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RESEARCH PAPER
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and infants
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ABSTRACT
Pregnant women are risk group for influenza infection. Results of new subunit vaccines application have
not been studied enough. Prospective, randomized, open-label comparative study of subunit (Agrippal)
and polymeric subunit (Grippol plus) vaccines. 42 pairs of mothers-infants were participated in the study.
Protective antibodies (≥ 1:40) to different influenza strains were registered on day 1 after the birth on
the same level as 53% of cases in pairs mothers-infants after immune adjuvant polymeric subunit and
subunit vaccines administration. There were the same level of protective antibodies (AB) among
mothers after 3 month, but transplacental antibodies decreased among infants and registered in the
13–22% cases of Grippol plus group and 31–43% cases in Agrippal S1 group. AB titre to influenza virus
A/H1N1/pdm09 and A/H3N2/in pairs mothers-infants were the same in both groups in first days after
birth, but AB levels to B strain were lower among infants without regard to vaccine. There is no
difference in AB titres among infants of both groups at 3 month of age, but their levels were twice
lower versus initial data. An immune adjuvant polymeric subunit as well as subunit vaccines application
in pregnant women forms protective AB in pairs mothers-infants.
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Introduction

Influenza is one of the most common viral infections resulting
in pregnancy complications (premature birth), foetal disor-
ders (congenital abnormalities, central nervous and respira-
tory systems disorders) and disorders of postnatal
development (fetal growth retardation).1 Therefore, prophy-
lactic vaccination of pregnant patients is a priority adopted by
the WHO and other scientific and medical organizations from
various developed countries.2 Polymeric immune modulate
medicine “Polyoxidonium” (Azoximera bromide), which can
increase antibody response, was added in dose of 500 mcg to a
subunit vaccine to enhance it’s efficacy. Thanks to
Polyoxidonium the content of virus antigens was decreased
up to 5 mcg, which is three times lower compare with other
manufacturing vaccines. However, the efficacy remains high,
among at-risk groups for influenza disease. Previous findings
demonstrating the safety of vaccination in pregnant patients
and the high immunogenicity of inactivated vaccines, similar
to the findings for non-pregnant patients, were supported by
recent studies.3–5 Similar post-vaccination levels of antibodies
to influenza were found in the mothers and infants.6 The
correlation between the level of serum IgG antibodies to
influenza in infants and the time of influenza infection in
the mother was demonstrated.7 Therefore, the trans-placental

transmission of antibodies targeting various strains of influ-
enza can protect infants throughout their first months of life.
Infants younger than 6 months old with a confirmed diag-
nosis of influenza born to vaccinated mothers have been
shown to have a 91% lower risk of hospitalization compared
to infants born to non-vaccinated mothers.8

The level of protection against influenza in infants younger
than 6 months is most likely associated with baseline maternal
antibody levels prior to labour. The administration of modern
subunit vaccines during pregnancy is associated with the trans-
placental transmission of antibodies to the infant; however, their
levels depend on multiple factors, including placental condi-
tions, trimester when vaccinated, and the vaccine used. The
administration of new adjuvant vaccines has been associated
with better specific immunity in infants (6–36 months) and
adults (18–64 years) with chronic diseases.9–11 The search of
articles, published in the period from 2002 till 2012 based on
key words influenza vaccination, pregnancy, immunoadjuvant
vaccines, in “Pubmed” system on June 2012 didn’t reveal such
publications. The adaptive immunity to influenza in pregnant
patients received subunit vaccines, the ratio of mother-to-infant
trans-placental antibodies and the preservation of these antibo-
dies in infants throughout the first months of life have not yet
been described enough in publications.
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Study objective

Evaluation of post-vaccination immunity to influenza in
mothers and infants after the administration of an adjuvant
polymeric subunit vaccine and a subunit vaccine during
pregnancy.

