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Introduction
Pertussis is a highly contagious vaccine preventable respiratory 

infectious disease worldwide. It occurs at any age, but the high incidence 
of pertussis cases among young infants [1,2] reflect non-protective 
levels of maternal pertussis-related antibodies, increased exposure to 
pertussis, or a combination of both [3,4]. Severe pertussis in infants 
too young to be protected by active immunization remains significant 
health problem both in developed and underdeveloped countries [5-7]. 
Evidences suggest that household contacts are the commonest source 
of infection for susceptible infants [8-10].

To reduce pertussis in early infancy several strategies have been 
proposed to protect the newborns [11-16]. This strategies include: 
indirect protection by selective vaccination of neonate close contacts 
[12] and/or universal adescents-adults booster immunization [11]; or
direct protection via Pertussis vaccination beginning at birth [13,14]
and maternal immunization [15,16]. Although the levels of antibodies
required for protection against pertussis is not well defined, but
higher levels of antibodies seems to correlate with protection [17,18].
If maternal immunity is to protect the newborn, a protective levels of
specific-IgG antibody must be present in the mother’s blood at a time
when it can be transferred to the fetus [3,4]. The higher concentration
specific antibody the fetus received above the protective level, the longer 
time protection will be maintained after birth. In this regard, enhanced 

maternal immunity against Pertussis provides neonatal protection 
since birth to some weeks of life. This period correlates directly with 
antibody titers achieved by newborn “higher levels, longer protection” 
[3,4,15,16].

This two-phase study was carried out with the following objectives:

• To determine the kinetics of pertussis antibodies in a cohort of
childbearing age women after a diphtheria - tetanus - acellular
pertussis adult formulation vaccine (dTap) booster immunization
(as a prepregnancy boosting) over a period of 43 months.

• To measure the materno - neonatal transfer ratio of pertussis
IgG antibodies, and also, the possible influence of maternally
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Abstract
Background: Despite high vaccine coverage the incidence of pertussis is increasing, especially in infants too 

young to be actively immunized.

We sought to determine whether prepregnancy pertussis boosting could provide higher levels of maternal 
antibodies to offspring compared with that before one, and also, possible influences on infant immune response to 
whole-cell pertussis immunization.

Methods: A total of 114 childbearing age women, candidate for pregnancy were boosted with one dose of 
diphtheria - tetanus, pertussis adult formulation vaccine (dTap). Blood samples were obtained at before and after 
vaccination and at months of 1, 12, 28, and 43. Paired maternal-neonatal sera were also collected at the time of 
delivery. Moreover, blood was drawn to examine the infant immune response to scheduled whole - cell pertussis 
(wP) vaccine after receiving the first, third and fourth dose of the vaccine. Antibodies to pertussis antigens were 
measured by ELISA method and paired t-test was applied to analyze the data.

Results: Seroprevalence rate and the mean concentration of antibodies (MCA) before boosting were 69.3% and 
68.19 EU/ml which increased to 93.8% and 152.82 EU/mL after vaccination, respectively. After 43 month, 72.3% 
of vaccinees preserved significantly higher (76.71 vs. 68.19 Eu/ml) antibody levels compared with prebooster MCA 
level. Efficient placental transfer of antibody to the offsprings was observed, however, infants immune response to 
wP vaccine was not influenced by maternal antibodies.

Conclusion: Targeted prepregnancy pertussis immunization provides a higher antibody level at delivery and 
importantly does not affect infants immune response to wP immunization.
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antibodies on the infant immune response to recommended whole 
- cell Pertussis primary vaccination.

Subjects and Methods
A prospective study was conducted in two phases from April - 1, 

