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International Non-proprietary Name (INN): 
Tetanus, Diphtheria (reduced dose) and Inactivated Polio 

Virus Vaccine 

Abstract: 
Revaxis is an combination of two vaccines which are established since many years — 
the Td vaccine for booster immunisation of adults and adolescents and the trivalent 
inactivated Polio — Vaccine. For both vaccines the applicant has long experience. 
The latter vaccine is used in France in combination with DTPw since decades for 
immunisation in infants and children. 
The preclinical and clinical data clearly show that there is no negative interaction of 
either of the components with an other on. This is supported by laboratory data 
generated at the PEI. 
As there is a good immunological surrogate available for the components in the 
vaccine the assessment can concentrate on two points: 
- All components meet the requirements of the respective monographs of the 

European Pharmacopoeia 
- the combination has shown to induce protective antibody levels in the vaccinees. 

After the vaccination schedules in many European countries have changed from OPV 
vaccination to IPV vaccination there is a need for a booster vaccine to maintain 
protection against Diphtheria, Tetanus and Polio when protection from primary 
immunisation is declining. This can be performed effective and save with the vaccine 
under application. 
The assessment report is written in the verbalised version following the format of the 
EPAR. The well established nature of all components of the vaccine and the 
evidence that there is no negative interaction between any of the active components 
or the excipients justify this format. 

INTRODUCTION  
Adsorbed TdPolio vaccine is a combination of Tetanus, Diphtheria and inactivated 
Poliomyelitis antigens. This association is to be used primarily for adult booster 
injections. It contains a reduced amount of diphtheria toxoid : 2IU / human dose to 
minimise severe hypersensitivity reactions in the non-infant population. 
The antigenic content of the tetanus and polio vaccine components is the same as 
that already contained in marketed PMsv vaccines, i.e. 20 IU of purified tetanus 
toxoid and a nominal quantity of 40-8-32 D-antigen units for polio antigen serotypes 
1, 2 and 3 respectively. 
One dose of vaccine comprises 0.5 ml and is presented in a pre-filled syringe. Other 
constituents in the vaccine comprise aluminium hydroxide 0.35 mg/HD), 
2 - phenoxyethanol and formaldehyde (as co-preservatives) and Medium 199. 
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The different vaccines of the combination are described in the European 
Pharmacopoeia: 
- Diphtheria and Tetanus Vaccine (Adsorbed) for Adults and Adolescents, 

Monograph 647, 
- Poliomyelitis Vaccine (Inactivated), Monograph 214. 
The proposed combination has been the object of limited in vivo preclinical studies. 
A full preclinical investigation is not necessary given the established nature of the 
antigens involved and the existing clinical experience with Td and Polio vaccines. 

Marketing Authorisation Numbering System 

Licensing No. Date 
National Licensing 115a/97 License for Germany: 

5 February 1999. 
MR -N°. DE/H/0193/001 Start of procedure: 

7 July 1999 
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Product information: 

Name of the medical product REVAXIS TM  
Marketing Authorisation Holder PM MSD Deutschland 
Active substances - Purified diphtheria toxoid(reduced dose for 

adults and adolescents) 
- Purified tetanus toxoid 
- Inactivated poliomyelitis virus type 

1,2 and 3 
Proposed International non proprietary name Tetanus-Toxoid, Diphtheria-Toxoid (reduced), 

inactivated Poliovirus Typ 1,2, and 3. 
Pharmaco-therapeutic group 
(ATC Code): 

Bacterial and viral vaccine, combined 
(J07CA) 

Therapeutic indication: 
This combined vaccine is indicated for the 
active immunisation against diphtheria, tetanus 
and poliomyelitis in adults and in children from 
six years of age and over, as a booster 
following primary vaccination. 

This vaccine may also be used for primary 
immunisation in the indicated age group if the 
previous history of vaccination is unknown or 
unclear. 

The purified diphtheria toxoid content is 
reduced to one tenth of the paediatric primary 
vaccination dose, in order to minimise the risk 
of adverse events. 

Pharmaceutical form: Suspension for Injection 

Strength: Each 0.5 ml dose contains: 
Active ingredients: 
- Purified diphtheria toxoid ?_ 2 IU* (5 Lf) 
- Purified tetanus toxoid _?: 20 IU* (10 Lf) 
- Inactivated type 1 polio-virus D antigen 40 units 
- Inactivated type 2 polio-virus D antigen 8 units 
- Inactivated type 3 polio-virus D antigen 32 units 

* Lower confidence limit (p = 0.95) of activity measured 
according to the assay described in the European 
Pharmacopoeia. 

Route of administration Intramuscular 
Packaging: Single-dose prefilled syringe (0.5 ml) of glass 

type I with chlorobromobutyl elastomer 
plunger-stopper attached needle and 
elastomer needle-guard 

- Single-dose prefilled syringe (0.5 ml) of glass 
type I with chlorobromobutyl elastomer 
plunger-stopper without needle and 
chlorobromobutyl tip-cap 

Package size: Pack sizes: 1 syringe, 10 and 20 syringes 
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I. Background information on the procedure 

1. Submission of the dossier: 

Federal Agency for Sera and Vaccines 4'k 

The company Pasteur Merieux MSD GmbH, Paul-Ehrlich-Stralle 1, D -69181 
Leimen, GERMANY submitted on 12 June 1997 to the Paul-Ehrlich-Institute, an 
application to obtain marketing authorisation for Germany for the medical product 
REVAXISO a Diphtheria, tetanus and inactivated poliomyelitis vaccine, adsorbed. 
The evaluation team at the PEI consists of the following persons: 

Co-ordinator and assessor of part ll and III for diphtheria, tetanus: 

Assessor of part II and III for diphtheria, tetanus: 

Assessor of part II and Ill for inactivated poliomyelitis vaccine: 

Expert for ar

mmi

i

ii 

 

The license for Germany was granted on 5 February 1999. 
The National Licensing No. is: 115a/97 

MR -N°. DE/H/0179/001 

II. Steps taken for the assessment of the product 

Parallel with the assessment of the documentation submitted the active ingredients 
were tested for their composition and potency (assay) according to requirements of 
the European Pharmacopoeia. All were found to meet the specifications. 
The excipients Aluminium hydroxide, 2-Phenoxyethanol and Formaldehyde were 
analysed in several batches for their qualitative and quantitative composition. All tests 
were within the specifications set by the Ph.-Eur. Medium 199 which is a complex 
medium of amino acids, mineral salts, vitamins and other substances diluted in water 
for injection was not tested since it is available in the final product only in traces. 

5 / 26 



Paul-Ehrlich-Institut  •,.... 

III. General conditions for the marketing authorisation 

1. Marketing authorisation holder Manufacturer 

Pasteur Merieux MSD GmbH 
Paul-Ehrlich-Strafe 1 
D - 69181 Leimen 
GERMANY 

2. Conditions or restrictions regarding supply and use 

Medical product subject to (renewable) medical prescription 

IV. Scientific discussion 

1. Introduction  

Adsorbed TdPolio vaccine is a combination of Tetanus, Diphtheria and inactivated 
Poliomyelitis antigens. This association is to be used primarily for adult booster 
injections. It contains a reduced amount of diphtheria toxoid : 2IU / human dose to 
minimise severe hypersensitivity reactions in the non-infant population. 
The antigenic content of the tetanus and polio vaccine components is the same as 
that already contained in marketed PMsv vaccines, i.e. 20 IU of purified tetanus 
toxoid and a nominal quantity of 40-8-32 D-antigen units for polio antigen serotypes 
1, 2 and 3 respectively. 
Inactivated poliomyelitis vaccine (IPV) has been licensed in over 40 countries. Since 
1983, over 6 million doses have been distributed alone and over 100 million doses 
have been distributed in vaccine combinations. This wide range of experience with 
marketing and post-marketing has been acknowledged when assessing the quality of 
the IPV component in the dossiers submitted by the MAA when seeking for a national 
MA for Revaxis and in the dossiers provided for the current MR procedure. 

One dose of vaccine comprises 0.5 mL and is presented in a pre-filled syringe. Other 
constituents in the vaccine comprise aluminium hydroxide 0.35 mg/HD), 
2 - phenoxyethanol and formaldehyde (as co-preservatives) and Medium 199. 
The different vaccines of the combination are described in the European 
Pharmacopoeia : 
- Diphtheria and Tetanus Vaccine (Adsorbed) for Adults and Adolescents, 

Monograph 647, 
- Poliomyelitis Vaccine (Inactivated), Monograph 214. 
The proposed combination has been the object of limited in vivo preclinical studies. 
A full preclinical investigation is not necessary given the established nature of the 
antigens involved and the existing clinical experience with Td and Polio vaccines.  

Federal Agency for Sera and Vaccines 

6 / 26 



Paul-Ehrlich-Institut %So° 
Federal Agency for Sera and Vaccines 0% 

IA31 
2. Part II of the dossier: chemical, pharmaceutical, and biological aspects  

2.1. Composition 
The composition of adsorbed Td Polio is based on that of the adsorbed Td and e-IPV 
vaccines. Therefore, Td Polio is a vaccine adsorbed on aluminium hydroxide. The 

uantity of aluminium is reduced in relation to that of the Td vaccine, 
, to enable improved tolerance, without affecting the 

adsorbing and adjuvanteffectof the product. 

The manufacturer has checked the toxoid adsorption level, which is not less than 

Illand therefore satisfactory. The preservative contents are the same as for e-IP 
vaccine and combined DTP-IPV vaccine. The diphtheria toxoid content has been the 
subject of a development in order to find the best compromise between a content 
tolerated well in adults and sufficiently immunogenic, taking into account the 
combination with IPV and the presence of preservative. The phase I clinical trial 
studied the met 
the tolerance and immunogenic' y criteria  

2.2. Method of preparation 

The preparation of the final bulk product 
The order of introduction, the sterilisation stases and the con ro 

tests dunn. mixin are described on the dia ram siven in 

e me ia I resu s given in e sossier va isae es en e i ling  
me os use in e Manufacturer's mixing, filling and packaging department 

Rbatch size can vary betweer irrespective of the size, the 
preparation and filling conditions are identical, therefore ensuring satisfactory 
homogeneity between batches. 
Syringes are filled by an automatic machine, the filled volume is checked by weighing 
every and a visual inspection is performed at the end of the line. 
These controlests are !Po ensure homogeneity and filling quality. A volume of 

is filled to ensure that a nominal volume of is administered. 

2.3. Control of starting material 

Adsorbed Td Polio vaccine contains three active ingredients, diphtheria and tetanus 
toxoids and trivalent poliomyelitis vaccine. 

The purified diphtheria and tetanus toxoids are prepared and tested according to 
European Pharmacopoeia thus the Td component complies with the monograph on 
Diphtheria and tetanus vaccine (adsorbed) for adults and adolescents and WHO 
requirements and the Polio-component complies with the monograph Poliomyelitis 
vaccine (inactivated). 
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The culture stases includ 
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A3 A4 

As with all vaccines the preparation has to comply with the test on Free 
formaldehyde. The vaccine compiles with the test prescribed in the monograph on 
Vaccines for human use (153). is used as for 
the diphtheria and tetanus toxins an 
However, the manufacturer monitors . Since no 
preservatives are used during the purified diphtheria toxoid and purified 
tetanus toxoid (PTT) production processes, testing for preservatives is not necessary 
at this sta e. 

ccording to the nationalinspection the production premises comply with GMP 
requirements. The risks of cross-contamination are reduced due to the use of the 
production by campaign method. All the production diphtheria production and tetanus 
toxoid purification stages are performed by cam ai n.  as required by the Ph.-Eur and 
the WHO, the Clostridium tetani culture 
All the elements used to guarantee the quality ot the various culture medium 
ingredients and other additives used during production stages, such as preparation, 
sterilisation and control methods, are supplied in the dossier and do not require an 
comments. A special care is taken fo 
and this is explained in part IIV. 
The Corynebacterium diphtheriae and Clostridium tetani strains have been used for 
several years at PMsv and the first primary seed lots date back to_. The history 
of each strain is well documented. The control tests on the primary seed lots (PSL) 
and working seed lots (WSL) deal with all the strain purity, viability, identity and 
stability criteria and are complete. 

en isa ion precau ions b 

are applied. Nevertheless the residual 
impurityeve s ot the culture media were evaluated 
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2.3.2. Preparation of purified tetanus toxoid P 
Th culture stages include 

acn culture harvest is detoxitiedand pun ica ion is then performed on a mixture of 

xpenence emons ra es a ese con 
made it ossible to correlate a minimum 

is va ue is use as e on erion 
or sa is ac ory e oxi ica ion. 
The residual impuritylevels were evaluated as above for PD 

. Although the methods used are not 
exnaustive, it is consider that tne precautions taken for the culture media 

and the stages with a 
eliminate the risics related from this origin. 

