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ABSTRACT 
 

Universal vaccination of neonates and children against diphtheria, tetanus and pertussis 
has had a tremendous impact on the control of these infectious diseases worldwide. 
Immunization by the triple diphtheria, tetanus and whole cell pertussis vaccine (DTwP) has 
been applied in Iran for almost 50 years. Periodic assessment of immunogenicity of this 
vaccine is an important aspect of successful mass vaccination programs. The present study 
was performed to assess the antibody response against tetanus, diphtheria and pertussis in a 
group of Iranian infants vaccinated with a local DTwP vaccine.  

In this prospective study, 330 infants received primary vaccination at 2, 4 and 6 months of age with 
DTwP vaccine manufactured by Razi Institute of Iran. Blood samples were taken 2-4 weeks after the 
third dose to assess seroprotection and geometric mean titers (GMT) of specific antibodies.  

Among the 283 infants who completed the vaccination course, 98.2% and 100% developed 
antibodies against diphtheria and tetanus, respectively. The GMT of antibodies to tetanus, 
diphtheria and pertussis, were 2.09 IU/ml, 2.08 IU/ml and 8.73 EU/ml, respectively.  

Comparison of the results obtained from this study with those from previous studies 
performed in other countries revealed a similar GMT and protection rates for diphtheria and 
tetanus components. In the absence of well-established serological criteria, judgment about 
protection rate against pertussis has not been possible. A prospective vaccination study using 
the local DTwP vaccine in parallel to a WHO approved standard vaccine, could enable 
assessment of immunogenicity of the pertussis component. 
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INTRODUCTION 
 

Today, immunization of infants against diphtheria, 
tetanus and pertussis is a common practice in most 
regions of the world. As early as 1925, the vaccine was 
shown to be effective for control of these diseases. 
Whole-cell pertussis vaccine was developed in the 
1940s and has been used in many countries as a part of 
the WHO Expanded Program on Immunization (EPI) 
since its launch in 1974.1 Bordetella pertussis infection 
continues to be endemic worldwide, with an estimated 
50 million cases occurring annually, 90% of which are 
in developing countries with a high vaccination 
coverage.1 An increase in the number of pertussis 
cases, particularly in infants and adults, has been 
described since 1980 in many countries.2-6 Tetanus is 
readily preventable through immunization and tetanus 
toxoid-containing vaccines are included in childhood 
immunization programs all over the world. In 2004, an 
estimated 40 million pregnant women were still in need 
of immunization against birth-associated tetanus, and 
about 27 million children did not complete their 
primary tetanus immunization series.7 Diphtheria is a 
potentially acute disease caused by exotoxin-producing 
Corynebacterium diphtheriae. Devastating diphtheria 
epidemics affecting mainly children have been 
described in many countries throughout history. In spite 
of great discrepancies in the rate of incidence, the 
dramatic reduction in the number of reported cases of 
diphtheria, from 98,000 in 1980 to 9,000 in 2000, is 
probably a consequence of the impressive EPI 
achievements [8]. It was the predecessor of the current 
diphtheria, tetanus and whole cell pertussis (DTwP) 
vaccine, that was in general use for nearly 50 years in 
many countries, which resulted in a drop in the 
incidence of the related diseases to very low levels.7-9 
In 2002, WHO estimated that fewer than 4000, 198000 
and 294000 children less than 5 years would die from 
diphtheria, tetanus and pertussis, respectively.10 
Concerns about safety of DTwP vaccine have led to the 
development of acellular pertussis vaccines in the 
1970s. Acellular vaccines (DTaP), consisting of up to 
five specific B. pertussis antigens, have been reported 
to induce more immunogenicity and lower incidence of 
both local and systemic complications.11-15 

In Iran, the number of approved reported cases of 
diphtheria, tetanus and pertussis was totally 15, 8 and 
125 cases in 2005 and  26, 11 and 89 in 2006, 
respectively, as reported by WHO.16 Vaccination 

against diphtheria, tetanus and pertussis began in Iran 
since 1950s by using a local vaccine manufactured by 
Razi Institute (Razi-DTwP). The DTwP vaccination 
consists of a three dose primary series given at 2, 4 and 
6 months of age, with a fourth dose given at 18 months 
and a fifth dose, administered between 4 and 6 years of 
age. Although the efficacy of the vaccine was 
confirmed by previous studies,17-21 however, periodic 
assessment of the vaccine is essential for universal 
vaccination programs. The present study was 
undertaken to investigate the immunogenicity of Razi-
DTwP vaccine in a group of Iranian infants vaccinated 
routinely in a number of health centers of Tehran. 

