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Introduction
Currently and despite extensive and global vacci-
nation, the prevalence rate of pertussis is rising 

steadily so that all age groups can be affected with 
the severe clinical consequences of this conta-
gious respiratory disease.1 The life-threatening 
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Abstract
Background: Whole-cell pertussis (wP) vaccine administration is still advocated for children 
under 7 years of age in Iran. However, there is no recommendation for the administration of a 
dose of tetanus, diphtheria, and acellular pertussis (Tdap) vaccine to childbearing age/pregnant 
women in the Iranian vaccination program and it has increased the risk of infection through 
waning immunity during women’s childbearing age life. The study aimed to assess the levels of 
anti-Bordetella pertussis antibodies in childbearing age women of different ages in Iran.
Methods: A cross-sectional study was conducted on a total number of 360 childbearing age 
women divided into six age groups, with 5-year intervals from 15 to 45 years old, in 2018–2019. 
Then, the levels of immunoglobulin A (IgA), immunoglobulin M (IgM), and immunoglobulin 
G (IgG) antibodies against B. pertussis were evaluated using enzyme-linked immunosorbent 
assay (ELISA). The IBM SPSS Statistics software (version 16.0) (SPSS Inc., Chicago, IL, USA) 
was used for data analysis.
Results: The mean age of the participants was 30.01 ± 8.35 years (range 14–45 years). All 
the cases were IgM negative, but two IgA-positive individuals (in the age groups of 14–19 
and 30–34 years) were reported. Overall, 239 (66.4%) cases were IgG positive. The mean age 
of IgG-positive cases was 30.37 ± 8.37 years. The IgG-positive cases were mostly in the age 
groups of 30–34 and 35–39 years [43 (71.1%)]. The odds of IgG positivity were 1.97. The highest 
odds of IgG positivity were seen in 30–34 and 35–39 years groups (2.52) and the lowest odds 
were seen in the 20–24 and 25–29 years groups (1.60). Using the Jonckheere–Terpstra test, 
the increasing trend of IgG changes in different age groups was not statistically significant 
(Tπ=5.78, p = 0.09).
Conclusion: The infants of women of childbearing age might be prone to pertussis in countries 
using the wP vaccination schedule. It is suggested to administer a dose of Tdap to women 
before or during pregnancy to increase the immunity of their infants against this disease 
during early infancy.
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presentations of pertussis are particularly preva-
lent among infants.2,3

Although waning immunity has been reported 
with both vaccines, several outbreaks of pertussis 
in countries using acellular pertussis (aP) vaccine 
have been associated with its lower effectiveness.4 
Therefore, some countries such as Iran and India 
are still recommending whole-cell pertussis (wP) 
vaccination for children aged under 7 years. While 
the extended program of immunization (EPI) of 
Iran suffices for the administration of wP, the 
Indian Academy of Pediatrics recommends a 
dose of aP vaccine to pregnant women to aug-
ment levels of maternal antibodies and to provide 
more protection for newborns.5 Brazil is also one 
of the countries that has included both wP and aP 
vaccines in the vaccine schedule.6,7 Lack of such a 
guideline and recommendation in the Iranian 
vaccination program has made infants vulnerable 
to pertussis through waning immunity during 
women’s childbearing age life.

Newborns cannot be vaccinated against pertussis 
and according to the EPI of Iran, the youngest age 
to administer the first dose of this vaccine is at 
6 weeks of age, so infants are left unprotected or 
partially protected until they are at least 6 months 
old. Therefore, passive transfer of antibodies from 
mother to fetus (passive immunization) remains 
the mainstay of protection of newborn and infants 
against pertussis in early infancy.8,9 The maternal 
immunoglobulin G (IgG) can thus pass through 
the placenta. However, the levels of antibodies 
rapidly decrease within the first months of life 
after birth.10 For that reason, the Centers for 
Disease Control and Prevention (CDC) recom-
mends tetanus, diphtheria, and acellular pertussis 
(Tdap) vaccine administration for women during 
the second or third trimesters of pregnancy.11

In Iran, infants are vaccinated at 2, 4, and 
6 months of age using the pentavalent formula-
tion containing diphtheria, tetanus, Haemophilus 
influenzae type B, hepatitis B and wP vaccines.