Results

We registered the incidence of influenza-like respiratory
infection in 79 mother-infant pairs. No difference in infection
frequency was found during follow up in these pairs – both
during pregnancy and within 3 months after birth.12

The results of the study showed that initially before
administration of immunoadjuvant vaccine in group I of
pregnant women antibody titre ≥ 1:40 to strains A/
California/7/2009 (H1N1)pdm09-like virus, A/Perth/16/
2009 (H3N2)-like virus, B/Brisbane/60/2008-like virus was
registered respectively in 9.5%, 19.0%, 23.8% cases, and in
group II of pregnant women – in 16.2%, 18.9%, 48.7% cases.
It means that these women could come through the influ-
enza before impregnation, but everyone denied influenza
illness as well as vaccination against influenza one year
before the present pregnancy. At 1 month after immuniza-
tion antibodies in protective means among pregnant women
to the corresponding influenza strains were 72.5%, 87.5%,
and 90.0%, that indicates the immunogenicity of the vac-
cine. In the group II of vaccinated with non-adjuvanted
vaccine post-vaccination antibodies also increased to the
corresponding strains A/California/7/2009 (H1N1)pdm09-
like virus, A/Perth/16/2009 (H3N2)-like virus, B/Brisbane/
60/2008-like virus (75:6%, 68.8% and 94.5% respectively).
However, post-vaccination antibodies to strain A/Perth/16/
2009 (H3N2)-like virus did not reach the level of immuno-
genicity (at least 70%) corresponding to the recommended
by CPMP.

Antibodies for protection against three strains of influenza
virus were evaluated in hemagglutination inhibition reaction.
The serum evaluation for group I (motherinfant pairs vacci-
nated with Grippol Plus during pregnancy) at days 2–3 after
birth demonstrated similar levels of protective antibodies
(≥ 1:40) for all influenza strains, ranging from 53.1% to
78.4% (Table 1). The number of children with protective
levels of antibodies was lower than the number of mothers
with protective levels; however, the difference was not signifi-
cant (p ≥ 0.05).

Similar changes in the protective antibody levels were
demonstrated in group II (mother-infant pairs vaccinated
with Agrippal S1), ranging from 57.7% to 91.9% for various
influenza strains (Table 1).

Three months later, in group I, the post-vaccination levels
of protective antibodies against 3 influenza strains, detected in
hemagglutination inhibition reaction, in the mothers were
similar to the levels detected within 2–3 days after birth
(54.3%, 71.4% and 74.3%, respectively) (р > 0,05). The num-
ber of infants with protective levels of antibodies decreased
from 53.1% to 21.9% (р < 0,01) for the A/H1N1/pdm09
strain, from 62.5% to 12.5% (р < 0,01) for the А/H3N2/strain,
and from 59.4% to 15.6% (р < 0,01) for the B strain. It

demonstrates the physiological decrease of mother’s antibo-
dies due to their catabolism.

Three months later, in group II, the post-vaccination levels
of protective antibodies against the 3 influenza strains in the
mothers were similar to the levels detected within 2–3 days
after birth (62.2%, 51.4% and 72.9%, respectively) (р > 0,05).
A similar decrease in the number of infants with a protective
antibody titre was found: strain A/H1N1/pdm09, from 61.5%
to 34.6% (р < 0,01); strain А/H3N2/, from 57.7% to 30.8%
(р < 0,05); and strain B, from 80.8% to 42.3% (р < 0,01). This
decrease of antibodies level is physiological too.

Therefore, on the first day after birth, the titres of protec-
tive antibody targeting various influenza strains were found in
53.1% of patients from group I (who received the polymeric
subunit influenza vaccine during trimesters II and III) and in
57.7% of patients from group II (who received the subunit
influenza vaccine during trimesters II and III); no significant
difference was found for the mother-infant pairs. Within
3 months after birth, similar levels of protective antibodies
were found in the mothers from both groups; for the infants,
the titres of the trans-placental post-vaccination antibodies to
all of the influenza strains were decreased due to physiological
catabolism, independent of the vaccine used. In group I (vac-
cinated with polymeric subunit vaccine), protective antibodies
against various influenza strains were found in at least in
12.5% of infants; in group II (subunit vaccine was adminis-
tered), the percentage of infants was at least 30.8% (p < 0.05).

The rate of increase in the mean geometric antibody titre
and the duration of its persistence are important parameters
of vaccine immunogenicity, detected in hemagglutination
inhibition reaction (Table 1). Regarding the mean geometric
antibody titres within 2–3 days after birth for the mother-
infant pairs receiving Grippol Plus during pregnancy, similar
levels of antibodies to the influenza strains A/H1N1/pdm09
and А/H3N2/were found. However, for the infants, the mean
geometric antibody titre for influenza strain B was lower than
that in the mothers (р < 0,05).

