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Introduction

Whole cell pertussis vaccines combined with tetanus and diph-
theria toxoid (DTwP) have been in use since 1950s in Iran. The 
national DTwP vaccination program consists of three primary 
doses given at 2, 4 and 6 mo of age, with a forth dose given at 
18th month and a fifth dose, between 4 to six years of age. For 
coverage of pertussis vaccination, two different types of pertus-
sis vaccine are currently available, the whole cell (wP) vaccine 
that was developed in the 1940s and the acellular (aP) vaccine. 
Both types of vaccine provide protection, though the wP vac-
cines are thought to induce more efficient immunity.1,2 In spite of 
the universal vaccination programs against pertussis, Bordetella 
pertussis resumes to circulate even in populations with high vac-
cine coverage in infants and children.3 This is evident from the 
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current increase in pertussis incidence in adolescent and young 
adults,4,5 who serve as an important reservoir of transmission of 
the pathogen.

In Iran, the registered cases of diphtheria, tetanus and per-
tussis were 106,14 and 464 cases in 2010 and 132,18 and 650 
in 2011, respectively.6 Although the benefit from the DTwP vac-
cine was established by previous studies,7-9 however, periodic 
assessment of the vaccine is necessary for national vaccination 
programs which serves as the basis of systemic immunization pol-
icy.10,11 Assessment of local vaccines is performed regularly based 
on the national regulations of the Food and Drug Administration 
of the Ministry of Health, Treatment and Medical Education of 
Iran. According to these regulations a randomized study needs to 
be performed to evaluate immunogenicity and reactogenicity of 
such vaccines.
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Immunogenicity. Before vaccination, there was no signifi-
cant difference in the antibody titers against diphtheria, tetanus 
and pertussis between the subjects receiving the two vaccines 
(Table 2). After vaccination, the geometric mean titers (GMTs) 
of the antibodies induced against diphtheria and tetanus by 
DTwP-Local were 7.7 and 9.4 IU/ml and those of DTwP-Pasteur 
were 8.2 and 8.6 IU/ml, respectively (Table 2). There was no sig-
nificant difference between the immunogenicity of the vaccines 
against diphtheria (power = 93%) and tetanus (power = 86%). 
The post-booster GMTs of antibodies produced against pertussis 
were 30.2 EU/ml for DTwP-Local and 47.9 EU/ml for DTwP-
Pasteur vaccines, respectively (p < 0.001). Box plot presentation 
of antibody concentrations in pre- and post-booster samples is 
shown in Figure 2. Pre-booster seroprotection rates of pertussis 

In the present study immunogenicity and reactogenicity 
of a DTwP vaccine manufactured locally (DTwP-Local) were 
compared with those induced by a commercial DTwP vaccine 
(DTwP-Pasteur) in a group of preschool Iranian children.

Results

Demographic data. Among a total of 710 children who entered 
the study, 38 (5%) failed to continue the investigation (Fig. 1). 
The most common reason for withdrawal was refusal of the 
parents or the children to give blood samples. None of the par-
ticipants withdrew due to side reactions to any of the vaccines. 
Demographic characteristics of the participants were similar 
between the groups (Table 1).

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) participant flow diagram.

Table 1. Demographic characteristics of the children vaccinated with either DTwP-Local or DTwP-Pasteur vaccine

Characteristics DTwP-Local DTwP-Pasteur P-value

Number of subjects 337 335 NA

Gendera

(female/male)
193/144 176/159 0.22

Weightb (Kg) 20.57 ± 3.43 20.56 ± 3.39 0.79

Birth weightb (Kg) 3.17 ± 0.46 3.18 ± 0.47 0.99
a Chi-Square test; b t-test; NA: Not applicable.
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in pre-school children.16 Thus, administration of the fifth dose 
of DTwP vaccine at 4–6 y of age has been incorporated in the 
national EPI vaccination program in many countries, including 
Iran. Additional vaccination of adults with an extra booster dose 
of DTaP vaccine has also been recommended to control trans-
mission of pertussis to neonates and children.17