2008- to 30 October 2011 (43 months study period) in primary health 
centers (PHC) affiliated with Mazandaran University of Medical 
Science, Sari - Iran. The primary objective of the first part of the study 
was to evaluate the safety and kinetics of immunological response to 
the administration of a booster dose of a dTaP vaccine, in vaccinees 
over 43 months study period. The research population included 
healthy 18-35 year old women with pregnancy planning, and also 
young women who referred to PHC for before marriage laboratory 
screening. The main objective for the second phase of the study was to 
determine the placental transfer rates of pertussis specific antibodies 
among studied women who became pregnant and delivered a full- 
term- infant and their newborns via paired blood sample obtained 
during labor or shortly thereafter. In addition, immunologic responses 
of offspring’s to the first, third, and fourth dose of scheduled whole- 
cell pertussis containing vaccine [DTwP vaccine: Razi institute - Iran: 
diphtheria toxin 15 Lf, tetanus toxoid 10Lf, pertussis 16 protective unit] 
was measured. The study was approved by Medical Ethic Committee 
of the University. Informed written consent was obtained from both 
spouses. All subjects were assigned to receive one dose of dTaP vaccine 
[Covaxis: Sanofi pasteur MSD; PT 2.5, FHM 5, FIM 5, PRN 3 all µg, T 
5 Lf, D 2 Lf]. Excluding criteria were pregnancy (negative urine test), 
history of receiving dT vaccine within the past five years, recipients 
of immunoglobulin, blood and blood products within the past three 
months, chronic illnesses and immunosuppression and previous allergy 
history to pertussis containing vaccine. Before vaccine administration, 
Five ml blood was drawn from each participant. A single dose of dTap 
vaccine was administered intramuscularly into deltoid muscle. Serious 
adverse events such as fever 38.5, erythema/indurations 50 mm, 
convulsion for the first week after vaccination were recorded through 
contacts with health care providers. To determine the immunologic 
response to pertussis vaccination and also, the kinetics of pertussis – 
related antibodies among vaccinees over a period of 43 months post-
vaccination blood samples were obtained at interval months of 1, 12, 
28, and 43. To evaluate placental transfer rates of pertussis- specific 
antibodies to their offsprings, materno-neonatal paired blood samples 
were collected at the time of delivery or shortly thereafter within 4 days 
of delivery from studied women who developed pregnancy during the 
study period. Transplacental transfer ratio was estimated by dividing 
the mean concentration antibody (MCA) values of neonates to 
mothers. During the study period, immunologic responses of infants 
(offsprings) to scheduled routine DTwP vaccination were determined 
4 weeks after administration of the first, third, and fourth doses of 
the DTwP vaccine. All sera were stored at -20°C until assessment at 
the university laboratory. Samples were tested quantitatively for anti 
- Pertussis IgG antibodies using Bordetella. pertussis IgG ELISA kit 
[anti PT, anti FMA, anti LPS together, IBL, Hamburg - Germany] 
according to the manufacturer instructions. Cut-off value of ≥ 24 EU/
ml was considered positive and protective, and lower titer as negative. 
Immunologic responses to the pertussis component of the vaccine was 
defined as seroconversion in those seronegative and/or increase >2-
fold in antibody titers among those seropositive before vaccination. 
MCA levels with 95% confidence Interval (CI95) and the percentile of 
seropositive subjects were calculated in different sampling points. A 
descriptive statistical analysis method was used to analyze the results. 
Paired - t test was used to compare the data collected before and after 

vaccination, and also, between data collection at different points of post 
vaccination. P<0.05 was considered to be statistically significant.

Results
For the first part of the study, a total of 114 women were recruited 

with the mean age of 24 (SD 7.22) years. Among them 79(69.3%) 
with MCA level of 68.19 (38.46) Eu/mL (CI: 60.15–77.43) were found 
seropositive. Four weeks after booster dose administration MCA 
titers and the number of seropositive subjects increased significantly: 
MCA 152.82 (70.31) vs. 68.19 (38.46) EU/mL, P - 0.0001 and 93.8% vs. 
69.3%: P - 0.0001, respectively. There was no significant difference of 
immunologic responses to pertussis vaccination between two groups 
of seronegative vs. seropositive subjects before immunization; 154.58 
(64.19) vs. 149.81(73.18) EU/mL, P=NS, and 96.87% vs. 92.6%, P=NS 
(fisher exact test), respectively. As shown in table 1, the pertussis IgG 
antibodies titers and the relative number of seroimmune subjects 
decreased over time. These decreasing rates were more rapid within 
the first 12 months which became slower thereafter. After 43 months, 
72.3% of women preserved significantly higher MCA levels compared 
with MCA titer before vaccination; P<0.05.

During the study period 24(21%) pregnancies occurred. The 
research proceeded by seven mother-newborn pairs who agreed to 
stay in the study. Also, four other mothers agreed to participate in the 
study and delivered the blood draws of their 3 month old babies after 
receiving the first and third doses of pertussis vaccine. As shown in table 
2 the MCA titers of mothers and their newborns at the time of delivery 
were 77.47(27.85) EU/mL and 82.62(21.03) EU/mL, respectively with 
placental transfer ratio of 106.6%. The anti–pertussis MCA levels after 
administration of the first, third and fourth doses of DTwP vaccine 
were 36.17(7.49) (CI: 44.03–28.30), 94.44(18.05) (CI: 108.30-80.57) 
and 141.50(40.90) (CI: 206.60-76.41) EU/mL, respectively.

