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Relationship of Th1/Th2 Cell Balance With the
Immune Response to Influenza Vaccine

During Pregnancy

Koushi Yamaguchi,"** Michi Hisano,' Sakiko Isojima,' Seiko Irie,"”” Naoko Arata,"?
Noriyoshi Watanabe,'> Takahiko Kubo,' Tatsuo Kato,' and Atsuko Murashima®?

! Department of Perinatology, National Center for Child Health and Development, Setagaya-ku, Tokyo, Japan
2Japan Drug Information Institute in Pregnancy, Setagaya-ku, Tokyo, Japan

To determine the optimal timing for influenza
vaccination in pregnant women, we measured
alterations in the types 1 and 2 T helper cell
(Th1/Th2) balance during pregnancy, monitored
specific immunity to inoculated antigens after

- vaccination with inactivated influenza vaccine,
evaluated the relevance of the Th1/Th2 ratio and
immune responses to the vaccination, monitored
the maintenance of high antibody titers until
delivery and measured the transplacental anti-
body transfer rate. No significant alterations of
the Th1/Th2 balance were noted in the 65% of
pregnantwomen among whom the Th1/Th2 ratio
was lowerthan 9.9% in the first trimester. Inthose
groups with a ratio higher than 10% in the first
trimester, there was a tendency for the ratio to
decrease as gestation advanced. The efficiency of
immunization was not influenced by the Th1/Th2
status or by the stage of gestation. The antibody
titer decreased steadily with time from 1 month
after vaccination to the time of delivery. Con-
versely, the transfer rate of antibodies from
maternal to fetal blood at the time of delivery
increased with the duration of gestation after
vaccination. Nevertheless, the antibody titers in
both maternal and fetal blood were sufficient to
afford protection againstinfection. Thus, efficient
influenza vaccination can be undertaken at any
stage of pregnancy. J. Med. Virol. 81:1923-
1928, 2009. © 2009 Wiley-Liss, Inc.

KEY WORDS: Th1/Th2 cell balance, preg-
nancy, influenza vaccination,
passive immunity, transpla-
cental transfer

INTRODUCTION

The fetus and placenta are perceived as “foreign” to
the maternal immune system and facilitation of immune
tolerance to the fetus in successive pregnancies is

© 2009 WILEY-LISS, INC.

important. One alteration of the immune response in
pregnant patients is decreased cellular immunity,
reflecting the relative predominance of type 2 T helper
cells (Th2) in the Th1/Th2 ratio [Saito, 2000; Tsudaet al.,
2002]. Although it is not clear whether the alteration
arises locally or systemically, a decrease in cytotoxic
lymphocyte activity associated with a predominance of
Th2 is capable of attenuating the immune defense
against viral infections. In addition, decreased maternal
lung capacity caused by the enlarging gravid uterus
and increases in plasma volume, heart rate, stroke
volume, and oxygen consumption during pregnancy can
impair the mother’s cardiopulmonary functions. These
physiological changes might explain the increased
vulnerability of pregnant women to viral infections of
the respiratory system.

Increased morbidity and mortality rates in pregnant
women were reported following three major historical
influenza pandemics: the Spanish flu (viral strain
H1N1) in 1918, Asian flu (H2N2) in 1957, and Hong
Kong flu (H3N2) in 1968. The mortality rate in pregnant
women was 49% and pregnant women accounted for
about half of the fatalities in women of reproductive
age during the epidemics of 1918 and 1957 [Harris,
1919; Greenberg et al., 1958; Freeman and Barno,
1959; Widelock et al., 1963; Mullooly et al., 1986]. These
reports were supported by the recent findings of
increasing risk of respiratory hospitalization at later
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stages of gestation during the influenza season [Neuzil
et al., 1998; Irving et al., 2000; Hartert et al., 2003;
Longman and Johnson, 2007; Rothberg et al., 2008].

To prevent influenza infections during pregnancy, the
American College of Obstetricians and Gynecologists
(ACOG) and the Centers for Disease Control (CDC) have
recommended that all women that are pregnant or who
intend to get pregnant during the influenza season
should be vaccinated. In 2004, they advised expanding
the guidelines for vaccination from the second and third
trimester to all three trimesters [Harper et al., 2004;
Munoz et al., 2005; Fiore et al., 2008; Mak et al., 2008].

