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Abstract

Introduction: The tetanus-diphtheria vaccine administered during pregnan-
cy is used as a toxoid vaccine with an intact antigen structure. In this study,
we investigated the association of tetanus-diphtheria vaccination (TDV) dur-
ing pregnancy with adverse maternal and neonatal outcomes and particularly
preeclampsia that may occur during pregnancy. Materials and Methods:
From the patients who presented to our clinic between 01.01.2016 and
31.12.2016 and underwent a cesarean section, a total of 435 patients, 327 who
received TDV and 108 who did not receive TDV, were included in the study.
The groups were compared with respect to their demographic characteristics.
The patient data on the gestational week, birth weight, normal newborn,
preeclampsia, small for gestational age (SGA), early membrane rupture, pre-
term labor, diabetic mother’s baby, prematurity, temporary neonatal tachyp-
nea, newborn’s need for intensive care, and neonatal mortality were recorded.
Results: While 14.7% of the women who had been administered TDV had
preeclampsia diagnosis during their pregnancy, 12% of those who had not
been vaccinated were diagnosed with preeclampsia. This showed no signifi-
cant correlation between having been vaccinated during pregnancy and
preeclampsia (p = 0.474). The other outcomes we had specified had also no
statistically significant correlations with vaccination during pregnancy. Hav-
ing been vaccinated during pregnancy was found correlated only with the
place of residence and nulliparity (p = 0.004 and p = 0.002, respectively).
Conclusion: No correlation was found in the study between TDV during
pregnancy and preeclampsia. According to the data obtained from this study,
vaccination was found to have no negative effect on preeclampsia or the other
outcomes.
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1. Introduction

Preeclampsia is defined as a new onset of hypertension and proteinuria or
hypertension and target organ dysfunction with/without proteinuria after the
20™ gestational week in a previously normotensive pregnant woman [1]. It has
been realized today that proteinuria does not necessarily accompany preeclamp-
sia in some pregnant women with this disease [2]. For this reason, the American
College of Obstetricians and Gynecologists (ACOG) proposed in 2013 some
other diagnostic criteria mentioned below, but proteinuria remains to be a major
diagnostic criterion [3]. Being an anaerobic gram-positive bacterium, Clostri-
dium tetani thrives in dirt, dust and digestive systems of some animals. Tetanus
is caused by a neurotoxin originating from C. tefani in contaminated wounds
[4]. Neonatal tetanus kills approximately 500,000 infants every year. Additional-
ly, 15,000 - 30,000 women worldwide are reported to die due to tetanus annually.
The cause of this disease is the development of wound infection due to after de-
livery, miscarriage or surgery. Approximately 50 incidences of tetanus are re-
ported in the USA every year and most of these involve those over 60 years of
age, but some incidences can be seen also in children and newborns [5]. Rou-
tinely practiced in many countries as a vaccination scheme during pregnancy to
prevent neonatal tetanus, which is so important in protecting public health, of
tetanus-diphtheria vaccination (TDV) is also being questioned with no clear-cut
answer for constituting a risk factor for preeclampsia by contributing the patho-
genesis of other diseases during pregnancy while it prevents neonatal tetanus,
which has a high level of infective morbidity and mortality. With this study, it
was planned to assess whether or not TDV has any impact on maternal and
neonatal outcomes and particularly on the probability of developing preeclamp-

sia.

2. Materials and Methods

In this study, the Ondokuz Mayis University School of Medicine, Samsun, Tur-
key’s regional data are used. From the patients who presented to our clinic be-
tween 01.01.2016 and 31.12.2016 and underwent a cesarean section, a total of
435 patients, 327 who received TDV and 108 who did not receive TDV, were in-
cluded in the study. We have conducted this study using one-year patient data.
We haven’t calculated minimum sample size. The patient data on the gestational
week, birth weight, normal newborn, presence of preeclampsia, SGA, early
membrane rupture, preterm labor, diabetic mother’s baby, prematurity, tempo-
rary neonatal tachypnea, newborn’s need for intensive care and neonatal mortal-
ity were recorded. From the file records of the patients who were diagnosed with