Discussion
The seroprevalence rate found in this study supports our two 

previous seroepidemiological studies [19,20] that indicated more than 
two third of young adult population and childbearing age women 
are seroimmune to pertussis infection. The data shows that pertussis 
is endemic in the region probably due to circulation of B. pertussis 
bacterium in the community. So, there is a risk of transmission to 

Groups Total         
number a   

Positive (%)

MCA(SD) b 
EU/mL

CI 95 P value for 
MCA levels

Group A
before boosting

114/79(69.3) 68.19(38.46) 60.15-77.43 Grup A vs. B. 
P<0.0001

Group B 4-6 wks 
after

113/106(93.8) 152.82(70.31) 137.6-164.6 Grup B1vs. B2. 
P=0.776

B1: Seronegative 
women before

32/31(96.87) 154.58(64.19) 132.90-177.20

B2: Seropositive 
women before

75/81(92.6) 149.81(73.18) 130.90-166.80 Grup A vs.C. 
P<0.0001

Group C  12 
months after

97/80(82.4) 107.00(44.75) 97.08-117.00 Grup A vs.D. 
P<0.001

Group D   28 
months after

68/52(76.5) 91.38(40.10) 80.22-102.50 Grop D vs. E, 
P=ns

Group E:  43 
months after

47/34(72.3) 76.71(26.49) 67.46-85.95 Group A vs. E, 
P<0.05

aP value differences between seropositive subjects in each studied group: A vs. B: 
P<0.0001; A vs. C: P<0.05; A vs. D: P=ns; A vs. E: P=ns
bMCA: mean concentration of antibodies
Table 1: Immunologic responses of studied women to one dose of dTaP booster 
immunization, and the kinetics of seroimmunity during 43 months study period. 
Sari – Iran 2008-2011.
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the susceptible young infants and other unprotected individuals. 
As expected and were reported in other studies [2,21], dTap vaccine 
was safe and highly immunogenic, and pre- existing antibody did not 
influence immune response rates to booster immunization [2,21].

Several studies revealed that pertussis vaccine-induced and 
natural – infection immunity wane overtime [22,23], and may become 
undetectable over 3-10 years. Prolong follow – up of immunized 
women allowed us to determine the kinetics of antibodies induced by 
boosting. Results indicated that both seroprevalence rate and MCA 
levels decreased over time. However, 72.3% of vaccinated women 
found to have significantly higher MCA levels compared with titer 
of that before vaccination. Some reports of the duration of immunity 
after dTap booster immunization in adolescents and adults revealed 
that seroimmunity induced by booster immunization is somewhat 
maintained for more than five years in significant proportions of the 
vaccines [24-28]. Three years after dTap booster dose of adult population 
in Australia. McIntyre et al. [27] demonstrated that antibodies against 
FHA,PT, PRN pertussis antigens were preserved in nearly all subjects. 
Our study findings corespond with an adult dTap trial in the U.S [28] 
which showed five years after booster immunization of adults, 65%, 
89% and 99% of studied subjects remained seroimmune to PT, PRN 
and FHA antigens, respectively [28].

Antibody titers against pertussis are correlated with protection 
in human [17,18]. Although protective levels for antibodies have not 
been established, low levels correlated susceptibility to pertussis. In a 
recent study lack of maternal antibody has been proposed to be a risk 
factor for infant pertussis [4]. Active placental transfer of maternal 
pertussis–specific IgG antibodies has been observed resulting in higher 
levels of pertussis-related antibodies available to the newborn infants. 
More concentrations of antibodies in neonates causes longer time 
protection [3,14,16]. Transplacentally acquired pertussis antibodies 
concentrations in newborn infants were found to decline with a half-
life of 6–7 weeks [29,30], and according to basic levels, most infants 
had no detectable antibody to pertussis by the time they were 2-6 
month of age; higher titer longer duration [29,30]. In the present study 
higher titers of maternal antibody was observed at delivery compared 
with pre-booster. As anticipated due to active placental transfer of 
maternal IgG antibodies, higher MCA levels in the newborn infants 
than those of the mothers were detected. The relatively high level of 
antibody observed in the neonates in this study, can presumably cover 
the gap of pertussis susceptibility among offsprings for some weeks. In 
a similar study leuradin et al. [31] evaluated the effects of prepregnancy 
pertussis booster dose on maternal antibody titers in young infants 
after vaccinating nonpregnant women between two consecutive 
pregnancies. They found significantly higher antibody levels in cord 
blood and in blood of one–month old infants compared with their 
siblings born before the booster dose administration. 

