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Objective:  In  the  U.S.,  seasonal  trivalent  influenza  virus  vaccine  (TIV)  is  currently  universally  recom-
mended  for  all  pregnant  women.  However,  data  on  the  maternal  inflammatory  response  to vaccination
is  lacking  and  would  better  delineate  the  safety  and  clinical  utility  of immunization.  In  addition,  for
research  purposes,  vaccination  has  been  used  as a mild  immune  trigger  to  examine  in vivo inflammatory
responses  in  nonpregnant  adults.  The  utility  of  such  a  model  in pregnancy  is  unknown.  Given  the  clinical
and  empirical  justifications,  the  current  study  examined  the  magnitude,  time  course,  and  variance  in
inflammatory  responses  following  seasonal  influenza  virus  vaccination  among  pregnant  women.
Methods:  Women  were  assessed  prior  to and  at  one  day  (n  =  15),  two  days  (n  =  10),  or  approximately
one  week  (n  =  21) following  TIV.  Serum  interleukin  (IL)-6,  tumor  necrosis  factor  (TNF)-�,  C-reactive
protein  (CRP),  and  macrophage  migration  inhibitory  factor  (MIF)  were  determined  by  high  sensitivity
immunoassay.
Results:  Significant  increases  in  CRP  were  seen  at  one  and  two  days  post-vaccination  (ps  < 05).  A similar
effect  was  seen  for TNF-�,  for  which  an  increase  at two  days  post-vaccination  approached  statistical  sig-
nificance  (p  = .06).  There  was  considerable  variability  in  magnitude  of  response;  coefficients  of  variation
for  change  at  two  days  post-vaccination  ranged  from  122%  to  728%,  with  the greatest  variability  in IL-6
responses  at  this  timepoint.
Conclusions:  Trivalent  influenza  virus  vaccination  elicits  a  measurable  inflammatory  response  among
pregnant  women.  There  is sufficient  variability  in  response  for testing  associations  with  clinical  outcomes.

As  adverse  perinatal  health  outcomes  including  preeclampsia  and  preterm  birth  have  an  inflammatory
component,  a  tendency  toward  greater  inflammatory  responding  to  immune  triggers  may  predict  risk
of adverse  outcomes,  providing  insight  into  biological  mechanisms  underlying  risk.  The  inflammatory
response  elicited  by  vaccination  is  substantially  milder  and  more  transient  than  seen  in  infectious  illness,
arguing  for  the  clinical  value  of  vaccination.  However,  further  research  is  needed  to  confirm  that  the  mild
inflammatory  response  elicited  by vaccination  is benign  in  pregnancy.
Pregnant women are considered at greater risk than the gen-
ral population for complications, hospitalization, and death due
o influenza [1–3]. Based on known risks versus benefits of immu-

ization, routine influenza vaccination is currently recommended
y the Centers for Disease Control (CDC) and American College of
bstetricians and Gynecologists (ACOG) for all healthy pregnant
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women  in any trimester [4,5]. Several studies have shown no harm-
ful effects resulting from influenza vaccination during pregnancy
[for review see 2].  However, because vaccination could confer risks
that have not been measured or would require larger sample sizes
to detect, the wisdom of universal vaccination of pregnant women
has been a topic of debate [6,7].

Studies of TIV in pregnancy have shown no differences among
vaccinated versus unvaccinated women and their infants in

rates of miscarriage, C-section, gestational age at delivery, birth
weight, APGAR scores, length of hospitalization after birth, or fetal
malformations and mortality to age four among offspring [8–19].
Maternal vaccination has been associated with 63% reduction in

dx.doi.org/10.1016/j.vaccine.2011.09.039
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:Lisa.Christian@osumc.edu
dx.doi.org/10.1016/j.vaccine.2011.09.039


ccine

c
A
m
b
i
t
b
h
m
k
o
w
r
s

v
i
n
a
c
t
f
i
i

n
i
f
e
o
i
e
c

i
p
v
s
i
d
d
a
i
i
l
d
r
b
w

u
i
c
t

1

1

p
i
v
U
e

L.M. Christian et al. / Va

linical influenza in infants from birth to six months of age [12].
mong infants born during influenza season, maternal vaccination
ay  reduce risk of preterm delivery and small for gestational age

irth [20]. Further, maternal influenza infection has been linked to
ncreased risk of schizophrenia in adult offspring [21–23],  a risk
hat vaccination could mitigate. However, given that this link may
e mediated by the maternal inflammatory response to infection, it
as been postulated that the inflammatory response to vaccination
ay  itself be detrimental to fetal brain development [7].  To our

nowledge, there are no available data regarding the magnitude
r duration of inflammatory responses elicited by TIV in pregnant
omen. Thus, better understanding of the maternal inflammatory

esponse elicited by vaccination is highly warranted from a clinical
tandpoint.