In females receiving the Agrippal S1 vaccine during preg-
nancy, similar changes of antibodies titres as in Grippol plus
group were detected.

Within 3 months after birth, in group I, a decrease in the
mean geometric titre for antibodies for each of the strains was
found only in the children [12.59 ± 0.22 (р < 0.01) for the A/
H1N1/pdm09; 14.47 ± 0.18 (р < 0.01) for the А/H3N2/strain;
13.50 ± 0.21 (р < 0.01) for strain B] (Table 1). No significant
changes in the mean geometric titre was found for the
mothers compared with the early post-natal period; for the
children, the titres of antibodies to each influenza strain were
lower than those in the mothers (р < 0.05).

Within 3 months after birth, in group II (women who
received the Agrippal S1 vaccine during pregnancy), the
mean geometric titres for the antibodies to each influenza
strain were decreased compared with the initial level
[27.32 ± 0.38 (р < 0.05) for the A/H1N1/pdm09;
23.78 ± 0.59 (р < 0.05) for the А/H3N2/strain; 47.57 ± 0.45
(р < 0.01) for the B strain]. Similar decreases in the mean
geometric titres of the antibodies for the influenza strains
were found in the children [20.0 ± 0.55 (р < 0.05),
10.91 ± 0.44 (р < 0.01) and 18.34 ± 0.4 (р < 0.01)]. Despite
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of mother’s antibodies levels, the levels of transplacental, post-
vaccination antibodies to the influenza strains А/H3N2/and В
in the infants were significantly lower than the maternal levels
(р < 0.05), what is a consequence of their physiological
catabolism.

Discussion

The Grippol Plus vaccine has been used in Russia for 20 years
for vaccination of children from 6 months, adolescents,
adults, elderly people and immunocompromised patients.
An assessment of its safety and effectiveness was carried out
in numerous studies.13–27 Unlike other domestic vaccines it
was the first vaccine which was recommended by the Ministry
of Health of the Russian Federation in 2009–2010 for the mass
vaccination of pregnant women on II and III trimester of
gestation initially as a monovalent (containing only a pan-
demic strain of the influenza virus) and then as a trivalent
vaccine. Prior to the current study the vaccine had not been
tested on pregnant women, just pre-clinical studies in preg-
nant animals in which its safety and no teratogenic effect on
fetal development were proved. Clinical observations of the
trivalent Grippol Plus vaccine for the mass vaccination of
pregnant women in the Russian Federation from 2010 till
present time demonstrated no one case of a serious unusual
reaction associated with the administration of the drug. With
regard to assess its impact on biochemical indicators, the
cytokine profile, pregnancy hormones, fetoplacental complex,
intrauterine fetal development, the state of health of new-
borns, physiological development of children of the first
6 months of life it was studied in accordance with the protocol
of the study and is reflected in many publications.28–40 In this
article only the immunogenicity of the vaccine in mother-
child pairs is described that is rarely found in the world
publications.

It is important to explore the problem of protective action
of new class of polymeric subunit vaccines against influenza to
pregnant women and their infants. We conducted open-label

comparative randomized study focused on changes of anti-
bodies titres against influenza (strains A(H1N1)pdm09, A/
H3N2/and B) among pregnant women, who was vaccinated
in the II and III trimester of pregnancy with polymeric sub-
unit vaccine “Grippol plus” and subunit vaccine “Agrippal
S1”. Blood samples collected from mothers after vaccination
and birth as well as their infants on 2–3 day after birth and
3 month later. Study design have been chosen to characterize
the changes of mother’s antibody levels ant their catabolism in
infants.

Obtained results are the similar to previous data regarding
the immunogenicity of influenza vaccines among pregnant
women compare with non-pregnant women.3–7 Despite of
less antigen content, polymeric subunit vaccine “Grippol
plus” demonstrated not less efficacy than subunit vaccine
“Agrippal S1”.

Transplacental antibodies to all strains of influenza virus
were registered on protective level in infants on the moment
of birth and in early postnatal period as well as in mothers
regardless of vaccine type. Both groups demonstrated the
same level of protective antibodies, apart from higher level
of women and infants in pairs of group II. It is demonstrated
the same mechanism of action for both vaccines focused on
B-cell stimulation and antibodies forming. The range between
vaccinations was about 1 month, because blood samples were
collected from mothers during childbearing, and all children
were born at time. The antibodies level became on maximum
level by that time, therefore this range didn’t influence in
obtained results.

