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Title: COMBINATION·PEDIATRIC VACCINE WITH 
ENHANCED IMMUNOGENICITY OF EACH 

VACCINE COMPONENT 

r·· · BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a combination pediatric 

vaccine comprising diphtheria antigen, tetanus antigen, 

pertussis antigen and a conjugate of fragments of the 

capsular polysaccharide antigen of Haemophilus 

influenzae type b (Hib) and a diphtheria CRM197 protein 

(CRM197 ) in a single immunizing dose. This combination 

vaccine exhibits improved immunogenicity in infants for 

each of the four vaccine components when compared to 

OTP and Haemophilus influenzae type b conjugate (Hib 

comjugate) vaccines administered concurrently but 

separately. The invention also relates to methods of 

simultaneous combined vaccination and of enhancing the 

immunogenicity of each vaccine component in a combina­

tion vaccine. 

2. Description of Prior Art · 

Combined vaccines off er many advantages and their 

use is generally encouraged. The optimal age for vac­

cination against many diseases is during infancy and 

early childhood. Typically during this period, 

therefore, many vaccinations are scheduled during a 

short period of time. Simultaneous administration may 

serve to reduce the costs associated with vaccine 

administration, increase vaccine acceptance rates, and 

permit early and wide ranging immunization of 'children. 
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Examples of vaccine combinations used for 

vaccination of children are diphtheria and tetanus 

toxoids with killed whoie cells of Bordetella pertussis 

(DTP); or with acellular pertussis antigens; combina­

tion of live measles, mumps and rubella (MMR); three 

5 poliovirus serotypes, either live (oral poliovirus 

10 

15 

vaccine) or inactive (IPV); and a DTP-IPV combination. 

current us immunization practices require vaccin­

ation of young infants starting at two months of age 

with both (1) a diphtheria and tetanus toxoid and 

pertussis (DTP) vaccine and (2) a Haemophilus 

influenzae type b conjugate vaccine. TWo such 

commercially· available vaccines are Tri-Immunol® 

(Lederle Laboratories), and HibTITER® (Praxis 

Biologics, Inc. ) • Both of these vaccines are recom-

mended for administration at two, four and six months 

of age with a booster dose at 15-18 months. An 

additional dose of DTP is recommended at 4-6 years of 

age. Both of these vaccines, administered separately, 

have been remarkably successful in reducing the inci-

20 dence of disease in the United States. 

While it would be desirable to combine the DTP and 

the Haemophilus influenzae type b conjugate into a 

single vaccine so as to reduce the number of immuniza­

tions a child must receive, such combination must have 

25 acceptable safety profile and a protective immunogeni­

ci ty which is not less than that of the vaccines given 

separately. 

SUMMARY OF THE INVENTION 

A combination pediatric vaccine comprising, in a 

30 single immunizing dose, a composition of diphtheria 

antigen, tetanus antigen, pertussis antigen and a 

conjugate of Haemophilus influenzae type b capsular 

polysaccharide fragments and CRM197 protein in a 

pharmaceutically acceptable aqueous vehicle has been 

35 found to exhibit enhanced immunogenicity in infants 
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of the four vaccine 

the combination vaccine 

components. In 

of the present 

invention comprises a 'sterile mixture of diphtheria 

toxoid, aluminum phosphate adsorbed, tetanus toxoid, 

aluminum phosphate adsorbed, inactivated Bordetella 

5 Pertussis and a conjugate of Haemophilus influenzae 

type b capsular polysaccharide fragments and CR.'-!197 
protein in a pharmaceutically acceptable aqueous 

vehicle. After shaking, the combination vaccine 

composition of the present invention is a homogeneous 

10 

15 

white suspension. In addition, the vaccine components 

are stable and compatible and do not exhibit intercom­

ponent inhibi t·ory activity. 

