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ACCOUUALUA NUHCYAUHOPE3IUCTEHTHOCTU U OXKUPEHUA
C HESPPEKTUBHOCTbIO BAKUUHALLUN OT BUPYCHOTIO
FEMATUTA B Y MEAUUUHCKUX PABOTHUKOB

A. U. TkayeHko!, B. B. Maaees 2, PTuwesa A. B.!

1 CTaBpOnoAbCKMIA rOCYAQPCTBEHHbIN MEAULIMHCKUI YHUBEPCUTET, Poccuickas Peaepaums
2 LLeHTPAAbHBIN HOYHHO-UCCAEAOBATEABCKUIA MHCTUTYT 3MUMAEMUOAOTHH,
Mocksa, Poccuickas Pesepaums

At the study was to evaluate immune response to HBV vaccine in Health care workers (HCWs) and detect risk fac-
tors of non-responsible persons. Descriptive retrospective analyses of antibodies’ titer dynamics in 98 HBV vaccina-
ted HCWs conducted from 1998 to 2011 years annually were evaluated by measuring serum HBsAb levels, by ob-
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jective state and on the main laboratory results taken in medical documents. After vaccination negative response
(aHBs<10 mIU/ml) was in 20.4 %, poor immune response (aHBs>10 mIU/mI<100 mIU/ml) — in 34.7 % and high im-
mune response (aHBs>100 mIU/ml) — in 44.9 % HCWs. Obesity, insulin resistance, age over 40 years, male gender
and low level of 25(0OH)D were associated with negative response to vaccination. In titer aHBs<100 mIU/ml, patients
became seronegative in three years after vaccination. In high immune response, patients stay seropositive during 10
years. The introduction of a booster dose of the vaccine and activating cellular immunity, can improve the immuno-
genicity of the vaccine. Thus obesity insulin resistance, inadequate supply of 25 (OH)D, age over 40 years and male
gender were associated with non response to vaccination. It’s necessary to follow-up of the primary immune response
in HCWs in order to specify the additional doses of the vaccine in seronegative patients.

Key words: vaccination, immune response, hepatitis B, insulin resistance, obesity, health care workers

B paboTe npoBoanTcsa aHanM3 GOopMUPOBAHMSA UIMMYHHOIO OTBETA Y MeANUMHCKNX PaOOTHNKOB, BakKLIMHMPOBAH-
HbIX OT BUPYCHOro renatuta B, a Takxe BbISBNANNCb GaKTOPbl pUCKka MO OTCYTCTBMIO CEPOKOHBEPCUM MOCNE Bak-
umHaumm. Cpeaom 98 meguuMHCKMX PaboTHUKOB Oblil MPOBEAEH PETPOCMNEKTUBHbLIA aHaNN3 AMHAMUKW TUTPaA aHTuU-
Ten k HBsAg (aHBs) nocne BakuuHaumm B 1998-2011 rr. ¢ oLEHKOWM AaHHbIX OOBEKTUBHOIO CTaTyca M OCHOBHbIX
nabopaTtopHbIX NokasaTtenei. M3 yncna BakUMHUPOBaHHbLIX OTCYTCTBME oTBeTa (aHBs<10 mlU/ml) Habnopanock y
20,4 %, cnabeiii otBeT (aHBs>10 mIU/mI<100 miU/ml) — y 34,7 % v nonHeiii otBeT (aHBs>100 miU/ml) —y 44,9 %
COTpYyAHMKOB. OXunpeHne, MHCYIMHOPE3NCTEHTHOCTL, BO3pacT cTaplue 40 neT, a Takke HeagekBaTHas obecneyeH-
HoCTb 25(0OH)D 1 My>ckoi non 6b1In conpsikeHbl ¢ HeaddeKTUBHOCTbIO BakuyHauuu. Mpu tutpe aHBs<100 miU/ml
nauneHTbl CTAHOBUJINCb CEPOHEraTBHbIMU B TEYEHNE TPEX JIET NOCNEe MMMYHU3aumn. BeepeHrne 6ycTtepHoli Jo3bl
BaKLMHbl MO3BOJISANIO NOBLICUTb MMMYHOMEHHOCTb BakLUMHbI. TakuMm 06pa3om, ¢ OTCYTCTBMEM POPMUPOBAHUS CEPO-
KOHBEPCUN BblNIN COMPSXXEHbI OXMPEHNE, MHCYTMHOPE3UCTEHTHOCTb, BO3pacT ctapiie 40 net n Myxckori non. He-
06X041MMO MOHUTOPUPOBATL NEPBUYHBIA MMMYHHbI OTBET C LIESIbI0 CBOEBPEMEHHOIO BBEAEHUS OYCTEPHOM A03bl