As it was described early in studies of other authors3-7

there is a decrease of protective antibodies level against influ-
enza after birth up to their total disappearance by 6 month. It
is related to the fact that a half-life period of IgG is about
3 weeks, their uptake with mother’s milk cant supply their
deficit, but speed down the concentration rate. At the same
period the decrease of protective antibodies concentrations in
mothers blood was slowly: not significant in group of
“Grippol plus” vaccinated, there is decrease to all influenza

Table 1. Post-vaccination anti-influenza immunity in the mother-infant pairs.

Group I – Grippol Plus (n = 42) Group II – Agrippal S1 (n = 37)

A/California/7/2009
(H1N1)pdm09-like

virus
A/Perth/16/2009
(H3N2)-like virus

B/Brisbane/60/2008-
like virus

A/California/7/
2009 (H1N1)

pdm09-like virus
A/Perth/16/2009
(H3N2)-like virus

B/Brisbane/60/
2008-like virus

Parameter Time Mother Infant Mother Infant Mother Infant Mother Infant Mother Infant Mother Infant

Seropositive
level (%)
(hemagglutinin
inhibition titre
≥ 1:40)

2–3 days
after birth

64.8 53.1 78.4 62.5 75.7 59.4 67.6 61.5 62.2 57.7 91.9
✕

80.8
✕

3 months
after birth

54.3 21.9
**/Δ

71.4 12.5 **/ΔΔ 74.3 15.6 **/ΔΔ 62.2 34.6
**/Δ

51.4
✕

30.8
✕/*/Δ

72.9 42.3
✕/**/Δ

Geometric mean
antibody titre
(log2)

2–3 days
after birth

38.19±
0.24

25.78±
0.26

45.95±
0.25

31.74±
0.17

54.01±
0.27

31.02±
0.19
Δ

42.38±
0.39

37.03±
0.65

34.82±
0.68
✕

23.78±
0.40

85.74±
0.28
✕

33.64±
0.50
ΔΔ

3 months
after birth

30.31± 0,26 12,59±
0.22
**/Δ

30.31±
0.21

14.47±
0.18
**/Δ

44.89±
0.23

13.50±
0.21
**/Δ

27.32±
0.38
*

20.00±
0.55
*

23.78±
0.59
*

10.91±
0.44
**/Δ

47.57±
0.45
**

18.34±
0.40
**/Δ

Notes:
✕- p < 0.05 – comparing the groups
* – р < 0.05 ** – p < 0.01- for the intra-group changes
Δ – p < 0.05; ΔΔ- p < 0.01 – for mother-infant differences
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strains in “Agrippal S1” group. A maintenance of high level of
influenza antibodies is important for support of specific
insensibility of mothers and their protection of children
from influenza-like virus infections. In the meantime it is an
advantage of “Grippol plus” vaccine for its application in
pregnant women.

This study focused only on special aspects of antibody-
mediated immunity (Bcell part of immune system). 3-month
interval of supervision had been chosen due to the fact, that
there are significant changes in antibodies levels in this time
period. It is known, that influenza vaccines induce changes in
T-cell part of immune system. The study of these changes is
assumed more complex methods of diagnosis, but their clin-
ical perspective is not so clear, therefore we didn’t try to assess
them in frames of this study.

Obtained results of this study are important for the reason-
able choice of medicine for vaccination of pregnant women
against influenza, as it is recommended in national vaccination
Schedule.41 Future investigations should be focused on the cel-
lular component of immune system to find the explanation for
the difference between two vaccines immunity from this study.

Materials and methods

It is a prospective randomized open-label comparative study
of immunogenicity after subunit and polymeric subunit influ-
enza vaccines administration among mothers and infants.

Patient description

In total, 79 mother-infant pairs, which meet to inclusion
criteria (physiological gestation course, ability to participate
in the study, signed patient informed consent form) were
included in this study.

Inclusion criteria

Healthy pregnant women aged 20–40; volunteers capable of
fulfilling the protocol requirements (i.e., able to fill in the
selfobservation diary and turn up for the scheduled visits);
signed informed consent of the volunteers to participate in the
clinical study.