Methods 

infants and 

Haemophilus 

diphtheria 

for simultaneous combined vaccination of 

for enhancing the immunogenicity of the 

influenzae type b polysaccharide, 

antigen, tetanus antigen and pertussis 

antigen vaccine components have also been found. These 

methods comprise providing a single immunizing dose of 

diphtheria antigen, tetanus antigen, pertussis antigen 

20 and a conjugate of Haemophilus influenzae type b 

capsular polysaccharide fragments and CRM197 protein 

and injecting this single dose into humans, 

particularly infants. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 The combination pediatric vaccine composition of 

the present invention comprises diphtheria, tetanus and 

pertussis antigens mixed with a conjugate of capsular 

polysaccharide fragments of Haemophilus influenzae type 

b covalently bonded to CRM197 • In a preferred embodi-

30 ment, the diphtheria antigen is diphtheria toxoid, 

aluminum phosphate-adsorbed, and the tetanus antigen is 

tetanus toxoid, aluminum phosphate-adsorbed. These 

toxoids can be prepared by methods well known in the 

art. The diphtheria toxoid and tetanus toxoid are 

35 derived from Corvnebacterium diphtheriae and 

Clostridium tetani, respectively, which are grown in 

media according to the method of Mueller and Miller, ~ 
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Immunol., 1941, 40:21-32 and J. Immunol., 1947 56:143-
147, and are detoxified by use of formaldehyde. The 
toxoids are refined by the Pillemer alcohol fractiona­
tion method, !L.. Immunol., 1946, 54:213-224, and are 
diluted with an aqueous solution containing sodium 

5 phosphate monobasic, sodium phosphate dibasic, glycine 
and thimerosal (mercury derivative) as a preservative. 

The pertussis antigen is p~eferably an inactivated 
whole cell preparation of a strain or combination of 
strains of Bordetella pertussis. The inactivated whole 

10 cell pertussis preparation is prepared by growing Phase 
I Bordetella pertussis in a modified Cohen-Wheeler 
broth containing acid hydrolysate of ca~ein. The 
Bordetella pertussis is inactivated with thimerosal, 
harvested, and then suspended in an aqueous solution 

15 containing potassium phosphate monobasic, sodium 
phosphate dibasic, sodium chloride, and thimerosal 
(mercury derivative) as a preservative. 

The DTP components can be provided as a mixture. 
For example, a commercially available preparation of 

20 DTP such as that available from Lederle Laboratories 
under the name Tri-Immunol® can be used for the com­
bination vaccine composition of the present invention. 

The Hib conjugate component of the combination 
vaccine of the present invention comprises fragments of 

25 the bacterial capsular polysaccharide of Haemophilus 
influenzae, type b, covalently bonded to cRM197 
protein. The fragments are prepared by periodate 
cleavage of the purified capsular polysaccharide 
isolated from Haemophilus influenzae type b grown in a 

30 chemically defined medium. The protein cRM197 is a 
non-toxic variant of diphtheria toxin isolated from 
cultures of c.diphteriae strain C7 (Beta 197) grown in 
a casamino acids and yeast extract based medium. The 
Haemophilus influenzae type b fragments are coupled to 

35 the CRM
197 

protein by covalent attachment. A particu-
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larly pref erred method for covalently attaching a 
saccharide to a protein is reductive amination. The 
preparation of conjugates of Haemophilus influenzae 
type b and CRM197 by reductive amination is described 
in US patents 4,673,574, 4,761,283 and 4,902,506. The 

5 conjugate is purified by diafiltration to remove 
unreacted protein or polysaccharide fragments, and 
reagents, and sterilized by filtration. A commercially 
available Haemophilus "influenzae type b conjugate such 

10 

·as that available from Praxis Biologics, Inc. under the 
name HibTITER® can be used for the combination vaccine 
composition of the present invention. 