preeclampsia, their diagnoses were checked in line with the ACOG 2013 rec-
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ommendations if they met the preeclampsia diagnosis criteria (systolic blood
pressure being 2140 mmHg and/or diastolic blood pressure being 290 mmHg in
two measurements taken at a 4-hour interval after the 20™ gestational week of a
pregnant woman who had been normotensive previously and her proteinuria
being >0.3 g in a 24-hour urine or her protein/creatinin rate being >0.3 mg/mg
or 30 mg/mmol). The vaccinated and unvaccinated groups were compared with
respect to age, place of residence, body mass index, nulliparity, and smoking
status. Women who had chronic hypertension, heart disease, type 1 or type 2
diabetes, kidney disease, a known disease that would affect liver enzyme levels,
autoimmune disease or placenta anomaly as well as those who had another type
of vaccination during their pregnancy, who did not have a vaccination calendar
from which we could confirm whether or not they had TDV during their preg-
nancy, who had a pregnancy involving fetal congenital malformation, those
whose pregnancy was earlier than the 24™ gestational week, and those who had
intrauterine death or multiple pregnancy were excluded from the study. Every
patient was phoned to inform them about the study and to ask if they were will-
ing to take part in the study. Those who volunteered were asked first if they had
TDV during their pregnancy, and if they did, when and how many doses of it
they had. The women answered by checking their vaccination statuses from their
current vaccine tracking cards. Those who did not remember whether or not
they had the vaccination were excluded from the study. The patients were then
asked if they had TDV before their pregnancy for some reason. However, since a
large percentage of them did not remember it, our study was designed without
taking prior vaccinations into consideration. Subsequently, information on their
residences, prenatal weights, heights, pregnancy treatments, known diseases and
smoking statuses and the drugs they used during their pregnancy was obtained.
The diagnostic information on the mother and newborn, patient anamneses,
operation reports, and daily newborn intensive care epic rises were obtained
from the medical information system of our hospital. The IBM SPSS (Statistical
Package for Social Sciences) V23 was used for statistical analyses. The data were
checked for normal distribution using the Kolmogorov Smirnov test. The
Kruskal Wallis and Mann Whitney U tests were used to comparing the quantita-
tive data not showing normal distribution. The qualitative data were analyzed
using the chi-square test. The quantitative data were presented in medians
(minimum-maximum) and the qualitative data in frequencies (percentages). The
significance level was taken as p < 0.05.

Ethical approval: This article was approved by the Ethics Committee of the
Faculty of Medicine of Ondokuz Mayis University, Decision No 2017/24. In-

formed consent was obtained in writing from all participants.

3. Results

From the 435 patients in the study, the number of those who had vaccination

during their pregnancy was 327 and that of those who did not have vaccination
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was 108. The median value of age did not differ between the groups (p = 0.751).
The mean age of those who had vaccination during their pregnancy was 29.53 +
6.030 and that of those who did not have vaccination was 29.73 + 6.049. There
was no statistically significant difference between the groups in terms of body
mass index (BMI) (p = 0.475). The mean BMI was 25.65 + 5.185 in those who
were vaccinated and 26.14 + 6.054 in those unvaccinated. Similarly, when the
body mass index was categorized as <25, 25 - 30 and >30, there was no associa-
tion between them with respect to vaccination status (p = 0.338).

The place of residence was an urban area in 46.4% of the vaccinated pregnant
women and in 30.5% of the unvaccinated pregnant women. Vaccination during
pregnancy was found associated with place of residence (p = 0.004). While
82.2% of those living in an urban area had the vaccination, only 70% of those
living in a rural area were vaccinated. The rate of vaccination was found lower in
rural areas. Nulliparae constituted 49.3% of those who were vaccinated and
32.5% of those unvaccinated. A statistically significant correlation was found
between nulliparity and vaccination (p = 0.002). The vaccination rate was 69.5%
in multiparae and 82.1% in nulliparae. The rate of smokers was 11% in vacci-
nated pregnant women and 12% in unvaccinated ones. While 73.5% of smokers
had the vaccination, the rate was 75.4% in nonsmokers. Vaccination was not
correlated with smoking (p = 0.907). The birth week was also not correlated with
vaccination (p = 0.992). The median birth week was 38 and the mean birth week
36.99 + 2.856 in those who were vaccinated and 37.6 and 36.97 + 2.866 respec-
tively in those unvaccinated. The median birth weight also did not differ with
respect to vaccination status (p = 0.995). The median value was 3070 grams and
the mean value 2899.69 + 822.172 grams in those who were vaccinated and
3067.5 grams and 2921.76 + 758.829 grams respectively in those unvaccinated
(Table 1).