 
PATIENTS AND METHODS 

 
Population 

The study population comprised of 330 healthy 
infants aged 2 months at the time of entry into the field 
trial and not previously vaccinated against diphtheria, 
tetanus and pertussis. Infants were excluded if they had 
any serious adverse events related to a previous 
vaccination, i.e., hypersensitivity, encephalopathy, or 
hypotonia-hyporesponsiveness; fever > 40oC, history of 
seizures or other neurological disorders, a birth weight 
of <2500 g, known or suspected immunocompromised 
individuals receiving treatment with 
immunosuppressive drugs,  intravenous 
immunoglobulins (IVIG) and/or any blood products.  
 
Study Design 

This prospective study was conducted in four health 
centers affiliated to Shahid Beheshti University of 
Medical Science in Tehran city from April 2006 to 
June 2007. After receiving written informed consent 
from the parents, health center nurses administered 
Razi-DTwP vaccine to the infants. The vaccine was 
given at 2, 4 and 6 months of age. Subjects were 
monitored for any immediate reactions for 30 min 
following vaccination. Serum samples were obtained 2-
4 weeks after the third vaccination and stored at −20oC 
until analysis. The level of specific antibodies against 
diphtheria, tetanus and pertussis was measured by 
enzyme-linked immunosorbent assay (ELISA). 

 
Vaccine 

Based on the information provided in the instruction 
sheet, the Razi-DTwP vaccine consists of 15 Lf (limes 
flocculation) diphtheria toxoid, 10 Lf tetanus toxoid, 16 
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IU (international units) inactivated B. pertussis 
bacterial cells, which are combined together with 0.3 to 
0.6 mg aluminum phosphate as adjuvant, (DTP, Razi 
Vaccine & Serum Research Institute, Tehran, Iran). 
Each dose of vaccine was administered as deep 
intramuscular injection in the antero-lateral side of the 
thigh using a 23 gauge, 25mm length needle by AD 
syringes (Soloshot IX, Becton Dickinson, Fraga, 
Spain). 

 
Serologic Evaluations 

Antibody concentration was determined in serum 
by commercial ELISA kits (IBL-Hamburg GmbH, 
Hamburg, Germany). The cut-off values for protective 
levels of diphtheria and tetanus antibodies were set at 
0.1 IU/ml, based on the EPI recommendation.7,8 Since 
there is no defined serological correlate of protection 
for pertussis, no criteria for the pertussis vaccine 
threshold were defined. The sensitivity of ELISA kits 
for diphtheria and tetanus was 0.004 IU/ml and the 
sensitivity of pertussis ELISA kit was less than 1 
EU/ml. 

 
Ethics 

The study protocol was approved by Avicenna 
Research Institute Ethics Committee.  

The Food and Drug Administration and Health 
Administration of Ministry of Health, Treatment and 
Medical Education of Iran approved the study protocol, 
and the trial was conducted in accordance with the 
Declaration of Helsinki and Good Clinical Practice 
guidelines. Written informed consent was obtained 
from the parents of all infants before enrollment into 
the study. 

 
Statistical Analysis 

Two-tailed statistical analyses were performed 
using the SPSS software (SPSS Inc., Chicago, Illinois). 
The GMT, 95% confidence interval for geometric 
mean, the proportion of infants with antibodies above 
the defined seroprotection threshold and classification 
of antibody titers were computed and comparisons of 
antibody levels for each gender were done using the 
Mann-Whitney U-test.  

The effect of sex and birth weight on the antibody 
titers was assessed using linear regression with 
backward method. P-values less than 0.05 were 
considered significant. 

RESULTS 
 
Study Population 

A total of 330 infants were enrolled in to the study 
of whom 283 (85.7%) completed the study. Twenty 
subjects in the second dose and 27 subjects in the third 
dose vaccination withdrew from the study but none due 
to an adverse event.  

The mean age at enrolment was 9 weeks with a 
range of 7.91–10.9 weeks and a male to female ratio of 
1:1.08.  

Mean birth weights, weights in the first dose, the 
second dose and the third dose of vaccination were 
3.24±0.40, 5.12±0.72, 6.57±0.90 and 7.76±0.90 kg, 
respectively. 

