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ABSTRACT 

Introduction: Despite high level of vaccination against pertussis‚ whooping cough has re-emerged as a health threat, 

especially in infants. This could be related to expansion of Bordetella pertussis with novel alleles for virulence factors 

including the pertussis toxin promoter, ptxP3. Compared to ptxp1 strains‚ ptxp3 strains produce more pertussis toxin 

which results in immune suppression and virulence. The main aim of this study was the determination of dominant 

alleles of the promoter region of the gene coding for pertussis toxin in B. pertussis isolates in Iran. Methods: In this 

project, we studied the allelic variations in ptxP3 .This factor was sequenced and analyzed in 35 B. pertussis isolates 

from Iranian patients in 2011. Biochemical tests were performed to confirm the B. pertussis isolates. Ultimately, 

polymerase chain reactions and sequencing were done. Results: Our results showed that the predominant allele among 

the strains was ptxP3. One isolated strain (i.e. ptxP1) showed different results from the other strains. Also, B. pertussis 

134 and 509 as common vaccine strains used in Iran were analyzed and they were identified to be ptxP1. Conclusion: 

Based on our results in recent years‚ the vaccine strains and the circulating strains do not share the same alleles which 

could be one of the causes of pertussis resurgence in the world. ptxP is a well-known toxin of B. pertussis which is 

responsible for binding to the host cell and the disruption of the cellular function. In particular‚ allelic variation in ptxP 

may play a role in adaption of B. pertussis. 
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INTRODUCTION 

 
Bordetella pertussis is the etiologic agent of whooping cough‚ a 

respiratory disease which is sever in infants [1]. According to 

World Health Organization (WHO) in 2008‚ there were 15 

million cases of pertussis which 95% were in the developing 

countries‚ ultimately 200’000 children died from whooping 

cough on that time[2]. According to recent WHO reports, there 

are 50 million infected pertussis cases which could lead to 

300’000 deaths every year in the world [3]. Although pertussis 

is a vaccine-preventable disease [4], it has remained a health 

problem in many vaccinated populations [2]. In recent years, 

reports of the resurgence of pertussis and the pathogen adaption 

have been published in many countries with long histories of 

vaccination against pertussis such as the USA [5]and Australia 

[6]. Different causes have been proposed for the resurgence of 

pertussis such as: waning vaccine-induced immunity and 

pathogen adaptation [7].  Meanwhile,  increased  awareness and  
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improved diagnosis techniques have been accounted for 

increased pertussis notifications [8]. 

There are two types of pertussis vaccine, namely whole-cell 

(wP) and acellular (aP). wP has often been produced from 

killed circulating strains but some countries have acquired other 

sources [6]. aP is a new generation of the vaccine that contains 

1-5 different components of B. pertussis[9]. The length of the 

protection from vaccination with aP vaccine and wP vaccine 

and the natural infection can vary. After the natural infection, 

the immunity wanes in 7–20 years while after the vaccination, 

this period becomes shorter, in range of 4-12 years. There is 

also evidence indicating that aP may give shorter even 

protection than wP [10]. Most European countries including 

Germany, Italy‚ Finland, Sweden and Luxembourg use aP 

vaccines. In Australia and France, aP vaccine is also used for 

the adolescents [8]. In Iran, pertussis vaccination has been 

introduced since 1950s with high coverage by wP vaccines till 

now [11]. Despite utilization of aP in many developed and 

developing countries ‚ the resurgence of pertussis has been 

reported in recent years [12, 13]. 

B. pertussis produces a wide range of virulence factors which 

have important roles in the infection and transmission of the 

disease including; pertussis toxin, tracheal cytotoxin, 
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adenylatecyclase-hemolysin, filamentous hemagglutinin, 

