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Abstract

Backgrounds: Pertussis is a contagious respiratory disease caused by Bordetella pertussis producing severe illness and high mortality,
especially among infants. In spite of over 90% vaccination coverage, the incidence of pertussis is increasing in most developing countries. The
aim of this study was to determine the prevalence of Bordetella pertussis in pregnant women in southern part of Tehran, Iran. Methods: Three
hundred three pregnant women who referred to health centers for periodic pregnancy tests were randomly selected during six months in the
year 2016. After receiving conscious consent from mothers, 5 milliliters of blood was obtained and a questionnaire containing demographic
information, occupational status, level of education, mother’s age, duration of pregnancy, history of cough and vaccination were completed for
each participant. A test to determine quantitative values of IgG and IgA classes antibodies to pertussis toxin (PT IgG, PT IgA) by ELISA method
was performed on samples.

Results: In total, 177 women (58.2%) were serologically infected by Bordetella pertussis. Only 27 women (8.9%) had cough symptom
during pregnancy. The mean levels of PT IgG and PT IgA during pregnancy were 37.24 and 5.79, respectively. The mean PT IgG level in the first
trimester of pregnancy was higher than average PT IgG levels around the time of delivery (38.39U/ml versus 34.74U/ml). The association
between cough and Immunoglobulins levels was evaluated by chi square test. It was detected that IgA and IgG antibodies titers were related
significantly to cough duration over two weeks (P value <0.001). The IgA titre less than 121U/ml was more associated with pregnant women
without a history of cough from two weeks ago.

Conclusion: Due to high exposure of Iranian mothers to pertussis and high prevalence of pertussis among children under the age of six
months, it is crucial to prescribe acellular pertussis vaccine in women during pregnancy, upon discharge from the hospital.
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Introduction
strategy replaces fight against infectious agents in neonatal period

[2].

Pertussis is caused by Bordetella pertussis, producing severe
illness and high mortality, especially among infants [3]. The

Infectious diseases remain a major cause of mortality
among children before 4 years-old. More than 5 million deaths
from vaccine-preventable infectious diseases occur in children

throughout the world [1]. Vaccination can prevent severe

infections and reduce its devastating effects. However, children
and infants do not provide suitable immunity in response to many
vaccines [2]. A vaccination program against common infections,
such as hepatitis B, pertussis and haemophilus influenza usually
begins two months after the birth to several following years,
but there is no vaccination between childhood and pregnancy
in women against vaccine-preventable infectious agents. For
this reason, immunization of pregnant women as an important

incidence of pertussis is increasing in most developed countries
despite vaccination coverage of over 90%. The highest prevalence
of disease is detected among adults and youth [4]. Vaccination
coverage in Iranian population against pertussis is more than
98%. According to the latest statistics in 2011, total 854 cases
of pertussis suspected cough were reported in Iran. The overall
incidence of disease in the country is 1.12 per 100,000 people.
The most frequent occurrence and incidence was reported in
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Mazandaran province(north) with 161 cases (5.22%) per 100,000
people, followed by the highest incidence in Qazvin (5%), Qom
(4.28%), Zanjan (4%) in middle of Iran and Tehran (1.2%),
respectively.

Pertussis outbreaks occur in cycles (every 2 to 5 years) [5].
Vaccination is the only effective way to fight epidemics. Pregnant
women suffering from pertussis during delivery, depending on
the onset of infection in the mother, have the ability to infect their
children before receiving maternal antibodies through placenta.
The duration of immunity with vaccination and natural infection is
limited [6,7]. Vaccination over than childhood period is necessary
to protect newborns [8-10]. The aim of this study was to determine
the prevalence of pertussis infection in pregnant women living
in Tehran, prevalence of Bordetella pertussis infection among
pregnant women and mothers who are not immune and infants
at risk of infection.