BaKUWHbI.

KnouyeBbie cioBa: BakunHaLmsl, l/lMMyHHbII;I OoTBerT, BVIpyCHbIﬁ renatut B, UHCYJIMHOPE3NCTEeHTHOCTb, OXupeHue,

pPabOTHVKY 3PaBOOXPAHEHUS

consequences, including chronic liver disease,

cirrhosis and hepatocellular carcinoma is a
significant public health problem. According to
WHO data, there are about 240 million patients
with chronic hepatitis B. Each year, nearly 4
million cases of acute hepatitis B with clinical
manifestations are recorded and about 7 million
persons become chronically infected. The number
of deaths due to acute hepatitis B and outcomes
of chronic infection is estimated as 780 thousand
per year [19]. The high mortality rates of HBV-
infection put it to the 9th place among the leading
causes of death in the world. Persons infected
with hepatitis B virus are at risk for hepatocellular
carcinoma (HCC) 25 times higher than uninfected
ones, and 50-55 % of HCC cases are connected
with HBV-infection [11].

In unvaccinated individuals the risk of HBV infection
after a single exposure to blood or body fluids ranges from
6 to 30 %. In view of repeated contact with the source of
infection, health care workers are at risk of contamination
with hepatitis B virus [10].

Through the implementation of the WHO Public
Immunization Program since 1991, the incidence of
acute hepatitis B decreased significantly in all countries.
Since 1997, the Center for Disease Control (CDC) in the
United States recommended vaccination against HBV of
all health care workers [8].

Conducting of mass immunization against hepatitis
B in the Russian Federation has allowed to reduce the
incidence of acute hepatitis B 5 times: from 8.6 in 2005 to
1.71 per 100 thousand populationin 2011, and to achieve
the lowest level of disease by 2013: 1.3 per 100 thousand
population for all years of observation .

Despite the recommendations of the WHO, and
high risk of contamination after exposure, vaccination
commitment among various medical communities
remains low [3]. Coverage of vaccination against hepatitis
B of the medical staff, whose work is associated with a
high risk of exposure to occupational HBV, is more than

Infection with hepatitis B virus (HBV) and its

93 % in the whole of the Russian Federation; however, at
some medical organizations of individual subjects of the
Russian Federation the coverage is insufficient — from
31 % to 74 % [7].

The level of antibodies to HBsAg (aHBs) in a titer
greater than 10 mlU/ml is considered protective [3, 4].
Vaccine-induced immunity to HBV vaccine is formed
within 6-8 weeks after the immunization.

Factors associated with low immune response include
older age, smoking, obesity, gender and genetic features
[5, 18]. The role of insulin resistance and serum level of
25(0OH) D in the immune response, in practice, has not
been studied. Previous studies of the immune response
to HBV vaccination of health care workers showed that
seroconversion does not develop in 12-21 % [12, 14, 15, 16].

The aim of study was to analyze the immune response
development, the intensity and persistence of immunity
in health care workers, to identify possible reasons for
the absence of seroconversion to the vaccination against
viral hepatitis B depending on the body mass index,
insulin resistance and level of 25(0OH)D.