The importance of vaccination with an inactivated
influenza vaccine in pregnant women can be appre-
ciated when one considers the controversial and
limited applicability of other prophylactic or therapeutic
options, such as the use of the attenuated intranasal
vaccine or antiviral medications during pregnancy.
Therefore, it would be worth analyzing in detail
the immunological effects of vaccination with the
inactivated vaccine.

In this study, we evaluated the efficiency of influenza
vaccination in the second and third trimesters of
pregnancy by evaluating factors such as the Th1/Th2
balance, maintenance of antibody titers and trans-
placental transfer of antibodies to the fetus after
vaccination. We discuss the optimal timing for influenza
vaccination in pregnant women.

METHODS
Study Design

The aim of this study was to determine the optimal
timing of influenza vaccination in pregnant women. We
performed a prospective study on 125 healthy pregnant
women at the Japanese National Center for Child
Health and Development (NCCHD) between November
1,2007 and May 31, 2008. Women who received prenatal
care at the NCCHD were offered the influenza vaccine at
their routine prenatal visits, regardless of their gesta-
tional stage. Cytological and serological tests were
conducted before the vaccination to ascertain whether
the patients had a history of influenza infection with
viral strains expressing the same antigens as in the
vaccine, and to evaluate the immune responses to the
vaccine under each maternal immunological condition
(Fig. 1). Production of antibodies was evaluated 1 month
after the vaccination and the titers in the maternal
serum were measured at the time of delivery. These data

qst 2nd 3rd

Before vaccination After vaccination Delivery

Cytological testing
Serological testing
Mother

Baby ‘ "'
Vaccination

Fig. 1. Protocol for blood sampling.

J. Med. Virol. DOI 10.1002/jmv

Yamaguchi et al.

were used for evaluating maintenance of the antibody
response to immunization, and for comparing it with the
titers in the umbilical cord to analyze transplacental
transfer of antibodies to the fetus. If the interval from
the vaccination to the time of delivery was approxi-
mately 1 month, the data attained at the time of delivery
were also used as those at the second examination.

To analyze the alterations of the Th1/Th2 balance
during pregnancy, the parameter was monitored in each
trimester in 30 healthy pregnant women who had not
received any vaccination at the NCCHD.

The study was approved by the local Ethics Commit-
tee at the NCCHD. Written informed consent was
obtained from all of the study participants in advance.

Cytology

Specific staining of lymphocytes was performed by
incubating whole blood with anti-CD4-PC5 or anti-
CD8-PC5-conjugated monoclonal antibodies (mAbs)
(Beckman Coulter, Fullerton, CA). The red blood cells
(RBCs) were then removed by lysis (FACS Lysing
solution; Becton Dickinson, BD Biosciences, Franklin
Lake, NJ) and the lymphocytes were analyzed using
flow cytometry (FACSCalibur; Becton Dickson). After
surface staining the activated whole blood samples with
anti-CD4-PC5-conjugated mAbs, the RBCs were lysed
and subsequently specific intracellular staining using
FastImmune™ IFN-y FITC/IL4 PE (Becton Dickinson)
was performed according to the manufacturer’s instruc-
tions. The stained cells were analyzed using flow
cytometry and the CD4" T lymphocytes that stained
positive for interferon gamma (IFN-y) or for interleukin
(IL)-4 were used to assess the numbers of Th1 and Th2
cells, respectively.

Vaccine

The influenza vaccine (FLUBIK HA"; Biken, Osaka,
Japan) contained three strains: A/Solomon/3/2006
(H1N1), A/Hiroshima/52/2005 (H3N2), and B/Malaysia/
2506/2004.

Antibody Detection

Serum samples from the maternal blood or fetal
umbilical cord blood were treated with a receptor-
destroying enzyme (RDE) from Vibrio cholerae for
18hr at 37°C to remove nonspecific inhibitors. After
heat inactivation for 30 min at 56°C, the samples were
diluted to ten times their volume with physiological
saline. To adsorb nonspecific agglutinins, the RDE-
treated serum samples were then incubated with 2.5% v/
v human type O RBCs for 1 hr at 4°C. The serum samples
used in subsequent hemagglutination inhibition tests
were separated by centrifugation at 900g for 5 min.

The pretreated serum samples were double diluted
serially in PBS using U-shaped 96-well microtiter plates
and incubated with an equal volume of 4 U of various
virus hemagglutinin antigens at room temperature (RT)
for 1hr. An aliquot of 0.3% v/v human type O RBC
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suspension in PBS was added to each well and incubated
at RT for 1hr. The titers of the specific antibodies for
the various strains were read by inverting the plates
to produce a streak [Hist, 1942; Francis et al., 1944,
Stephenson et al., 2003].