The combination vaqcine composition of the present 
invention is prepared by adding a concentrate of 
Haemophilus influenzae type b conjugate to a DTP 

15 preparation when the DTP vaccine is being diluted to 
final volume. The final immunizing dose, therefore, 
remains at 0.5ml. Each single dose of 
0.5ml of the combination vaccines is formulated to 
contain a minimum of 7.5 Lf of diphtheria toxoid, 5 Lf 

20 of tetanus toxoid {both toxoids induce not less that 2 
uni ts of anti toxin per ml in a guinea pig potency 
test), 10 µg of purified Haemophilus influenzae type b 
saccharide and approximately 25 µg of CRM197 protein. 
Each o. 5 ml dose of vaccine is formulated to contain 

25 less than 16 OPUs of inactivated pertussis cells. The. 
total human immunizing dose (the first three o.s ml 
doses given) contains an estimate of 12 units of 
pertussis vaccine with an estimate of 4 protective 
units per sing:le human dose. Each component of the 

30 vaccine - diphtheria toxoid, tetanus toxoid, pertussis 
and Haemophilus influenzae type b conjugate - meets the 
required potency standards. 

As a preservative, thimerosal (mercury derivative) 
is added to the combination vaccine to a final concen-

35 tration of 1:10,000. The aluminum content of the final 
product dose not exceed 0.85 mg per 0.5 ml dose by 
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assay. The residual free formaldehyde content by assay 

is ~0.02%. 

The combination vaccine containing each of the 

four vaccine components (D,T,P, and Hib conjugate) is 

provided as an aqueous composition. After shaking, the 

5 vaccine is a homogenous white suspension. suitable 

vaccine adjuvants may also be incorporated into the 

combination vaccine. The vaccine is administered by 

the intramuscular route of administration. 

10 

A four component combination vaccine was prepared 

as described hereinabove utilizing DTP (Tri-Immuneol®, 

Lederle Laboratories) and Hib conjugate (HibTITER®, 

Praxis Biologics). 

The enhanced immunogenici ty of each of the four 

vaccine components for the combined has been shown by 

15 clinical trial. Multicenter safety and immunogenicity 

studies were performed in toddlers and infants. In 

addition, a large scale safety study was performed in 

inf ants to assess the occurrence of rare adverse events 

in a large number of subjects. 

20 For both the toddler and infant safety and 

immunogenicity studies, subjects were randomized to 

receive either a single o. 5 ml dose of one of three 

consistency lots of the four component combined vaccine 

(D,T,P, and Hib conjugate, combined) or a o.s ml dose 

25 of each of a DTP and a Hib conjugate vaccine selected 

from one of three corresponding lots of DTP and Hib 

conjugate administered concurrently as separate 

injections (DTP-Hib conjugate, separate) a~ 18+/-3 

months of age or at approximately 2, 4 and 6 months of 

30 age. Thus subjects were assigned to one of six 

treatment cohorts. Acute safety was assessed by 

parental report of adverse events for 72 hours 

following each i1'Dlllunization. Immunogenicity was 

determined by serologic analysis of antibody to 

35 Haemophilus influenzae type b polysaccharide (Hib 

polysaccharide), diphtheria, tetanus and pertussis. 
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Each study protocol was analyzed independently. A 

primary analysis of the safety and inununogenicity data 

concluded that all three consistency lots of the four 

component combined vaccine were similar for all 

parameters tested and thus the data was collapsed. 

5 This was also the case for the three corresponding lots 

of DTP and Hib conjugate which were administered 

concurrently as separate injections. 

10 

15 

20 

25 

30 

35 

a. Toddler Safety and Immunoqenicity study 

b. 

A total of 215 subjects (combined vaccine 

n=107, DTP-Hib conjugate, separate n=l08) 

were enrolled into the toddler study protocol 

and randomized at each of four clinical 

sites. Demographic characteristics of all 

subjects were similar. 

Serologic analysis of pre and one month 

post-immunization serum samples indicated no 

difference in response to Hib polysaccharide, 

diphtheria or tetanus (See Table 1). How­

ever, the antibody response to pertussis 

agglutinins was significantly higher in the 

combined vaccine cohort (142.58) compared to 

the DTP-Hib conjugate, separate cohort 

(82.44; p=0.013). 