2.3.3. Preparation of inactivated Polio (IPV Typ 12, and 3) 

Viral strains 

The strains used b are 
These are establishep strains using w 
assa e on and subse uent curren y used 

were passaged o er n used by 
unaerwent controls as speci lee sy HO in TRS 6 , section .4, tests in virus 
seed lots. The WVSLs must be approved b the National Control Authority 
concerned. Additional controls for detection of t 

are seing 
orme sequen o ur. 
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Cell bank system 
is cultured on theRI continuous cell line, has established Primary Cell 

banks from which Workin • ell Banks are derived i.e. a cell bank s stem. The banks 
are 

e controls specifiedby WHO at the usual production passage i.e. 137th as well as 
those at least 10 Population Doubling Levels (PDL) beyond that used for production 
142th assa e have been carried out. Additional tests eg. 

have also been performed. In all respects the cell banks have 
een oun o for use in virus culture during vaccine production. The 

qualifications are s an -a one documents appended to Part It V of the dossier and 
provide clear representations of the data and work undertaken b including 
high quality of the carrie 
The more global question concerning the acceptability of the use o 
lines in vaccine manufacture, in particular risks associated with heterogeneous 
contaminating DNA and viruses have been the subject of discussion at WHO level. 
The control of DNA is discussed in section 3.3.1 of this position document. The 
concerns have been addressed by The ossibilit of viral is 
investi ated at the cell bank level b • 

oreover, seecial em.hasis was • aced on the search for 

e resu s were sa is ac on y  •  escnie. e annex o "a 7 

The vaccine active in redient is considered to be th 

s e- is an es a is e pro uc is pro uc ion comp les 
wi e pus is e guidelines and the Ph. Eur monograph, although the current 
edition of the latter does not detail the production steps. 
The monovalents are produced on a campaign basis at . The 
end stages of manufacture, namely blending and filling into primary containers, 
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labelling and packaging are also done at . Undei regulations, 
the site is subject to National and Regional inspection at regular intervals and has 
been confirmed as suitable for vaccine manufacture. Further, annually updated 
details are submitted to the National and Regional Inspection Service in the 
form of a Site Report documentation. Quality control is performed at 

In practice, e-IPV is not used for marketing as a single antigen, the majority is 
blended with other antigens, for example diphtheria, tetanus, pertussis, haemophilus 
influenzae type b conjugate vaccines. 
Each virus su•ension *e 

1 
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INACTIVATED POLIOMYELITIS VIRUS (Type 1, 2 and 3) - PRODUCTION FLOW DIAGRAM - 
OVERVIEW 
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. Sterilit tests are •erformed on sam•led effluents 
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INACTIVATED POLIOMYELITIS VIRUS (Type 1 2 and 3) - Flow of concentration, 
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Although the re-inactivation of failed lots may be permitted by certain authorities, a 
non-inactivated batch of PMsv e-IPV would always be discarded and never re-
worked, and the situation would be considered to be a break in consistenc 
Controls carried out 

Control of the active ingredient 
Recommended controls concerning poliovirus inactivation of the blended trivalent are 
described by WHO and the Ph. Eur. monograph. The Ph. Eur. monograph states that 
the trivalent must be shown to be free from polio and other human and simian 
viruses. In practice for other human and simian viruses this is done with the proviso 
that the cell cultures employed must be sensitive to all other human and simian 
viruses. Since cell culture tests are the standards employed, and are considered to 
be more sensitive than tests in live monkeys in verifying the absence of endogenous 
or exogenous agents then the monograph requirements are met by the producer. 

16 / 26 
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The trivalent active in.redient s.ecification com•nses 

The 
o owing range is considered acceptable at this stage to ensure a nominal dose 
content in the final vaccine of 40-8-32 DU/dose as per WHO recommendations: 

The ELISA method, as describedb e ow, is used with a 

Additionally, effective inactivation of the trivalent is rechecked using 

The absence of bacterial endotoxi s is checked for at this sta. e 

The sterile concentrated trivalent Is 

Control tests used during production 

Control of D-antigen content 
The in vitro potency of the vaccine is determined according to the European 
Pharmacopoeia by an enzyme-linked immunoassay of the D-antigen. At present 
PMsv use the European Pharmacopoeia reference standard EWS 

Kinetics of inactivation 
Activity II ) should 

decrease in a pattern as expected from in-house experience with e-IPV, in particular 
for the initial phase of inactivation where a steep slope in the titre decrease is 
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Tested both a 
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desirable. At each time foint th  sus sension sam eles are tested 

Protein content determination  
A sandwich ELISA method with polyclonal bovine serum albumin antibody is used to 

Analytic! 
uanti residual bovine serum albumin marker for calf serum in the monovalent. 

Protein is assayed by the Lowry method as an in-process control in the concentrated 
viral suspension and the monovale 

A3a 

• Analytical and Process Validations 

Analytical validations 
The majority of control methods used are •harmaco oieial or biolo ical. The ELISA 
methodologies used to determine and have 
undergone analytical validation. Durin 

e speci ici o e assay 
given potential e erence rom e me la was va lea e . The assay is considered to 
be suitable for protein determination during production 

rocess validations 
For the production process data 
these confirm that the 

measured using 
product to systematically mee  

are available on a large number of batches and 
results in 

The latter is 

which confirms that the process allows the 
e WHO discussed limit of 5_ 100 /dose. 
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e regeneration and sanitizing agents 
used ensure that column performance remains acceptable. 
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Impurities 
Potential im urities com rise • 

• 

imi ar y, it is 
men lone in pro uc ummary o ro uc arac ens ics a races of antibiotics 
may be present in the final product, however,process validation indicates that levels 

Protein levels are controlled, the source of protein present is likely to be largely the 
The final bulk must contain no more than 10 pg/dose, 

additionally the pro ein -antigen unit ratio in the purified suspension must be no 
more then 100 ng protein/DU in accordance with WHO requirements. 

The possibility of DEAE leading from the ion-exchange chromatographic support was 
examined in the early 80's using passive haemagglutination tests these showed that 
any residue present 

xyz 

2.3.4. Other ingredients 
A5 

Excipients  
The vehicles used in this formulation are already used conventionally for the 
DiftavaxTM (adjuvant),which is already licensed in Germany (Zul.-Nr.: 30a/95 Zul.-
Datum: 19.02.1997), and DTP-IPV (preservative) vaccines. 
The control methods are given in the dossier and summarised in Format 14. Their 
microbiological quality is guaranteed by 
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Packaging materials  
The materials are those conventionally used at PMsv for other vaccines. The control 
tests at reception and during preparation do not require any comments. 
However, a container-content interaction study was performed. It consists of 
demonstrating on 3 batches the good compatibility of elastomers with the vaccine 
filling in syringe with or without needle. The protocol and results of the study are 
satisfactorily outlined in Part II F. 

Part II D 
A3a 

2.4 Control of intermediate products 

The final bulk product (FBP) control tests combine all the required physico-chemical 

• control tests: the Al+++  content, the preservative content, the potency of the different 

components, specific toxicity and sterility. The Al+++  and 2-Phenoxyethanol 
specifications are expressed with a lower limit and an upper limit covering the 
theoretical value of the formulation. 
Specific toxicity is tested using the Eur. Ph. test (Monograph 445) for diphtheria and 
tetanus. 

• 
Part II E 
2.5. Control of the finished product 

There are no particular comments on the control tests on the finished product which 
are conventional for such vaccine. The specifications drafted for the FBP are applied 
to the filled product (FP). All the methods refer to official methods described in the 
Eur. Ph. except for the poliomyelitis component identification method. The 
identification test of the soli eli is corn .onent 

2.5.1. Specification and routine tests 

Active ingredients and excipents are tested batch by batch according to the 
requirements of the Ph.-Eur. monographs. As well the applicants data as the data 
generated at the PEI indicate that all components are within the specifications. 

Each 0.5 ml dose contains: 
Active ingredients: 
- Purified diphtheria toxoid  

20 126 
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Poliomyelitis monovalent 
A retros ective study on several 
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- Purified tetanus toxoid  
- Inactivated type 1 polio-virus  
- Inactivated type 2 polio-virus  
- Inactivated type 3 polio-virus  

* Lower confidence limit (p = 0.95) of activity measured according to the assay described in the 
European Pharmacopoeia. 

Excipients:  
Aluminium hydroxide 
2-Phenoxyethanol 
Formaldehyde 
Medium 199* 

Part II F 
2.5.2. Stability 

A4 

2.5.2.1. Stability tests on active constituent(s) Real time stability 

2.5.2.1.1 Purified diphtheria and tetanus toxoids 

A large-scale study is given in the dossier to certify the satisfactory storage of the 

2.5.2.1.2. Stability of the Poliomyelitis components 

Stability of the trivalent poliomyelitis concentrate 

A stability study was performed on 

ere ore the manu ac urer claims tor a 30 months storage 
period. 

Federal Agency for Sera and Vaccines 41k 
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2.5.2.2. Stability tests on the finished product 

vaccine. The manufacturer requests a shelf-life of 2 years,  which is justified. 

Conclusion on Part ll of the application: 

The applicant has been developing combined vaccines for a number of years: DTP-
IPV, DTVax TM , DiftavaxTM  Tetract-HIBTm, PENTAct-HI arm. However, there was no 
adsorbed combined vaccine for the prevention of diphtheria, tetanus and 
poliomyelitis in adults and adolescents. The Td Polio vaccine presented in this 
dossier will replace the current DT Polio, providing improved tolerance for adults and 
adolescents due to the reduced dose of diphtheria and satisfactory immunogenicity 
due to its adsorbed nature. 

Production and purification of monovalent IPV as well as blending of the trivalent 
concentrate is performed according to an established process ensuring quality and 
consistency of the product. Considering the ample scope of experience the MAA has 
acquired with regard to manufacturing, quality control, marketing and post marketing 
of trivalent IPV and considering the well written documentation provided for the MR 
procedure no objections concerning the IPV component of REVAXIS are raised. 

The production and control tests of the diphtheria, tetanus and poliomyelitis 
components observe Eur. Ph. Monograph and method conditions. In addition, the 
applicant has many years' experience of these components. 
The applicant takes the precautions required to prevent potential contamination from 
extraneous materials used during production such as containers, premises and 
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starting materials of chemical and biological origin. All these aspects are well 
documented in the dossier. 
The analysis of the pharmaceutical and biological documentation and the certificates 
of analysis given in part II, completed with the preclinical (IC2) and clinical (103) data, 
certify the quality, safety and efficacy of Td Polio vaccine. 

Federal Agency for Sera and Vaccines 4‘' 
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3. Part III of the dossier: Toxico-Pharmaceutical Aspects  

INTRODUCTION 

Adsorbed TdPolio vaccine is a combination of Tetanus, Diphtheria and inactivated 
Poliomyelitis antigens. This association is to be used primarily for adult booster 
injections. It contains a reduced amount of diphtheria toxoid : 2IU / human dose to 
minimise severe hypersensitivity reactions in the non-infant population. 
The antigenic content of the tetanus and polio vaccine components is the same as 
that already contained in marketed PMsv vaccines, i.e. 20 IU of purified tetanus 
toxoid and a nominal quantity of 40-8-32 D-antigen units for polio antigen serotypes 
1, 2 and 3 respectively. 
One dose of vaccine comprises 0.5 ml and is presented in a pre-filled syringe. Other 
constituents in the vaccine comprise aluminium hydroxide 0.35 mg/HD), 
2 - phenoxyethanol and formaldehyde (as co-preservatives) and Medium 199. 
The different vaccines of the combination are described in the European 
Pharmacopoeia : 
- Diphtheria and Tetanus Vaccine (Adsorbed) for Adults and Adolescents, 

Monograph 647, 
- Poliomyelitis Vaccine (Inactivated), Monograph 214. 
The proposed combination has been the object of limited in vivo preclinical studies. 
A full preclinical investigation is not necessary given the established nature of the 
antigens involved and the existing clinical experience with Td and Polio vaccines. 

