-virus therapy
emergence and selection of options of VGV avoiding neu-
tralized action of postvaccinal anti-HBs is possible. Distri-
bution to populations of such options of VGV poses a
threat for the persons who are earlier vaccinated against
GV and threatens efficiency the program of vaccinal pre-
vention of GV. The role of the virus options bearing muta-
tions in a d-determinant in emergence of cases of failure of
vaccination against GV is obvious. However not at all pa-
tients with the VGV-infection who were earlier vaccinated
against GV mutations in and - a determinant come to light.
For example, in the research conducted in Singapore only
in 16 of 41 cases of failure of vaccination mutations in and
- a determinant, and among 27 vaccinated were revealed,
but VGV-infitsirovannykh children on Taiwan only at 6
mutations in this site of a virus genome were revealed. Al-
so, among 24 children in China vaccinated against GV, but
at which Vgvinfektion was revealed later only at 4 replace-
ments in and - a determinant were revealed. n many cases

ddodg 6 39OLOLEMGdMWO BmGOIom. JOMmbozmwo B
393530G0L 296300050900B5M30L gosdfyz39@0
86009369 mds 593L 353096G0L sBo3L
©5065303060900L5b.

3960653 50H0 ©s0b6x30300900LsL (BommdgEgL, 09
9L bLobberdo 53l HBeAg) Jombozmeo B
39353030 300560905 90% F9dmnbz93580, 03039
9563969090 1-0sb 5-(ensdgg sbszol 35393900l
5065303009005l 99500996L 20-25%-1, IMmBOOEO
3b530L 05333930L S0bTBO(30MYBOLSL J0-Tbrmenme 5%
-b (62-64).

JOmbozmwo B 3g35¢0@0 fo6dmowagbl
bsbaMde03500 80d0bstrg w30dwol sbmgdom
360398, OMIY0E 9903 gds 250BIOEML MROM
90039 ©5535009990d0-30d¢0l 30OHMHBF0, 56
39603500ML 5350908 Lobob (33c0Egds 56
693M9L0MIL I3OBIMBOL FMEDY 96
13MBEBME . 06839d30MHO 9350900l B
39353035 30399036930L5030L 5)(30¢)OGE0
360¢96H0Ab HomdmMoyqbl baba®dwrogzso
9080bs69 (6 ™39 s 393H0) 3030l ORMHBMMI©
d030bstg sbmgds. MmAgEgl 990mbggzsdo
JOmbozmwo B 3935300 00800bsmgmdl
MB0d3EGMIMNm. 59dGH0IMo© 0800y 3GM3gLOL
QOML 990dEqds 396300501 dd0dg Q5O gdYdO:
03000l 30OHMBO 56 13030l 30MHZIWHEO 300,
53 9OMI0LYbs6M056MmdOL LEMEIS® H3MAZ0L
dobgBo bgds (11, 34, 64-70) . Bo@omgdmero
331939000 ©sA9b0wos, MM JOmbozmwo B
3935@0@0m 55350939030 03030l FZ0MMBOMS
@5 3030l 3063950 303MMO 03Z3EO06MdOL
953969090 d90gyqgmdl 15%csb 25%-0¢q (71-80).

B 3g35¢0&0b 306vlol 396m@03980 s Lghm@odgdo:

B 3935¢0@0b 35J3065300L 9339dGH6m0d5%9
9600369c0m356 293w965L sbgbl B 393s¢0@0b
300L0b 29bmGH03900 ©s BYBMEH03900; 5dIbs, 59
L5300mbob O RsLMZsbo Fglfogars B 3g3s@o@ob
3653059EH030LsmM30L A93HY39¢H0 ©s
9(3000909e05. B 39353H030bL 306wLols
3062H0379B5© ©gMBL LBIZs© 1II3L S 36bY
630 gmEH0©MOH0 0565308 g3MMd0L F9z35L9d0.
396Lb35390 29bmEH03s00 d0Bbgz0LIM30L
330909005 59 565308 930MMdsMs TGO
396Lb353905 IgMygmdL 4,1%-s6 8%-dcy (77,81) .