In addition, assuming health benefits, vaccination may  pro-
ide a useful research model. Inflammatory processes play an
mportant role in the maintenance of successful pregnancy. Preg-
ancy has been associated with decreased inflammatory responses
nd maintained/increased antiinflammatory responses to immune
hallenges in human and animal models [24–29].  It has been pos-
ulated that this immune adaptation may  prevent rejection of the
etus by the maternal immune system. Thus, a tendency toward
nflammatory responding may  increase risk of adverse outcomes,
ncluding preeclampsia and preterm birth (PTB) [30–33].

Human studies of the inflammatory response system in preg-
ant women to-date have relied on in vitro models [27,28]. Because

n vitro techniques involve isolation of specific cells, removal of cells
rom the complex in vivo environment, and exposure to higher lev-
ls of antigen than normally occurs in vivo, the clinical relevance
f in vitro assessments is often unclear. By providing insight into
mmune function in the complex, multifaceted, naturally occurring
nvironment, in vivo models arguably provide data with clearer
linical relevance.

Vaccines have been used as a mild immune trigger to examine
ndividual differences in vivo inflammatory responses in non-
regnant adults [34–40].  Differential inflammatory responses to
accination have been reported in association with depressive
ymptoms [38] and carotid artery disease [39], conditions with an
nflammatory component. Translating this research to pregnancy,
ifferential inflammatory responses to immune triggers may  pre-
ict risk for preeclampsia and preterm birth. The utility of such

 model is dependent on: (1) vaccination eliciting a measurable
nflammatory response and (2) the presence of sufficient variability
n response to allow for differential classification (e.g., high versus
ow responders). Due to substantial immune adaptation that occurs
uring pregnancy, with reported down-regulation of inflammatory
esponding, findings regarding the inflammatory response elicited
y vaccination in nonpregnant adults may  not extend to pregnant
omen.

Given both the clinical and empirical justifications for better
nderstanding inflammatory responses elicited by immunization

n pregnancy, the current study examined the magnitude, time
ourse, and variance in inflammatory responses following seasonal
rivalent influenza virus vaccination (TIV) among pregnant women.

. Method

.1. Participants

This study included 46 pregnant women who  were assessed
rior to and at either one day (n = 15), two days (n = 10), or approx-
mately one week (6–9 days; n = 21) following seasonal influenza
irus vaccination. Women  were recruited through the Ohio State
niversity Medical Center General Perinatal Clinic. Women  were
xcluded from participation if they reported recent acute illness,
 29 (2011) 8982– 8987 8983

chronic health conditions with implications for immune function,
or if fetal anomaly or preeclampsia were indicated per medical
records.

At a regular prenatal visit, women  were informed of the study.
Women  were asked if they planned to receive the seasonal flu shot.
If they were undecided, they were encouraged to speak with their
physician about vaccination prior to study enrollment. Women
who  were eligible and chose to participate completed an informed
consent. Participants received compensation for their participa-
tion. The study was approved by The OSU Biomedical Institutional
Review Board. Data were collected between November 2006 and
April 2009.

1.2. Demographic and psychosocial measures

Demographic and descriptive information regarding height,
current weight, pre-pregnancy weight, age, race, education level,
marital status, and income was  collected. The following health
behaviors were assessed at the initial study visit: smoking, par-
ticipation in regular physical activity (i.e., at least 1 h per week of
vigorous activity), and frequency of prenatal vitamin use.