A major concern associated with maternally-derived immunity 
during early infancy period is the possible interference with childhood 
active immunization since pre-existing antibodies achieved by placental 
transfer could influence the infants immune response to the scheduled 
primary vaccination [3,15,16,29,30]. The suppressive effect depends on 
the ratio of maternal antibody concentrations in the infant at the time 
of vaccination and the dose of antigens used to vaccinate the infant 
[32]. The inhibitory influence of high – titers maternal antibodies on 
infant immune response to DTaP vaccine was not reported [33], but 
few studies [29,33] suggested that they could suppress infant immune 
response by DTwP vaccines [29,33]. However, this impact was not 
seen in the present and our earlier studies [19]. In a previous study, the 
immunogenicity of DTwP vaccine was investigated in two–month old 
infants considering the presence or absence of maternally–originated 
pertussis antibodies which showed no significant difference in immune 
response rates between two groups of infants [19]. Similarly, in the 
present study after administration of the first dose of DTwP vaccine, 
protective levels of pertussis antibodies were detected in all infants. Also, 
after receiving the third and fourth doses of vaccine, robust responses 
were observed. Most developing countries are using DTwP vaccines 
for the primary immunization schedule, therefore, further studies with 
larger sample size should address the influence of pre-existing high-
titer pertussis specific antibodies on infant immune response to DTwP 
active immunization to confirm this finding. 

In this study we found the safety profile and high immunologic 
response to dTap booster immunization, relatively long-term 
preservation of higher concentrations of antibodies in vaccinees, 
efficient active placental transfer of specific antibodies to the newborns, 
and importantly, no inhibitory influence of pre-existing antibody 
on infant immune response to DTwP vaccine. Therefore, it seems 
reasonable to consider prepregnancy boosting as an alternative 
strategy to protect young infant against pertussis since birth even in the 
community with DTwP vaccine immunization program.

Other vaccination strategies with different advantages and 
disadvantages can be implemented [7,13-15] to protect susceptible 
neonates and young infants against pertussis. Ideally, each strategy 
should offer protection until immunity is gained by the primary 
vaccination programs [11-15]. No strategy on its own is appropriate 
for all countries because approaches to pertussis immunization vary 
widely, as does vaccine availability. Each country should consider the 
advantages and disadvantages of different strategies to determine the 
superiority of one approach over the others. Universal adolescents 
and adults periodic booster immunization is a logical goal for ultimate 
elimination of pertussis. This strategy in theory reduce the rate of 
infection in this age groups as the main source of infection, develop 
herd immunity, immunity, diminishing reservoirs of pertussis and 
minimizing transmission of the infection to susceptible population 
specially young infants [11,12]. However, high costs, low levels of 
compliance among adults, and lack of widely available ap vaccine are 
among the main impediments to achieving successful vaccination. 
Therefore, they approach cannot be helpful to protecting young infants 
against pertussis as a short-term strategy.

Despite recommendation from the U.S. and Canada Advisory 
Committee on Immunization Practices (ACIP), that all adolescents-
adults should have a single booster dose with dTap vaccine, dTap 
vaccination coverage in this age group remained low. In 2008, only 
5.9% of adults had received a dose of dTap, and coverage among adults 
with infant contact was estimated to be 5%. Therefore, this approach 

Number of studied 
infant

MCA(SD) EU/mL CI 95

Mother 7 77.47(27.85) 101.81-45.82
Newborn 7 82.62(21.03) 98.35-56.32
3 month old infants 11 36.17(7.49) 44.03-28.30
7 month old infants 11 94.44(18.30) 108.30-80.57
19-20 month old 
infants

4 141.50(40.90) 206.60-76.41

aDTwP: diphtheria and tetanus toxoids, whole –cell pertussis vaccine for children.
bTransplacental transfer ratio of antibodies: 82.62 to 77.47: 106.60%
Table 2: Transplacental transfer ratio of maternal pertussis antibodies to the new-
born, and Infants immunologic response to routine DTwPa vaccination, Sari-Iran: 
2008-2011.
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cannot be helpful in protecting young infants against pertussis [34] as 
a short-term strategy.