ISSN 24499-2647: Caucasus Journal of Health Sciences and Public Health, Volume 3, Issue 4, June 21, 2019



https.://www.caucasushealth.ge E ISSN 2449-2450

at the subsequent observation registered a positive take of
identification of anti-HBs that says that these patients
should responded to vaccination. Thus, mutations in an
adeterminant do not explain the most part of cases of fail-
ure of vaccination. The prenatal transplacentrany infection
of VGV or a perinatal infection from mothers with high
virus loading of VGV can be their reason. Nevertheless,
cases of failure of vaccination at children at whom markers
of infection of VGV appeared after the birth after a while
that excludes the probability of a prenatal or perinatal in-
fection (75) are described. There is a hypothesis according
to which the d-determinant can not be the only or main pro-
tective epitope of vaccinal HBsAg. The research in which
chimpanzees, immunized were commercial vaccine against
GV containing HBsAg of "wild" type unreceptive to the
subsequent infection of VGV, bearing a mutation in and - a
determinant is described. Apparently, animals remained
protected without participation of neutralized antibodies,
specific to a d-determinant, (49,88). Similar data were ob-
tained other researchers at experimental infection of a
chimpanzee with the virus, mutant after an adeterminant,
bearing a classical mutation of "vaccinal flight" of sG145R.
Immunized standard commercial vaccine against GV of a
chimpanzee was unreceptive to infection with a mutant of
SG145R (18,94).

The provided data demonstrate that, perhaps, other epitopes
in HBsAg, in addition to | determinant, can have protective
properties and provide neutralization of VGV.

The facts given above indicate importance in terms of post-
vaccinal protection against infection of VGV of other sub-
determinants of HBsAg (d/y. w/r). At a meeting of an or-
ganism, immunized against GV, with the virus bearing a
mutation in "-a determinant, protection against infection
will happen due to neutralization of a virus antibodies not
to an adeterminant, namely to these subdeterminants. In
this regard essentially important is use in the program of
mass immunization against GV of the vaccinal drugs bear-
ing the subdeterminants, the most widespread in the con-
crete territory.

Vaccines Against Hepatitis B. Schemes of Vaccination:

Now from the known parenteral viral hepatitis, only GV
can be warned by means of specific prevention. It should
be noted that applying vaccines against GV, it is possible to
warn also cases of simultaneous infection with viruses of
hepatitis B and D because pathological action of the last
can take place only in the presence of replication of VGV
(6,94).

So-called "plasma" vaccines which received allocation
from plasma of persons with chronic Vgvinfektion of high
cleaning HBsAg with its additional inactivation were origi-
nally developed. Results of use of these vaccines, since
1982, proved their safety, weak reactogenicity, high immu-
nogene activity (triple introduction provided emergence of
anti-HBs in protective concentration at 87-95%
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vaccinated). Further, development of recombinant DNA
technologies in other organisms allowed to develop the re-
combinant vaccines against GV applied now in the majori-
ty of the countries of the world for HBsAg expression.
Though plasma vaccines still continue to release in some
countries of the world (Indonesia, Vietnam, Iran, etc.), in
practice of health care recombinant vaccinal drugs, despite
comparability of two types of vaccines on immunogene
activity and preventive efficiency dominate now. First of
all it is connected with safety reasons. The production tech-
nology of recombinant vaccines guarantees receiving the
drug free against contamination by blood of the person.
Though results of use of plasma vaccines proved their safe-
ty, use of drugs of human origin does not guarantee protec-
tion of recipients against various pathogens. Recombinant
vaccines against GV contain a surface antigen of the GV
virus (protein of HBsAg) which is a product of a S-gene of
VGV of 226 amino-acid remains. The expression of
HBsAg occurs in genetically modified cells of the yeast
bearing the plasmid coding Sgen. Polipetid HBsAg ex-
pressed in the culture of yeast cells independently gathers
in immunogene spherical particles which are similar to nat-
ural particles of HBsAg with a diameter of 22 nanometers.
Artificial particles differ from natural only in glycosylation
of HBsAg (95,96).

As adjuvant in vaccines against GV the hydroxide of alu-
minum or aluminum phosphate is used. To prevention of
bacterial contamination of vaccines when using multidose
bottles quality of preservative in many countries it is
applied timerosat. In the USA timerosat is not used in vac-
cines against GV intended for children and teenagers be-
cause of fears of neurologic effect of mercury. However
certificates on negative action of the small concentration of
a timerosal which are contained in vaccines against GV are
absent. (17,47,90, 97).