Material and Methods. A retrospective analysis of
immunization in 98 health care workers was conducted
at Regional clinical diagnostic center, Stavropol, Russia.
The aHBs titer was determined before vaccination and
every year after vaccination. Follow-up period was 13
years (1998-2011).

The medical staff were vaccinated in the deltoid
region three times (scheme 0-1-6 months) with a
recombinant vaccine (Engerix B, Glaxo Smith Kline
Biological). Adult dose is 20 ug/ml of virus B surface
antigen. Patients with chronic hepatitis B or previously
vaccinated against this infection, were excluded. The
post-vaccination immunity stress was determined by
a quantitative method. The level of aHBs more than 10
mlU/mlis considered an indicator of a positive response
to vaccination, lower than 10 mlU/ml indicated the
absence of a response.

The results of studies of post-vaccination aHBs were
evaluated on key criteria ofimmunological effectiveness:
the seroconversion rate and quantitative level of specific
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antibodies. Response to vaccination was estimated
according to gender differences, the patient’s age,
body mass index, carbohydrate and fat metabolism.

Body mass index (BMI) was calculated by Ketle method
(kg/m2), followed by distribution in groups according to
the WHOQ'’s criteria of obesity (1997). Presence of insulin
resistance was estimated according to the criteria of the
European Group for the Study of IR — EGIR, 2002 with
calculation of the HOMA index (Homeostasis Model of
Assessment — Insulin Resistance (HOMA-IR)) [(fasting
blood glucose (mmol/l) x fasting insulin mkU/L)/22,5].
Presence of IR was confirmed at HOMA-IR index equal to
or more than 2.77.

The real level of seroprotection (LSP) was calculated
using the formula proposed by J. Poorolajal (2009) [17]:
LSP=[PP+(PNPxPAIR)]x100.

LSP is the sum of the proportion of protected (PP)
and the product of the proportion of non-protected
subjects (PNP) and the proportion of non-protected with
anamnestic immune response (PAIR).

Laboratory studies included investigation levels of aHBs,
HBsAg, aHBc (Abbot Ax SYM Abbot Laboratories and ELISA
DiaSorin). Biochemical parameters: serum bilirubin, serum
activity of ALT, AST, GGT, alkaline phosphatase, blood glucose
were measured with the analyzer KonelLab30, lipid profile
parameters — with the unit OLYMPUS AU400, blood insulin -
with the analyzer UniCelDxI 800. The concentration of 25 (OH)
D in the blood was determined from April to October with the
unit Cobas-e 411. The best considered and adequate serum
25 (OH) D>30 ng/ml . Under the deficiency of 25 (OH) D, most
authors determined serum levels<9 ng/ml, range between 10
and 30 ng/ml - failure, and the term an inadequate supply
apply at the level of 25 (OH) D<30 ng/ml.

Statistical analyses were performed using SPSS
version 17.0 for Windows (SPSS Inc., USA). The data of
variables are presented as medians and interquartile span
(Me [g1-g3]). Comparisons between groups were made
using Student’s t-test and ANOVA for normally distributed
variables, while the Mann-Whitney U test and Kruskall-
Wallis variance analysis were used for parametric variables
with non-normal distributions. To assess the significance
of differences in quality indicators we used contingency
tables with calculation of indicators Chi-square test, the
relative risk (RR) and their corresponding 95 % confidence
intervals (95 % CI). Confidence interval and p-value for the
difference between the shares were received on the basis
of the criterion z calculation. A p-value of less than 0.05
was considered statistically significant.