fimbriae and pertactin [14]. Allelic variations have been found 

in the virulence associated genes encoding the pertussis toxin‚ 

such as pertactin‚ serotype 2 fimbriae‚ serotype 3 fimbriae and 

the promoter for pertussis toxin which is used in the acellular 

vaccines [14]. Many variations are reported in the pertussis 

toxin promoter region. The mutations in the promoter region of 

pertussis toxin occur at the sites where the activator of 

transcription BvgA binds (Fig. 1)[15, 16]. So far, 14 alleles 

with respect to the promoter region of pertussis toxin have been 

found [17-19]. Pertactin is an outer membrane protein which 

acts as an adhesion and to date, 13 alleles have been reported 

for it [5].  
Large shifts have been observed in B. pertussis populations in 

the western countries. These shifts have been occurred after the 

introduction of the vaccination program‚ suggesting that they 

were probably vaccine-driven [20, 21]. It has been proposed 

that the mismatches are mainly important in hosts with waning 

immunity that allow B. pertussis to re-infect earlier after the 

vaccination. The combination of waning immunity and the 

pathogen adaptation may be the most important reason for the 

re-emergence of pertussis [22]. The main aim of this study was 

to determine the ptxP alleles among the circulating B. pertussis 

strains, compared with the vaccine strains in Iran. Due to the 

lack of information on this issue in Iran, it would be important 

to study the antigenic variations in this promoter and other 

important virulence factors of B. pertussis in the Iranian 

isolates.

 

 
Fig. 1. Alleles of pertussis toxin promoter (ptxP) observed worldwide[15]. 
 

MATERIALS and METHODS 
 
Bacterial strains 

Nasopharyngeal Dacron swab samples (1301 in total) on 

Regan-Lowe transport medium were transported from different 

provinces of Iran to the Pertussis Reference Laboratory at the 

Pasteur Institute of Iran in 2011. These suspected specimens 

were cultured on Bordet-Gengou and Reagan-Lowe media 

(Difco, USA). All plates were incubated for 3-10 days at 35–36 

°C. Oxidase and catalase positive coccobacilli were selected for 

confirmation of B. pertussis using conventional biochemical 

tests (API 20E; Biomerieuxsa, France). Slide agglutination test 

for identification of B. pertussis as a confirmatory test with 

specific antiserum was also done (Difco, USA). B. pertussis 

134 and 509 which are two strains presently used for vaccine 

production in Iran were analyzed as the vaccine strains. 

DNA extraction 

DNA extraction was performed by high pure PCR template 

preparation kit (Roche Diagnostics GmbH, Mannheim, 

Germany).  

PCR and DNA sequencing 

PCR temperature condition and primers used in this research 

are described in Table 1. The ptxP gene was amplified in 25 μL 

PCR mixture with 1 μM of each primer. DNA sequencing was 

performed after amplification of the target genes. The 

sequencing process was carried out by Macrogen Company in 

South Korea. 

 

Table 1. Primers and PCR program used in this study 

 

Gene 

 

Primer 

 

Sequence (5ʹ-3ʹ) 

 

PCR program 

 

PCR product (bp) 

 

Ref. 

 

 

ptxP 

 

 

PF 

 

 

PR 

 

AATCGTCCTGCTCAACCGCC 

 

 

GGTATACGGTGGCGGGAGGA 

 

15 min 95 °C 

15 s 95 °C 

30 s at 65°C 

1 min at 72°C 

30 cycles; 10 min 72 °C 

574 [21] 
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RESULTS 

 
This study focused on polymorphism in ptxP. As a result, out of 

1301 suspected specimens‚ 35 were positive by culture. In this 

study, we determined two different ptxP alleles among the 

specimens. The predominant allele in the clinical strains, except 

one case and the vaccine strains was identified ptxP3, and the 

different allele was ptxP1 (Fig. 2). Table 2 contains detailed 

information about the history of the clinical strains. 

According to the specimens which were transported to Pertussis 

Reference Laboratory at the Pasteur Institute of Iran (Table 2)‚ 

the infection affects mostly the children, less than 18 months 

old. For example in 2011‚ out of 35 positive samples, 27 cases 

were originated from children less than 18 months old while 17 

cases were vaccinated at least by one dose of wP vaccine [23]. 

The different result among specimens is related to a one and a 

half month-old male infant that his nasopharyngeal Dacron 

swab was transported from Mashhad in Iran. Also there was not 

any dose of vaccination in history of this patient. 