 
Measurement of Serum Antibodies Specific for 
Diphtheria, Tetanus and Pertussis 

Classification and GMT for diphtheria, tetanus and 
pertussis antibodies are shown (Table 1). The antibody 
responses to diphtheria and tetanus vaccines were 
classified into four groups of "No Response" (≤0. 1 
IU/ml),7,8 "Low Response" (>0. 1 and ≤1.0 IU/ml), 
"Intermediate Response" (>1.0 and ≤5.0 IU/ml) and 
"High Response" (>5.0 IU/ml). Most of cases in 
primary vaccination samples were in the Intermediate 
Response group (Table 1). 

The classification for antibody response to pertussis 
also included the "No Response" (≤5 EU/ml),22,23 Low 
Response" (>5 and ≤24 EU/ml), "Intermediate 
Response" (>24 and ≤100 EU/ml) and "High 
Response" (>100EU/ml). The majority (71.7 %) of the 
samples checked for anti-pertussis antibody titer were 
in the "Low Response" group (Table 1). Classification 
into low, intermediate and high responses for pertussis 
as well as tetanus and diphtheria was performed 
arbitrarily. Box plot presentation of antibody titers 
obtained after primary vaccination for all the 
immunizing components of the vaccine are shown 
(Figure 1).  

There was no significant difference in 
immunogenicity of any components of Razi-DTwP 
vaccine between the two groups of gender (Table 1). 
With multiple linear regression analyses (see Materials 
and Methods), we did not find any correlation between 
sex and birth weight with primary vaccination antibody 
titers of diphtheria, tetanus or pertussis (data not 
shown). 
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Table 1. Classification and geometric mean titers for diphtheria, tetanus and pertussis following primary vaccination with 
DTwP vaccine in Iranian infants 

95% confidence 
interval for GMT 

Classification (n=283) 

P- valuee 
Upper 
limit 

Lower 
limit 

GMT High 
Responsed 

(%) 

Intermediate 
Responsec 

(%) 

Low 
Responseb  

(%) 

No 
Responsea 

(%) 

No. of 
subjects 

Sex Antibody 

2.54 1.71 2.08 30(21.7) 83(60.1) 22(15.9) 3(2.2) 138 Male 
2.47 1.79 2.10 25(17.2) 91(62.8) 27(18.6) 2(1.4) 145 Female 0.58 

2.38 1.85 2.09 55(19.4) 174(61.5) 49(17.3) 5(1.8) 283 Total 

Diphtheria 

2.58 1.73 2.11 38(27.5) 63(45.7) 37(26.8) 0(0) 138 Male 
2.46 1.71 2.05 28(19.3) 77(53.1) 39(26.9) 1(0.7) 145 Female 0.72 
2.38 1.82 2.08 66(23.3) 140(49.5) 76(26.9) 1(0.4) 283 Total 

Tetanus 

10.06 7.61 8.75 2(1.4) 14(10.1) 91(65.9) 31(22.5) 138 Male 
9.91 7.65 8.71 1(0.7) 10(6.9) 112(77.2) 22(15.2) 145 Female 0.95 
9.60 7.94 8.73 3(1.1) 24(8.5) 203(71.7) 53(18.7) 283 Total 

Pertussis 

a No Response is defined as < 0.1 IU/ml in diphtheria and tetanus and <5 EU/ml in pertussis 
b Low Response is defined as > 0.1 and <1 IU/ml in diphtheria and tetanus and >5 and <24 EU/ml in pertussis 
c Intermediate Response is defined as >1 and <5 IU/ml in diphtheria and tetanus and >24 and <100 EU/ml in pertussis 
d High Response is  defined as >5 IU/ml in diphtheria and tetanus and >100 EU/ml in pertussis  
e The statistical significance of differences between male and female was assessed using the Mann-Whitney U test 

 
 
 
 

 
Figure 1. Box plot presentation of antibody titers against diphtheria, tetanus and pertussis in primary vaccination serum 
samples from Iranian infants  

The box length is the interquartile range. Bars show the range from 10th to 90th percentiles. (▬), median 
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Table 2. Geometric mean titers and seroprotection rates of anti-diphtheria and anti-tetanus antibodies retrieved from 
previous studies compared with the present study  

GMT Seroprotection rate 
References 

Study 
(year) 

Vaccine  
(manufacturer) 