Of the pregnant women who were vaccinated during their pregnancy, 57.8%
gave full-term birth and had no neonatal health problems. This rate was 59.3%
in those unvaccinated (p = 0.789). Preeclampsia occurred in 14.7% of the vacci-
nated women and in 12% of unvaccinated women during their pregnancy.
Therefore, there was no statistically significant correlation between vaccination
during pregnancy and preeclampsia (p = 0.474). There was also no statistically
significant correlation between vaccination during pregnancy and prematurity,
SGA, diabetic mother’s baby, preterm labor (%3.1) early membrane rupture
(%2.8) or temporary neonatal tachypnea. Receiving intensive care service was
not correlated with vaccination during pregnancy (p = 0.814). The mothers of
75.5% of the newborns who received intensive care service and 74.5% of those
who did not use the service had been vaccinated during their pregnancy. No sta-
tistically significant correlation was found between neonatal mortality and vac-
cination during pregnancy (p = 0.765). The mothers of 78.6% of those expe-
rienced neonatal mortality and 75.1% of those who did not experience neonatal

mortality had been vaccinated (Table 2).
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Table 1. Comparison of descriptive characteristics of maternal groups.

TDV-positive at TDV-negative at

p value
pregnancy (n = 327) pregnancy (n = 108)
Age* 29 (17 - 46) 29.5 (16 - 43) 0.751
BMI* 24.6 (16 - 43) 25.5 (15 - 45) 0.475
BMI**
<25 176 (77.8%) 51 (22.2%)
0.338
25-30 91 (75%) 31 (25%)
>30 60 (69.8%) 26 (30.2%)
Place of residence**
Urban 152 (82.2%) 33 (17.8%)
0.004
Rural 175 (70%) 75 (30%)
Nulliparae** 161 (82.1%) 35 (17.9%) 0.002
Multiparae ** 166 (69.5%) 73 (30.5%)
Smokers** 36 (73.5%) 13 (26.5%) 0.907
Nonsmokers** 291 (75.4%) 95 (24.6%)

The statistical significance level was accepted as p < 0.05. *Median (min-max), **Frequency (percentage).

Table 2. Maternal-neonatal outcomes.

TDV-Positive in TDV-Negative in
p value
Pregnancy (n =327) Pregnancy (n = 108)
Birth Week* 38 (24 - 41) 37.6 (25 - 41) 0.992
Birth Weight* 3070 (430 - 4510) 3067.5 (620 - 4335) 0.995
Normal Newborn** 189 (57.8%) 64 (59.3%) 0.789
Preeclampsia** 48 (14.7%) 13 (12%) 0.474
Prematurity ** 79 (24.2%) 24 (22.2%) 0.677
SGA** 36 (11%) 12 (11.1%) 0.977
Diabetic Mother’s 12 (3.7%) 2 (1.9%) 0.533
Infant** 7 o7 ’
Preterm Labor** 14 (4.3%) 5 (4.6%) 0.793
Early Memb:
ary Membrane 10 (%3.1) 3 (%2.8) 1.0
Rupture**
T N tal
emporary Seonata 16 (4.9%) 7 (6.5%) 0.619
Tachypnea**
Intensive Care Unit
Service
Received** 114 (74.5%) 39 (25.5%)
0.814
Not received** 213 (75.5%) 69 (24.5%)
Neonatal Death
Yes** 11 (78.6%) 3 (21.4%)
0.765
No** 316 (75.1%) 105 (24.9%)

The statistical significance level was accepted as p < 0.05. *Median (min-max), **Frequency (percentage).
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4. Discussion