Infant Safety and Immunogenicity study 

A total of 378 subjects (combined vaccine 

n=189, DTP-Hib conjugate, separate n=l89) 

were enrolled into the inf ant study protocol 

and randomized at each of five clinical 
sites. Demographic ~haracteristics of all 

subjects were similar. 
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The response to Hib polysaccharide after each 
of three immunizations was higher in the 
subjects receiving the combined vaccine. (See 
Table 2). After two doses, the geometric 
mean titer (GMT) of the combined vaccine 

5 group was o. 66 µg/ml compared to o. 3 4 µg/ml 

10 

15 

20 

25 

30 

35 

in the DTP-Hib conjugate, separate group 
(p<0.001). The same trend was observed after 
the third 
µg/ml for 

dose, 6. 67 µg/ml compared to 
the combined vaccine and the 

4.42 

DTP-
Hib conjugate, separate vaccines respectively 
(p=0.034). 

Serologic response to the DTP components was 
measured one month after the third dose was 
given. The GMT of antibody to diphtheria 
(0.71 IU/ml vs. 0.40 IU/ml; p=0.009), tetanus 
(8.20 vs. 4.51; p<0.001) and pertussis 
agqlutinins (51.93 vs. 23. 34; p=0.008) was, 
in all cases significantly higher in the 
combined vaccine qroup when compared to the 
separate administration group respectively 
(See Table 2). In the cases of diphtheria 
and pertussis, this significa~ce was lost 
when comparinq the ratio of response to 
baseline titer. A subset of sera was 
analyzed for antibody to specific pertussis 
antigens: pertussis toxin (PT), FHA and 69K 
protein. The response to PT (85.92 vs. 
17.60; p=0.001) and FHA (2.32 vs. o.79: 
p=O. 0001) was significantly hiqher in the 
combined vaccine group compared to the 
separate administration group, respectively 
(See Table 3). However,· no difference was 
observed for 69K (combined vaccine 66.43 vs. 
separate administration 41.55: p=0.11). 
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Large Scale Inf ant Safety Study with 
Immunogenicity Subset 

A large scale safety study in infants was 

conducted at the Kaiser Permanente Medical 

Care Program of Northern California. This 

study employed both a non-randomized and a 

randomized design. The former allowed for 

accumulation of data for the combined vaccine 

in a large number of subjects (n=5777). The 

latter provided a controlled study whereby 

the safety of the combined vaccine (n=720) 

·could be prospectively compared with a cohort 

receiving DTP-Hib conjugate (n=691) concur­

rently as separate injections. Thus, a total 

of 6497 subjects received 3 doses of the 

combined vaccine (D,T,P, and Hib conjugate 

combined) at approximately 2, 4 and 6 months 

of age. 

The incidence of local and systemic events 

occurring within 24 hours of immunization was 

determined. Rare events, such as seizures, 

were assessed by evaluating hospitalizations 

within 60 days and emergency room utilization 

within 30 days of immunization. For the 

three visit series, local and systemic 

reactions did not occur consistently more 

frequently following the administration of 

the combined vaccine when compared to DTP 

alone. In addition, there was no significant 

difference for rates of medical adverse 

events observed in hospitalization or 

emergency room utilizations. The SIDS death 

rate was somewhat lower in the combined 

vaccine cohort than in the control cohort. 



5 

10 

15 

20 

25 

d. 

-10-

The antibody responses to Hib polysaccharide, 

diphtheria, tetanus and pertussis were 

measured one· month following the third dose 

of the combined vaccine in a subset of 123 

subjects. The values obtained were 

comparable to those derived from the 

multi center safety and illllll.unogenici ty study 

in infants described above (See Table 4). 

Serological Procedures 

serological assays were performed by ELISA 

for the Haemophilus influenzae type b 

polysaccharide and tetanus (for the infant 

studies) antibodies, by the Vero cell assay 

(J. Biol. Stand. 2:189-201; J. Biol. Stand. 