Results and Discussion. In the study were enrolled
98 health care workers, women made up a slight majority
of 60.2 % (59/98). The age at vaccination was 33.7 (25
to 47.8) years. Depending on the age the patients were
randomized into 4 groups: younger than 25 - 22.4 %
(22/98), 25-34 years old — 28.6 % (28/98), 35-49 years
old - 40.8 % (40/98), over 50 years old — 8.2 % (8/98) .
Eight people (8.1 %) were positive for aHBc with negative
results of aHBs, HBsAg and HBV DNA. Most of the medical
staff, 53.1 % (52/98), were vaccinated in 1998, the rest —
from 2003 to 2007. In a year after vaccination 78 persons
(79.6 %) were seropositive for aHBs; 34 persons (34.7 %)
have antibody titer within >10 mIU/mI<100 mIU/mlI, and
44 — >100 (44,9 %) miu/ml.

No significant differences in the immunological
response to the vaccine, based on gender signs, were
obtained (z = 1.92; p = 0.38). The median age of the
patients who did not respond to immunization was
46.0 (39-49) years, of the patients who had a positive
response to vaccination, — 32.0(21.0-42.5) p = 0.025.
With increasing age the percentage of response to
vaccination decreased significantly (p<0.001) (Table 1).
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Table 1
The Answer to the vaccination in the dependence
on Gender, Age, BMI , HOMA and 25(0OH)D

Normal | Nonre-
Characte- | respond- | spond- , | p-Val- RR
ristics ers ers X ue (95 %CI)
N=78 N=20
Gender n(%)
Female 49 10 1.9 | 0.169 1.5
N=59 (83.1%) | (16.9 %) (0.9-2.6)
Male N=39 29 10
(74.4 %) | (25.6 %)
Age group n(%)
<25 years 22 0
N=22 (100 %)
25-34 years 25 3
N=28 (89.3 %) | (10.7 %) | 9.6 | 0.002
35-49 years 24 16 3.6
N=40 (60 %) (40 %) |20.6|<0.001| (1.9-6.7)
>50 years 3 5 1.6
N=8 (37.5 %) | (62.5 %) | 8.8 | 0.003 (1.2-2.1)
BMI kg/m? n(%)
<25 (n=48) (46 (95.8 %)|2 (4.2 %)
25-29.9 22 10 23.3(<0.001 7.8
(n=32) (68. 8 %) | (31.2 %) (2.8-21.4)
>30 ( n=18) |10 (55.6 %)[8 (44.4 %)| 3.1 | 0.08 | 1.4 (1.0-2.0)
<25vs>30 43.9 [<0.001|11.1 (4.1-29.7)
HOMA-IR(Glucose x Insulin)/22.5 n(%)
<2 (n=56) 52 4
(92.8 %) | (7.2 %)
>2<3 18 6 10.8 | 0.001 | 3.6 (1.6-7.9)
(n=24) (75.0 %) | (25.0 %)
8 10 18.6 | <0.001| 2.2 (1.5-3.3)
>3 (n=18) (44.4 %) | (55.6 %)
<2vs>3 55.6 [ <0.001 7.9 (3.8-16.6)
25(0H)D n(%)
>30 (n=68) 64 4
(94.1 %) | (5.9 %)
<30 (n=30) 14 16 50.9 [ <0.001 8.8
(46.7 %) | (53.3 %) (3.9-19.6)
The Chi-square test was used to calculate the P value.
When analyzing the response to vaccination

according to HOMA-IR by the criterion z, significant
differences are obtained in the groups of patients with
HOMA-IR<2 and>3 (p<0.001), the relative risk of a lack
of seroconversion increased to 7.9 (95 % Cl 3.8-16.6).
According to the criterion y? deteriorating response to
vaccination was associated with an increase of HOMA-IR
for each position more than 2.

At BMI of less than 25.0 kg/m?, only 2 patients did
not respond to the vaccine. In overweight (BMI>25 t0<30
kg/m2) and obesity (BMI>30 kg/m?2) the response to
vaccination decreased significantly (both by the criterion
z, and by y?), the difference in response to immunization
in patients with obesity and overweight is not obtained.
The relative risk of non-responding to the vaccine also
increased accordingly with age and BMI. In the overweight
patients (BMI>25<30 kg/m?), the relative risk of lack of
seroconversion compared with patients having normal
weight (BMI<25 kg/m?) was 7.8 (95 % Cl 2,84-21,4), and
in patients with obesity (BMI>30kg/m?) it was 11.1 (95 %
Cl4.1-29.7).