Analysis of the serum antibody levels in pre-booster samples 
indicates similar seroprotection rates and GMT between the 
two groups of vaccinees, confirming randomization of the sub-
jects receiving the two types of vaccines. Furthermore, the pre-
booster data also indicate that the majority of the subjects were 
already seroprotected against diphtheria (84–92%) and tetanus 
(69–74%) components. For pertussis, however, the seroprotec-
tion rate was low (25–31%) prior to vaccination, implying lower 
immunogenicity and waning of the antibody response to per-
tussis compared with other components of the DTwP vaccine. 
Although, drop of the serum antibody levels below the protec-
tive cut-off does not necessarily indicate complete loss of the 
specific humoral response due to persistence of a number of the 
antigen specific circulating memory B cells,18 it proposes the use 
of booster vaccine doses to keep the adaptive antibody response 
upregulated in case of exposure to pertussis infection.

Since most recent investigations on DTP immunization have 
been performed using DTaP vaccine or a combination of DTwP 
vaccine with other vaccines such as hepatitis and hemophilus 
influenzae, the results of these studies may not be comparable to 
our results.15,17,19,20 To be able to compare and contrast the results 
obtained from this study, we employed a commercial DTwP vac-
cine (DTwP-Pasteur) which has been extensively used in many 
countries.13 Analysis of the immunogenicity of the pertussis com-
ponent of this vaccine had already shown vaccine efficacy and 
seroprotection rate of DTwP-Pasteur in 84–100% and 92% of 
subjects, respectively.13

Comparison of GMT and seroprotection rate between DTwP-
Local and DTwP-Pasteur vaccines showed similar immunogenic-
ity for diphtheria and tetanus components, but immunogenicity 
of the pertussis component of DTwP-Local was significantly 
lower than that of the DTwP- Pasteur. While 25.2% of children 
were already seroprotected against pertussis prior to booster vac-
cination with a GMT of 8.41 EU/ml, the seroprotection rate rised 
to 70.3% and the GMT to 30.20 EU/ml, after administration of 

were 25.2% and 31% which were raised to 70.3% and 85.7% 
upon immunization with DTwP-Local and DTwP-Pasteur vac-
cines, respectively (Table 2). Using the binary logistic regression 
analysis, no significant effect of sex, weight and birth weight on 
post-booster antibody titers of diphtheria, tetanus and pertussis 
were observed.

Safety and reactogenicity. The incidence of local and sys-
temic reactions recorded during the seven days after vaccination 
is shown in Table 3. The day of vaccine administration was con-
sidered as the first day of the study. No serious life-threatening 
adverse events related to the vaccination were observed. The 
most frequent local and systemic reactions were pain and aux-
iliary temperature in both vaccines. All reactions were observed 
to have significantly reduced during the observation period for 
both vaccines (p < 0.05). Figure 3 shows the descending trend of 
redness, swelling and auxiliary temperature during the observa-
tion period. The systemic reactions (loss of appetite, gastrointes-
tinal problem, vomiting and eczema) were observed in a small 
number of children, and disappeared gradually during a week. 
Significant differences were seen between the two vaccines for 
pain (1st day until 3rd day, p < 0.01), redness (1st and 2nd days, 
p < 0.01), swelling (only 1st day, p < 0.01), auxiliary temperature 
(only 1st day, p < 0.001) and loss of appetite (1st and 2nd days, 
p ≤ 0.01). The binary logistic regression analysis revealed no sig-
nificant effect of sex, weight and birth weight of the children on 
the local and systemic reactions, with the exception of the effect 
of gender on pain in DTwP-Local vaccine (female, odds ratio = 
1.89, 95%, confidence interval = 1.04–3.45, p = 0.037, relative to 
male) and gender on gastrointestinal problems in DTwP-Local 
vaccine (female, odds ratio = 4.89, 95%, confidence interval = 
1.36–17.64, p = 0.015, relative to male).