3.1. Pharmacodynamics 

This association does not require such studies in so far as each vaccine antigen 
alone fulfils in vivo and in vitro assays prescribed in the Pharmacopoeia. 

3.2. Pharmacokinetics 

The components of the present vaccine correspond to a combination that has been 
used clinically for a long time. Moreover pharmacokinetics studies for such vaccines, 
given the specificity of involved substances and mechanisms of actions, are 
irrelevant. 

3.3. Toxicology 

The applicant has a long clinical experience (for decades) with IPV vaccines as a 

single component vaccine as well as in combination with diphtheria- and tetanus-

toxoids — namely in the primary immunisation of infants and children. For this reason 

extended preclinical investigations are not necessary to proof the safety of these 
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preparations. The results from the toxicological studies provided in the application to 

part Ill do support this. 

3.3.1 Single dose toxicity 

Considering the likely innocuity of this combination relatively large quantities of 
vaccine (of three different batches) were injected into the Rat and the Mouse by the 
intraperitoneal (ip), and subcutaneous (Sc) routes. Doses administered were as 
follows: 

ip route sc route 

Mouse 5/sex •HD/kg •HD/kg 

Rat 5/sex •HD/kg II-ID/kg 

(these doses have to be compared to the relative maximal use in human : 111-ID in the 
adult, i.e. about 111D/kg). 
Result: no toxicological sign noted in treated animals. 

3.3.2. Repeated dose toxicity 

This study consisted of using 2 groups of 20 adult rats (10 males and 10 females) 
injected daily (sc route) with either the vaccine (treated group) or the adjuvant 
(control group). 
The treatment -

f
l HD/kg/day - consisted of 7 injections (i.e. one week) with sacrifice 

on Day 8 of hal of the animals (5/sex/group). 
The remaining animals, after a 3 week recovery period, received 3 daily injections, 
and after a further recovery period, 4 daily injections (total 14 injections). These 
animals were sacrificed the day after the last injection. 
All animals underwent clinical, blood (haematology/clinical chemistry) and 

410 anatomopathological examinations. 
Results: No toxicological signs were noted during the treatment periods. The 
examinations performed did not result in pathological data suggestive of a toxic effect 
of the treatment. 

Reproductive function (Part B) 
This study is irrelevant given the nature of the vaccine. 

Mutagenic potential (Part D) 
This study is irrelevant given the nature of the vaccine. 

Carcinogenic potential (Part E) 
This study is irrelevant given the nature of the vaccine. 
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3.3.3. Local tolerance toxicity study 

The local tolerance of the present vaccine was investigated in the rabbit. 
Eight adult animals received, in 4 sites, 2 intramuscular injections of 1 HD of the 
vaccine (0.5 ml), the other 2 sites receiving the adjuvant alone (control sites). 
Groups of 2 animals were sacrificed respectively 2, 4, 7 and 14 days after injections. 
Macroscopic and microscopic examinations of each site were performed. 
Results : the comparison of local tolerance of treated (vaccine) and control sites 
showed the following points : 

on the macroscopic level : the treated sites presented more greyish/whitish areas 
than control sites (13/16 vs 2/16). This was related to the pharmacological 
properties of the vaccine. 

on the microscopic level: 

minimal to slight degeneration/necrosis noted at the control and test 
substance injection sites for animals sacrificed 2 and 4 days after injections. 

inflammatory cell infiltration (mononuclear cells, granulocytes and/or 
lymphocytes) noted in the interstitial connective tissue of all test and control 
injection sites. 

a minimal to marked lymphocyte aggregation in the periphery of the 
inflammatory cell infiltration was noted in almost all vaccine injection sites 
and not in control injection sites. 

These findings are considered as normal pharmacological responses related to the 
immunogenic properties of the vaccine. 

Conclusion on part Ill of the dossier:  

The fact that the test substance is firstly a vaccine and secondly a combination of 
established antigens means that the proposed combination does not justify a full 
preclinical investigation. The studies which we have had carried out and which are 
described in this expertise have confirmed the innocuity of TdPolio from a preclinical 
viewpoint. 

4. Part IV of the dossier: clinical aspects 

The assessment report on Part IV of the dossier covering the clinical aspects is 
written in a seperate report by 

=Pm' 
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List of abbreviations 

CMI cell mediated immunity 

CRF Case report form 

CV Curriculum vitae 

diphtheria-toxoid, high dose for infants and toddlers 

diphtheria-toxoid, reduced dose for booster doses as of presch000l-age 

DTP combined diphtheria-, tetanus-, and pertussis vaccine (any 
type of the latter) 

DTaP combined diphtheria-, tetanus-, and acellular pertussis 
vaccine 

DTwP combined diphtheria-, tetanus-, and whole cell pertussis 
vaccine 

GMC Geometric mean concentration 

GMR Geometric mean ratio 

GMT Geometric mean titer 

Hib Haemophilus influenzae type b 

IU International Units 

Ig Immunoglobulin 

IPV Inactivated poliovirus (all three serotypes combined) vaccine 

Lf limits of flocculation 

MMR Combined measles, mumps, rubella vaccine 

NT neutralization test 

OPV Oral Polio Vaccine 

PEI Paul-Ehrlich-Institut fur Sera und lmpfstoffe, Langen 

PRP Poly-ribosyl-phosphate 

QCC Quality control certificate 

SAE Serious adverse event 

SmPC Summary of product characteristics 

SPC Summary of product characteristics 

STIKO Standige Impfkommission am Robert-Koch-Institut, Berlin 
(German Vaccination Advisory Board) 
tetanus-toxoid 

Td combined tetanus- and (reduced dose) diphtheria-toxoid vaccine 

Td-IPV combined tetanus-, (reduced dose) diphtheria-toxoid and IPV vaccine 

VAPP Vaccine associated paralytic poliomyelitis 
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2. Sources of information 

2.1. The following information was provided by the Paul-Ehrlich-Institut: 

- 7 Leitz-folders with information on three clinical studies (Zul. Nr. 115a/97; 

volume 6/12-12/12 

- The Paul-Ehrlich-Institut Internal Clinical Judgment Report 

2.2. The following information was provided by PM MSD: 

- 5 Leitz folders on clinical trials 4, 5, 6 

- Proposed Summary of Product Characteristics (SPC) 

2.3. A medline-literature search on combination vaccines and relevant other topics 

was done. 

2.4. Additional literature was used as available at the author's institution (see 

reference section). • 



NM  Clinical  Expert Report on RevaxisR 5 

3. Background 

3.1. Diphtheria 

Corynebacterium diphtheria is the etiological agent of diphtheria, a toxin-mediated 

disease, clinically appearing as either laryngitis, pharyngitis, tonsillitis or as wound 

infection. The clinical manifestations mentioned are often complicated by systemic 

effects of diphtheria toxin like myocarditis or paralysis. 

Microbiology 

The organism is a grampositive, non-spore-forming rod with a typical club-shaped 

appearance (koryne—gr. for club). Based on colony morphology, the ability to 

hemolyze blood as well as on biochemical parameters, three types of the 

microorganism can be distinguished: gravis, mitis and intermedius. Humans are the 

only known reservoir. The bacterium colonizes respiratory mucosa and — less often - 

wounds. Diagnosis requires detection of C. diphtheriae by culture plus 

demonstration of its ability to produce diphtheria-toxin. Transmission occurs solely 

from man to man, usually by droplets or by direct contact. The incubation period 

ranges from 2-5 (1-7) days. The organism is barely invasive and the disease is 

mainly due to the local production of its toxin, followed by absorption and 

dissemination to other organs - like the heart or the central nervous system - by the 

hematogenous route. 

Clinical appearance 

Naso-pharyngeal diphtheria is the most common form of the disease. It is 

characterized by pseudo-membranes, which are gray-brownish in color, difficult to 

remove and which obstruct the upper airways, finally leading to a complete closure of 

the trachea. Inspiratory stridor, a typical "sweet" odor and an edematous swelling of 

the neck are additional, typical findings. Laryngitis without involvement of the nasal 

or pharyngeal mucosa is another presentation of diphtheria. In the case of C. 

diphtheriae wound-infection, non-healing of ulcers or of (surgical) wounds may be the 

leading symptom. In all clinical forms of diphtheria, toxin-absorption may result in 

myocarditis (two thirds of all patients) and / or in neurotoxicity (up to 75% of patients) 

initially manifesting as paralysis of the soft palate followed by paralysis of cranial 

nerves and (later) peripheral nerves. Mortality rates vary between 3.5% and 12%. 
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They have not changed largely during the last 50 years. Following infection with 

clinical disease, there is no reliable immunity. 

In case the diagnosis is suspected on clinical grounds, a culture has to be taken 

followed by the immediate injection of specific antitoxin and antibiotics. All patients 

need to be admitted to an intensive care unit for further observation and therapy. 

Their contacts need to be evaluated clinically as well as microbiologically. 

Epidemiology 

In the pre-vaccination era, C. diphtheriae caused large epidemics with more than 

200,000 cases in 1941 [1]. Following the use of highly effective vaccines, the 

disease became rare in developed countries. In the late 1980ies, vaccination 

coverage against diphtheria dropped significantly in the "Newly Independent States" 

of the former Soviet Union. This was at lest to a large part, due to a lack of money. 

In the following time more than 150,000 cases of diphtheria were diagnosed in 

Russia and more than 4,000 patients have died to date from the disease [2, 3]. The 

organism has spread to other countries, including Germany, where at least some of 

the total of 17 cases reported since 1994 were imported from Russia [4, 5]. 

Vaccination 

Vaccination against diphtheria is of utmost importance, since no simple, safe and 

regularly effective therapy is available. Conventional vaccines are toxoids produced 

from C. diphtheria cultures, adsorbed to aluminum. They are highly effective and 

well tolerated. Therefore, vaccination against diphtheria is practically universally 

recommended by expert advisory boards: The primary series usually consist of two 

doses injected approximately 4 weeks apart plus a booster dose 6-12 months 

thereafter. For infants and toddlers, the primary vaccination series in most countries 

consists of 3 primary doses 4-8 weeks apart plus one booster dose in the second 

year of life. The first doses induce an immunological memory which causes a rapid 

rise of antibody titers with each additional dose. A antibody concentration of 0,01 

IU/mL measured by neutralization test or 0,1 IU/mL by ELISA is considered 

protective. The optimal point in time for the administration of booster doses is not 

well documented; in Germany additional doses are recommended every ten years. 
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As a rule, adults tolerate only reduced amounts of diphtheria toxoids, as compared to 

infants and toddlers. The exact reason, why the local reactogenicity of diphtheria 

toxoid is higher in adults, is unknown. According to one theory contact to non-

pathogenic, colonizing Corynebacteria leads to a sensitization, which results in a 

more vigorous inflammatory response with vaccine doses in later life. Whatever the 

cause, as of age 4 years (= fifth year of life) reduced amounts of diphtheria-vaccine 

antigen ("d") are given as compared to earlier doses ("D") in Germany. 

3.2. Tetanus 

Tetanus is characterized clinically by painful muscle spasms, caused by a toxin of 

Clostridium tetani. 

Microbiology 

C. tetani is an anaerobe, grampositive, spore forming rod that exists ubiquitous in the 

environment. It is transmitted to humans through direct contact of contaminated soil 

with wounds. Following infection, the organism produces a highly potent neurotoxin. 

This is transported through the axons of peripheral nerves to the central nervous 

system. 

Clinical appearance 

Following an incubation period of 3 days to 3 weeks, localized and later generalized 

muscle spasms are observed. Respiratory insufficiency and cardiovascular 

complications are the most common causes of death. The case-fatality rate is 25% 

to 60%. Therapy is symptomatic only (surgical wound care; specific immunoglobulin, 

antibiotics), regularly requiring intensive medical care. 

Epidemiology 

According to WHO-data, there are more than one million cases annually with a 

lethality of 50% worldwide. In the time between 1990 and 1998 there were 10-20 

cases per year in Germany with a lethality of 25% [6, 7]. Neonates may develop the 

disease if the organism is inoculated on the surface of their umbilicus, but only, if 
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they do not posses passively acquired specific maternal antibodies. There is no 

natural immunity in those who suffered from the disease. 