Vaccines are antigenic preparations that generally contain weakened or killed
infectious agents and toxins to stimulate an immune response. Vaccination
against diseases has been a matter of dispute for years in the world of science.
Causing an increase in inflammatory cytokines (IL-6, TNF-a) and a decrease in
anti-inflammatory cytokines (IL-10), antigenic agents entering the body may
lead to a changed immune response, increased anti-angiogenic response, ab-
normal trophoblast invasion and increased oxidative stress, resulting in preec-
lampsia. Maternal infections and particularly urinary infections, as well as peri-
odontal disease, have been reported to increase the risk of preeclampsia [6]. For
this reason, pathogens may serve as major activators of the inflammatory
process in preeclampsia. Through the same mechanisms, tetanus vaccine can be
thought of having an impact on the etiopathogenesis of preeclampsia. More than
one factor is agreed to play a role in the development of preeclampsia. The fac-
tors considered important today include placenta implantation involving ab-
normal trophoblastic invasion to uterine vessels, unbalanced immunological to-
lerance between maternal-paternal (placental) and fetal tissues, failure in mater-
nal adaptation to the cardiovascular or inflammatory changes of a normal preg-
nancy, and genetic factors [7]. The immunological and physiological changes
occurring in pregnancy may alter the vulnerability of the mother and the fetus to
some infectious diseases, increasing the risk of producing more serious out-
comes [8]. In October 2011, the Advisory Committee on Immunization Practic-
es (ACIP) conceived that the potential of transplacental delivery of maternal an-
tibodies to protect the infant against pertussis was superior to postpartum man-
agement and recommended to administer diphtheria, tetanus and acellular per-
tussis vaccines to unvaccinated women towards the end of their second trimester
or in their third trimester of pregnancy. This was followed by ACOG’s quick ac-
ceptance of the ACIP recommendations in March 2012. ACIP resolved that all
pregnant women should be vaccinated with TDV during each of their pregnan-
cies and preferably between gestational weeks 27 and 36 regardless of their vac-
cination certificates [9]. The World Health Organization has defined pregnancy
as a special indication for vaccination against influenza and tetanus [10] [11].
The most suitable time for diphtheria, tetanus and acellular pertussis vaccines is
considered to be within the third trimester or at least 2 weeks before birth to al-
low adequate maternal antibody response [12]. The safety of tetanus toxoid vac-
cine as evidenced in the last 40 years, as well as the 90% decrease in teta-
nus-related neonatal mortality, has promoted ideas supporting the use of vac-
cines during pregnancy [13]. To eradicate maternal and neonatal tetanus, teta-
nus toxoid (TT) and TDV vaccines are recommended during pregnancy espe-
cially in developing countries. In a study comparing TDV and TT in pregnant
women, no difference was found in the local (redness and swelling in the injec-
tion site) or systemic (fever, weakness, body pain, headache) side effects [14].