Discussion

In the present case-control double-blind study, we investigated 
immunogenicity and reactogenicity of a local DTwP vaccine in a 
group of Iranian pre-school children. Previous studies have shown 
that immunity to all three components of DTwP vaccine declines 
over time showing an age-related decrease in serum antibody 
concentrations.15 Waning of the humoral immune response after 
primary vaccination suggests the need for booster vaccination 

Table 2. Comparison of seroprotection rate and geometric mean titer between children immunized with either DTwP-Local or DTwP-Pasteur vaccines

post vs. preGMT (CI 95%)Seroprotection rate

Samples
Antibody 
response p-value

Mean ± SD2

p-value1DTwP-PasteurDTwP-Local
DTwP-

Pasteur 
n(%)

DTwP-
Local 
n(%)

DTwP-
Pasteur

DTwP-Local

0.12210.77 ± 7.311.68 ± 8
0.760.25(0.21–0.29)0.25(0.22–0.29)281(83.9)227(92.2)Pre-boosterDiphtheria

(IU/ml) 0.368.24(7.63–8.90)7.76(7.03–8.58)335(100)335(99.4)Post-booster

0.8339.47 ± 5.489.56 ± 5.17
0.740.30(0.26–0.34)0.29(0.25–0.33)248(74)234(69.4)Pre-boosterTetanus

(IU/ml) 0.228.66(7.92–9.48)9.37(8.58–10.24)335(100)337(100)Post-booster

< 0.001
72.41 ± 
55.66

53.63 ± 
28.24

0.259.59(8.12–11.31)8.41(7.26–9.75)104(31)85(25.2)Pre-boosterPertussis

(EU/ml) < 0.00147.96(42.99–53.51)30.20(27.01–33.77)287(85.7)237(70.3)Post-booster
1 t-test of GMTs;2 Mean (standard deviation) antibody titer differences between pre- and post-booster samples.
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Figure 2. Box plot presentation of serum antibody titers against diphtheria, tetanus and pertussis in Iranian pre-school children. The box length is the 
interquartile range. Bars show the range from 10th to 90th percentiles. (—), median.
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The significantly higher reactogenicity and lower immunoge-
nicity of the DTwP-Local vaccine against pertussis may be related 
to the bacterial strain, the method employed to attenuate the bac-
teria or the formulation protocol of the vaccine.

Subjects and Methods

Study design. A randomized, double-blind and multicenter pro-
spective study was designed to compare DTwP-Local and DTwP-
Pasteur vaccines. The study was performed in four health centers 
affiliated to Shahid Beheshti University of Medical Sciences in 
Tehran, Iran from April 2006 to June 2007. Healthy children 
between 4 to 6 y old who participated in routine EPI vaccina-
tion were included in the study. Written informed consent was 
obtained from the parents of all children before enrollment into 
the study. Eligibility criteria for inclusion and exclusion in the 
study followed the Iranian National Immunization Program’s 
Recommendation for routine DTwP vaccination.12

Randomization and blinding. Participants were randomized 
in blocks of size 10, at a 1:1 ratio. All children were randomized 
to receive either DTwP-Local or DTwP-Pasteur (Fig. 1). The type 
of vaccine used was blinded to the participants and the study data 
analyst (double-blind), through assignment of a code to every 
participant. In the database, the vaccines were designated as 
codes “0” and “1” to blind the analyst to the type of vaccine. The 
codes were not identified until finalization of statistical analyses 
or when requested by a physician due to an adverse event that 
required inspection. For the analysis (“intent-to-treat”), compari-
son of GMTs of both groups was disclosed.

a booster dose of DTwP-Local (Table 2). Our results obtained 
from the commercial DTwP-Pasteur vaccine are also compatible 
with previous studies in which a DTwP vaccine from another 
commercial source (Glaxo Smith Kline (GSK) Biologicals, 
Belgium) was employed as a booster dose.19 The seroprotection 
rates obtained for all three components of the latter vaccine were 
similar to those of our control DTwP-Pasteur vaccine.