1.3. Measurement of serum inflammatory markers

At each study visit, whole blood was collected into vacutainer
tubes while subjects were in a seated position. All samples were col-
lected between 9:30 am and 1:30 pm.  Samples were immediately
centrifuged, aliquoted, and placed at −80 ◦C in freezer storage until
analysis. Serum levels of IL-6 and TNF-� were assayed in dupli-
cate with ultra-sensitive multiplex kits from Meso Scale Discovery
(MSD) and chemilluminescence methodology using the Immulite
1000 (Siemens Healthcare Diagnostics, Inc., 1717 Deerfield Rd.,
Deerfield, IL.) Serum levels of MIF  were assayed in duplicate using
ultra-sensitive multiplex kits from R&D Systems (Minneapolis, MN)
per kit instructions.

1.4. Physical measurements

Body mass index (BMI) was  calculated (kg/m2) using height
as measured by a nurse at the study visit and self-reported
weight prior to pregnancy. The general accuracy of self-reported
pre-pregnancy weight was  confirmed by calculation of expected
pre-pregnancy weight based on weight by scale at the study visit.

1.5. Influenza virus vaccination

Each woman  received Fluarix (GlaxoSmithKline) seasonal triva-
lent influenza virus vaccination. During the 2006–2007 influenza
season, each 0.5 ml  dose contained 45 �g hemagglutinin (HA),
with 15 �g HA of each of the following three virus strains:
A/New Caledonia/20/99 (H1N1), A/Wisconsin/67/2005 (H3N2),
and B/Malaysia/2506/2004. During the 2008–2009 influenza sea-
son, the vaccination contained A/Brisbane/59/2007 (A/H1N1),
A/Uruguay/716/2007 (A/Brisbane/10/2007-like strain) (A/H3N2),
and B/Florida/04/2006. The vaccine was  administered following
baseline blood sampling. Data regarding inflammatory markers at
one week post-vaccination were collected during the 2006–2007
influenza season. During the 2008–2009 influenza season, women
were assessed at either one day or two  days post-vaccination.

1.6. Statistical analyses
Women  assessed at one day, two days, and one week
post-vaccination were compared in terms of demographic and
behavioral characteristics using ANOVA and chi-square analyses
to determine the extent to which groups were comparable.
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Table 1
Demographic characteristics.

Follow-up timepoint Total (n = 46)

One day (n = 15) Two days (n = 10) One week (n = 21)

Age 22.71 (3.92) 24.31 (4.0) 25.66 (4.6) 24.43 (4.38)
Race

African-American 10 (66.7%) 5 (50%) 14 (63.6%) 29 (61.7%)
Caucasian 3 (20%) 4 (40%) 7 (31.8%) 14 (29.8%)
Other  2 (13.3%) 1 (10%) 1 (4.5%) 4 (8.5%)

BMI  26.94 (6.92) 28.83 (10.6) 26.82 (6.01) 27.28 (7.34)
Weeks  gestation 13.9 (6.9) 12.9 (6.8) 16.9 (9.2) 15.1 (8.1)
Gravidity 2.4 (1.5) 3.6 (2.5) 3.2 (1.5) 3.0 (1.8)
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Current smoker 4 (26.7%) 

Hours  sleep prior to vaccination 6.4 (1.9) 

Vaccinated previous year 2 (13.3%) 

Cytokine data were log transformed to normalize the data
istribution. Log-transformed data were used for all statistical anal-
ses. Datapoints ≥ 3 standard deviations from the mean change
rom baseline were considered to be outliers and were excluded
rom analyses except where both pre- and post-vaccination

easures exceeded this limit. Paired t-tests were conducted to
ompare serum levels of proinflammatory proteins pre- and post-
accination. To estimate the time course of response, analysis of
ovariance (ANCOVA) models were fit to responses from each time
oint with the baseline value included as a covariate. Estimates
nd standard errors were obtained for each follow-up time and
lotted in comparison to the overall baseline mean. Coefficients of
ariation (CV = 100% × SD/mean) for change from baseline to post-
accination at each time point and standard deviations of change
cores are reported to summarize variability of responses.

. Results

.1. Demographic and behavioral characteristics

Demographic and behavioral characteristics of the study sample
re presented in Table 1. Reflecting the demographic characteristics
f the women served at the OSU General Perinatal Clinic, women
n the study were predominately African-American (61.7%). The
verage age was 24.43 (SD = 4.38). Women  were predominately in
he late first to early second trimester at the time of vaccination
average weeks gestation = 15.1 (SD = 8.1)]. Few women  endorsed
eceiving seasonal influenza vaccination in the previous year (n = 5,
0.6%).