Statistical Analysis

All P values were two-sided and were not adjusted
for multiple testing. Differences between groups in
terms of maintenance of elevated antibody titers and
transplacental transfer rate were assessed using the
Mann—Whitney nonparametric U test. Analyses were
performed using SPSS II software (SPSS, Inc., Chicago,
IL).

RESULTS
Patients

There were 125 patients in this series: 71 in
their second trimester at the time of vaccination and
54 in their third trimester (Table I). There was little
opportunity for administering the vaccine during the
first trimester as we usually schedule the vaccination at
afollow-up appointment following the first visit, 1 month
after the diagnosis of pregnancy. Although a few

patients received the vaccination in the first trimester, .

we did not enter these data into this analysis. No
significant differences in mean age, white blood cell
(WBC) count, differential lymphocyte count or natural
killer (NK) cell activities were observed in the patients
between the second and third trimester. There were no
adverse events in terms of pregnancy or fetal medical
conditions.

The fetus is a source of “foreign” antigens for the
maternal immune system during pregnancy and NK cell
activities in maternal blood have relevance to the
maternal—fetal interface [Boyson et al., 2008]. Stability
of NK cell activities is important to maintain pregnancy
and is also a parameter of smooth pregnancy. Given that
activated NK cells have a potent influence on T-cells, we
analyzed NK cell activities in this study.

Alteration of the Th1/Th2 Ratio
During Pregnancy

In a preliminary investigation, the Th1/Th2 ratio was
analyzed in healthy pregnant women. No significant
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alteration was observed when evaluated using mean
data from subjects with a wide range of the ratio.
Therefore, to evaluate any alterations to the Thl/
Th2 balance during pregnancy we classified the subjects
into three groups based on the ratio in the first trimester
(Fig. 2). Those women with a low Th1/Th2 ratio (<9.9%)
did not show any significant alterations during
pregnancy, whereas women with a ratio in the mid- .
range (10.0-14.9%) showed a tendency toward decrease
of the ratio. This tendency for a decrease was accen-
tuated in the group with a high initial Th1/Th2 ratio
(>15%).

Immunity to Vaccinated Antigens

The vaccine we used contains three strains of virus.
The HI titers of each specific antibody were analyzed
one month after vaccination to evaluate strain-specific
immune responses. HI antibody titers >1:40 are usually
regarded as protective and are an objective for success-
ful vaccination [Center for Biologics Evaluation and
Research, 2007]. This is important for assessing clinical
efficacy; however, in this study we concentrated on
analyzing the immunological response to vaccination.
The immune responses of all patients to the three viral
strains included in the vaccine are shown in Figure 2B.
These confirm that the antibody response rate tended
to increase inversely with the titer at the time of the
vaccination and that subjects with a prevaccination HI
antibody titer of >1:80 showed less response.

We applied the following criteria for classification of
the immune responses. Subjects with a prevaccination
HI antibody titer «<1:10 and a postvaccination HI
antibody titer >1:40, or a prevaccination HI antibody
titer >1:10 and a minimum fourfold rise in postvacci-
nation HI antibody titer, were classified as responsive.
Those with only twice the increase, or with noincreasein
postvaccination HI antibody titer, were classed as poorly
responsive and nonresponsive subjects, respectively.
Subjects with HI antibody titers >1:80 of prevaccination
specific antibodies and with no significant response to
vaccination were classed as being nonresponsive with a
high titer (Table II). This group was no longer available
because their antibodies might have interfered with the
immune response to the vaccine, so the immunologically
responsive group was our prime focus for evaluating
immune responses.