Exclusion criteria

History of leukemia, oncologic conditions or positive tests for
HIV, hepatitis B and C; volunteers who had received the
immunoglobulin preparations or blood transfusions within
the last three months prior to the study;long-term (more
than 14 days) administration of immunodepressants or
other immunomodulating drugs within the last six months
prior to the study;any confirmed or suspected immunosup-
pressive or immunodeficiency disorder; history of chronic
alcohol abuse and/or substance abuse; presence of respiratory
or cardiovascular insufficiency, hepatic or renal impairment
revealed during physical examination or by laboratory tests at
visit 1; severe congenital defects or serious chronic diseases
including any clinically significant diseases of lungs, kidneys,
cardiovascular system, nervous system, psychiatric diseases or

metabolic disorders confirmed by anamnestic data or objec-
tive clinical examination; presence of acute infectious and/or
non-infectious diseases at the time of enrollment in the study;
migrated influenza and influenza-like diseases, as well as
vaccination against influenza within 1 year before the onset
of pregnancy; pregnancy via IVF procedure.

Vaccination was conducted at gestation week 16 – 30. 42
pair (pregnant women aged 23.3 ± 0.4 years) received the
Grippol Plus vaccine (NPO Petrovax Pharm LLC, Russia)
(group I), and 37 pairs (pregnant women aged
27.8 ± 0.6 years) received the Agrippal S1 vaccine (Novartis
Vaccines and Diagnostics, Italy) (group II) over the same
gestation period, based on the Study protocol. The main
number of pregnant women from group I accounted for the
first-born young women – 13 (30.9%), from group II – 12
(32.4%). At the same time, 16 (43.2%) women already had 2
or 3 pregnancies in the anamnesis, mostly ending with child-
birth. It was noted that 27 (72.9%) pregnancies in this group
were planned. All pregnant women were сaucasian. The char-
acteristics of the observed groups of children are reflected in
Table 2. As can be seen from the table, the compared para-
meters were the same in both groups of children born from
vaccinated with different preparations pregnant women.

Sealed code envelope method of randomization was used:
each women received sealed envelope with the number of
study group. Since the moment of vaccination during the
entire period of pregnancy and after childbirth women and
their infants were followed for 3 months under close assess-
ment of the clinical status by obstetrician-gynecologist, neo-
natologist, pediatrician and a researcher. The study protocol
was approved by the Ethics Committee at the Governmental
University of Ulyanovsk (№18 dated 10.02.2010). This project
as a prospective, randomized, open-label comparative study in
parallel groups of pregnant women and their infants. The
study was conducted according to the Russian Federation
National Standard Protocol ГОСТР 52,379–2005 «Good
Clinical Practice» and International GCP standards.42 The
study was based on the ethical principles and recommenda-
tions of the WHO and the Russian Ministry of Health.41,43 All
women signed the patient informed consent form for the
participation in the study before the beginning of this
research.

Vaccines

For vaccination were used commercial influenza vaccines,
compound of which was the same. The antigen content of
the study drugs was compliant with the WHO and EU recom-
mendations for the seasonal vaccines for 2010–2011. The
work was carried out in the 2010–2011 season (A/

Table 2. Comparative characteristics of infants.

Characteristic
Group I (Grippol plus)

(n = 42)
Group II (Agrippal S1)

(n = 37)

Gestation age (children) Full-term (39–40 weeks) Full-term (39–40 weeks)
Weight, g 3277,5 ± 253,9 3347,2 ± 201,3
Height, cm 51,11 ± 0,82 50,89 ± 0,73
Head circumference, cm 34,79 ± 0,52 34,44 ± 0,12
Chest circumference, cm 33,52 ± 0,42 33,59 ± 0,16

2974 M. P. KOSTINOV ET AL.



California/7/2009 (H1N1)pdm09-like virus; A/Perth/16/2009
(H3N2)-like virus; B/Brisbane/60/2008-like virus). Single-dose
vaccination was performed according to the manufacturer’s
instructions. The patients from group I (n = 42) received the
trivalent inactivated polymeric subunit vaccine Grippol Plus
(NPO Petrovax Pharm LLC, Russia). A Grippol Plus dose
contains 5 mcg of influenza H-antigens and the watersoluble
high-molecular immune system adjuvant Polyoxidonium (500
mcg in 0.5 ml in 1 vaccination dose).

Characteristics of the adjuvant used in the vaccine

Polyoxidonium (PO) properties are world apart from all
adjuvants developed previously and those under the develop-
ment today by researches all over the world.