Vaccines 

Like with diphtheria, the vaccine against tetanus is an aluminum-absorbed toxoid 

derived from cultures of the offending organism. It is given according to the same 

schedule as diphtheria toxoid, usually as a combined diphtheria- and tetanus-toxoid 

(DT or Td) vaccine. In contrast to the example of diphtheria, vaccination against 

tetanus has no impact on the frequency of the disease in other humans, with the 

notable exception of neonatal tetanus. The latter disease can be prevented if young 

females are vaccinated and have "protective anti-tetanus-toxoid antibodies" at the 

time of delivery. Too many doses of tetanus toxoid may lead to large local reactions, 

but different from the case of diphtheria, there is no age dependent increase in the 

reactogenicity of the vaccine that would require a reduced dose. 

3.3. Poliomyelitis 

Poliomyelitis is a disease characterized by flaccid paralysis caused by one of three 

different serotypes of polioviruses (poliovirus type I, II, or III). 

Microbiology 

Polioviruses are members of the genus enterovirus within the Picomaviridae family. 

Immunity is directed individually against one of the three different serotypes. 

Humans are the only known reservoir and the organisms are transmitted via the 

fecal-oral route. 

Clinical appearance 

About 5% of the infected persons develop some unspecific symptoms like fever, sore 

throat or headaches ("minor illness"). Only about 1 : 100 to 1: 1,000 of infected 

persons come down with what is called "major illness" with muscle pain, vomiting, 

aseptic meningitis and eventually asymmetric, flaccid paralyses with no deep muscle 

tendon reflexes detectable. In this latter group, mortality was 5-10% during the 

1950ies and in approximately one third of patients the paralyses were permanent [8, 

9]. Years later, a reduced general state of health, increasing muscular weakness 
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and even paralyses may emerge, a disease known as "post-Poliomyelitis-syndrome" 

[10]. 

Epidemiology 

Poliomyelitis was known to occur worldwide with humans being the only host of the 

organism. Transmission occurs via the fecal-oral route, rarely by droplets or by 

contaminated sewage. Following extensive vaccination efforts by WHO, the 

Americas were declared free of poliovirus. It is now a WHO-goal to eradicate the 

organism world-wide by the year 2000 or so. Currently still only 52 states in the 

world may have circulating wild-type poliovirus [Dr. Dittmann, WHO Copenhagen, 

personal communication], and all of these states are located in Asia or in (West) 

Africa. 

Vaccines 

There are two basic types of poliomyelitis-vaccines. Oral polio-vaccines (OPV) 

consist of a combination of poliovirus type I, ll and III live attenuated strains and they 

are administered orally. The ease of this way of administration have made it an ideal 

tool for eradication programs, especially in developing countries. In contrast, 

inactivated poliovirus vaccines (IPV) contain the three serotypes of polioviruses in an 

inactivated form. Today IPV formulations inducing better immunity than the original 

vaccines are used (enhanced potency IPV). Both OPV and IPV are given according 

to a schedule that is similar to the vaccination schedule used for diphtheria- and 

tetanus-toxoids. Following vaccine administration, anti-poliovirus- (either type) 

antibody-concentrations equal to or higher than 5 IU/mL measured by NT are 

considered to be protective. 

The main and tragic disadvantage of OPV is its ability to cause paralysis in the 

vaccinee and also — following transmission of the vaccine-virus — in contact persons. 

Back-mutations in the vaccine strain are believed to be the cause for the ability of the 

vaccine poliovirus strain to induce disease. Such cases of "vaccine associated 

paralytic poliomyelitis" (VAPP) occur with a frequency of about 1 : 4.5 million doses. 

In the USA, approximately 8 cases were registered per year and likewise there were 

1-3 VAPP-cases per year in Germany [11]. 
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Vaccination programs in countries like France, Finland, Norway and Sweden were 

and are solely based on IPV. These countries were equally successful in the 

elimination of the poliomyelitis as compared to those industrialized countries which 

used OPV. 

One disadvantages of IPV is that it needs to be given by injection. Thus, the 

availability of a DTaP-Hib-IPV combination vaccine for use in infants was a 

prerequisite for the STIKO-decision to change from OPV to IPV in Germany, since 

with single injections an adequate coverage rate for recommended pediatric 

vaccinations would not have been attainable. Likewise, in some situations a 

combined Td-IPV vaccine would be desirable in order to reduce the number of 

injections needed for the vaccination program. 

Summary and perspective for a Td-IPV combination vaccine 

In summary, diphtheria and tetanus are toxin-mediated, potentially lethal diseases for 

which until today there is no simple, well tolerated and highly effective therapy. Thus, 

immunization is of utmost importance for the individual (in the case of tetanus) but 

also for the public (in the case of diphtheria), since the latter disease is transmitted 

from human to human following close contact. Effective vaccines are known since 

the 1920ies. Their widespread and combined use has decreased the incidence for 

diphtheria in Germany from more than 200,000 in 1941 [1] to just a few cases 

reported annually, mostly in unvaccinated persons. Likewise, the incidence of 

tetanus also decreased, although the public health impact of tetanus vaccination is 

far less than that for diphtheria. A failure to reach an adequate number of subjects in 

a population for vaccination with "DT" or with "Td" would with time inevitably lead to a 

diphtheria-epidemic - as exemplified by the recent Russian experience, and it would 

also increase the number of cases with tetanus including neonatal tetanus. 

While the diseases tetanus and diphtheria do not regularly and reliably induce 

protective immunity, the respective vaccine antigens are highly immunogenic and the 

neutralizing antibodies induced do protect from diphtheria and tetanus, respectively. 

For both, diphtheria and tetanus, the serological threshold for protection is believed 

to be an antibody concentration > 0.01 IU/mL as determined by neutralization test or 
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an antibody concentration > 0.1 IU/mL when determined by ELISA. Primary 

immunization with two vaccine doses induces the development of memory cells as 

documented by the fact that later booster doses lead to a rapid increase of the 

antibody concentration against the respective toxoids. Many national vaccination 

advisory boards recommend to administer diphtheria and tetanus booster doses 

every ten years, although the optimal time interval and the need for additional doses 

is not well documented by clinical studies. However, it would be unethical to conduct 

such trials since the current recommendations have led to a dramatic decrease of 

diphtheria- and tetanus-cases e.g. in Germany as in other countries. 

Poliomyelitis is a severe disease characterized by flaccid paralysis due to infection 

with one of three serotypes of poliovirus. WHO-efforts are close to eradicating the 

organism. However, for the next 5-10 years vaccination has to continue in order to 

prevent a re-introduction into currently poliovirus-free populations. OPV may lead to 

vaccine-associated paralytic poliomyelitis (VAPP), which is rare, but hard to accept in 

countries, where no poliomyelitis due to wild strains is detectable. Thus, the German 

Vaccination Advisory Board (Standige Impfkommission am Robert-Koch-Institut, 

STIKO) has decided in early 1998 to change the national polio-vaccination strategy 

from an OPV to an IPV-based strategy [12]. Other Advisory Boards like the 

American ACIP will follow this decision and change their recommendations to an "all 

IPV-strategy" by the year 2000. 

Combination vaccines offer the advantage of improved compliance with national 

vaccination plans or programs. Studies from the USA indicate, that most parents and 

health care providers hardly accept the simultaneous application of several injections 

at one office visit [13, 14]. Thus combination vaccines are urgently needed. The 

similarity of the schedule used for vaccination against diphtheria, tetanus and 

poliomyelitis I, II and III allowed the development of combination vaccines for both 

primary as well as for booster doses. 

Potential advantages of such combinations are: 

1. Less pain for the vaccinee 

2. Simplicity of administration 

3. Simplicity of the vaccination plan or —program 
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4. Improved compliance with vaccination schedules 

5. Reduced cost (of administration and perhaps vaccines) 

Potential disadvantages of combination vaccines are 

1 No interchangeability of products from different manufacturers 

2. One "bad component" in a combination vaccine may result in the withdrawal of 

the whole product from the market and this may endanger vaccination programs 

3. With multiple and various combination vaccines on the market, the possibilities to 

comply with a national vaccination plan may become quite numerous — 

vaccination may become more difficult. 

The most important requirements for the licensure of a combination vaccine that 

encompasses current single injections are 

1. equal efficacy; 

2. equal safety; 

3. a clinically acceptable reactogenicity profile. 

In terms of efficacy, for all three diseases discussed here, serological surrogate 

markers for protection have been defined. These are 

- 0.01 IU/mL for diphtheria- and tetanus-toxoids when measured by NT; 

- 0.1 IU/mL for diphtheria- and tetanus-toxoids when measured by ELISA; 

- a titre > 5 for poliovirus type I, II or III as measured by NT _ 

Safety is determined in large vaccination trials by soliciting for reactogenicity and 

SAE, usually for up to 4 weeks after administration of the last study vaccine dose. 
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4. Charges to this expertise 

The purpose of this expertise is to review data submitted to the PEI on a combined 

diphtheria (reduced dose), tetanus, and inactivated poliovirus vaccine with regard to 

its 

- safety, reactogenicity, immunogenicity and efficacy 

- when given as a booster dose 

- or for primary immunization 

in persons older than five years and 

- to review whether the proposal for the Summary of Product Characteristics (S PC) 

comply with the data available. 

• 
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5. Clinical development of Revaxis and conclusions 

In order to fully evaluate a combination vaccine with n components, a total of 2" 

combinations would need to be studied. For a three component vaccine like 

Revaxis, eight different combinations would have to be analyzed. This is neither 

feasible nor necessary, since vaccines not including one component would be of very 

limited interest and usefulness. All three components of the Td-IPV-combination 

produced by PM MSD have been administered to millions of humans and have been 

extensively documented to be safe and effective. Local reactions and fever are the 

most frequent, but tolerable side effects. Thus, the clinical development documented 

here is focussed on the use of a reduced dose of diphtheria-toxoid and the final 

combined Td-IPV product. 

5.1. Study 1 (A 087 IVB1 / TD101194): Dose finding for diphtheria-toxoid 

Background 

The amount of diphtheria- and tetanus-toxoids in a vaccine are determined as „limits 

of flocculation" (Lf) and their respective biological activity or potency is expressed in 

„IU/mL". For the tetanus component, 10 Lf per dose or an average of 40 IU induce 

"protection". As mentioned above, there is some debate over the appropriate amount 

of diphtheria toxoid in a vaccine. Reduced doses may be inadequate for achieving 

sufficient immunity, whereas higher doses have been shown to be highly reactogenic 

in adolescents and adults [15, 16, 17, 18] . This study was done to evaluate the 

immunogenicity and reactogenicity of three different doses of diphtheria-toxoid in a 

Td-IPV combination vaccine. Since the poliovirus antigens had never before been 

tested in a Td-IPV combination vaccine including aluminum as an adsorbent, the 

effect of this salt on the combination was also studied. 

Objectives 

The primary objective of the trial was to evaluate the safety of three different batches 

of a Td-IPV vaccine, which differed only with regard to the amount of diphtheria-

toxoid, when given as a booster dose to adults age 18-40 years. The secondary 

objective was to evaluate the immunogenicity of the respective vaccines. 
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Methods 

Ethics: There was a detailed study protocol which required an informed consent of 

participating volunteers, the opinion of the Comite de Securite Virale of the French 

Ministry and of an ethical review board. The study was done according to the World 

Medical Association's Declaration of Helsinki (as amended in the Hongkong meeting 

in 1989). All participants were insured for the purpose of the trial. 

Study subjects: To be included were healthy adult volunteers age 18-40 years who 

had received their last diphtheria- tetanus and polio-vaccination 5-10 years ago. 

Study plan and timing: The study was conducted at the inM, 

. After an initial recruitment and evaluation phase (day — 14 + 3 

days) the vaccine was administered on day 0. During the study period a total of four 

blood samples were taken (day —14+3, day 0, day 7+1, day 28+3). The first 10 

subjects received 

batch S2932 with 2 Lf of diphtheria toxoid. If no serious adverse 

event occurred, the next ten subjects received 

- batch S2933 with 5 Lf of diphtheria toxoid and again provided there were 

no serious adverse events, the next 10 subjects were to receive 

- batch S2934 with 8 Lf of diphtheria toxoid. 

Self-monitoring of subjects was accomplished throughout the study period of 28+3 

days. 