TABLE I. Maternal Condition at the Time of Vaccination

Trimester

Conditions, mean + SD

(range) Second (n="171) Third (n = 54)

Age (y.0.) 34 £ 3.8 (25-40) 34+4(26-41)
Weeks of gestation 22 +4.2 (15-28) 33+2.5(29-39)

WBC (ml) 9023.6 & 1966.9 (3900-12700) 8500.0 +2260.7 (4100-16700)
Lymph (%) 21.2+5.9(11-38) 22.4+7.7 (12-36)

CD4 (ml) 44.8+6.9(29.1-63.8) 45.7+7.3 (31.2-60.1)
CD4/CD8 (ratio) 1.540.5 (0.66-2.58) 1.5+0.5 (0.65-2.47)

Th1/Th2 (ratio)
NK cells activities (%)

10.7+ 7.4 (3.9-44.3)
23.0£:11.1 (5~-63)

10.2+4.3 (4.3-20.7)
24.5+12.7 (6-56)

J. Med. Virol. DOI 10.1002/jmv
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Fig. 2. A: Alteration of the types 1 and 2 T helper cells (Th1/Th2) ratio during pregnancy. The three
groups were classified based on the Th1/Th2 ratio during the first trimester. Data are shown as the
mean + SD from each group, *P < 0.05. B: Immune responses of all 125 patients to the three viral strains
included in the vaccine. The HI antibody response rate tended to increase inversely with the HI titer at
the time of vaccination, and subjects with a prevaccination HI antibody titer of >1:80 showed a lower

response.

Th1/Th2 Ratio and the Immune
Response to Vaccination

To analyze the association between the antibody
immune response and the Th1/Th2 ratio at the time of
vaccination, analysis was performed regardless of the
stage of gestation. Although there was a wide range in
the Th1/Th2ratioin vaccinated patients, the numbersin
the responder groups were generally inversely related to
the ratio (Table III). Thus, most responders were
observed in the group with a Th1/Th2 ratio of less than
9.9%, but no statistically significant differences were
found across the range.

Serology

We compared the results of serological evaluation
between the second and third trimesters (Table IV). The

TABLE II. Status of Immunity Against Antigens After

Vaccination®
Antigens®
Immunity (%) (n=125) A B C  Whole”
Nonresponsive with a 34.4 43.2 32.8 36.0
high titer®
Responsive' 51.2 28.0 40.0 57.6
Poorly responsive® 144 28.8 24.8 6.4
Nonresponsive 0.0 0.0 2.4 0.0

Percentage of immunity against each antigen at 1 month after the
vaccination.

?A: A/Solomon/3/2006 (H1N1), B: A/Hiroshima/52/2005 (H3N2), C: B/
Malaysia/2506/2004.

"Responded to either A or B or C.

“Subjects with HI antibody titers >1:80 to specific antibodies
grevaccination and with no significant response to vaccination.
Subjects with a prevaccination HI antibody titer <1:10 and a
postvaccination HI antibody titer >1:40, or a prevaccination HI
antibody titer >1:10 and a minimum fourfold rise in postvaccination
HI antibody tifer.

“Subjects with only twice the increase in postvaccination HI antibody
titer.

J. Med. Virol. DOI 10.1002/jmv

immunization rates in the vaccinated subjects with-
out preexisting immunity were almost the same in
the second and third trimesters. The rate of main-
tenance of an antibody level was calculated from the HI
antibody titer in maternal serum at the time of delivery,
relative to that measured at 1 month after vaccination.
The transplacental transfer rate was calculated from
the HI antibody titer in the serum of fetal umbilical
cord blood, relative to that of maternal blood measured
at the time of delivery. Maintenance of the antibody
level was better in those subjects vaccinated in the
third trimester than in those vaccinated in the second
trimester. Although the transfer rate from the maternal
to the fetal blood at delivery was inversely related to
the duration of gestation after vaccination, higher
titers were commonly observed in the fetal than in the
maternal blood.

To clarify the effects of previous vaccination or
infection, we also attempted to evaluate the results in
relation to preexisting immunity and each patient’s
history of vaccination or infection. However, this was
difficult to evaluate because not all the same antigens
are used each past year to construct the vaccine and it is
difficult to identify the infecting viral strains in each
patient from a routine clinical examination.

DISCUSSION

Evaluating the clinical efficacy of vaccines is of prime
importance for effective public health. However, the
outcome of vaccination will depend on determining
the appropriate vaccine for the strains anticipated to
cause influenza in the following season and on many
other factors such as each patient’s history of influenza
infection or vaccination and the clinical features of each
particular infective strain.

Immunological evaluation of immune responses to
influenza vaccination during pregnancy has not been
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TABLE III. Th1/Th2 Cell Balance in the Responder Group

Distribution
Total® Responder Percentage in Average Th1/Th2
Th1/Th2 ratio (%) (n=280) (n=172) each range (%) ratio’ (mean +SD)
<99 52 48 92.3 7.2+1.7
10-14.9 15 13 86.6 127+15
15-19.9 9 8 88.8 170+ 1.1
>20 4 3 75.0 37.9+5.5

2Vaccinated numbers without the number of preexisting immunity group.