Jamie L. Morgan et al. have evaluated in a retrospective study the gestational
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outcomes of women who had TDV after their 32" gestational week. In their
study including a total of 7378 women, 7152 vaccinated and 226 unvaccinated,
they did not find any differences between the groups in stillbirths, major mal-
formations, chorioamnionitis, 5 minute Apgar score or cord blood pH, nor in
neonatal complications including newborn’s ventilation need, sepsis, intraven-
tricular bleeding and neonatal mortality; they were similar to each other. How-
ever, preterm birth rates, SGA incidences, and newborn’s hospital stay were sig-
nificantly more in the unvaccinated group. The authors argued that the increase
in the preterm births after gestational week 32 in women who refused vaccina-
tion could relate to the fact that such women had less opportunity for an ante-
partum vaccine administration. A comparison of the women who had at least 2
TDVs (n = 1229) and those who had only 1 dose (n = 4159) in the past 5 years
showed that there was a small but significant increase in the mean birth weight
in favor of the women who had more than one TDV, but there was no difference
in neonatal outcomes [15]. Elyse Olshen Kharbanda et al retrospectively re-
viewed 53,885 women who received TDV in some period of their pregnancy and
109,255 women who did not receive TDV in their pregnancy. Most of the vacci-
nations (75%) were in the third trimester. No serious medical conditions were
reported 0 - 3 days after the vaccination other than the occurrence of an allergic
reaction, fever, and weakness, seizure, mood change, and local lesions in 43
(8.1/10,000) of the 53,885 women who had TDV anytime during their pregnan-
cy. For the women who were vaccinated after their 20™ gestational week, there
was no increased risk of gestational diabetes, thrombocytopenia, venous throm-
boembolism or cardiac events (myocarditis, pericarditis, cardiomyopathy or
heart failure) within 42 days following the vaccination [16]. In a retrospective
study evaluating 1759 women who gave birth to a single child between 2012 and
2014, Abbey B. Berenson et al compared women who had TDV and those who
did not with respect to chorioamnionitis, postpartum endometritis, preterm
birth, early membrane rupture, birth induction and delivery type, low birth
weight, very low birth weight, TT, 5™ minute Apgar score, birth defects, and ad-
mittance to neonatal intensive unit. Among the infants admitted to neonatal in-
tensive care units, those in the vaccinated group had a shorter stay in the neo-
natal intensive care unit and the infants in this group were admitted less often
due to preterm birth. However, none of the neonatal and maternal outcomes
differed with respect to the TDV status. They found small differences with re-
spect to delivery type; vaccinated mothers had fewer deliveries with cesarean
section than those unvaccinated [17]. Elyse O. Kharbanda et al reviewed 123,494
women who had single pregnancies resulting in live births between 1 January
2010 and 15 November 2012 in their retrospective, observational cohort study
using the Vaccine Safety Datalink (VSD) website and the Kaiser Permanente
Northern California and Kaiser Permanente Southern California databases for
the current analyses. Of these women, 26,229 had TDV during their pregnancy
and 97,265 did not. TDV was administered in the second and third trimesters in
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92% of the 26,229 women and it was administered to 46% of the 97,265 women
before their pregnancies. They investigated chorioamnionitis, hypertensive dis-
orders, SGA and prematurity in that study. SGA, prematurity and hypertensive
disorders did not have any vaccine-related risks, but there was small but statisti-
cally significant increase in the risk of chorioamnionitis. While 6.1% of the
women who had TDV anytime during their pregnancy were diagnosed with
chorioamnionitis, it was seen in 5% of the women who were not exposed to vac-
cination. A hypertensive disorder developed before the gestational week 20 in
8.2% of the women vaccinated with TDV and 8% of those unvaccinated [18].
According to the prospective, controlled cohort study made by Kirsten Maer-
tensa et al, 57 pregnant women were vaccinated with TDV at their gestational
week 28.6 on the average. There were 42 unvaccinated pregnant women in their
control group. Mild symptoms (hardness at the injection site, vaginal discharge,
reflux, fever < 38.5 C, broad leg swelling, redness in abdomen and arms) were
seen in 46 out of 57 women in the vaccine group, but they healed in 72 hours.
Adverse clinical conditions that, according to the opinion of the investigator, are
not associated with the vaccine and not different from those seen in the general
population (preeclampsia, preterm labor, hypertension, oligohydramnios and
placenta previa) were reported in the vaccine group [19]. In a study made on the
database of the Vaccine Adverse Event Reporting System (VAERS) between
2005 and 2010, it was reported that TDV vaccination during pregnancy was not
associated with any maternal or neonatal outcomes [9]-[20]. The randomized,
controlled study of Dabrera G. et al. exploring maternal and neonatal outcomes
in 48 pregnant women reported that there was no increased risk of adverse ges-
tational or neonatal events that could be attributed to vaccination [21]. Kathe-
rine Donegan et al. who reviewed the data in the UK Clinical Practice Research
Datalink and assessed 20,074 pregnant women did not find any evidence of an
increased risk of stillbirth, maternal or neonatal mortality, preeclampsia or ec-
lampsia, bleeding, fetal distress, uterine rupture, placenta or vasa previa, delivery
with cesarean section, low birth weight or neonatal kidney failure [22]. We also
made a comparison between the groups in our study on patients with similar
characteristics with respect to gestational week, birth weight, newborn health
condition, small for gestational age (SGA), early membrane rupture, preterm
labor, diabetic mother’s baby, prematurity, temporary neonatal tachypnea,
newborn’s need for intensive care and neonatal mortality and we obtained simi-
lar results. The limitations of the study were that the study was retrospective,
that the data contained only the results of one region, and that we did not have

any data to evaluate the long-term neonatal results between the groups.

5. Conclusion

No significant correlation was found in this study between TDV administered
during pregnancy and adverse gestational outcomes. Vaccination during preg-

nancy was found correlated with the place of residence. While 82.2% of those
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living in urban areas had the vaccination, only 70% of those living in rural areas
were vaccinated. The lower rate of vaccination in rural areas may be associated
with the restrictions in having access to health services in the periphery. A statis-
tically significant correlation was found also between nulliparity and vaccination
status. While the rate of vaccination was 69.5% in multiparae, it was 82.1% in
nulliparae. This may be associated with the fact that women who had their first
pregnancy attend health checks more regularly. There are very few studies inves-
tigating the relationship between diphtheria-tetanus vaccination during preg-
nancy and development of preeclampsia. Our study demonstrated the fact that
women who had TDV during their pregnancy do not exhibit a significant dif-
ference in maternal and neonatal outcomes as compared to those who were un-

vaccinated.
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