An inadequate supply of 25(OH)D was connect
with negative response to vaccination. The relative
risk of non-responding to the vaccine also increased
accordingly with low level of 25(0OH)D, and it was 8.8
(95 % C1 3.9-19.6).

The employees, seronegative after vaccination,
had significantly higher rates of insulin, HOMA-IR, BMI,



MEAULUHCKUNA BECTHUK CEBEPHOTO KABKA3A
2016.T.11. N2 2

MEDICAL NEWS OF NORTH CAUCASUS
2016. Vol. 11. Iss. 2

cholesterol, triglycerides, LDL, C-reactive protein and low
level of 25(0OH)D (Table 2). Thus, the patients who have
not responded to vaccination had abdominal obesity and
insulin resistance.

Table 2
Comparison of probable factors responsible for
non-response to vaccination in participants

Ch?srt&?g;er- Normal Non-
Median responders responders P-Value
(91-3) (n=78) (n=20)
BMI kg/m?2 24.3 30.1 <0.001
(21.9-27.9) (27.0-35.0)
Waist 78.2 102.2 <0.001
(cm) (67.1-84.6) (96.5-112.8)
Waist-Hip 0.8+0.1 0.99+0.12 <0.001
Ratio
Fasting 5.2 5.5 0.51
plasma (4.1-5.5) (4.6-7.0)
glucose
(mmol/I)
Insulin 8.0 12.2 <0.001
_pU/ml (7-10.7) (10.0-14.0)
HOMA 1.9 3.1 0.001
-score (1.5-2.4) (2.3-3.6)
Total Cho- 4.9 5.7 <0.001
lesterol (3.8-5.5) (5.1-7.0)
mmol/|
Triglycerides 1.2 1.4 <0.001
mmol/I (0.6-1.2) (0.8-2.1)
HDL 1.4 1.2 0.873
mmol/I (1.1-1.5) (1.0-1.5)
LDL 2.9 3.4 0.001
mmol/I (1.9-3.3) (2.6-3.9)
25(0H)D 41.0 17.0 0.001
ng/mil (32.0-54.0) (10.0-22.0)
CRP mg/I 1.5 5.0 0.001
(0.4-2.0) (3.2-7.9)

BMI - Body Mass Index (kg/m2); HOMA — homeostasis
model assessment;
the Mann — Whitney test was used to calculate the P value.

When analyzing aHBs titer after vaccination in patients
younger and older than 40 years, with a gradation of
aHBs level<100 mlU/ml and>100 mlU/ml| we revealed
significant conjugation of a weak immune response in
individuals older than 40 years, p<0,001. Weak immune
response was also associated with male sex (p = 0.016)
(Table 3).

Table 3
The contingency table between the two levels
of immune response and demographic data

aHBs>100 | aHBs<100
gcht?err g;’r”;d miU/ml | mi/mi | P~ |, | RR
S (%) (%) Value (95 %CI)
istics | groups n=56 n=42
Age <40 42 18 <0.001|20.6 2.1
(years) | (n=60) | (70 %) (30 %) (1.5-2.9)
>40 14 24
(n=38) | (36.8%) | (63.2 %)
Gender | Female 38 21 0.016 | 5.8 1.5
(n=59) | (64.4 %) | (35.6 %) (1.1-2.1)
Male 18 21
(n=39) | (46.2 %) | (53.8 %)

The Chi — square test was used to calculate the P value.
RR - relative risk; Cl — confidence interval.

In  previous studies was demonstrated, that
postvaccinal immunity is not only humoral, but it has
been detected by HBsAg - specific T-lymphocytes
(immunologic memory) persists long time after vaccination
with serum antibodies <10 mlU/ml. The presence of
immunological memory can be validated using a booster
dose of vaccine, defined as anamnestic immunity.