Diphtheria 
(IU/ml)h 

Tetanus 
(IU/ml)h 

Diphthe
ria 

tetanus 

35 Nolan (1998) DTwP-Hib-Hep a (CSL) 7.2 0.83 NI i NI i 
36 Mills (1998) DTwP-IPV b (Pasteur Merieux) 0.29 0.63 80% 100% 
37 Gyhrs (1999) DTaP-Hep c (GlaxoSmithKline) 1.6 5.33 NI i NI i 
38 Richie (1999) DTwP-Hib d (Swiss Serum) 4.45 9.34 99% 100% 
39 Araujo (2000) DTwP e (Pasteur Merieux) 0.54 10.91 100% 100% 
40 Santos (2002) DTwP-Hep f (GlaxoSmithKline) 1.9 1.6 98% 98% 
41 Clemens (2003) DTwP-Hib d (GlaxoSmithKline) 1.47 6.68 98% 100% 
42 Botet Asensi (2003) DTwP e (Chiron Behring) 0.19 2.24 100% 100% 
43 Buttery (2005) DTwP-Men C g ( Sanofi Pasteur) 1.47 5.86 100% 100% 
44 Hla (2006) DTwP-Hep f (GlaxoSmithKline) 1.17 2.91 97.6% 100% 
28 Tregnaghi (2007) DTwP-Hep f (GlaxoSmithKline) 2.52 2.86 98.9% 100% 
34 Kerdpanich (2007) DTwP e (GlaxoSmithKline) 0.93 3.70 96% 100% 
45 Gatchalian (2008) DTwP-Hep f (GlaxoSmithKline) 0.81 2.57 94.9% 100% 

Present study Zarei DTwP e (Razi) 2.09 2.08 98.2% 100% 
a diphtheria, tetanus, whole cell pertussis, haemophilus influenzae type b,  hepatitis B vaccine  

b diphtheria, tetanus, whole-cell pertussis, inactivated polio vaccine 
c diphtheria, tetanus, acellular pertussis, hepatitis B vaccine 
d diphtheria, tetanus, whole cell pertussis, haemophilus influenzae type b vaccine 
e diphtheria, tetanus, whole cell pertussis vaccine 
f diphtheria, tetanus, whole cell pertussis, hepatitis B vaccine 
g diphtheria, tetanus, whole cell pertussis, neisseria meningitidis group c vaccine  
h International unit  
i not identified  

 
Table 3. Comparison of geometric mean titers retrieved from previous studies with those of the present study 

References Study (year) Vaccine (manufacturer) GMT of pertussis (EU/ml) d 
40 Santos 

(2002) 
DTwP-Hep a 

(GlaxoSmithKline) 
170.1 

41 Clemens 
(2003) 

DTwP-Hib b 
(GlaxoSmithKline) 

124 

44 Hla 
(2006) 

DTwP-Hep a 
(GlaxoSmithKline) 

82.6 

28 Tregnaghi 
(2007) 

DTwP-Hep a 
(GlaxoSmithKline) 

133.7 

34 Kerdpanich 
(2007) 

DTwP c 
(GlaxoSmithKline) 

72.8 

45 Gatchalian 
(2008) 

DTwP-Hep a 
(GlaxoSmithKline) 

110.2 

Present study 
Zarei 

DTwP c 
(Razi) 

8.70 

 a diphtheria, tetanus, whole cell pertussis, hepatitis B vaccine 
b diphtheria, tetanus, whole cell pertussis, haemophilus influenzae type b vaccine 
c diphtheria, tetanus, whole cell pertussis vaccine 
d ELISA unit  
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DISCUSSION 
 

Immunization has an essential impact on public 
health, worldwide.24 Numerous studies have shown the 
efficacy of different vaccines to protect infants leading 
to either eradication or significant reduction of the 
related diseases in many countries thanks to universal 
immunization. 

It is well-known that the immune system is partially 
immature at birth, resulting in a deficiency of cellular  
and humoral immunity: T-cell function is diminished, 
including T cell-mediated cytotoxicity and T cell help 
for B cell differentiation.25,26 Therefore, neonatal 
immunization does not generally lead to rapid antibody 
responses, but it may result in an efficient immunologic 
priming which can act as a basis for future  responses.27 
Accordingly, immunogenicity of DTwP vaccine was 
reported at a higher frequency following administration 
of the booster dose compared to the primary course.28-32 
We have  previously observed a similar finding after 
booster vaccination with DTwP in preschool children,33 
where comparison of GMTs between pre-booster and 
post-booster vaccinations, showed a significant rise in 
antibody titers after booster injections. In that study, the 
GMTs of the antibodies produced against diphtheria, 
tetanus and pertussis by DTwP vaccine were 7.76, 9.37 
IU/ml and 30.20 EU/ml after booster vaccine dose, 
respectively.  