Study Vaccine: Besides the different amounts of diphtheria toxoid used in the 

different batches as mentioned above, each 0.5 mL dose contained: 

- Purified tetanus toxoid: 

> 20 IU (lower limit of 95% CI for measured activity) _ 

- Inactivated poliomyelitis vaccine: 

Type 1: 40 D antigen units 

Type 2: 8 D antigen units 

Type 3: 32 D antigen units 

- Aluminum hydroxide expressed as Al: < 1.25 mg 

- 2-phenoxyethanol: <5 pL 
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- Formaldehyde <100 pg 

- Medium 199 and water for injection to make up 0.5 mL 

The pH was adjusted between 6.5 and 7.5. 

Evaluation: One hour after injection of the vaccine the investigator asked study 

participants for any reaction noticed and conducted a clinical examination. Pain, 

redness, pruritus, rash were actively sought and asthenia, sweating pallor, headache, 

vertigo, lipothymia, nausea, vomiting and other symptoms were solicited at that time. 

Blood pressure, heart rate and body temperature were also measured. Between 

days 0 and 7 study participants kept a diary card to document any adverse events. 

On day seven, diary cards were collected by the investigator who again asked 

questions as above and examined the study participants. Taking of any medications 

was also noted. An additional appointment was scheduled around day 28, when 

again the investigator asked study subjects for any adverse events and examined 

them as outlined above. Blood samples were taken as mentioned in the study plan. 

Evaluation of immunogenicity: Antibody concentrations against diphtheria and 

tetanus toxoids were determined by ELISA and results were given as IU/mL. Titers > 

0,01 IU/mL were considered to be protective. Anti-poliomyelitis type I, type II and 

type III antibody-concentrations were measured with a seroneutralization assay on 

Hep 2 cells with the titre corresponding to the reciprocal value of the appropriate 

dilution. Titers > 5 were considered to be "protective". _ 

Results 

A total of 31 subjects were included in the trial, with 10 in each group except for 

batch 3 (n=11). There was an even 1 : 1 / male : female distribution, except for 6 

females in group 3. There were no clinically relevant differences between groups 

with regard to age, seize, weight, time since last diphtheria-, tetanus-, poliomyelitis-

vaccination. No participant needed to modify his "everyday life activity" due to any 

side effects of the study vaccines. No clinically relevant biochemical or 

hematological changes were observed. 
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There were two immediate clinical reactions (pain when moving the arm, one case in 

batch 1, one case in batch 2), and 8 local reactions in group 1 and 3 each and 6 in 

group 2. All except one (ecchymosis) appeared within 48 hours and resolved 

spontaneously within one week except one reaction (pain and induration) which 

lasted longer. No participant experienced an elevation of his body temperature > 

38°C. The two systemic reactions observed occurred in participants of group 2. 

reported for following vaccine 

administration. eported a "numbing sensation" of the upper limbs on day 

1-2, "excessive sweating" on days 5-7 and "hot flushes" on days 6-7. Ilalso had 

pain on palpation and a 3 cm area of redness at the injection site. By day 28 all 

reactions had disappeared. 
[C, 

All study participants had "protective antibody concentrations" before and after 

administration of the study vaccines. Anti-diphtheria antibody concentrations before 

and after vaccinations are shown in table 1: 

Table 1: Antibody titers to tetanus-toxoid before and after administration of the study 

vaccines (study 1) (n.a. = not applicable). 

Visit Day 1 Day 28 

Batch 1 2 3 All 1 2 3 All 

GMC 0.87 1.51 0.52 0.88 1.68 3.03 2.46 n.a. 

Range 0.07— 

2.67 

0.36— 

11.42 

0.05— 

4.36 

0.05— 

11.42 

0.25— 

4.13 

1.18— 

13.21 

0.74— 

5.86 

n.a. 

GM- 

ratio 

1.94 2.00 4.60 n.a. 

Following the administration of the booster dose, all study participants had anti-

diphtheria-toxoid antibody titers greater than 0.25 IU/mL and in each group at least 8 

subjects had tires > 11U/mL. Antibody responses were about 2-fold in groups 1 and 

2, and starting with a lower initial GMC on day 0, the titre rise was more than 4-fold in 

group 3. Using a statistical model that took into account the initial antibody titers 

before vaccine administration, a dose-response effect was found. 
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With regard to tetanus antibodies, again all study participants were protected before 

and after vaccine administration and the rises of antibody titers was 2.54-fold, 2.16-

fold and 3.63-fold in groups 1, 2 and 3, respectively. Likewise, all study participants 

were had "protective titers" against all three types of poliomyelitis viruses before and 

after vaccine administration. The mean rises of antibody titers are shown in table 2: 

Table 2: Mean rises of GMCs (GMR) for poliovirus I, II and III following 

administration of the study vaccines. 

Visit Day 28 

Batch 1 2 3 All 

Type 1 4.92 7.59 10.14 7.24 

Type 2 9.0 10.6 6.77 8.67 

Type 3 27.53 19.24 20.27 22.06 

Interpretation and Conclusions 

This study was planned, executed and analyzed in a highly professional manner, as 

demonstrated by the detailed preparation, the rapid inclusion of participants, the 

adherence to various ethical guidelines and the high compliance by study subjects. 

The study vaccines were safe and local and systemic reactions were similar to what 

had been expected from the administration of similar vaccines. The authors 

conclude that in a situation where diphtheria re-emerges in Russia and elsewhere, a 

diphtheria dose of 2 Lf may be insufficient, while a dose of 8 Lf would already be very 

close to a "pediatric" dose. In a combination of a "Td" vaccine with a poliomyelitis 

vaccine, a dose of 5 Lf of diphtheria toxoid would be a safer product for further 

development. For a discussion of ELISA and NT to measure antibody concentrations 

to diphtheria- and tetanus-toxoid see chapter 5.7.. 
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5.1. Study 2 (A087 IVB / TDI02394): Immunogenicity of a combined Td-IPV-
vaccine versus separate administration of Td + IPV 

Background 

Based on study one (see above), a dose of 5 Lf of diphtheria antigen had been 

chosen for further development of a Td-IPV combination product. The European 

Pharmacopoeia requires a mean potency of 4 IU with 2 IU as the lower limit of the 

95% Cl. The 5 Lf dose of diphtheria toxoid had been chosen based on its safety and 

immunogenicity in a situation where some experts try to reduce the amount of 

diphtheria-antigen in vaccines, while on the other hand diphtheria re-emerges in 

some countries. Lower doses may be insufficient in a situation with a high infectious 

pressure. A combination vaccine could improve compliance with vaccination 

recommendations e.g. in Germany. 

Objectives 

To compare the immunogenicity of a Td-IPV combination vaccine to the separate 

administration of Td and IPV when given as a booster dose. Second, the safety of 

the respective vaccines was to be determined. 

Methods 

Ethics 

As for study 1. The study protocol as well as the amendment had been improved by 

an ethical review committee. Prior to entry into the study, participants had to sign an 

informed consent form. 

Study subjects 

Participants had to be between 18 and 60 years of age and they had to be eligible for 

a booster dose against diphtheria, tetanus and poliomyelitis. Exclusion criteria were 

recent or scheduled administration of other vaccines, a serious reaction to a 

previously administered vaccine, illness or taking of medications, beast-feeding or 

pregnancy and participation in another trial. 
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Study Vaccines 

The combination vaccine consisted of an adsorbed Td-Poliomyelitis vaccine, 0.5 mL 

per dose with 

tetanus toxoid (>20 IU) 

diphtheria toxoid (>2 IU) 

3 types of inactivated poliovirus 

(amount of antigen per dose: 40 D, 8 D, 32 D) 

aluminum hydroxide with < 0.35 mg of Al 

<100 pg formaldehyde 

< 5pL 2-phenoxyethanol 

medium 199 and water for injection up to 0.5 mL 

The Td-IPV vaccine contained somewhat more diphtheria-toxoid (5 versus 2 Lf) than 

the Td- vaccine because IPV had been added and because mercurothiolate had 

been replaced by 2-phenoxyethanol. The combination vaccine contained somewhat 

less aluminum (0.35 versus 0.60 mg). A placebo was used instead of the IPV-

vaccine for separate administration and it was produced like the IPV-product without 

addition of IPV (formaldehyde < 100 pg, 2-phenoxyethanol, medium 199 and water 

for injection). 

Study plan and timing 

This was a multicenter, controlled, double-blind phase III trial, conducted by 

epidemiologists at French Armed Forces Hospitals. Three consecutive batches of 

the Td-IPV and the Td vaccine were chosen and one batch of the IPV vaccine. It 

was planned to include approximately 83 participants for each batch, thus 249 

participants were to be vaccinated per group. Visits with a study physician were 

planned at day 0, 7 (+3) and 28 (+7). Self monitoring by participants was asked for 

between study visits. The study was conducted in the time from, end of July 1995 to 

end of March, 1996. Allocation to one of the two study arms was accomplished by 
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randomization. Since both, study physician and study subject were blinded, they 

only noticed that one opalescent vaccine (TD or IPV) was injected into the left deltoid 

muscle and one clear product (Placebo or IPV) was injected into the right deltoid 

muscle. 

Evaluation 

On day 28 + 7, the geometric mean titers, geometric mean ratios (pre/post 

vaccination), the percentages of protected subjects per group and the percentage of 

seroconversions were determined. Likewise, the frequency of local and systemic 

reactions was determined. 

Evaluation of immunogenicity 

ELISA tests were used for antibodies against diphtheria and tetanus whereas 

neutralization tests on Hep 2 cells was used for anti-polio-antibodies. 

Results 

A total of 508 subjects were vaccinated within the study protocol, 97% were male and 

the mean age was 23 years. There were three study centers, one each in Paris 

(n=318), Brest (n=117) and Marseilles (n=73). Ten study participants dropped out of 

the study because of allergy (n=4), transfer (n=2), leave (n=1), resignation (n=1), 

refusal for blood drawing (n=1) and unknown reason(s) (n=1). There was no case of 

loss of follow-up. An unexpected and / or serious adverse event occurred in 8 cases. 

One of these participants dropped out, one was withdrawn. Overall, 490 of the 508 

subjects included had no "critical event" (96.5%). A total of 478 of the vaccinated 

subjects (91.9%) had no "critical event" and complied with study timing. 467 

participants fulfilled strict selection criteria for evaluation. The mean time since 

administration of the last booster dose was 7 years. A total of 37% of participants 

had received meningococcal A & C vaccine just before (mean time: 10 days) 

inclusion into the trial. There was no relevant difference with regard to the 

demographics of study participants between the two study groups. 
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Immunogenicity 

All study participants had anti-tetanus-antibody-concentrations equal to or above 

0.01 IU/mL before vaccination and they were thus considered to be still "protected". 

More than 98% of participants had titers equal to or above 0.1 IU/mL 28 days after 

vaccine administration (table 4). 

Except five, all study participants had initial anti-diphtheria-antibody titers equal to or 

above 0.01 IU/mL and four weeks later all study subjects except one in each group 

had titers above this value. Except these 2 subjects plus one subject in the 

combination group, all had titers equal to or above 0.1 IU/mL. The respective GMCs 

more than doubled. All study participants except for six had anti-polio titers equal to 

or above 5 against all three types of poliovirus. Four weeks after vaccine 

administration, all participants were protected. 

• 
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Table 3: Antibodies to antigens in study 2 vaccinees before and 4 weeks after 

administration of study vaccines. 

Pre 

Td-IPV 

Pre 

Td + IPV 

Post 

Td-IPV 

Post 

Td + IPV 

Anti-tetanus 

N 256 252 250 245 

GMC (IU/mL) 3.04 3.04 9.30 9.67 

% > 0.01 IU/mL 99.6 100.0 100.0 100.0 

% > 0.1 IU/mL 98.4 98.0 100.0 100.0 

% >1 IU/mL 87.5 88.5 99.2 100.0 

GM of ratios 3.0 3.2 

Anti-diphtheria 

N 256 252 250 245 

GMC (IU/mL) 1.12 1.10 2.56 2.71 

% > 0.01 IU/mL 99.2 98.8 99.6 99.6 

% > 0.1 %IU/mL 92.6 91.7 99.6 99.2 

%> 1.0 IU/mL 60.9 69.9 82.4 87.8 

GM of ratios 2.2 2.5 

Anti-polio 

N 251 248 249 244 

GMC type 1 (IU/mL) 177 179 1293 1462 

GMC type 2 (IU/mL) 229 249 2304 2979 

GMC type 3 (IU/mL) 159 176 2646 3626 

GM of ratios type 1 7.3 8.4 

GM of ratios type 2 10.0 12.1 

GM of ratios type 3 17.1 21.3 
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Safety 

There was no death in either study group and there were four serious adverse events 

reported per group, none considered to be related to the study vaccine. One subject 

in the combination group (0.4%) and two in the separate group (0.8%) had an 

"immediate reaction" (mild headache, pain at the injection side and (twice) malaise). 