There is good evidence that parents and other close contacts are the 
main and most important sources of pertussis infection for vulnerable 
infants [8,9]. Selective immunization of new parents (cocoon strategy), 
and also other family close contacts could be a logical approach to 
protect young infants against pertussis. Several studies have provided 
evidence that this strategy could be helpful [12]. As demonstrated by 
Halperin et al. [35]. vaccination during the immediate postpartum 
period ensures high antibody levels in vaccinees but the immune 
response is not sufficiently rapid to protect neonates during the first 
weeks of life [36]. Furthermore, cocooning is expensive, logistically 
complicated, and does not directly benefit the infant [37]. Given these 
barriers, it is not surprising that the uptake of postpartum maternal 
vaccination has been low in countries where this intervention is 
recommended [36]. 

Neonatal immunization with acellular pertussis vaccines is another 
strategy to cover early infancy susceptibility gap [13-15], and has been 
shown to be safe, and induce both humoral and cellular immune 
response in vaccinated neonates. However, these approaches still need 
some weeks to build up immunity [13-16]. Some studies [38-41] on 
neonatal pertussis vaccination have been published indicating different 
results. In all trials, immunization was safe and well tolerated. In three 
trials [38-40], neonates were primed with monovalent ap vaccine with 
some differences in the schedule and vaccine components. Earlier 
antibodies responses were shown in all three studies and were compared 
with infants who were vaccinated according to recommended program 
at 2-3 month of age. No immune tolerance was observed in follow–
up. However, vaccine interference with other vaccine antigens was 
reported. In a DTap vaccine trial [41]. Halasa et al [41] compared 
the safety and immunogenicity of an additional birth dose of DTap 
vaccine with routine program. This study showed a significant lower 
response to diphtheria toxoid and 3 of 4 pertussis antigens. Compared 
with control at 6 months of age, pertussis antibody level were similar 
between two groups, but at 7 months, lower levels of pertussis antibody 
in neonatal vaccination group was observed. Researchers suggested 
that larger and more detailed studies of ap vaccine at birth are needed 
to assess its influence on other antibody responses and the potential of 
this approach to reduce morbidity and mortality from pertussis in the 
first three months of life [38-41].

One immediate method achieving sufficient pertussis-specific IgG 
concentrations in newborn infants is vaccinating pregnant woman 
[13,15,16,21,42]. This strategy could provide protection to infant since 
birth until immunity is gained through active immunization. The 
U.S. ACIP recommended that pregnancy is not a contraindication for 
vaccination with dTap vaccines [2,21]. However, vaccination against 
pertussis during pregnancy has significant practical hurdle including 
vaccine licensure concern regarding side effects in mother and fetus, 
low acceptance of both public and obstetricians, and possible inhibitory 
effect of high-titers maternal antibody on infant immune response 
to DTP active immunization. These make dTaP clinical trials during 
pregnancy problematic, and limited numbers of published studies are 
available [14-16]. Gall [42] has advocated maternal immunizations as 
a method of protecting neonates from pertussis disease until active 
immunity is present [42]. In a recent study [43] to determine the effects 
of dTaP maternal immunization during pregnancy on maternal and 
neonatal sera antibody levels [43], by Gall et al. it was clearly shown 
that vaccination was safe and well tolerated, and vaccinated women 

had significantly higher antibody levels at the time of delivery and 
maternal antibodies actively transferred to newborn babies [43].

Mooi and de Greeff [15] in a review on the potential preventive 
strategies to improve protection against pertussis among young infants 
proposed that maternal vaccination might be an effective way to 
decrease morbidity and mortality caused by pertussis in neonates and 
young infants. However, more studies should be carried out to establish 
a safe and effective way to protect young infants against pertussis.

Conclusion
This study revealed: safety and immunogenicity profile, long-

term persistence of antibodies achieved after boosting, efficient 
placental transfer rates of antibodies to the newborn babies, and infant 
immune response to scheduled DTwP vaccination, therefore targeted 
prepregnancy dTaP booster immunization could be an alternative 
approach to protect susceptible young infants against severe pertussis 
infection. Further studies with larger sample size and longer duration to 
explore its usefulness as a strategy to prevent life-threatening infection 
in very young infants are recommended.
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