2:203-209) for diphtheria antibodies, by the 

mouse lethal method {Bull WHO 43:453-459; 

Minimum Requirements: Tetanus Toxoid 

Appendix A, June 15, 1953, Pub. Health 

Serv., NIH; Craig, 1986, Manual of Clinical 

Laboratory Immunol., pp 408-414, 3rd ed.) for 

the tetanus antibodies (toddler study), and 

by the microagglutination test (Manclark et 

al, 1986, Manual of Clinical Laboratory 

Immunol., pp 388-394, 3rd ed.), for pertussis 

antibodies. 

As will be appreciated from the clinical studies 

reported herein, the response by infants to each of the 

30 vaccine components was higher in the case of the com­

bined vaccine than for the concurrent · but separate 

administration of the DPT and Hib conjugate vaccines. 

The use of such a combined vaccine thus can reduce the 

number of immunizations given to infants by half and is 

35 an important step toward improving vaccine delivery. 
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TABLE 1 

Comparison of Antibody Response to 
Combined vs Separate Vaccines1 

Antibody Titer (GMTl 

p-Value3 

10 (n2 ) 

Combined 
(107) 

Separate 
(108) 

15 

20 

25 

30 

35 

Hib Conjugate 
(µg/mL) 

pre 0.21 0.25 0.270 
post 2.77 3.19 0.689 

Diphtheria 
(IU/mL) 

pre 0.12 0.13 0.812 
post 9.56 10.79 0.637 

Tetanus 
(U/mL) 

pre 0.60 0.52 0.542 
post 9.68 8.60 0.582 

Pertussis agglutinins 
(reciprocal dilution) 

pre 14.20 11.43 0.451 
post 142.58 82.44 0.013 

1. Combined four component (D,T,P, and Hib conjugate) vaccine 
or separate (OTP-Hib conjugate) vaccines were given at 
15-18 months of aqe with a bleed for Seroloqy one month 
later. 

2. Total subjects enrolled. 

3. Based on effects from primary (covariate adjusted) model 
including: treatment, center, lot, age, baseline antibody 
level. 
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TABLE 2 

Antibody Response to comparison of 
Combined vs Separate Vaccines1 

Ant;i.bod:y: Titei;: (GMT} 

Component Combined Separate p-Value3 

(n2) (189) (189) 

Hib Conjugate 
(µg/mL) 

pre 0.09 0.09 0.762 
post 3 6.67 4.42 0.034 

Diphtheria 
(IU/mL) 

pre 0.04 o.os 0.624 
post 3 0.71 0.40 0.009 

Tetanus 
(U/mL) 

pre 0.45 o.so 0.404 
post 3 8.20 4.51 <0.001 

Pertussis agglutinins 
(reciprocal dilution) 

pre 6.53 4.69 0.121 
post 3 51.93 23.34 0.008 

1. Combined four component (D,T,P, and Hib conjugate) vaccine 
or separate (DTP-Hib conjugate} vaccines were given at 2, 
4 and 6 months of age. 

2. Total subjects enrolled. 

3. Based on effects from primary (covariate adjusted) model 
including: treatment, center, lot, age, baseline antibody 
level. 
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TABLE 3 

5 Antibody Response to Three Pertussis Vaccine components 
in Combined vs Separate Vaccine Groups 

Vaccine 
10 component 

Pertussis 

pre 
15 post 3 

69K 

pre 
post 3 

20 
FHA 

pr~ 

post 3 

Toxin 

Antibody Titer (GMT1 > 

Combined 

(n=52) 

1.09 
85.92 

6.13 
66.43 

3.97 
2.32 

Separate 

(n=34) 

1.80 
17.60 

5.98 
41.55 

4.73 
0.79 

25 1. Antibody titers are ELISA units per mL. 

p-Value2 

0.001 

0.11 

0.0001 

2. P-values calculated using a Wilcoxon 2-sample test. 

30 

35 
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TABLE 4 

5 Antibody Responses to Each Component of Combined 

10 

15 

20 

25 

30 

35 

(D,T,P, and Hib Conjugate) Vaccine 

Component n Antibody Titer (GMT) 

Hib conjugate 123 8.20 
(pq/mL) 

Diphtheria 123 0.92 
(IU/mL) 

Tetanus 123 7.52 
(U/mL) 

Pertussis agglutinins 123 110.10 
(reciprocal dilution) 

l. Antibody titers one month after the third dose. 
pre-immune serum were obtained. 