Materials and methods

Studied population included all pregnant women who
referred to health centers for periodic routine pregnancy tests
during six months of the year 2016. According to this study, total
304 pregnant mothers were selected. After obtaining conscious
consent from mothers, 5ml of blood was obtained from the cases
and simultaneously a questionnaire was completed for each
participant containing demographic information, occupational
status, level of education, maternal age, duration of pregnancy,
history of cough for more than two weeks in mother and his
family, history of vaccination in a child or vaccination history with
an acellular vaccine in the previous years. The Ethics Committee
approved this research in the Iran University of Medical Sciences
Blood samples were centrifuged at about 4000rpm and after
serum isolation; it was stored in freezer at minus 20 °C before
analysis. The ELISA test was carried out at Infectious Disease
Research Center of Rasool Akram Hospital, Iran University of
Medical Sciences. Determination of quantitative values of specific
IgG and IgA against pertussis toxins (PT I[gG& IgA) were performed
on patients’ serum with kit purchased from German IBL Company
according to the manufacturer’s specification. The results of PT
IgG& IgA were reported as U/ml. The lowest rate of PT IgG& IgA
determination was 1 and 1U/ml, respectively. The collected data
were analyzed using SPSS software version 24. PT IgG& IgA levels
were reported in 95% confidence interval in different samples.
Pearson tests were used to compare immunoglobulin levels in
age groups. P value less than 0.05 was considered statistically
significant.

Result

During six months, 304 pregnant women were enrolled in this
study. The mean age at pregnancy was 27.59 years (range 15-45
years). The mean gestational age was 89.03 days. 95% of women
claimed childhood vaccination against pertussis but 5% of women
could not remember their childhood vaccination against pertussis.
The distribution of PT IgG levels in mothers’ serum during
pregnancy. The majority of women had antibody levels of 3.5-221

U/ml at 26 weeks of gestation. 58.2% of women (177 cases) had an
antibody level greater than 24U/ml. PT IgG concentration below
24U/ ml was reported in 127 (41.8%) women. PT IgG level greater
than 100U/ml was observed in (5.92%) 18 pregnant women.

In total, 177 women (58.2%) from total 304 women were
reported with antibodies level greater than 24U/ml and
considered positive for pertussis based on German IBL company
criteria. Only 27% (8.9%) of women had a history of cough during
pregnancy. The mean levels of PT IgG and Ig A during pregnancy
were 4.82 and 37.5%, respectively. The mean PT IgG antibody
level in subjects in the first trimester of pregnancy were higher
than levels near delivery in the third trimester of pregnancy
(38.39 versus 34.74U/ml) which indicated pertussis infection
during pregnancy.

None of the mothers had received an acellular pertussis
vaccine during pregnancy. The Pearson test between IgG and IgA
levels showed a significant relationship between IgA and IgG levels
(P-value <0.001). This means that if IgA level was less than 10U/
ml, IgG level would be less than 24U/ml. Evaluation of cough and
Immunoglobulin levels showed a significant relationship between
IgA and IgG titers and a history of cough duration more than two
weeks with Pearson test (P-value<0.001). IgA titer less than 12U/
ml was related to the absence of cough more than two weeks.

Discussion

Recently, Center of Disease Control and Prevention (CDC)
recommended immunization of pregnant women with Tdap
vaccine regardless of prior vaccination during late second
trimester and the third trimester of pregnancy, after the 20" week
of pregnancy, preferably between weeks 27 to 36 of gestation. The
Tdap vaccine Antibody avidity increases with exposure to antigen,
which results in selection of high-affinity B-cell lymphocytes. As a
result, it is used as an indicator of long-term humoral immunity
against pathogen [11].

Despite high levels of vaccination in childhood, we have found
evidence that Bordetella infections have spread to 18 pregnant
women during pregnancy. 40 women (13.15%) had an antibody
level of 100-150U/ml. Although this level is not attributed to
recent or active infection, it indicates Bordetella infection in
previous year. 53 women (17.3%) of total 304 pregnant women
in our study were serologically positive for Bordetella pertussis
during or before gestation, which is much higher than reported
cases in this age group by Hashemi et al. [12] in Hamadan
(35.8% ), Which indicates an increase in incidence of pertussis
in pregnant women and infants under the age of six months. The
findings showed that most cases of Bordetella pertussis Infection
remained unannounced, possibly due to subclinical period of
infection or unsuitable identifying or reporting pertussis by
responsible person.