Women  assessed at one day, two days, and one week post-
accination were not significantly different in age (F(2,44) = 2.15,

 = 0.13), body mass index (F(2,44) = 0.50, p = 0.61), gravidity
F(2,44) = 1.6, p = 0.21), or race (X2 (4) = 2.01, p = 0.74). In terms of
ealth behaviors, women in these three groups did not differ sig-
ificantly in rates of smoking (X2(2) = 0.21, p = 0.90), hours of sleep

n the night prior to vaccination (F(2,44) = 1.83), p = 0.17), or rates
f vaccination in the previous year (X2(2) = 0.17, p = 0.92).

.2. Inflammatory responses following influenza virus
accination

Paired t-tests indicated that compared to baseline, increases
n CRP were seen at one day post-vaccination (mean increase
.19 lg mg/dl (95% CI: 0.08, 0.30), t(14) = 3.76, p = 0.002) and
wo days post-vaccination; (0.24 lg mg/dl (0.03, 0.45), t(9) = 2.58,

 = 0.03; Fig. 1). When assessed at one week post-vaccination,

RP levels were not significantly different than baseline;
−0.07 lg mg/dl (−0.15, 0.01), t(21) = −0.41, p = 0.69). For TNF-�, a
imilar pattern of results was seen (Figs. 2–4).  As compared to base-
ine, no significant increase was seen at one day post-vaccination
%) 5 (22.7%) 12 (25.5%)
.2) 7.5 (1.6) 7.0 (1.7)
%) 2 (9.1%) 5 (10.6%)

(−0.0004 lg pg/ml (−0.08, 0.08), t(14) = −0.01, p = 0.991). However,
increases in TNF-� approached statistical significance at two days
post-vaccination (0.04 lg pg/ml (−0.002, 0.08), t(9) = 2.15, p = 0.06).
At one week post-vaccination, TNF-� levels were comparable
to baseline (−0.01 lg pg/ml (−0.04, 0.03), t(20) = 0.30, p = 0.77). A
decrease in IL-6 at one week post-vaccination also approached sta-
tistical significance (mean decrease −0.07 lg pg/ml (−0.15, 0.005),
t(19) = −1.97, p = 0.06). Changes in MIF  and IL-6 did not reach statis-
tical significance at any timepoint (ps ≥ 0.46 other than IL-6 at one
week). MIF  measures for two  subjects were excluded as outliers
(low baseline MIF).

Considerable variability in response to vaccination was evi-
denced (Table 2). For each marker at each timepoint, the standard
deviation in change scores from baseline to post-vaccination was
equivalent or greater in magnitude than the mean increase. Coeffi-
cients of variation for change at two  days post-vaccination ranged
from 122% to 728%, with the greatest variability in IL-6 responses
at this timepoint.

3. Discussion

These data demonstrate that seasonal influenza virus vac-
cination elicits a significant inflammatory response among
pregnant women. The response was most robust at two  days
post-vaccination for C-reactive protein, with a similar, though
nonsignificant, pattern of response for TNF-�. No statistically sig-
nificant changes in IL-6 or MIF  were evidenced. However, the power
to detect effects was  limited by sample size. Thus, despite changes
in immune regulation previously reported in pregnancy, vaccina-
tion resulted in a transient inflammatory response among pregnant
women. As there was  no nonpregnant comparison group in this
study, and participants in previous studies are not demographically
equivalent to the current study [39,40], the magnitude or duration
of response during pregnancy versus nonpregnancy is unknown.

The utility of vaccination as a model for examining differen-
tial risk for adverse outcomes is dependent on sufficient variability
in responses, allowing for meaningful classification of individuals
as high versus low responders. In the current study, substantial
variability was evidenced, as indicated by large standard devia-
tions relative to mean increases and resulting high coefficients of
variation. From a research standpoint, the presence of this variabil-
ity may  be of greater importance than the average magnitude of
response overall. For example, we  have previously reported that
pregnant women  with greater depressive symptoms exhibited sig-
nificant inflammatory responses in terms of serum MIF at one week
post-vaccination although there was not a statistically significant

increase in MIF  among women overall [41].