 

 

 

 
Fig. 2. Alignment of ptxP1 with strain number 31 

 
Table 2. Distribution of pertussis in confirmed cases by age, isolated in 2011. 

 

Suspected  sample 
No. of 

isolates 

Less than 2 m 2-18 m 18 m – 10 y 10 y and older 

1301 35 10 17 7 1 

 

Abbreviations: m = month, y = year 

DISCUSSION 

 
Pertussis‚ also known as whooping cough‚ is mainly caused by 

bacterium B. pertussis. Whooping cough is considered as a 

vaccine-preventable disease in the world. It is sever especially 

in infants who do not have a complete immune system to 

protect them against B. pertussis. Vaccination programs against 

pertussis were initiated in the 1940s-1960s in different countries 

around the world. Contrary to high vaccination coverage of 

pertussis in the developing as well as the industrialized 

countries, pertussis has reminded one of the top 10 causes of 

death in children worldwide [24]. 

In the 1990s, a resurgence of pertussis was observed in several 

countries with highly vaccinated populations [25]. According to 

a recent report from WHO, there are 50 million cases of 

pertussis disease annually [26].According to the Centers for 

Disease Control and Prevention (CDC), the incidence of 

pertussis in Iran was 1.2 cases per 100’000 population in 2009 

[27]. It is assumed that one of the important reasons behind the 

resurgence of pertussis is dissimilarity between the vaccine 

strains and the circulating strains that has led to adaptation of 

the bacterium in the host [28]. Polymorphism has been thought 

to be the main strategy of the bacterium to escape from the 

immune system while the high number of variants indicate that 

it is beneficial for the bacterium to modulate the expression of 

its pertussis toxin to suppress the host immune reactions [28]. 

There has been a great amount of genetic variation reported in 

the pertussis toxin promoter region and to this date, 14 different 

alleles of ptxP have been found [30]. BvgA is a global regulator 

of B. pertussis virulence genes and the cooperative binding of 

BvgA to ptxP is required for efficient transcription of PTX. 

Polymorphism has been found to be restricted to the DNA 

region which is implicated in binding of RNA polymerase and 

BvgA [29]. 

Strains with a novel allele for the Ptx promoter (ptxP3) emerged 

in the 1990s, replacing the resident ptxP1 strains [30]. The 

variation in PTX has been shown to affect the vaccine efficacy 

in a mouse model [31]. A comparison of pertussis toxin 

production of ptxP1 and ptxP3 strains has shown that ptxP3 

strains produce pertussis toxin 1.62 times more than ptxP1. It 

seems that the ptxP3 strains have probably been expanded 

globally in recent years [32]. The variation in ptx promoter has 

been related to increase in the colonization in a mouse model 

[33]. A role for vaccination in driving shifts in B. pertussis 

populations has also been supported by recent genomic data 

[18]. The ptxP3 strains have been found in 11 countries, 

representing 4 continents, namely Asia, Europe, as well as 

North and South Americas [18]. The frequency of ptxP in 

different countries in 1990-2000 has been shown in Table 3. 

Our study is the first research about polymorphism of ptxP of  

B. pertussis isolated strains in Iran. 

The pertussis vaccination program in Iran contains three doses 

of a wP vaccine. The first dose is administered at the age of 2 

months, the second at 4 months and the last is administered at 6 

months. Only two booster doses are administered at 18 month 

and 6 years. The wP is the only type of pertussis vaccine that is 

currently used in Iran. Despite the high coverage of the vaccine 

in Iran‚ the resurgence of Pertussis has been reported in recent 

years [34]. Whooping cough is mainly diagnosed in Iran among 

infants less than 18 months that do not complete their 

vaccination program (Table 2). We have observed an increase 

in positive cases of the disease in recent years, especially 

among infants under 18 months of age. It seems that the decline 

in the efficacy of the vaccines due to the antigenic shifts remain 

as an important reason for the resurgence of pertussis in 

vaccinated populations. WHO has suggested the re-arrangement 

of the vaccine strains over the years; therefore, similar studies 

must include periods of more than one year [35]. 
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Table 3. Frequency of ptxP in different countires during 1990-2000 [18].  
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