No 
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CLAIMS: 

s 1. A combined pediatric vaccine composition 

comprising, in a single immunizing dose, a mixture of 
diphtheria, tetanus and pertussis antigens and a 
conjugate of fragments of the capsular polysaccharide 

·antigen of Haemophilus influenzae type b and CRM197 
10 protein in a pharmaceutically acceptable aqueous 

vehicle, said combined vaccine composition providing an 
enhanced antibody response by infants to each of the 

diphtheria, tetanus, pertussis and 

influenzae type b vaccine components. 

Haemophilus 

15 2. The vaccine composition of claim 1 wherein 
the diphtheria antigen is diphtheria toxoid, the 
tetanus antigen is tetanus toxoid and the pertussis 
antigen is inactivated Bordetella Pertussis cells. 

3. The vaccine composition of claim 2 wherein 
20 the diphtheria toxoid is aluminum phosphate adsorbed, 

the tetanus toxoid is aluminum phosphate adsorbed and 

the inactivated Bordetella pertussis cells are 

suspended in a solution comprising potassium phosphate 
monobasic, sodium phosphate dibasic and sodium 

25 chloride. 
4. A method of simultaneous combined vaccination 

comprising administering to an inf ant a combined 
vaccine comprising, in a single immunizing dose, a 
mixture of diphtheria, tetanus and pertussis antigens 

30 and a conjuqate of fragments of the capsular polysac­

charide antigen of Haemophilus influenzae type b and 
CRM197 protein in a pharmaceutically acceptable 
aqueous vehicle, said combined vaccine composition 
providing an enhanced antibody response by inf ants to 

35 each of the diphtheria, tetanus, pertussis and 

Haemophilus influenzae type b vaccine components. 

l llllll\ \l\ll\ 1111\ \llll ll llll 
* c L M S * 
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5. The vaccine composition of claim 4 wherein 

the diphtheria antigen is diphtheria toxoid, the 

tetanus antigen is tetanus toxoid and the pertussis 

antigen is inactivated Bordetella Pertussis cells. 

6. The vaccine composition of claim 5 wherein 

5 the diphtheria toxoid is aluminum phosphate adsorbed, 

the tetanus toxoid is aluminum phosphate adsorbed and 

the inactivated Bordetella pertussis cells are suspend­

ed in a solution comprising potassium phosphate monoba­

sic, sodium phosphate dibasic and sodium chloride. 

10 7. The method of claim 4 wherein said adminis-

tration is intramuscular. 

8. A method for enhancing the immunogenicity of 

Haemophilus influenzae type b, diphtheri~ antigen, 

tetanus antigen and pertussis antigen components of a 

l.5 combination vaccine comprises providing, in a single 

dose, a mixture of diphtheria, tetanus and pertussis 

antigens and a conjugate of fragments of the capsular 

polysaccharide antigen of Haemophilus influenzae type b 

and CRMl.97 protein in a pharmaceutically acceptable 

20 aqueous behicle and administering the single immunizing 

dose to an infant. 

9. The vaccine composition of claim 8 wherein 

the diphtheria antigen is diphtheria toxoid, the 

tetanus antigen is tetanus toxoid and the pertussis 

25 antigen is inactivated Bordetella Pertussis cells. 

10. The vaccine composition of claim 9 wherein 

the diphtheria toxoid is aluminum phosphate adsorbed, 

the tetanus toxoid is aluminum phosphate adsorbed and 

the inactivated Bordetella pertussis cells are 

30 suspended in a solution comprising potassium phosphate 

monobasic, sodium phosphate dibasic and sodium 

chloride. 

11. The method of claim 8 wherein said 

administration is intramuscular. 
35 

l lllllll llllll lllll lllll ll llll 
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