The assessment of in vivo inflammatory responses and factors
affecting such responses has important applications in the context
of pregnancy. Pregnancy is a period of tight inflammatory control.
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igs. 1–4. Inflammatory responses following seasonal influenza virus vaccination
ach  set of data. Data are presented using a normalized baseline value for illustrativ

ttenuation of inflammatory responses during pregnancy has been
eported in both human and animal models [24,26–28] and lack of
uch adaptation has been associated with adverse pregnancy out-
omes. For example, peripheral blood mononuclear cells (PBMCs)
timulated in vitro with antigen or mitogen showed decreased
roinflammatory cytokine production and increased antiinflam-
atory cytokine production during healthy pregnancy ending in

ull term delivery as compared to nonpregnancy, with the strongest
ffects seen in the third trimester [28]. In contrast, among pregnan-
ies that subsequently ended in miscarriage or small for gestational
ge babies, PBMCs exhibited greater proinflammatory cytokine
roduction and reduced antiinflammatory cytokine production as
ompared to cells from both nonpregnant women and healthy
regnancies [28].

Inflammatory processes may  also contribute to gestational
ypertension and preeclampsia which affect 6–8% of all pregnan-
ies and are responsible for 40% of medically indicated preterm
eliveries [31]. These disorders are characterized by high levels of
irculating inflammatory markers [31,32,42–45]. Many features of
reeclampsia, including impaired lipid metabolism and endothelial
ysfunction, can be induced by proinflammatory cytokines [46] and
he clinical severity of preeclampsia correlates with the degree of
ysregulation seen in cytokine function [47]. Inflammation asso-
iated with infections may  disrupt lipid metabolism and cause

ndothelial damage, predisposing women to the development of
ypertensive disorders of pregnancy [48]. Therefore, women prone
o exhibit exaggerated inflammatory responses to immune triggers

able 2
ean change from baseline and coefficients of variation in change scores.

Cytokine Mean (SD) change from baseline (log10 scale) 

One day (n = 15) Two days (n = 10) One week (n = 21

CRP 0.19 (0.20) 0.24 (0.29) −.02 (0.19) 

IL-6  −0.02 (0.24) 0.02 (0.16) −0.07 (0.17) 

TNF-� 0.00  (0.15) 0.04 (0.06) −0.01 (0.08) 

MIF 0.04  (0.18) −0.08 (0.22)a −0.02 (0.17) 

a n = 8.
b Absolute mean change < 0.0005; CV not reported.
g pregnant women. Analyses utilized paired t-tests at baseline and follow-up for
poses.

may  show increased risk of these disorders and related increased
risk of preterm birth.

Studies in pregnant women to-date have relied on in vitro
methodology. As compared to in vitro models, examination of sim-
ilar processes in the in vivo setting provides rich data regarding
inflammatory processes in the complex natural environment. Thus,
vaccination provides a model that may  be useful in understanding
differences in risk for pregnancy-related conditions with an inflam-
matory component, including preterm birth and preeclampsia.

These research directions are suggested in relation to conceptu-
alizing vaccination as a mild inflammatory trigger that may  serve
as a model for understanding a general propensity toward inflam-
matory responding. However, there are important gaps in our
knowledge of the effects of vaccination on fetal health. Relatedly,
the wisdom of universal vaccination for healthy pregnant women
is a topic of debate [6,7]. Due to the known risks of influenza
infection in pregnancy and evidence for no effects of vaccina-
tion on birth outcomes including preterm labor, rates of C-section,
or fetal malformation [8–19], vaccination is considered beneficial
and is currently standardly recommended to all pregnant women
[1]. There is strong evidence that exposure to infectious agents
during the prenatal period influences developmental outcomes
including stress reactivity, disease susceptibility, and risk for disor-
ders including schizophrenia and cerebral palsy [49–54].  Thus, by

preventing infection, vaccination may  mitigate long-term risks for
offspring health. The inflammatory response elicited by vaccina-
tion is considerably milder and more transient than that elicited

CV in change from baseline

) One day (n = 15) Two days (n = 10) One week (n = 21)