The current study was conducted to evaluate the 
immunogenicity of DTwP vaccine in healthy Iranian 
infants following primary vaccination. There has been 
no published report on the immunogenicity of this 
vaccine in Iranian infants following a mass primary 
vaccination for almost 30 years. 

Kerdpanich et al. (2007) compared the 
immunogenicity of a locally manufactured DTwP 
vaccine with a WHO-approved vaccine (TritanrixTM) 
manufactured by GlaxoSmithKline (GSK), in a group 
of Thai infants.34 They showed that by administration 
of TritanrixTM, the GMT of diphtheria was 0.93 IU/ml 
(current study 2.09) and that of tetanus was 3.70 IU/ml 
(current study 2.08). The seroprotection of TritanrixTM 
was 96% (current study 98.2%) and 100% (current 
study 100%) against diphtheria and tetanus, 
respectively. Other studies have evaluated DTwP and 
DTaP vaccines in different groups of infants with 
different ethnic backgrounds, but these vaccines were 
largely used in combination with other vaccines. Table 
2 summarizes these studies with respect to GMT and 

seroprotection rates for diphtheria and tetanus.28,34-45 
The variable response may depend on genetic factors, 
cytokine immunoregulatory network, highly 
polymorphic human leukocyte antigen system, 
maternal antibodies and application of combined 
vaccines,46 though combined vaccines are generally 
well tolerated and induce seroprotection and 
seroconversion rates comparable to those of  single 
vaccines.47  

It seems that the immunogenicity observed in the 
present study against diphtheria and tetanus was similar 
or even better than those of other vaccines (Table 2).  

Anti-pertussis antibody titer was also determined in 
vaccinated infants by ELISA technique. 

The results, however, could not be compared 
because of the lack of appropriate standard preparation 
and cut-off value which can identify protectively 
immunized subjects. In the absence of a protective 
correlate for pertussis immunization, the results 
obtained by ELISA are reported as ELISA units per ml 
(EU/ml) with different arbitrary assignments for 
seroconversion. Taking this into consideration, the 
results from some recent studies28,34,40,41,44 have been 
shown in Table 3 and compared with our results which 
imply a lower immunogenicity for pertussis component 
of the Razi-DTwP vaccine.  

Data analysis performed in the present study 
revealed no effect of gender  and birthday weight of the 
infants on the immunization outcome (Table 1), a 
finding already reported by other investigators.48 

In summary, comparison of our results with those 
reported by other investigators implies a similar 
immunogenicity of the diphtheria and tetanus 
components of the Razi- DTwP vaccine compared to 
the standard WHO-approved commercial vaccines. In 
the absence of a well-established serological correlate 
for protection against pertussis, we could not compare 
our results whit other studies. To resolve these 
differences, we are performing a prospective case-
control vaccination study using Razi-DTwP vaccine in 
parallel to a WHO-approved standard vaccine in a large 
cohort of Iranian infants. 

 
ACKNOWLEDGEMENTS 

 
The authors are grateful to the parents who accepted 

to allow their infants to enter in the study. We are 
indebted to the personnel of Mohammadian, Dawazdah  
Bahman, Safdari and Salavati Health Centers of Shahid 



Primary Immunization with a Triple Diphtheria-Tetanus-Pertussis Vaccine 

Vol. 8, No. 2, June 2009                   IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY /91 

Beheshti University of Medical Science for their 
assistance in vaccination and sample collection 
especially Dr. Amir Ali Ferydonfar, Dr. Afsoon 
Rahimian, Dr. Fatemeh Mostafavi, Mrs. Farast Kaveh, 
Mr. Alireza Asgarnejad and Mr. Ajatallah Makaremi. 
The authors wish to thank Dr. Ali Ramezankhani from 
the deputy of Health of Shahid Beheshti University of 
Medical Sciences for cooperation and Dr. Mohammad 
Ali Akhavizadegan and Mohammad Ali Mansori for 
consultation. This work was supported by a grant from 
Food and Drug Administration of the Ministry of 
Health, Treatment and Medical Education of Iran. 
 