PO is the high molecular derivative of heterochain poly-
amines, synthesized by professor Arkadiy Nekrasov and
patented in Russia, EU and USA. PO structure is defined,
stable and easily reproducible in batch to batch manufacture.
According its chemical structure, PO is the copolymer of
N-oxide of 1,4-ethylene piperazine and (N-carboxymethyl)-
1,4-ethylene piperazinium bromide with molecular mass
about 80 kDa (INN: Azoximer bromide). This high molecular
compound is analogue of natural wide-spread physiologically
active N-oxide polymers having strong physiological and
pharmacological properties including immune tropic potency.

PO is a water soluble, non-toxic biogenic compound that
degrades and eliminates from the organism by natural meta-
bolic way. Due to structure organization peculiarities, PO is
safe because does not provokes immediate and delayed side
effects, that was confirmed by many-years product application
in clinical practice as independent immune modulating and
detoxicating drug.

PO clinical implementation was started in 1996. PO as an
immune modulator and detoxicant in the dose of 6 mg was
approved for application in such fields of clinical practice as
immunology, allergology, oncology, surgery, pulmonology,
gynecology. PO is approved for children and adults in the
form of injections, intravenous infusions, suppositories and
tablets. Medicine was registered in Russian Federation, CIS
countries, Slovakia, Cuba.

For more than 20 years of PO clinical application as
independent drug, mechanisms of its immune modulating
action were studied in many respects. PO possesses
expressed immune modulating effects acting first of all on
autarcesis factors such as monocytic-macrophagal system
cells, neutrophils and NK-cells and inducing them activa-
tion under initially reduced functions. Flow cytochemistry
data showed that PO does interact with three lymphocyte
subclasses, predominantly binds with monocytes and neu-
trophils and to a lesser extent with lymphocytes, enhancing
intracellular H2O2 production. Hydrogen peroxide being
the secondary messenger activates the transcriptional NF-
kB factor that is the participant of the cytokines synthesis
regulation. The enhancement of the pro-inflammatory cyto-
kines IL-1β, IL- 6, TNF-α synthesis takes place. Activation
by PO cells of monocytic-macrophagal cluster and natural
killers promotes mobilization of both cellular and humoral
immunity. Finally all immunity starts up for adequate

response development similarly to that as it occurs in nat-
ural way.44

Besides its own clinical application as independent drug,
Polyoxidonium is used as immunoadjuvant in new generation
vaccines and is a compound in subunit adjuvanted Grippol
family vaccines since 1997 when first Grippol® vaccine was
registered in Russian market. Due to Polyoxidonium, all
Grippol family vaccines contain 3-times lower antigen content
in one immunizing dose – 5 mcg per strain, in comparison to 15
mcg per strain in other subunit and split influenza vaccines.
This provides Grippol family vaccines with higher safety profile.

Today Grippol vaccines are approved and especially
recommended for vaccination of cohorts that previously
were considered to be not vaccinated (patients with allergic
conditions, subjects with chromic somatic diseases, indivi-
duals with different immune deficiencies), and children from
6 months of age, and pregnant women. These recommenda-
tions were made based on relevant clinical trials results fol-
lowed by many years practical mass vaccine application
experience.45,46

The patients from group II (n = 37) received the standard
tri-valent subunit vaccine Agrippal S1 («Novartis Vaccines
and Diagnostic», Italy), which contains 15 mcg of influenza
H-antigens per dose.

Blood samples

The blood samples obtained from 42 (group I) and 37 (group
II) mother-infant pairs were evaluated on days 2–3 and
3 months after birth.

Laboratory methods

The antibody levels against the influenza A and B strains were
evaluated using a hemagglutination inhibition reaction and a
0.75% chicken RBC mix with prior warming of the study
serum up to 56 С for 1 hour to remove the nonspecific
inhibitors and improve the sensitivity of the reaction. It
should be noted that this test is recognized as specific for
the evaluation of the immunogenicity of influenza vaccines.
To determine specific antibodies were used antigens of the A/
California/7/2009 (H1N1)pdm09-like virus, A/Perth/16/2009
(H3N2)-like virus, B/Brisbane/60/2008-like virus, recognized
by WHO as seasonal and included in the compound of
influenza vaccines in 2010– 2011 and 2011–2012 years.