Moreover, the trivalent formulation is adminis-
tered at 18 months of age and 4–6 years old con-
taining diphtheria, tetanus and whole-cell 
pertussis (DTP) vaccines.12

Therefore, each woman of childbearing age is vac-
cinated for the last time before 7 years of age based 

on the EPI of Iran. As pertussis is typically 
acquired from a family member in newborns and 
infants younger than 12 months, protecting infants 
via vaccination of close contacts (namely, cocoon-
ing)13 can be an effective preventive method.

The levels of immunity against pertussis in child-
bearing age women have thus far been evaluated 
in a limited way in Iran.14 Due to lack of similar 
studies, the current study aimed to assess the lev-
els of anti-pertussis antibodies in Iranian child-
bearing age women.

Methods

Study design and patient selection
This cross-sectional study was conducted on a 
total number of 360 women of childbearing age 
referred to a laboratory for performing check-ups 
from 2018 to 2019. The study was approved by 
the ethics committee of Iran University of Medical 
Sciences, Iran (no. IR. IUMS.REC139528934) 
and then informed consent forms were signed by 
all participants.

The cases were then divided into six age groups 
with 5-year intervals from 15 to 45 years old. The 
exclusion criteria were a history of confirmed or 
probable diagnosis of pertussis over the past 
6 months, any primary or secondary immunodefi-
ciency, unknown history of immunization against 
pertussis, and a history of not receiving wP 
vaccine.

After filling in the written consent forms by the 
participants, a checklist indicating demographic 
characteristics data and medical history was 
completed. The history of vaccination against 
pertussis was further asked. Afterwards, 5 mL of 
venous blood was taken from each case, collected 
in a tube containing sodium heparin, and trans-
ferred to the laboratory of PIRC where the tubes 
were centrifuged and plasma supernatants were 
collected, frozen, and stored at −80°C. Ultimately, 
the levels of immunoglobulin A (IgA), immuno-
globulin M (IgM), and IgG antibodies against 
Bordetella pertussis were evaluated using enzyme-
linked immunosorbent assay (ELISA) (IBL 
International GmbH, Hamburg, Germany). 
Bordetella-specific antigens including pertussis 
toxin (PT), filament hemagglutinin (FH) and 
pertussis lipopolysaccharide (LPS) were 
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measured. Moreover, levels of IgG antibodies 
higher than 20 U/ml were considered positive15 
(positive and negative were defined as anti-per-
tussis antibodies above and below the mentioned 
limit, respectively).

Statistical analysis
The study results were presented as mean ± stand-
ard deviations and geometric mean concentration 
(GMC) with 95% confidence intervals (CIs) of 
IgG in different age groups and then summarized 
by absolute frequencies and percentages for cate-
gorical variables. Also the odds of IgG positivity 
were calculated in all age groups using p/1 − p. In 
this formula p was the probability of event occur-
rence while 1 − p was the probability of event 
non-occurrence.

The Kruskall–Wallis test was used to assess the 
null hypothesis or equal GMC in different age 
subgroups. Also the Jonckheere–Terpstra test was 
used to determine the statistically significant 
trend between different age groups. A p-value less 
than 0.05 was considered as a statistically signifi-
cant level. IBM SPSS Statistics software (version 
16.0) (SPSS Inc., Chicago, IL, USA) was used 
for data analysis.

Results
The mean age of cases was 30.01 ± 8.35 years 
(range 14–45 years), Overall, 239 (66.4%) cases 
were IgG positive and 121 (33.6%) cases were 
IgG negative. The mean age of IgG-negative and 

positive cases was 29.23 ± 8.39 and 30.56 ± 8.28 
years, respectively.

Overall, the GMC (95% CI) of IgG was 34.30 
(31.15–37.76). The lowest GMC (95% CI) of 
IgG was seen in the 14–19 years age group [27.90 
(21.94–35.49)] and the highest was seen in the 
40–45 year group [38.35 (29.97–49.08)]. 
According to the IgG GMC values, the difference 
between the age groups was not statistically sig-
nificant (p = 0.47). More details have been shown 
in Table 1 and Figure 1.

All of the cases were IgM negative and the IgG-
positive cases were mostly in the age groups of 
30–34 and 35–39 years [43(71.1%)].

Moreover, two cases were IgA positive (in the age 
groups of 14–19 and 30–34 years). According to 
Table 2, the odds of IgG positivity in total cases 
was 1.97. The highest odds of IgG positivity were 
seen in the 30–34 and 35–39 years groups (2.52) 
and the lowest odds were seen in the 20–24 and 
25–29 years groups (1.1.60). More details based 
on age groups are shown in Table 2 and Figure 2.