REFERENCES 
 
1. Crowcroft NS, Pebody RG. Recent developments in 

pertussis. Lancet 2006; 367(9526):1926-36. 
2. Cherry JD, Chang SJ, Klein D, Lee M, Barenkamp S, 

Bernstein D, et al. Prevalence of antibody to Bordetella 
pertussis antigens in serum specimens obtained from 1793 
adolescents and adults. Clin Infect Dis 2004; 39(11):1715-
8. 

3. Brooks DA, Clover R. Pertussis infection in the United 
States: role for vaccination of adolescents and adults. J 
Am Board Fam Med 2006; 19(6):603-11. 

4. von Konig CH, Halperin S, Riffelmann M, Guiso N. 
Pertussis of adults and infants. Lancet Infect Dis 2002; 
2(12):744-50. 

5. Lee GM, Lebaron C, Murphy TV, Lett S, Schauer S, Lieu 
TA. Pertussis in adolescents and adults: should we 
vaccinate? Pediatrics 2005; 115(6):1675-84. 

6. Campins-Marti M, Cheng HK, Forsyth K, Guiso N, 
Halperin S, Huang LM, et al. Recommendations are 
needed for adolescent and adult pertussis immunisation: 
rationale and strategies for consideration. Vaccine 2001; 
20(5-6):641-6. 

7. Tetanus vaccine-WHO position paper. Wkly Epidemiol 
Rec 2006; 81:198-208. 

8. Diphtheria vaccine-WHO position paper. Wkly Epidemiol 
Rec 2006; 81:21-32. 

9. Pertussis vaccines-WHO position paper. Wkly Epidemiol 
Rec 2005; 80(4):31-9. 

10. Vaccine preventable deaths and the Global Immunization 
Vision and Strategy, 2006-2015. Morb Mortal Wkly Rep 
2006; 55(18):511-5. 

11. Pichichero ME, Green JL, Francis AB, Marsocci SM, 
Lynd AM, Litteer T. Comparison of a three-component 
acellular pertussis vaccine with whole cell pertussis 

vaccine in two-month-old children. Pediatr Infect Dis J 
1994; 13(3):193-6. 

12. Blennow M, Granstrom M, Jaatmaa E, Olin P. Primary 
immunization of infants with an acellular pertussis vaccine 
in a double-blind randomized clinical trial. Pediatrics 
1988; 82(3):293-9. 

13. Blumberg DA, Mink CM, Cherry JD, Johnson C, Garber 
R, Plotkin SA, et al. Comparison of acellular and whole-
cell pertussis-component diphtheria-tetanus-pertussis 
vaccines in infants. The APDT Vaccine Study Group. J 
Pediatr 1991; 119(2):194-204. 

14. Kimura M, Kuno-Sakai H. Developments in pertussis 
immunisation in Japan. Lancet 1990; 336(8706):30-2. 

15. Kimura M, Kuno-Sakai H, Kunita N, Isomura S, 
Funahashi M, Sato Y. Epidemiology of pertussis and 
studies on culture positive pertussis cases in Japan. 
Kansenshogaku zasshi 1996; 70(1):19-28. 

16. WHO. Global summary 2007. 2007. 
17. Mirchamcy H. Study on diphtheria, tetanus combined 

immunization in children in some elementary school of 
Tehran. Arch inst Razi 1960; 12:9-18. 

18. Mirchamcy H. The use of dried whole blood absorbed on 
filter paper for the evaluation of diphtheria and tetanus 
antitoxine in mass survey. Arch inst Razi 1969; 21:7-15. 

19. Mirchamcy H. Resultats De immunisation collective des 
infants En Iran avecles immunogenes De production 
locale. Arch inst Razi 1982; 33:73-8. 

20. Nazari F. Mass immunity against diphtheria and tetanus 
in some urban and rural areas in Iran. Arch inst Razi 1973; 
25:49-55. 

21. Nazari F MH, Aleagha S,Mahinpour. A model for 
developing countries of mass serological survey of 
children vaccinated against diphtheria and tetanus. Arch 
inst Razi 1977; 29:3-10. 

22. Meriste S, Lutsar I, Tamm E, Willems P. Safety and 
immunogenicity of a primary course and booster dose of a 
combined diphtheria, tetanus, acellular pertussis, hepatitis 
B and inactivated poliovirus vaccine. Scand J Infect Dis 
2006; 38(5):350-6. 