103% 122% 1126%
991% 728% 227%

–b 147% 1521%
512% 283% 778%
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y infection [55], arguing for protective benefits of vaccination.
owever, as demonstrated in the current study, there is substan-

ial variability in the magnitude of response to vaccination. Thus,
ontinued research is needed to further delineate whether the
ild inflammatory response elicited by vaccination is benign for

etal development. In particular, birth cohort studies examining
aternal cytokine responses to vaccination in conjunction with

ong-term offspring health outcomes are warranted [7].
Despite current recommendations for routine immunization,

istorically, vaccination coverage among pregnant women  in the
.S. has been low. According to data from the National Health

nterview Survey (NHIS), only 11.3% of pregnant women  were
accinated during the 2008–2009 flu season [5].  Reflecting sub-
tantial public health efforts and greater public awareness of risk
uring the 2009–2010 influenza pandemic, coverage of pregnant
omen was markedly higher; it is estimated that 50.7% of pregnant
omen received seasonal vaccination and 46.6% received the 2009
1N1 vaccine [56]. Among pregnant women who did not receive

easonal vaccine during the 2009–2010 season, 47.7% indicated
afety concerns for the baby and 45.2% indicated safety concerns
or themselves were a factor [56]. Similarly, among women who
id not receive the novel H1N1 vaccine, 63.6% cited safety con-
erns for the baby and 61.4% had safety concerns for themselves.
tilizing vaccination as research model promotes current clinical

ecommendations and may  ultimately serve to increase vaccine
cceptance by provision of greater safety data.

An important limitation of this study is that women  were
ssessed primarily in the first trimester or early second trimester
f pregnancy and that no nonpregnant comparison group was
ssessed. Due to the small sample size, assessment of effects of
tage of gestation or statistically controlling for stage of gestation
as not possible. Prior data on in vitro inflammatory responses indi-

ate that, as compared to nonpregnant women, pregnant women
how attenuation of inflammatory responses which is greatest dur-
ng the third trimester [28]. The extent to which similar effects are
een in the context of in vivo immune triggers is unknown. In addi-
ion, this study did not permit examination of effects of behavioral,
emographic, or psychosocial variables on the trajectory of inflam-
atory responses. Key potential modifiers of this response include

ace, smoking, sleep, body mass index, prior vaccine exposure, and
rior influenza exposure which may  be influenced by the number
f children in one’s household. A clear future direction using vacci-
ation as an in vivo model is to examine the extent to which these

actors predict differential inflammatory responding.
Women  in this study were assessed during two  different

nfluenza seasons; however, data at one and two  days post-
accination were collected in the same influenza season and this
s when an inflammatory response was noted. This time course of
esponse is similar as that noted in nonpregnant samples [34,40],
hus we believe these effects are reliable. However, it is certainly
ossible that the inflammatory response to vaccination is affected
y the specific viral strains in a given flu season, in part due to
ifferent rates of prior exposure to specific strains. Future research
sing larger samples assessed in different vaccine years would help
o address this issue. In this study, a decrease in IL-6 from baseline
o one-week post-vaccination approached statistical significance
p = 0.06). Additional studies are needed to document if this is a
onsistent and reliable effect. If so, this may  indicate a temporary
overshooting” as the body regains homeostasis following expo-
ure to an inflammatory trigger. Finally, each woman was  assessed
t only a single follow-up timepoint. Women  assessed at each
ollow-up timepoint were recruited from the same clinic and were

emographically similar in terms of age, race, BMI, and parity. How-
ver, because the kinetic across different individuals likely differs,
ven minimal differences between groups may  affect responses at

 given timepoint. Thus, future research should ideally follow the

[
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same women  at multiple timepoints to most clearly describe the
inflammatory response trajectory following vaccination.

In sum, this study demonstrates that trivalent influenza virus
vaccine (TIV) elicits a measurable inflammatory response dur-
ing pregnancy, and that considerable variability is seen between
women  in the magnitude of this response. Thus, vaccination may
serve as a useful model for examining individual differences in
propensity toward inflammatory responses to immune triggers;
this model may  have implications for understanding risk of adverse
pregnancy outcomes. The inflammatory response elicited by TIV is
substantially milder and more transient than seen in infectious ill-
ness, arguing for the clinical value of vaccination. However, given
the current clinical recommendation of routine immunization of
healthy pregnant women, further research is warranted to con-
firm that the mild inflammatory response elicited by vaccination
is benign in pregnancy.
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