In Russia conducted a study on 102 pregnant women who
measured antibody levels against diphtheria, tetanus and
pertussis. More than 66% of pregnant women had no antibodies
against pertussis and only 5.22% had suitable antibody titer
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for protection. The subjects were between 18 to 35 years old
[13]. The results from similar studies in other regions reflected
different levels of antibody protection, such as 33% in Spain 55%
in Japan 88% in Slovenia, and 97% in Singapore [14-17]. Many of
these studies showed increased susceptibility to pertussis in both
adolescents and adults, and highlighted necessity for a booster
dose in adolescents and adults.

The incidence of Bordetella pertussis infection was reported
in 2006 with positive serological evidence of pertussis in
Netherlands (6.6%) and Spain (1.8%) in 2014. Serological
studies in other European countries reported positive pertussis
antibodies between 3.3 to 8%. A recent study in pregnant women
showed 1.74% positive antibodies level. In this study, the antibody
titer increased within 6 months with increasing in gestational age.
In mothers who had positive antibody titers in the first days of
pregnancy, exposure to pertussis was occurred before pregnancy.

Mothers who had high level of IgA antibody in the last days
of pregnancy, were newly involved. There are some evidence that
maternal antibodies protect newborns against pertussis, because
PT IgG is transmitted from mother to embryo. Mothers in our
study had an antibody level below 40U/ml during pregnancy.
Although the protective level of antibodies against pertussis is not
defined, but low level of PT IgG is associated with an increased
sensitivity to pertussis. In our study, maternal selection errors
were happened because 20% pregnant women in this area were
referred to private laboratories for pregnancy tests. Therefore,
we estimate that actual number of pertussis infections in these
mothers is more than 17.4%. Among limitations of this study,
there was no clear correlation between anti PT IgG level and
effective protection of serologic antibody levels. Unknown history
of vaccination was a limitation in this study. Since interview with
participants was a method of collecting information, participants’
memory was the only available source of information.

The strengths of this study was that many studies had not been
conducted on this population. So that little data was available from
infectious source of contact with infants. Therefore, they were a
potential source of infection for vulnerable infants (under the
age of 2 months). This study announces actual need for further
investigation in this group. Despite limitations, the study provided
an awareness of maternal safety status. The most effective way to
reduce complications of pertussis in infants less than two years-
old is immunization of pregnant women before and during the
first trimester of pregnancy with an acellular vaccine. It is also
necessary to study polymorphisms of prevalent and dominant
strains of pertussis in Iran, which results in low immunity of
vaccine used against pertussis in our country [18].

In spite of 99% vaccination coverage against pertussis in Iran,
similar to other countries, the incidence of pertussis increased
from the year 2004 (98 cases), 2005 (125 cases) to 2011 (650
cases). The most common cases of pertussis was related to
infants under the age of 2 months-old [19,20]. Another study
was conducted in 2009-2010 in Iran by Ghorbani et al. [21] on
3629 suspected cases of pertussis, which obtained 6.6% positive

laboratory results. Positive result was more common in women
than men (7.3% versus 5.9%) and more relevant in age group
under two months-old than those of other age groups (P <0.001).
These children most likely received pertussis infection from their
parents, relatives or medical staff in hospitals [22]. In Spain,
hospital’s healthcare workers with positive anti-pertussis toxin
antibodies were about 31%. as a result, they were more likely to be
infected with pertussis bacteria [23]. These people act as a source
of infection for susceptible individuals. Unfortunately, there are no
accurate data available in our country regarding the incidence of
suspected cases of pertussis in hospitals.

Conclusion

Immunization of health care personnel is the most effective
way to reduce the complications of pertussis in newborns and
children referring to hospitals and clinics. It is recommended that
a study should be carried out in Children and Maternity Hospitals
in Tehran in order to assess the level of safety in staff. Due to high
exposure of Iranian mothers with pertussis and high prevalence
among children under age of six months, it is urgent to use an
acellular vaccine in pregnant women during pregnancy, upon
discharge from the hospital.
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