According to medical records 17 health workers (out
of 20, who did not respond to the vaccine) received a
booster dose (a fourth ) of the vaccine. Seven of them
have marked seroconversion (with anti-HBs>10 IU/ml).

Thus, in our research LSP =[78/98 + (20/98 x 7/17)] x
x 100= 87,7 %

In 34 persons (34.6 %) with a positive response to
vaccination, the level of aHBs in a year after vaccination
was in the range>10 mlU/mI<100 mlU/ml, median 12
(12.0-35.1) mlU/ml, in 2 years — 10 (3.0-26.0) mlU/ml, and
3years later it became negative Me- 6.0 (3,0-11,0) mlU/ml.

At a strong immune response (> 100 mlU/ml), titer
of aHBs in 1 year after vaccination was 720 (251-1725)
mlU/ml and remained at a high level up to 10 years, and
in 12 people — up to 12 years after vaccination. Of eight
employees positive for aHBc, aHBs seroconversion after
vaccination did not occur only in two.

Several studies have shown that reduction in aHBs
titer does not necessarily reflect deterioration of
protection against hepatitis B [5, 18], at the same time
determination of the aHBs level remains the most cost-
effective measure of immunity to HBV infection.

These peculiarities of the dynamics and level of aHBs
(weak immune response in 34.6 % and negative in 20.4 %
of vaccinees), predictors of inefficiency of vaccination,
will help to improve the monitoring of health care workers
in the post-vaccination period and minimize the risks of
failure of vaccination. This is comparable with the data
of other authors [2, 13, 20], in which between 44.0 %
and 63.7 % of HCWs did not respond to the vaccine. The
debate continues on whether the anti-HBs titer more
than 10 mlU/ml is sufficient to protect against hepatitis B
[9]. However, in this study, patients with a weak immune
response (aHBs<100 mlU/ml) became seronegative
during three years after vaccination. Based on expert
recommendations, follow-up of the primary immune
response in risk medical personnel is necessary, which
will specify more precisely the additional doses of the
vaccine [6]. As well as in the study of J. Poorolajal (2009)
[17], the introduction of a booster dose of the vaccine to
HCWs, who did not respond to the vaccine (to activate
the anamnestic immune response), allowed to increase
the immunogenicity of the vaccine. At separation of the
immune response into two categories in terms of 100
mlU/ml, additional information on sex characteristics is
obtained, which is also comparable with other studies [3,
20]. Of 56 patients with a titer aHBs>100 mlIU/ml after
vaccination, men were only 46.2 %, and of 42 patients
with a titer aHBs<100 mIU/ml — 53.8 %.

If one year after vaccination titer aHBs was more than
100 mlU/ml, it remained at a high level for 9-13 years in
44 (78.6 %) patients (there is no data for the rest).

With increasing age, significant association with the
absence of response to vaccination is revealed. Whereas
under 25 all employees responded to the vaccine, after
50 years old seroconversion is detected only in 37.5 %.
The dependence of the deterioration of response to
vaccination with an increase in body mass index and
HOMA index is revealed, which is comparable with the
data of F. Averhoff et al. [1].

In literature there are data for association of absence
of seroconversion to vaccination with smoking [1].
However, this study was limited by several factors: in
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particular, there was no information about smoking and
other bad habits. Significantly higher levels of cholesterol
,triglycerides as well as an inadequate supply of 25(0OH D
in patients who do not respond to vaccination were
probably associated with lipid disorders and obesity. Lack
of seroconversion after vaccination in obese patients may
be due to mechanical factors such as lack of dose relative
to body size, or sub-optimal absorption and distribution
of the vaccine against obesity.

Conclusions. The seroconversion rate after
completion of scheduled vaccination was the same in
our HCWs in comparison to HCWs working in other parts
of the world. Vaccines against hepatitis B are highly
immunogenic, but the presence of obesity and insulin
resistance, increasing age of the patients older than
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