YAverage Th1/Th2 ratio in responders.

TABLE IV. Comparisons Between Second and Third Trimester

Analysis

Trimester

Second (n=45) Third (n=27) P

Immunized rate (%)® (n = 80)
(responders/total subjects)

Maintenance of elevated antibody level (%)°

Transplacental transfer rate (%)°

91.8 (45/49) 87.1 (27/31)

94.0+30.9
127.41+84.8

<0.001
0.020

66.4 +26.8
161.1+70.6

“Percent of subjects showing antibody response among the vaccinated subjects without nonresponsive with

a high titer immunity (n = 80).

bThe rate of maintenance of an antibody level was calculated from the HI antibody titer in maternal serum
at the time of delivery, relative to that measured at 1 month after vaccination.
“The transplacental transfer rate was calculated from the HI antibody titer in the serum of fetal umbilical
cord blood, relative to that of maternal blood measured at the time of delivery.

conducted to date. Herein, we examined the effect of
influenza vaccination in pregnancy on the Thl/Th2
ratio, on maintenance of the specific antibody response
and the efficiency of transplacental transfer of the
antibody to the fetus. Our aim was to determine the
optimal timing of influenza vaccination in pregnant
women. Therefore, our focus was not on evaluating the
relationship between presence of the antibodies and the
prevention of infection. We first clarified the alterations
of the Th1/Th2 balance during pregnancy. Contrary to
expectations, the balance was not significantly altered
in the 65% of the pregnant women who had a Th1/Th2
ratio of lower than 9.9% in the first trimester. Subjects
with a Th1/Th2 ratio of higher than 10% in the first
trimester showed a tendency towards a decrease of the
ratio, that is, a predominance of Th2 cells as gestation
progressed. Although some systemic alteration of
the balance was observed, this was not found in all
pregnant women. These findings might be helpful
to explain the alterations in diseases in which the
pathogenesis, progression and improvement are
affected by pregnancy, such as autoimmune and allergic
diseases. The efficiency of the inactivated influenza
vaccine was not influenced by the Th1/Th2 status. There
were also no significant differences in the immunization
rate between the second and third trimesters of
pregnancy. It is conceivable that the same result would
also be obtained for the first trimester on the basis of the
Th1/Th2 status (Fig. 2). This outcome suggests that
there might be no restriction related to the timing
of influenza vaccination during pregnancy and also
supports the recommendation of the ACOG or CDC in
different ways.

The maintenance of an antibody level depends on
the time elapsed after vaccination. Accordingly, the
titers in these women decreased with time and were not
related to the gestational stage. In contrast, the transfer
rate from the maternal blood to the fetal blood at time
of delivery tended to be inversely correlated with the
duration of gestation after vaccination. The discrepancy
might be accounted for by the time needed for receptor-
mediated active transfer [Englund, 2007]. The presence
of higher titers of antibodies in the fetal blood than in the
maternal blood may also be related to the mechanism of
active transfer.

In conclusion, a successful immunization rate of
approximately 90% after vaccination was independent
of both the Th1/Th2 balance and the stage of gestation.
Although the antibody titers in maternal and fetal blood
were affected by the timing of vaccination, vaccination
at any time during the gestational period yielded
sufficient antibody titers, in theory, to afford protection
against infection. Therefore, we consider that efficient
influenza vaccination can be undertaken at any stage of

pregnancy.
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Th1/Th2 k(%) 24k SR S EOEIS (%) DFHE
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=9.9 52 48 92.3 7.2+1.7
10~14.9 15 13 86.6 12.7+1.5
15~19.9 9 8 88.8 17.0+1.1
=20 4 3 75.0 37.9+5.5
1. BRAE—-BCEEER(7 I F @A,
2 [EED Thl/Th2 LkoF4E.
R4 BIZHHEFEI=ZFHOLEE
=448
5 %2 %3 P
(n=45) (n=27)
RAEISEE (%) (n=80) 91.8 87.1
(IEEH/2%) (45/49) (27/31)
nERRE (%) 66.4+26.8 94.0+30.9 <0.001
&B&ﬂﬁﬁﬂe%@ﬁ*(%r 161.1%+70.6 127.4+84.8 0.020

1 BRGE-BRICE LR 72 F BEEBEORBGERE (n=80).
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