Reactogenicity 

Solicited local reactions are listed in table 4. 

Table 4: Solicited local and general signs (%) in the two study groups (left = verum; 

right = placebo or IPV) 

Td-IPV Placebo Td IPV 

Local signs 

Pain 80.1 12.9 65.1 34.1 

Redness 7.4 1.2 6.0 2.4 

Subcutaneous nodule 5.5 0.0 3.2 0.8 

Induration 2.0 0.0 2.8 0.4 

Ecchymosis 1.2 0.8 1.2 2.0 

Newly observed axillary 

lymphadenopathy 

1.2 1.2 0.4 0.0 

General symptoms 

Headache 11.3 9.9 

Diarrhea 5.9 6.0 

Fever 4.3 2.4 

Nausea/vomiting 2.7 2.0 

Vertigo 2.7 1.6 

Lipothymia 0.8 0.8 

Myalgias 0.8 0.8 

Arthralgias 0.4 0.4 

All symptoms resolved uneventfully. Additional symptoms were reported in an 

unsolicited fashion with no relevant difference between study groups. Of the 199 
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treatments during the study period, (self medication or prescription) 140 were taken 

by persons in the combination group. 

Interpretation and Conclusions 

This double-blind, randomized and partially placebo-controlled study proved to be of 

high quality with regard to preparation and execution. According to the protocol it 

was conducted to the current standards of clinical trials. There were few drop outs 

only and only few study subjects that could not be evaluated. When given to a quite 

homogenous population of young (average 23 years) healthy adult volunteers 

(mainly French soldiers) requiring a booster dose approximately 7 years (range 3-21 

years) after the previous dose, the study vaccine was safe and highly immunogenic. 

Three batches studied were sufficiently homogenous to assume equality. The 

immunogenicity was excellent with 100% protection rates for all vaccine antigens 

except for one subject in each group who had antibody titers to diphtheria below the 

concentration considered "protective". 

As shown in table 3, all study participants had anti-tetanus antibody-concentrations 

above 0.01 IU/mL and in 99.2% of cases they were even equal to or above 1.0 

IU/mL. Anti-diphtheria-concentrations were somewhat lower, but still after 

vaccination they were equal to or above 0.1IU/mL in 99.6% / 99.2 % of study 

participants receiving Td-IPV or Td + IPV, respectively. 

Local reactions to the combination vaccine were more common than with the Td-

vaccine, although this difference "disappears" when the reactogenicity of Td and 

separate IPV are added. 

5.3. Study 3 (A087 IVB1 / TDI05394): Large scale safety of Td-IPV in healthy 
adult volunteers 

Background 

In a pilot phase the immunogenicity of a new Td-IPV vaccine had been shown (10 

subjects per group receiving 2, 5, or 8 Lf of diphtheria-toxoid in a Td-IPV vaccine) 

and the vaccine with 5 Lf of diphtheria-toxoid had been chosen for further 

development. This vaccine was safe, immunogenic and showed an equal burden of 
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local reactogenicity in a second, double-blind-randomized trial with approximately 

250 participants per group receiving either combined Td-IPV or Td + IPV injected 

separately. 

Objectives 

The following "study three" was done in parallel in order to evaluate the safety of 

three batches of the candidate Td-IPV-vaccine on a larger scale. 

Methods 

Ethics 

As above 
C 

Study subjects 

A total of 1,742 subjects were included. They were mainly (99%) male young French 

soldiers with an average age of 22 years. The majority had received meningococcal 

A plus C vaccine within a mean of 5 days previously. The mean time from 

administration of previous diphtheria-, tetanus- or polio-vaccine doses was 

approximately 7 years. 

Study plan and timing 

As in above trials, vaccine was administered on day 0 with follow-up visits on days 7 

and 28. The trial was conducted in the time between June 1995 and January 1996. 

Study Vaccine 

The study vaccine was a combined Td-IPV-vaccine as described above- 

Evaluation 

Solicited and unsolicited local and general reactions were documented within a 

period up to 4 weeks after vaccine administration. 

Results 

Eight subjects suffered from an immediate reaction within 15 minutes of vaccine 

administration. Local pain (2), redness (6) induration (1) and / or malaise (1) were 

reported. A total of 1,148 of 1,742 study participants (65.90%) suffered from at least 
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one local reaction. These were pain (64.4%), redness (9.13%), induration (4.31%) 

nodule (3.33%), and others with a frequency below 1%. 

General reactions were reported mainly at the second visit. A total of 320 study 

subjects complained of 486 systemic signs, like headache (183 subjects), nausea / 

vomiting (42 subjects), fever above 38.0°C (40 subjects), diarrhea (28 subjects), and 

a few others with a less than 1% frequency. There was no death. Four of the 16 

severe adverse events were considered to be doubtfully or probably vaccine-related. 

These were (1) pain, asthenia, constipation, elevated creatinine kinase; (2) 

hyperthermia which had been observed in the same individual with other vaccines as 

well; (3) rhabdomyolysis on day 10 with a slight increase in muscle enzymes 

resolving without any treatment after 10 days; (4) headaches with bilateral mydriasis 

and drowsiness in a subject with known attacks of migraine. 

Interpretation and Conclusions 

The study vaccine was safe and had a good reactogenicity profile, comparable to 

that seen with other Td and / or IPV booster doses. There was a 95% chance to 

detect any serious event which would be expected to be seen at least 1.72 times in 

1,000 Td-IPV injections. From the four serious adverse events (0.6: 1,000) that 

were believed to be possibly related to the study vaccine only one can retrospectively 

be judged to be "probably related" to vaccination (hyperthermia in a patient with a 

history of this side effect after vaccine administration). 

5.4. Study 4 (A087 IVB1 / TDI03394): Long-term persistence of antibodies 
following a booster dose with Td-IPV 

Background 

Following vaccination with any currently available diphtheria-, tetanus-, or 

poliomyelitis vaccine, antibody concentrations wane with time. In order to maintain 

the ability of an individual to neutralize diphtheria- or tetanus-toxin or to neutralize 

invading poliomyelitis viruses by the virtue of specific antibodies, booster doses are 

needed. In Germany, like in many other European countries, such boosters are 

recommended every ten years in the case of diphtheria, whereas relying on the 

current favorable epidemic situation after a complete series in early childhood only 
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one booster dose (age 11-18) against poliomyelitis is recommended since 1998 [121. 

The current "study 4" was done to document the kinetics of the humoral immune 

response to Td-IPV over time and to calculate the decay of specific antibodies to 

diphtheria, tetanus and poliomyelitis-virus in order to have an insight into the need for 

booster doses. 

Objectives 

This study was done to calculate the decay of specific antibodies against diphtheria-

toxoid, tetanus-toxoid and poliomyelitis-viruses I, II, Ill by using a model for each 

specific antigen and by repeatedly monitoring the respective antibody concentrations 

over a two-year period. 

Methods 

Ethics 

The study was done according to the relevant legal and ethical requirements: 

Declaration of Helsinki, GCP, French regulations, Ethic Review Board approval. 

Study subjects 

A total of 131 study participants were recruited. As in the previous studies, they were 

mainly male army personnel and for inclusion they needed to be in good clinical 

health, age 18-60 years, and the last dose of tetanus-, diphtheria- and poliomyelitis 

vaccine had been administered 5-20 years ago. Exclusion criteria were similar to 

those in the previous trials. 

Study plan and timing 

The study was conducted from September 1995 until February 1998 — the long time 

period being due to the 2-year follow-up needed. Td-IPV vaccine was given in 4 

centers at month 0. There were 10 medical visits with blood sampling at month 1, 3, 

6, 12, 15, 18, 21, 24. However, in order to reduce the frequency of blood sampling, 

each individual was allocated randomly to have blood drawn at only six of the nine 

scheduled visits. 
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Study Vaccine 

One single batch of Td-IPV as in the previous studies was given by intramuscular 

injection. 

Evaluation of Immunogenicity 

Antibody concentrations to the 5 different antigens were measured by ELISA (T, D) 

and by neutralization assay (poliomyelitis) on Hep-2 cells. 

Biometry 

After an initial descriptive analysis of the humoral immune responses (geometric 

mean concentrations, % of individuals protected, % with seroconversion) the decay 

of antibodies following a Td-IPV booster was modeled. 

Results 

A total of 131 subjects were included and all received the first vaccine dose. 

Fourteen individuals dropped out for various reasons, specified in the study report. 

Thus 113 subjects finished the study. An additional 5 participants did not meet the 

inclusion criteria: One participant had received a DTP-booster dose during the study 

period and 4 participants had received an immunmodulator treatment until 28 days 

prior to inclusion. There were 91 males and 40 females. With a mean age of 31.7 

years (range 18.5 to 57.0 years). Previous doses of vaccines relevant to the study 

protocol had been administered between 5 and 17.3 years before inclusion of 

participants into the study. During the study period, one participant became 

pregnant, one developed rubella, one hepatitis C, and one suffered from 2 episodes 

of Crohn's disease. No immediate reactions were observed. 

Tetanus 

Following vaccination, the geometric mean of anti-tetanus-antibodies rose from 1.88 

IU/mL to 5.13 IU/mL at month 1 (geometric mean of the ratio: 3.05). GMC waned 

from 5.13 IU/mL at month Ito 3.33 IU/mL at month 12 and to 2.13 IU/mL at month 

24. 

Diphtheria 

Following vaccination, the geometric mean of anti-diphtheria antibodies rose from 

0.824 IU/mL to 1.68 IU/mL at month 1 (geometric mean of the ratio: 2.18). GMCs 
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waned from 1.68 IU/mL at month 1 to 1.06 IU/mL at month 12 and to 0.92 IU/mL at 

month 24. 

Poliovirus I, II, Ill 

Following vaccination, the geometric mean of antibodies to polioviruses type I, II and 

III rose from 246 IU/mL to 1273 IU/mL (type I), from 316 to 2026 (type II) and from 

245 to 2039 (type III), respectively. Geometric mean ratios were 4.87, 5.78, and 

7.90. At month 24, GMCs for the three polioviruses were 522, 645, and 822, 

respectively. 

For tetanus antibodies, a five year GMC of 0.429 IU/mL and a ten year GMC of 0.041 

IU/mL was calculated. For diphtheria and the three polioviruses, antibodies persisted 

throughout the study period, and thus the model was not precise enough to predict 

GMC at 5 or 10 years. 

Interpretation and Conclusions 

The Td-IPV booster dose was safe and immunogenic, with all subjects having anti-

diphtheria and anti-tetanus antibody concentrations above 0.1 IU/mL one month after 

vaccine administration. Likewise, by vaccination, all subjects were protected against 

each of the three polioviruses. For tetanus it could be predicted, that "protective 

antibody concentrations" would still be present 10 years after the booster dose given. 

No such extrapolation could be given for diphtheria and the three types of 

polioviruses. Nevertheless, a booster dose of the study vaccine produced GMCs 

well above the "protective concentration" throughout the study period. 

5.5. Study 5 (A087 IVB1 / TDI06396): Safety and immunogenicity of 

two booster-doses of Td-IPV in adults above age 40 years 

Background 

In the previous studies, the Td-IPV vaccine had been evaluated mainly in young 

healthy adults with a clear history of prior administration of Td and / or IPV doses. 

This, however, is not the situation in "real life". Numerous studies have documented, 

that adults quite often lack immunity to diphtheria and, and also to tetanus [4, 19, 20, 

21, 22]. Such persons do need booster doses of a Td or of a Td-IPV vaccine. In 
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Germany, one booster dose only is recommended by the national Vaccination 

Advisory Board (STIKO), even in persons who have received their last vaccine dose 

more than ten years ago [12]. This is supported by a very recent trial [23]. 

Objectives 

The current study was done to evaluate the immunogenicity and safety of one versus 

two doses of Td-IPV in adults with "old" or incomplete immunity. 

Methods 

Ethics 

The trial was conducted according to the appropriate guidelines (GCP, French 

legislation, Declaration of Helsinki, Ethical Review Board) 

Study subjects 

Participants were 

- at least 40 years old and healthy, 

- had a history of complete primary vaccination with 3 doses of diphtheria-, tetanus-

and poliovirus antigens administered within 1 year, 

- had not received a booster dose against these antigens in the last 10 years for 

tetanus and poliovirus or 15 years for diphtheria. 