Using the Jonckheere–Terpstra test, the trend of 
IgG changes in different age groups was not sta-
tistically significant (Tπ = 5.78, p = 0.09).

Discussion
Iran is among the countries that still recommend 
wP vaccine administration in children under 
7 years of age. As this type of vaccine is not given 

Table 1. Comparison of geometric mean concentration (GMC) of anti-Bordetella pertussis IgG in different age 
groups.

Age group 
(years)

Sample size GMC 95% confidence interval p-Value

LCL UCL

14–19 60.00 27.90 21.94 35.49 0.47

20–24 60.00 33.96 26.65 43.27

25–29 60.00 35.18 27.40 45.19

30–34 60.00 35.58 28.23 44.85

35–39 60.00 35.77 28.46 44.96

40–45 60.00 38.35 29.97 49.08

Total 360.00 34.30 31.15 37.76  
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Figure 1. Geometric mean concentration (GMC) with 95% confidence intervals (CIs) of anti-Bordetella pertussis 
immunoglobulin G (IgG) in different age groups (N = 360).

Table 2. The frequency of positive IgG, IgM, and IgA in different age groups.

Age group 
(years)

N IgG N (%) Odds of 
positive IgG

IgM N (%) Odds of 
positive IgM

IgA N (%) Odds of 
positive IgA

14–19 60 38 (63.3) 1.72 0 (0.0) 0 1 (1.6) 0.01

20–24 60 37 (61.7) 1.60 0 (0.0) 0 0 0

25–29 60 37 (61.7) 1.60 0 (0.0) 0 0 0

30–34 60 43 (71.1) 2.52 0 (0.0) 0 1 (1.6) 0.01

35–39 60 43 (71.1) 2.52 0 (0.0) 0 0 0

40–45 60 41 (68.3) 2.15 0 (0.0) 0 0 0

Total 360 239 (66.4) 1.97 0 (0.0) 0 2 (0.5) 0.005

after this age, it is of utmost importance to know 
the serological status against B. pertussis in child-
bearing age women because the level of protec-
tion against pertussis in early infancy is 
completely dependent on maternal antibodies 
which are transplacentally transferred to the 
newborns. In this study, the levels of anti-B. per-
tussis antibodies were thus measured among 
women of childbearing age (14–45 years old) and 

then compared between six age groups to deter-
mine the necessity of adding a dose of Tdap at 
pregnancy/childbearing age.

According to the results of this study, the levels of 
IgG were negative in about 33.6% of the cases of 
childbearing age. Lack of sufficient levels of anti-
bodies against B. pertussis could put infants at risk 
of pertussis. Therefore, a dose of Tdap might 
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reduce the risks of pertussis and better protect the 
newborns against pertussis. In addition, using the 
Jonckheere–Terpstra test, the trend of IgG 
changes in different age groups was not statisti-
cally significant.

In addition to the potential effectiveness of Tdap 
administration during pregnancy, available data 
do not support any association between Tdap 
vaccination during pregnancy and any adverse 
maternal, fetal, or infant outcomes.16

It seems that childbearing age women living in 
areas with the wP vaccine strategy may not trans-
fer adequate antibodies to their newborns, while 
most cases of morbidity and mortality due to per-
tussis occur in children under 3 months of age.9

The current recommendation by the CDC and 
the Advisory Committee on Immunization 
Practices (ACIP) is to administer Tdap to all 
pregnant women between 27 and 36 gestational 
weeks regardless of prior Tdap history.9

In this study, 66.4% of the cases with a mean age 
of 30.56 years old were IgG positive against B. 
pertussis. This means that 33.6% of the women 
who might become pregnant did not have ade-
quate antibodies to transfer to the fetus at the 
time of this study. In the report by Hashemi et al., 
35.8% of the pregnant women living in the city of 
Hamadan, western Iran, with a mean age of 
27.5 ± 6 years were IgG positive.14

Several studies from all around the world have 
further assessed the levels of antibodies against B. 
pertussis in pregnant women, and most of them 

correspondingly recommended a single dose of 
Tdap during every pregnancy.17,18 However, none 
of the previous studies have evaluated the level of 
anti-pertussis antibodies among women of child-
bearing age in different age groups in order to 
make decisions about pertussis vaccination in 
countries with the wP vaccination schedule.