The age, sex, weight and birth weight of our children were not 
significantly associated to the immunization outcome, a finding 
already reported by other investigators.21

Comparison of reactogenicity of the local vaccine with the 
control vaccine shows higher incidence and intensity of compli-
cations in children vaccinated with the local vaccine (Table 3). 
Assessment of reactogenicity and incidence of serious adverse 
events of our control vaccine between 1993 to 1997, after admin-
istration of 458 million doses, indicates very low incidence of 
serious adverse events.13 Some of the complications induced by 
the local vaccine after booster administration to preschool chil-
dren have already been reported.19

In the present study we compared the incidence of both local 
and systemic complications induced by both vaccines in a pattern 
similar to that adapted by other investigators.22-24

Almost all complications were observed at higher frequency in 
children vaccinated with the local vaccine, particularly in the first 
day post-booster. Of the children vaccinated with the GSK DTwP 
vaccine, adverse reactions were reported at a similar frequency as 
those recorded for our control DTwP-Pasteur vaccinated subjects.19 
Approximately 30–70% of children vaccinated with the GSK 
DTwP vaccine displayed various local and systemic reactions.

Table 3. Frequency of local and systemic reactions reported during the first week of administration of DTwP vaccines in Iranian pre-school children

p-value
DTwP-Pasteur (n = 335)DTwP-Local (n = 337)

7th day5th day3rd day1st day7th day5th day3rd day1st day

Local reactions

Pain

< 0.001a
13.718.848.477.910.421.156.486.9Any

002.110.700.34.217.8Grade 3

Redness

< 0.001a
2.47.225.731.92.78.335.939.8Any

0.31.29.93.30.61.813.66.8Grade 3

Swelling

< 0.001a
2.44.818.525.41.23.326.738.6Any

0.30.63.92.400.96.56.5Grade 3

Systemic reactions

Auxiliary temperature

< 0.001a
0.61.25.1230.30.35.941.5Any

000.30.6000.33.6Grade 3

< 0.001b0.61.56.916.11.5311.924Loss of appetite

< 0.001b00.33.34.50.60.63.65.9Gastrointestinal problem

< 0.001b0005.400.60.98Vomiting

< 0.05b0.30.31.52.10.61.24.22.7Eczema

The results represent percent of cases with or without the specified complications. Pain: Grade 3, crying when limb was moved/spontaneously painful; 
Tenderness/swelling: Grade 3, > 20 mm. Fever: Grade 3, ≥ 39°C; aFriedman test; bCochran test.



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com	 Human Vaccines & Immunotherapeutics	 1321

Data and sample collection. Reactogenicity was assessed by 
the parents for seven days post-booster using the prepared ques-
tionnaire. A five ml blood sample was collected on the vaccina-
tion day and 2–4 weeks after vaccination to measure serum levels 
of diphtheria, tetanus and pertussis antibodies.

Vaccination. The DTwP vaccines used were (1) DTwP-Local 
vaccine manufactured by Razi Vaccine and Serum Research 
Institute of Iran; and (2) DTwP-Pasteur vaccine (D.T. Coq, 
Aventis Pasteur, Lyon, France) France. Application and handling 
of the vaccines followed the recommendations from the manufac-
turers and from the Iranian National Immunization Program.12 
Based on the information given in the instruction sheet, DTwP-
Local vaccine consisted of 15 Lf (limes flocculation) diphtheria 
toxoid, 10 Lf tetanus toxoid, 16 International Unit per ml (IU) 
inactivated B. pertussis bacterial cells, 0.3 to 0.6 mg aluminum 
phosphate (metal ion) and 0.01% merthiolate (instruction sheet 
provided by the manufacturer). DTwP-Pasteur vaccine is pre-
pared by heat inactivation of two strains of B. pertussis (IM 1414 
and IM 1416, from Massachusetts). The killed B. pertussis bac-
teria were combined with aluminum hydroxide (0.6–1.25 mg). 
Each dose of DTwP-Pasteur also contained formaldehyde inac-
tivated diphtheria toxoid (IM1514 from PW8; not less than 30 
IU) and formaldehyde inactivated tetanus toxoid (IM1472, From 
Harvard 49205; not less than 60 IU).13

Ethics. The study protocol was elaborated according to the 
resolution of Food and Drug Administration of Ministry of 
Health, Treatment and Medical Education of Iran and approved 
by the Avicenna Research Institute Ethics Committee. Written 
informed consent was obtained from all parents of subjects 
included in the study. The trial was registered in the Iranian 
Registry of Clinical Trials (www.irct.ir) and assigned a registra-
tion number of IRCT138902072471N2.