Usually express ionic plasmid carries 3' the site of a S-gene
coding only the main HBsAg without epitopes of proteins
of pre-Sl and pre-S2. However the vaccines bearing in ad-
dition to actually HBsAg and proteins of pre-Sl, pre-S2 are
also developed. It is shown that the vaccines containing
proteins of pre-Sl and pre-S2 strengthen development of
anti-HBs, and can be effective at vaccination of persons
with genetically caused lack of the answer to the vaccines
containing only HBsAg. However the high cost of produc-
tion of the vaccines bearing pre-Sl and pre-S2 antigens lim-
its distribution of these vaccines (23,38,97).

Recombinant vaccines against GV produce for adults and
children with contents in each dose 20 and 10 mkg of
HBsAg respectively. Also other dosages are possible - so,
in an adult dose of the vaccine H-B-Vax II of production
Merck Sharp Doum (USA) contains 10 mkg of HBsAg,
and the nursery - 5 mkg. Usually a vaccine dose for chil-
dren and teenagers 50% less than a dose for adults.

Period of validity of vaccines - 3 years. Vaccinal drugs
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need to be stored at a temperature of 2-8 °C. The majority
of vaccines against GV are stable when heating, and show
only insignificant loss of immunogene potential at storage
till 1 year at a temperature of 20-26 °C, within 2-6 months
at a temperature of 37 °C and 1 week at 45 °C (55,72,
94,98). Researches showed lack of statistically significant
differences in the frequency of seroconversion and levels of
protective antibodies at the children receiving the first dose
of the vaccine stored with observance of a cold chain and at
the children receiving the first dose of the vaccine stored up
to 1 month at tropical temperatures. The high heat stability
of vaccine against GV is of great importance when per-
forming vaccination of newborns in the tropical countries,
first of all in case of childbirth in the conditions of impossi-
bility of observance of a cold chain at home. (98).

Vaccines against GV and the combined vaccines containing
a component against GV should not be exposed to freezing.
When freezing vaccine against GV there is a dissociation of
HBsAg and adjuvant (an aluminum hydroxide) that leads to
loss of immunogenicity (54,98). Temperature of freezing of
vaccine against GV is about 0.5 °C.

Vaccine against GV is entered intramusculary into an an-
terolateral part of a hip to newborns and children aged up to
24 months, and into a deltoid muscle to children of ad-
vanced age, teenagers and adults. Introduction to a gluteus
because of the reduced development of protective antibod-
ies shown in several researches that is connected with an
injection in a hypodermic fatty tissue, and because of risk
of hit in a sciatic nerve is not recommended.(99).

Although subcutaneous administration of HB vaccine for
adult vaccination requires the administration of lower dos-
es, which is more cost-effective (98), this route of admin-
istration is not recommended due to a decrease in the fre-
quency of generating a protective response compared to
standard three doses of the vaccine administered intramus-
cularly (34,99).

Standard vaccine against HB consists of three doses of vac-
cine, administered according to the scheme of 0.1 and 6
months, that is, the first two doses are administered at a
monthly interval, and the third dose is administered 6
months after the first dose. However, it is possible to use
other vaccination schemes. The increase in the interval be-
tween the first and second dose of the vaccine does not
have a pronounced effect on the immunogenicity or the
final concentration of anti-HBs. An increase in the interval
between the last two doses of the vaccine may lead to an
increase in the final antibody concentration (100-103). The
immunogenicity data for violations of vaccination regimens
showed that if the vaccination course was interrupted after
the first vaccine, the second should be administered as ear-
ly as possible, while the second and third doses should be
separated at least 2 months apart; if there is a delay in ad-
ministering a third dose of vaccine, it must be administered
as early as possible. Studies have shown that in many age
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groups, interruption of the course of vaccination does not
require a re-start of the course (102, 103).

Thus, vaccination against hepatitis B, regardless of the type
of vaccine used and the age of the patient, consists of three
injections of the vaccine at intervals of at least 1 month
after the first injection and at least 3-6 months after the sec-
ond. In some cases, the interval between the second and
third injections can be reduced to 2 months or extended to
12 months.

Conclusion:

Literature analysis confirmed the urgency of the problem.
Its main cause is the high frequency of mutations of the
viral genome of the etiological agent and violation of the
vaccination scheme.
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