In this respect, Saffar et al. conducted a study in 
Iran to determine the effect of Tdap on the serum 
titer of anti-pertussis antibodies in women with  
planning for pregnancy. In this study, 114 child-
bearing age women planning for pregnancy were 
vaccinated with a single dose of Tdap. Maternal 
blood samples were further collected before and 
after vaccination at 1, 12, 28 and 43 months. Blood 
samples were also collected at birth. The results of 
this study established that the seroprevalence rate 
and mean concentration antibody (MCA) were 
69.3% and 68.19 EU/ml before vaccination and 
then increased to 93.8% and 152.82 EU/ml fol-
lowing vaccination, respectively.19

Regarding the impact of maternal pertussis vacci-
nation on infants’ immune response to pertussis 
vaccination during infancy, Wanlapakorn et al. 
performed a study.20 The authors showed more 
interference of the infant immune response to wP 
compared to aP vaccines. They concluded that 
countries introducing Tdap vaccination of preg-
nant women and vaccinating their infants with wP-
containing vaccines should monitor their infants 
carefully.20

Whether this interference is clinically significant 
needs surveillance of pertussis disease, especially 
in infants of these countries.21
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Figure 2. The linear trend of odds of immunoglobulin G (IgG) positivity in different age groups.
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Although there is no accepted relationship with 
regard to serological protection, a dose of pertus-
sis vaccine during pregnancy increases the levels 
of maternal antibodies and thus transfers passive 
immunity to newborns within the first months of 
life.22–25

There are several studies reflecting on the safety 
and efficacy of Tdap administration during preg-
nancy. For example, Donegan et al. found no evi-
dence of an increased risk of any adverse effects 
associated with pregnancy in pregnant women 
receiving pertussis vaccination in the third trimes-
ter. In particular, there was no evidence of a 
growing risk of stillbirth.26

The results of a case–control study in the United 
Kingdom had additionally revealed that maternal 
pertussis vaccination was effective in preventing 
this infection in infants younger than 8 weeks of 
age.27

In addition, there are some seroprevalence stud-
ies available in the literature from countries that 
still have wP vaccines in their national immuniza-
tion schedules. The studied cases were from dif-
ferent age groups while we studied only 
childbearing age women.28–31 However, all evalu-
ated studies recommended a Tdap booster dose 
when the waning of vaccine-elicited immunity 
supported the need for a booster dose at that age.

Kurova et al. demonstrated that Russian children 
became susceptible to pertussis infection at or 
soon after entering school.28

Taye et al. observed declining trends in the pro-
tective effectiveness of wP vaccine 6 years after 
vaccination and highly recommended a booster 
dose to optimize pertussis prevention and control 
strategies.29

A booster dose of acellular pertussis vaccine was 
also suggested to be considered by Sigera et al. in 
Sri Lanka.30 Sera of 385 asymptomatic individu-
als aged 4–24 years were used for this study. The 
majority of the study population, especially the 
8–11 years age group had low anti-pertussis toxin 
IgG levels.30

To identify which age group should be targeted 
for a booster dose, Wanlapakorn et al. investi-
gated the seroprevalence of antibodies to 

pertussis toxin among healthy people across all 
ages in the population.31 The authors concluded 
that a booster dose during adolescence should be 
considered in order to reduce the incidence of 
pertussis disease.31

In our study, we checked IgA and IgM in addition 
to IgG. IgA and IgM measurement may be useful 
for laboratory confirmation of clinical pertussis in 
adults.28 In addition, primary vaccinations with 
wP induce IgM and IgG antibodies but do not 
induce IgA antibodies.32

In our study, there were two cases of IgA positiv-
ity in the age groups of 14–19 and 30–34 years. It 
might be secondary to post-vaccination natural 
infection after the decline of immunity against B. 
pertussis overtime because IgA might remain posi-
tive for several months (about 7.2 months) after 
infection.33

The restricted sample size was one of the limita-
tions in this study. Therefore, it is suggested to 
perform another study with a larger sample size 
and the same objectives to confirm the results 
obtained. In addition, we used an assay that 
measured a collective response to different per-
tussis antigens.

In conclusion, and according to the results of 
this study, the women of childbearing age might 
have declining levels of anti-pertussis IgG. It 
could be beneficial to add maternal Tdap vac-
cination to the immunization program of Iran 
and other countries with the same EPI to 
increase the immunity against pertussis during 
early infancy.

As Iranian infants are administered wP vaccine, 
further studies are needed to determine any clini-
cal interference of maternal Tdap vaccination and 
infantile wP vaccination.
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