Various appropriate exclusion criteria applied. 

Study plan and timing 

At the three medical visits, patients were examined, a blood sample was drawn (day 

0, 28, 56), Td-IPV was injected into the deltoid muscle (day 0 right arm, day 28 left 

arm) and possible side effects were monitored in the week following vaccination. 

The study was conducted in two centers in France in the time between June 1997 

and September 1997. 

Study Vaccine 

Td-IPV as above 
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Evaluation of immunogenicity 

Serological tests were done as outlined above. In addition, anti-diphtheria-antibodies 

were also measured by neutralization test on Vero cells. 

Results 

Of 113 individuals included, 111 completed the study and no protocol violation was 

noted in 106 participants. There were 77 women and 36 men with a mean age of 52 

+ 8 years (range 40-78 years), who had received 3 - 9 previous doses of diphtheria-

toxoid. The time gap to the previous diphtheria-toxoid dose was 33 + 11 years 

(range 12-60 years). The situation was similar with regard to previous vaccines 

doses against tetanus and poliomyelitis, with the exception that 38.9% of participants 

had not received a previous vaccination against poliovirus. 

Antibody concentrations are shown in table 5. Using the ELISA method, GMCs 

against diphtheria rose from 0.047 IU/mL to 0.38 IU/mL after the first dose and to 

0.75IU/mL after the second. Those 22 study participants, who did not reach an anti-

diphtheria-concentration equal to or above 0.1 IU/mL, had received their last vaccine 

dose more than 20 years ago. GMCs against tetanus rose from 0.14 IU/mL before 

vaccination to 2.68 IU/mL and to 4.99 IU/mL after the first and second vaccine dose 

respectively. Likewise, there were significant rises to anti-poliovirus antibodies as 

determined by neutralization test. 

• 

• 
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Table 5: Immunogenicity of Td-IPV as a booster dose in adults > 40 years of age. 

Day 0 Day 28 Day 56 

N 113 111 111 

Anti-diphtheria 

GMC (IU/mL), ELISA 0.047 0.38 0.75 

GMC (IU/mL), NT 0.031 0.564 1.32 

% > 0.01 IU/mL, ELISA 96.5 100 100 

% > 0.01 IU/mL, NT 57.5 92.9 97.3 

% > 0.1 IU/mL, ELISA 27.4 80.5 93.7 

%> 0.1 IU/mL, NT 39.8 83.2 90.1 

%> 1 IU/mL, ELISA 2.7 24.8 45 

% > 1 IU/mL, NT 6.19 47.8 62.2 

GMR, ELISA 8.2 15.7 (to day 0) 

GMR, NT 18.2 41.2 (to day 0) 

Anti-tetanus 

GMC (IU/mL) 0.14 2.68 4.99 

% > 0.01 IU/mL 92.9 100 100 

% > 0.1 IU/mL 56.6 97.3 100 

%> 1 IU/mL 21.2 80.5 98.2 

GMR 19.5 37.3 (to day 0) 

Anti-Poliovirus type 1 

N > 111 

GMT 79 2520 2032 

% > 5 94.6 100 100 

GMR 31.9 25.8 (to day 0) 

Anti-poliovirus type II 

GMT 116 2822 2576 

% > 5 96.4 100 100 

GMR 24.6 22.6 (to day 0) 

Anti-poliovirus type III 

GMT 49.5 3653 3190 

% > 5 91.1 100 100 

73.2 63.4 (to day 0) 
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There were a total of 8 (7.1%) and 9 (8.1%) immediate adverse events (30 minutes 

following vaccination). These were mostly local reactions, whereas one patients 

suffered from headache and one from sweating. Local reactions observed during the 

7 day period after vaccine administration are listed in table 6: 

Table 6: Local reactions in the 7-day observation period (study 5) 

1St  Dose 2"d  Dose 1st  and/or 

2' Dose 

N 113 111 113 

Any local reaction 67% 64.9% 78.8% 

Pain 61.9% 63.1% 74.3% 

Induration > 2 cm 15.9% 10.8% 22.1% 

Redness > 2 cm 12.4% 4.5% 15.9% 

Ecchymosis 6.2% 1.8% 8% 

Solicited general adverse events occurred with a frequency of up to 23.9% 

(dizziness, headaches) and they were more common after the first (38.7%) than after 

the second dose (28.8%). An elevation of the body temperature > 38.0°C was 

observed in 0.9% on the day following vaccine administration. No severe adverse 

event was reported. 

Interpretation and Conclusions 

In this population of middle-aged and older healthy adults, who claimed having 

received a primary vaccination with the antigens in the study vaccine, there was a 

significant rise in antibody concentrations after one dose and an additional rise - 

although much less impressive - after the second dose to all vaccine antigens. With 

regard to diphtheria, there were important differences between ELISA and NT, mainly 

with regard to low antibody concentrations. Using the ELISA, more than 96% of 

study subjects had antibody concentrations against diphtheria-toxoid equal to or 

above 0.01 IU/mL, and 100% were "protected" already after the first vaccine dose 

(table 5). In contrast, by NT, only 57.5% of participants had initial anti-diphtheria- 
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antibody concentrations above 0.01 IU/mL and this number increased to only 92.9% 

after the first and to 97.3% after the second dose. This clearly documents, that the 

ELISA used gives higher anti-diphtheria-antibody-concentrations than the NT - what 

had been observed before [24] - and that protection rates are thus systemically 

overestimated when using this technique. The differences are less, when higher 

antibody concentrations are detected (>0.1 IU/mL) than with lower concentrations (< 

0.01IU/mL). In any case, the GMCs are comparable to those observed in a similar 

population using other vaccines and more importantly, the high GMRs indicate that 

after priming the vaccine acts as anticipated from a booster dose. 

The vaccine was well tolerated, the second dose, although given only 4 weeks after 

the previous booster dose, was not more reactogenic as one might have anticipated. 

Large local reactions were reported in up to 15.9% of the vaccinees. 

The vaccine can be given as a booster dose to healthy adults when needed and a 

second dose should be considered, when there is inadequate information about 

previous doses or when the last dose was given more than 20 years ago. 

5.6. Study 6 (A087 IVB1 / TDI08397): Immunity of Td-IPV versus Td-booster in 

children age 6-9 years 

Background 

Following a primary immunization series in early infancy and a booster dose from age 

12 months, an additional booster against diphtheria and tetanus is recommended by 

the German Vaccination Advisory Board in the 5th  and 6th  year of life (i.e. age 4 or 5; 

this has probably been misinterpreted in the study report, page 19) with a reduced 

dose of diphtheria toxoid ("d"). An additional dose against poliomyelitis is 

recommended at age 10-17 (11th  to 18th  year of life) [12]. While most German 

children to date have been primed against polioviruses with OPV-vaccines, as of 

1998 the sole use of IPV is recommended in order to prevent vaccine associated 

paralytic poliomyelitis. For adolescents age 10 or older the availability of an Td-IPV 

could clearly improve compliance with an IPV booster dose since less injections 

would be needed. For the lower age groups, just below school entry, a combination 
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vaccine with IPV and Td may be needed in the occasional patient who has not yet 

received three doses of IPV. 

Objectives 

This study was done to document the immunogenicity, safety and reactogenicity of a 

Td-IPV booster dose in children age 6-9 years as compared to Td alone. 

Methods 

Ethics 

All requirements were fulfilled as outlined in the previous study. 

Study subjects 

Participants were healthy children age 6 to 10 years. They had previously received 

3-4 doses of diphtheria- and tetanus-toxoid vaccines and at least three doses of 

OPV. The time gap to the administration of the previous vaccine dose had to be at 

least five years. 

Study plan and timing 

After enrollment of participants into this multicenter trial, the study physician called a 

central study center which assigned the subjects to either the Td or the Td-IPV 

group. Study vaccines were injected into the deltoid muscle. Blood samples were 

drawn before and 4 weeks after vaccine administration. A diary card was kept by 

parents for the whole study period of 28 days. The study was conducted in pediatric 

offices in Germany in the time between March and August 1998. 

Study Vaccines 

Td-IPV or Td as outlined above. 

Evaluation of immunogenicity 

Anti-tetanus and anti-diphtheria toxoid antibodies were measured by ELISA and in 

case of the latter antigen also by NT using Vero cells. Immunogenicity against 

polioviruses was also determined, probably by NT (no details mentioned in the 

materials section of the study report). 
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Results 

From the 303 subjects enrolled, 151 were randomized to the Td-IPV and 152 the Td 

group. Two subjects refused that a blood sample is taken and they were withdrawn 

on day 0. All other subjects (301) finished the trial and were available for analysis. 

Patient demographics were similar for both groups. The mean age was 7.3 years in 

both groups, and the mean ages at the time of previous vaccinations again were very 

similar. The gender distribution was again very similar for both study groups and 

also for the per protocol (PP) as well as for the intention to treat (ITT) analysis (48.6% 

/51.4%). 

For both the PP as well as for the ITT analysis, non-inferiority of the Td-IPV vaccine 

with regard to achieving anti-diphtheria and anti-tetanus antibodies equal to or higher 

than 0.1 IU/mL could be proven statistically. The GMCs achieved are shown in table 

7. All subjects developed antibody concentrations equal to or higher than 1.0 IU/mL 

against tetanus-toxoid and antibody concentrations equal to or higher than 0.1 IU/mL 

against diphtheria-toxoid, although the respective GMCs were about twice as high in 

the group receiving Td. NT-concentrations against diphtheria-toxoid were about 

twice as high as when determined by ELISA. Following vaccination with Td-IPV, all 

study subjects in this group were "seroprotected" against all three types of poliovirus. 

• 
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Table 7: Immunogenicity results of study 6 

Td-IPV Td 
Day 0 Day 28 Day 0 Day 28 

N 147 147 142 142 

Anti-Tetanus 
GMC (IU/mL) 0.252 15.9 0.300 34.0 
%>0.01 IU/mL 99.3 100 100 100 
°A> 0.1IU/mL 78.2 100 85.2 100 
%>1 IU/mL 15.6 100 9.2 100 
GMR 63.2 113 

Anti-diphtheria, ELISA 

GMC (IU/mL) 0.110 4.38 0.097 5.64 
%>0.01 IU/mL 95.2 100 95.8 100 
°A> 0.1IU/mL 58.5 100 52.8 100 
%>1 IU/mL 3.4 95.2 2.1 94.4 
GMR 39.6 58.4 

Anti-diphtheria, NT 

GMC (IU/mL) 0.265 9.73 0.229 12.4 
%>0.01 IU/mL 99.3 100 98.6 100 
°A> 0.1IU/mL 86.4 100 76.8 100 
%>1 IU/mL 12.2 98.6 13.4 99.3 
GMR 36.7 54.0 

Anti-poliovirus type I 

GMT 40.6 3958 34.6 31.7 
% > 5  98.0 100 92.0 91.5 
GMR 97.4 0.899 

Anti-poliovirus type ll 

GMT (IU/mL) 91.7 6174 91.2 90.4 
% > 5 100 100 99.3 100 
GMR 67.5 0.966 

Anti-poliovirus type III 

GMT (IU/mL) 18.0 6154 19.2 17.9 
% > 5  89.1 100 87.3 87.9 
GMR 341 0.922 
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There were 4 subjects with immediate reactions, all in the Td group. Injection site 

redness was observed three times and swelling once. Detailed reactogenicity data 

are shown in table 8. The overall frequency of local reactions was higher in the Td-

IPV than in the Td group, although large local reactions (> 2 cm) occurred with similar 

frequency (26.0% -29.3%). There was one severe adverse event, reported one week 

after vaccination (acute appendicitis), which was judged not to be related to 

administration of the study vaccine. 