23. Black S, Friedland LR, Schuind A, Howe B. 
Immunogenicity and safety of a combined DTaP-IPV 
vaccine compared with separate DTaP and IPV vaccines 
when administered as pre-school booster doses with a 
second dose of MMR vaccine to healthy children aged 4-6 
years. Vaccine 2006; 24(35-36):6163-71. 

24. Ten great public health achievements--United States, 
1900-1999. Morb Mortal Wkly Rep 1999; 48(12):241-3. 

25. Chirico G, Marconi M, De Amici M, Gasparoni A, 
Mingrat G, Chiara A, et al. Deficiency of neutrophil 



S. Zarei, et al. 

92/ IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY                              Vol. 8, No. 2, June 2009 

bactericidal activity in term and preterm infants. A 
longitudinal study. Biol Neonate 1985; 47(3):125-9. 

26. Hanson LA, Dahlman-Hoglund A, Lundin S, Karlsson M, 
Dahlgren U, Ahlstedt S, et al. The maturation of the 
immune system. Monogr Allergy 1996; 32:10-5. 

27. Siegrist CA. Neonatal and early life vaccinology. Vaccine 
2001; 19(25-26):3331-46. 

28. Tregnaghi M, Lopez P, Rocha C, Rivera L, David MP, 
Ruttimann R, et al. A new DTPw-HB/Hib combination 
vaccine for primary and booster vaccination of infants in 
Latin America. Rev Panam Salud Publica 2006; 
19(3):179-88. 

29. Pichichero ME, Deloria MA, Rennels MB, Anderson EL, 
Edwards KM, Decker MD, et al. A safety and 
immunogenicity comparison of 12 acellular pertussis 
vaccines and one whole-cell pertussis vaccine given as a 
fourth dose in 15- to 20-month-old children. Pediatrics 
1997; 100(5):772-88. 

30. Schmitt HJ, Beutel K, Schuind A, Knuf M, Wagner S, 
Muschenborn S, et al. Reactogenicity and immunogenicity 
of a booster dose of a combined diphtheria, tetanus, and 
tricomponent acellular pertussis vaccine at fourteen to 
twenty-eight months of age. J Pediatr 1997; 130(4):616-
23. 

31. Tozzi AE, Anemona A, Stefanelli P, Salmaso S, Atti ML, 
Mastrantonio P, et al. Reactogenicity and immunogenicity 
at preschool age of a booster dose of two three-component 
diphtheria-tetanus-acellular pertussis vaccines in children 
primed in infancy with acellular vaccines. Pediatrics 2001; 
107(2):E25. 

32. Halperin SA, Eastwood BJ, Barreto L, Friesen B, Medd 
L, Meekison W, et al. Adverse reactions and antibody 
response to four doses of acellular or whole cell pertussis 
vaccine combined with diphtheria and tetanus toxoids in 
the first 19 months of life. Vaccine 1996; 14(8):767-72. 

33. Zarei S, Jeddi-Tehrani M, Akhondi MM, Zeraati H, 
Kheirkhah T, Ghazanfari M, et al. Immunogenicity of a 
triple diphtheria-tetanus-whole cell pertussis vaccine in 
Iranian preschool children. Iran J Immunol 2007; 
4(2):101-9. 

34. Kerdpanich A, Hutagalung Y, Watanaveeradej V, Bock 
HL, Steinhoffmd M. The immunological response of Thai 
infants to haemophilus influenzae type B polysaccharide-
tetanus conjugate vaccine co-administered in the same 
syringe with locally produced diphtheria-tetanus-pertussis 
vaccine. J Med Assoc Thai 2007; 90(7):1330-6. 

35. Richie E, Punjabi NH, Harjanto SJ, Wangsasaputral F, 
Sukandar M, Supriatman M, et al. Safety and 
immunogenicity of combined diphtheria-tetanus-pertussis 

(whole cell and acellular)-Haemophilus influenzae-b 
conjugate vaccines administered to Indonesian children. 
Vaccine 1999; 17(11-12):1384-93. 

36. Nolan T, Hogg G, Darcy MA, Skeljo M, Carlin J. A 
combined liquid Hib (PRP-OMP), hepatitis B, diphtheria, 
tetanus and whole-cell pertussis vaccine: uncontrolled 
preliminary clinical trial of immunogenicity and 
reactogenicity. Vaccine 1998; 16(20):2085-9. 