Criteria for evaluating influenza vaccine immunogenicity
in pregnant patients and newborns are not available; there-
fore, we used the criteria developed by the Committee for
Proprietary Medicinal Products (CPMP) for adult patients.
The same criteria were used in previous studies.9–11 We
used only two criteria in this study:

(1) Seroprotection level – percentage of vaccinated
patients with a hemagglutinininhibiting antibodies
titre (HIAT) over 1:40 by post-vaccination day 21
(reference level – over 70%).

(2) Seroconversion factor or mean geometric increase –
increase in the mean geometric titre of hemaggluti-
nin-inhibiting antibodies by post-vaccination day 21

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2975



compared to baseline – expressed as an increase ratio
(reference level – over 2.5-fold).

The mean geometric antibody level enables the reliable
determination of the seroconversion increase or decrease,
reflecting the decrease in the intensity of immunity to influ-
enza in infants during the early post-natal period.

The efficacy and immunogenicity of the vaccine is consid-
ered to be satisfactory if the vaccine meets at least one of these
criteria.

Statistical analysis

Descriptive statistics were used to analyze the results with
Thompson’s rule for preliminary processing. The significance
of the different numerical parameters was evaluated using the
non-parametric Wilcoxon’s criteria for non-related samples
(W). AtteStat10 software was used. The log of the mean
geometric data (antibody titre) was used to calculate the
seroconversion factor. Microsoft Excel 2003 software was
used.

Conclusion

The dynamic of influenza antibodies after the administra-
tion of [polymeric subunit vaccine] “Grippol plus” was
investigated in frames of this study for the first time. The
originality of this study is a description of antibody
response and it’s dynamic among pregnant women and
their infants during pregnancy and 3 month after birth.
Obtained results demonstrated than polymeric subunit vac-
cine “Grippol plus” corresponds to needed requirements in
forming of protective antibodies among pregnant women
and provides protection of mothers and their children after
birth. Therefore, this vaccine can be administered to preg-
nant women for influenza prophylaxis as it is described in
recommendations of National Vaccination Schedule.41

Represented data confirm results of foreign studies regard-
ing vaccination of pregnant women against influenza. An
advantage of “Grippol plus” vaccine application among
pregnant women is longer period of protective antibodies
level maintenance after childbearing compare with
“Agrippal S1”. But there is a need in investigation of the
cellular component of immune system after influenza vac-
cines application to find the explanation for the difference
in their actions.

The administration of a polymeric subunit influenza vac-
cine and subunit influenza vaccine during trimesters II and III
resulted in the development of protective antibodies (≥ 1:40)
against different strains of influenza within several days after
birth in more than 53% of cases. Three months later, similar
levels of protective antibodies were reported in the mothers,
while in the children, the levels of trans-placental antibodies
decreased. The percentage in group I was 13 – 22% (Grippol
Plus), and the percentage was 31 – 43% in group II
(Agrippal S1).

The geometric mean antibody titres for the A(H1N1)
pdm09 and A/H3N2/influenza strains for the mother-
infant pairs after birth were similar; however, for the

infants, the antibody titres for strain B were lower, inde-
pendent of the vaccine used during pregnancy. This effect
is likely associated with the mechanism of trans-placental
transmission. Vaccination during trimesters II and III
with a polymeric subunit vaccine containing the immune
adjuvant Polyoxidonium helped to maintain the geometric
mean antibody titre throughout the first three months
after birth, while administration of a standard subunit
vaccine resulted in decreased antibody levels for various
influenza strains. In both groups, a similar decrease in the
geometric mean antibody titre was reported in the infants,
with a mean 2-fold decrease. This result reflects the
decrease in specific influenza immunity due to physiolo-
gical catabolism of the trans-placental antibodies.

Therefore, the administration of a polymeric subunit
immune adjuvant vaccine with a 3-fold deceased amount
of the viral strains during pregnancy resulted in the
development of protective antibodies in mother-infant
pairs, similar to the administration of the standard sub-
unit vaccine. Three months later, the number of infants
with protective antibody levels and the geometric mean
antibody titre decreased, independent of the vaccine used.
In contrast, for the mothers, no significant changes in
influenza protection were observed; however, the decrease
in the geometric mean antibody titres in the women
vaccinated with Agrippal S1 during pregnancy was more
prominent.
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