Table 8: Local and general reactions following Td-IPV or Td 

Td-IPV (n=150) Td (n=151 
Any local reaction 70.0% 58.3% 
pain 54.0% 39.1% 
induration > 2 cm 26.0 28.5 
subcutaneous nodule 0 0 
Ecchymosis 2.0 0.7 

Fever > 38.0°C 4.7 4.6 
Headache 17.3 7.3 
Vertigo 2.7 0.7 
Nausea/vomiting 5.3 2.7 
diarrhea 8.0 5.3 

Interpretation and Conclusions 

This trial was planned and conducted with excellence as shown by the minimal drop 

out rate and by the fact that no single case was lost for follow up. When given as a 

booster dose to children age 6-9 years, at least five years after the last dose of a 

primary vaccination series had been administered, both the Td and the Td-IPV were 

safe, immunogenic and had a comparable reactogenicity profile. GMCs observed 

against tetanus- and diphtheria-toxoids were about two times higher in the Td as 

compared to the Td-IPV-group, but Td-IPV was statistically not inferior to Td with 

regard to the percentage of vaccinees achieving anti-diphtheria or anti-tetanus-

antibodies equal to or greater than 0.1 IU/mL. While the GMCs for diphtheria-

antibodies correlated poorly with those of the ELISA (NT-antibody concentrations 

were higher), the same statements as for the results measured by ELISA still hold 

true. Reactogenicity was acceptable in both groups and all resolved uneventfully. 
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5.7. Summary and discussion of the clinical development (see table 9) 

1. In the first pilot trial, three vaccines containing three different doses of diphtheria-

toxoid were combined with tetanus-toxoid and IPV (Td-IPV) to determine the 

immunogenicity, reactogenicity and safety of the new product in 10 volunteers per 

group who were eligible for administration of a Td and an IPV booster dose. All 

vaccines were safe and showed an acceptable reactogenicity profile. Using 

statistical analysis, a dose-effect-response in terms of immunogenicity was seen. 

Based on improved immunogenicity over the lower dose as well as on the 

comparatively little difference between the higher dose and the dose recommended 

for pediatric vaccination, the medium dose (5 Lf of diphtheria toxoid) was chosen for 

further development. 

2. A group of 508 young French males, mostly Army soldiers, eligible for a booster 

dose of Td and IPV, were randomized to receive either the combined Td-IPV vaccine 

plus a placebo or Td plus IPV vaccines separately. Td-IPV was safe, immunogenic 

and associated with acceptable reactogenicity. 

3. In this large-scale safety evaluation, a total of 1,742 young volunteers, mainly 

French Army soldiers eligible for a booster dose of Td and IPV, received Td-IPV. 

The vaccine was shown to be safe and it was associated with an acceptable 

reactogenicity profile. 

4. Persistence of antibodies to tetanus-toxoid was documented following a booster 

dose of Td-IPV in young volunteers (mainly male French Army soldiers). Based on 

mathematical modeling, "protective antibody concentrations" could be assumed to be 

present for 5-10 years. Due to the variability and persistence of antibody 

concentrations to diphtheria-toxoid and to the three serotypes of poliovirus no such 

modeling and prediction could be done for the other vaccine antigens. The vaccine 

was safe, immunogenic and had an acceptable reactogenicity profile. 

5. Two doses of Td-IPV were given one month apart to 113 adults 40 years of age or 

older who had received a primary vaccination series and their last dose of T, d, or 

IPV at least 10 years prior to the study. The vaccine was immunogenic after the first 

dose, and the second dose lead to an additional rise in GMCs. Both doses were 
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associated with an acceptable reactogenicity. Low antibody concentrations were 

observed among those participants, who had a long time gap (>20 years) between 

the current and the previous vaccination. 

6. One dose of Td-IPV was administered to 303 German children age 6 to 9 years 

eligible for a Td-booster dose after a complete primary vaccination with diphtheria-

toxoid, tetanus-toxoid and OPV during early childhood. The time from the last 

vaccine administration was at least 5 years. The vaccine was highly immunogenic, 

safe and had an acceptable reactogenicity profile. 

All studies were done according to the ethical and legal aspects relevant at the time 

of the conduction of the respective studies. They were planned and conducted with 

excellence, as shown by the rapid inclusion of participants and the rapid completion 

of the trials. There are 2 areas of concern to be discussed here: (1) The use of an 

ELISA-test instead of an neutralization study for determination of antibodies to 

diphtheria- and tetanus-toxoid and (2) the age of study participants in study 6 with 

regard to the later recommendations in the SPC. 

1. It has been shown, that the ELISA-test may give largely variable results when 

used with sera containing low amounts of anti-diphtheria or anti-tetanus-antibodies. 

This was also seen in studies 5 and 6 included in this report. In study 5, antibody 

concentrations as determined by NT were lower then those detected by [LISA and 

they were higher in study 6. The analysis of immunogenicity of the first 4 studies 

relies solely on ELISA-testing. Nevertheless, this method is able to document rises 

in antibody concentrations and these were convincingly high enough to document the 

immunogenicity of Td-IPV when given to the respective study populations. Thus, the 

validity and the main conclusions of studies 1-4 are not questioned. 

2. In , children are eligible for a Td-booster dose at age 

which is - using the wording of the 

thee to thell year of life. In study 6, participants had a mean age of 7 years and 

according to the study protocol the time from the last vaccine dose to the booster had 

to be at least 5 years. In vaccinations are often delayed, and thus the 

booster before school entry may in some cases actually be much closer to the first 
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booster following the primary vaccination series. While this should not at all influence 

immunogenicity, it may increase reactogenicity. On the other side, poliovirus-

vaccination is not scheduled for the time of school entry. Thus the Td-IPV will only 

be used if prior doses of IPV were not given. Under these circumstances, a 

somewhat higher reactogenicity, possibly caused by the short time between first 

booster dose and booster dose at the time of school entry, is acceptable, since no 

second injection (Td plus IPV) with additional reactogenicity is required. Also, as 

outlined in another chapter in the SPC, a time period of at least 5 years should have 

elapsed before administering Td-IPV. 

• 

• 
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Table 9: Summary of studies with Td-IPV submitted to the PEI 

• 

• 
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No. Investigators Trial Design Conclusions 

1 Open, nonrandomized, healthy adults 
with 10 subjects per group to 
sequentially receive a booster dose of 
Td-IPV vaccine containing either 2, 5, or 
8 Lf of diphtheria toxoid 

All three vaccines were well tolerated and safe; 
there was a significant antibody response to all 
vaccine antigens; for diphtheria-toxoid there was 
dose-response effect. The vaccine with 5 Lf of 
diphtheria-toxoid was chosen for further clinical 
evaluation 

2 Double-blind, randomized, placebo- 
controlled trial with approximately 250 
subjects (mainly young French soldiers 
eligible for a booster dose) per groups 
receiving either Td-IPV + placebo or Td 
plus IPV separately for determination of 
immunogenicity and reactogenicity 

The combination vaccine was well tolerated and 
highly immunogenic as compared to separate 
injections. 

3 Large scale safety and reactogenicity 
trial with three batches of Td-IPV in 
young healthy adult volunteers eligible 
for booster doses 

The vaccine was safe and had a reactogenicity 
profile as expected from the experienced with 
other Td and IPV-vaccines 

4 Repeated measurement of antibodies to 
vaccine antigens following a Td-IPV 
booster dose and calculation of decay of 
the humoral immune response 

Td-IPV was safe, highly immunogenic and 
antibody titers against tetanus can be expected 
to be present until at least 10 years after a 
booster dose. For diphtheria and the three 
polioviruses, there antibody titers were high 
throughout the 2-year study period but GMCs for 
5 and 10 years could not be calculated due to a 
lack of decay of the antibodies measured. 
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lmmunogenicity, safety and The vaccine was safe, had an acceptable 
reactogenicity of one or and two Td-IPV reactogenicity profile and was immunogenic. 
booster doses in healthy adults age 40 Two doses may be required in those with a 
or above with a history of previous vaccination history that dates back more than 20 
immunization of more than 10 years ago years. 
Randomized, controlled, non-blinded Td-IPV was not inferior to Td with respect to 
study where as a booster dose either Td- achieving anti-diphtheria and anti-tetanus 
IPV or Td was given to children age 6-9 antibody concentrations > 0.1 IU/mL. GMCs 
years, at least five years after completion were about twice higher in the Td group and both 
of a full primary series against the vaccines had an excellent safety and an 
respective vaccine antigens. acceptable reactogenicity profile. 
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6. Summary of Product Characteristics (SPC), version dated "March 1999" 

In the following, only points considered to be critical are discussed. 

6.1. Chapter 4.1., "Therapeutic indications" 

In line 2, the age of indication for Td-IPV is given with "five years". The relevant age 

group in the study completed (study 6), however, was 6 - 9 years, with no participant 

less than six years old. Participants had a mean age of 7.3 + 0.8 years. Thus, there 

is a gap of one year not covered by studies and actually of two years, if the earliest 

point in time for a Td booster recommended in Germany (4 years) is considered. As 

outlined above, this should not be of relevance immunologically. The vaccine under 

discussion will in Germany only be used as pre-school booster, if any of the 

recommended doses of IPV had not been given. In these few instances, the 

possibility of a somewhat higher reactogenicity due to the short time interval from the 

last booster dose is outweighed by the fact that the Td-IPV combination allows to 

administer all three antigens when indicated with one instead of with two injections. 

In addition, under chapter 4.4. (SPC page 6) there is a special warning to use Td-IPV 

only in subjects who have not received a diphtheria- or tetanus-vaccine during the 

previous 5 years (see also chapter 5.7.) 

No study was done to show that RevaxisR  is safe, immunogenic and of acceptable 

reactogenicity when given as a primary vaccination series to humans above age five 

years. However, in Germany, this is of no relevance, since the number of subjects 

who would require a primary Td-IPV series is very small. Such persons may for 

example belong to immigrant groups with no documentation of their vaccination 

history. Based on experience with the single Td- and IPV components and also with 

the immunogenicity of the combination in the six studies described above, such a 

recommendation is plausible and does not pose any danger to the vaccinee. Also, 

improved compliance with the recommended vaccines doses can be anticipated for 

combination vaccines. 

6.2. Chapter 4.2. 

Line 2, earliest age of administration as discussed under 6.1.. 
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page 5, last line: It is suggested to write (suggested changes in italics and 

underlined ) that" intradermal or intramsucular routes must  not be used. ..." 

6.3. Chapter 4.3. 

The first contra-indication listed opposes recommendations of most, if not of all 

vaccination advisory boards: Please write: "... in case of high  fever ..." or "body 

temperature above 38.5°C". 

Likewise there is no reason to exclude all patients with "neurological disorders" from 

vaccination with either of the vaccine antigens. Why should someone with e.g. 

migraine not receive RevaxisR? 

6.4. Chapter 4.4. 

With regard to point 4 it is suggested to write that ".... while the vaccine may be given 

when indicated during times of severe immunosuppression, the immunological 

response and thus the rate of protection may be reduced under these circumstances. 

Additional doses should be applied once the immunosuppression is overcome, based 

on individual judgement." 

6.5. Chapter 4.5. 

page 6, second last line: It is suggested that instead of writing "accepted rules for 

vaccine associations" the more appropriate wording would be "... rules for the 

simultaneous administration of vaccines ..." 

6.6. Chapter 4.8. 

page 7, second bullet: "Malignant Hyperthermia" is a disease occurring in selected 

individuals usually in the context of applying anesthesia. It is suggested to write 

either "elevated body temperature" or - best of all - "fever". 

page 7, last line: diphtheria and tetanus should not be written with capital letters. 
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6.7. Chapter 5.1. 

page 8, second last paragraph: It should be made clear that these antibody 

concentrations were achieved when the vaccine was given as a booster dose, e.g. 

"... with one dose of RevaxisR  given as a booster dose." 

Last paragraph: It should be made clear that the numbers in brackets are not the 

age of the study population but the range of the time interval from last dose to 

booster dose, e.g. "... (range  between 11 and 60 years), ..." 

• 

• 
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7. Summary 

RevaxisR  is a Td-IPV combination vaccine with a reduced amount of diphtheria 

toxoid. The latter allows to administer the vaccine as a booster dose from the time in 

life when a reduced amount of diphtheria toxoid is usually recommended (mostly pre-

school vaccination, age 5 years). When given as a single booster dose to young, 

healthy adults, the vaccine was safe, immunogenic and it had an acceptable 

reactogenicity profile. In adults age 40 years or older, where the last diphtheria-, 

tetanus or poliomyelitis dose was given more than ten years earlier, the vaccine was 

likewise safe, immunogenic and had an acceptable reactogenicity. Two or three 

doses at least four weeks apart may be indicated in persons with an unclear history 

of prior vaccinations. In children, the vaccine can be given as a booster dose from 

age 5 years. In all cases, five years should have elapsed from the administration of 

the last diphtheria-, tetanus- or poliovirus vaccines and the administration of 

RevaxisR. 

C 
I 
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