37. Mills E, Gold R, Thipphawong J, Barreto L, Guasparini 
R, Meekison W, et al. Safety and immunogenicity of a 
combined five-component pertussis-diphtheria-tetanus-
inactivated poliomyelitis-Haemophilus B conjugate 
vaccine administered to infants at two, four and six 
months of age. Vaccine 1998; 16(6):576-85. 

38. Gyhrs A, Lyngholm E, Larsen SO, Aggerbeck H, Heron I. 
Immunogenicity and safety of a tetravalent diphtheria-
tetanus-acellular pertussis-inactivated poliovirus vaccine. 
Scand J Infect Dis 1999; 31(6):579-85. 

39. Araujo OO, Forleo-Neto E, Vespa GN, Puccini RF, 
Weckx LW, Carvalho ES, et al. Associated or combined 
vaccination of Brazilian infants with a conjugate 
Haemophilus influenzae type b (Hib) vaccine, a 
diphtheria-tetanus-whole-cell pertussis vaccine and IPV or 
OPV elicits protective levels of antibodies against Hib. 
Vaccine 2000; 19(2-3):367-75. 

40. Santos JI, Martin A, De Leon T, Rivera L, Gaitan MEG, 
Del Rio C, et al. DTPw-HB and Hib primary and booster 
vaccination: combined versus separate administration to 
Latin American children. Vaccine  2002; 20(13-14):1887-
93. 

41. Clemens SC, Azevedo T, Homma A. Feasibility study of 
the immunogenicity and safety of a novel DTPw/Hib 
(PRP-T) Brazilian combination compared to a licensed 
vaccine in healthy children at 2, 4, and 6 months of age. 
Rev Soc Bras Med Trop 2003; 36(3):321-30. 

42. Botet Asensi FI, Veronese A, Del Carmen Otero M, 
Desamparados Tamarit Perez M, Hontangas Lopez JL, 
Viviani S. Immunogenicity and safety in infants of a 
DTwPHib full liquid vaccine. Acta Paediatr 2003; 
92(5):541-5. 

43. Buttery JP, Riddell A, McVernon J, Chantler T, Lane L, 
Bowen-Morris J, et al. Immunogenicity and safety of a 
combination pneumococcal-meningococcal vaccine in 
infants: a randomized controlled trial. Jama 2005; 
293(14):1751-8. 

44. Hla KH, Thein SA, Aye A, Han HH, Bock HL, David 
MP, et al. Reactogenicity and Immunogenicity Profiles of 
a Novel Pentavalent Diphtheria-Tetanus-Whole Cell 
Pertussis-Hepatitis B and Haemophilus Influenzae Type B 



Primary Immunization with a Triple Diphtheria-Tetanus-Pertussis Vaccine 

Vol. 8, No. 2, June 2009                   IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY /93 

Vaccine: A Randomized Dose-Ranging Trial of the Hib 
Tetanus-Conjugate Content. Pediatr Infect Dis J 2006; 
25(8):706-12. 

45. Gatchalian S, Palestroque E, De Vleeschauwer I, Han 
HH, Poolman J, Schuerman L, et al. The development of a 
new heptavalent diphtheria-tetanus-whole cell pertussis-
hepatitis B-Haemophilus influenzae type b-Neisseria 
meningitidis serogroups A and C vaccine: a randomized 
dose-ranging trial of the conjugate vaccine components. 
Int J Infect Dis 2008; 12(3):278-88. 

46. Kimman TG, Vandebriel RJ, Hoebee B. Genetic variation 
in the response to vaccination. Community genetics 2007; 
10(4):201-17. 

47. Mallet E, Belohradsky BH, Lagos R, Gothefors L, Camier 
P, Carriere JP, et al. A liquid hexavalent combined vaccine 
against diphtheria, tetanus, pertussis, poliomyelitis, 
Haemophilus influenzae type B and hepatitis B: review of 
immunogenicity and safety. Vaccine 2004; 22(11-
12):1343-57. 

48. Christy C, Pichichero ME, Reed GF, Decker MD, 
Anderson EL, Rennels MB, et al. Effect of gender, race, 
and parental education on immunogenicity and reported 
reactogenicity of acellular and whole-cell pertussis 
vaccines. Pediatrics 1995; 96(3 Pt 2):584-7. 

 
 
 
 