Laboratory tests. Antibody concentration was determined in 
serum samples taken immediately before and 2–4 weeks post-
booster. All antibody levels were measured by commercial ELISA 
kits (IBL-Hamburg GmbH, Hamburg, Germany). Optical 

density was measured at 450 nm by an ELISA reader (Anthos 
2020, Anthos Labtec, Salzburg, Austria). The assay cut-offs for 
protective levels of diphtheria and tetanus antibodies were set at 
0.1 IU/ml, based on the position papers of WHO.6,14 Since, there 
is no defined serological correlate of protection for pertussis, anti-
body titer was used with an assay cut-off of 16 ELISA units per 
ml (EU/ml) as defined by the manufacturer. The sensitivity lim-
its of the ELISA kits for diphtheria and tetanus were both 0.004 
IU/ml and that of the pertussis ELISA kit was 1 EU/ml.

Assessment of reactogenicity. Subjects were monitored for any 
immediate reactions for 30 min post vaccination, following the 
Iranian National Immunization Program’s Recommendation. 
All participants who received DTwP vaccines were followed for 
reactogenicity analysis, which evaluates events that may occur 
from the initiation of vaccination until seven days after vaccina-
tion. Parents were trained to record and register all local (pain, 
injection site redness and swelling) and systemic [fever- auxiliary 
temperature > 37.5°C, loss of appetite, gastrointestinal problems 
(diarrhea or constipation), vomiting and eczema] reactions on 
diary cards daily. The reactogenicity was graded on a 3-point scale 
(grade 1 = easily tolerated, normal activity, grade 2 = discomfort, 
interferes with normal activity, and grade 3 = prevents normal 
activity). Pain was scored as: minor reaction to touch (grade 1); 
cries/ protests to touch or limb movement (grade 2) or spontane-
ous pain (grade 3). Tenderness/swelling diameter was graded: < 5 
mm (grade 1); 5–20 mm (grade 2); > 20 mm (grade 3). Fever was 
graded: 37.5–38°C (grade 1); > 38 and < 39°C (grade 2); ≥ 39°C 
(grade 3). Other systemic reactions were recorded as yes or no. 
Parents were also asked to record any additional symptoms that 
may occur within seven days post vaccination. Serious adverse 
events were reported immediately during the whole study period. 
Parents observing a serious adverse event were asked to contact 
study personnel and bring the subject to the health center for 
evaluation as soon as possible.

Data analyses. Pre- and post-booster results were compared for 
both vaccines. The rate of seroprotection or seroconversion, GMT 

Figure 3. Comparison of reactogenicity of DTwP vaccines in Iranian pre-school children during the first week of vaccination.
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and frequency of complications were calculated. Differences of 
GMTs between the study groups were analyzed by t-test. The 
chi-square test was used to evaluate statistical significance of 
ratios. The data of local and systemic reactions was evaluated 
by a non-parametric Friedman or Cochran test as appropriate 
to determine the significance of trend of the decrease of reacto-
genicity. The effect of age, sex, weight and birth weight on post-
booster antibody titers and reactogenicity were assessed using 
linear regression test with stepwise and backward method. For 
multiple testing strategies, considering the sample size, all demo-
graphic covariates (sex, weight and birth weight) were included in 
multiple regression models with stepwise and backward method, 
and type I error for multiple test was 0.05. Confidence intervals 
of 95% were defined for the estimates. Data was analyzed with 
the software SPSS version 13.0 for Windows and all probability 
values of less than 0.05 were considered significant.
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