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COMBI NATI ON PEDI ATRI C VACCI NE W TH ENHANCED | MMUNOGENI CI TY OF EACH VACCI NE
COVPONENT The invention relates to a conbination pediatric vaccine

‘comprising diphtheria antigen, tetanus antigen, pertussi

s antigen and a

conjugate of fragnments of the capsul ar pol ysaccharide anti gen of
Haenmophi l us i nfluenzae type b (H b). and a di phtheria CRMerr] protein
(CRMerr]) in a single imuni zing dose. This conbi nation vacci ne exhibits

i mproved i Mmunogenicity in infants for each of the four

vacci ne conponent s

when conpar ed é? gg and Haenophi |l us influenzae type b conjugate (H b _
A

conj ugate) vac

antigen and a conjugate of fragments of the capsul ar pol
of Haenophilus influenzae type b (H b) and a diphtheria

adni ni stered concurrently but separately. The invention
also relates to the use of a diphtheria antigen, tetanuisShest

W

(CRMerr]) in the preparation of said conbined vacci ne conposition.
Conbi ned vacci nes of fer many advantages and their use is generally

encouraged. The opti nmal

i nfancy and early chil dhood. Typically during this period, therefore,
vacci nations argtiekbedul eOMBUNATHON - PRDIATRECI VACCINEI WETHSI nmul t aneous
adm ni stration may serve t "ﬁﬁﬁ Chat i th vacci ne
adm ni stration, increase.vg UED 1 8EENTE §Q,b§ ﬂCwm't early and
wi de rangi ng i muni zation of chi| HAGGINE COMPONENT

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 CRM, o
(CRM197) in a single immunizing dose. This combination
vaccine exhibits improved immunogenicity in infants for
each of the four vaccine components when compared to
DTP 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

- protein

immunogenicity of each vaccine component in a combina-
tion vaccine.
2. Description of Prior Art"

Combined vaccines offer 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 wvaccine
administration, increase vaccine acceptance rates, and
permit early and wide ranging immunization of children.

age for vaccination agai nst many di seases is during

many
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_2- Exanpl es

of wvaccine conbinations used for vaccination of

children are di phtheria and tetanus toxoids with killed whole cells of
‘Bordetella pertussis (DTP); or with acellul ar pertussis antigens; conbina-
tion of live neasles, munps and rubella (MWR); three 5 pol i ovi rus
serotypes, either |live (oral poliovirus vaccine) or inactive (IPV); and
a DTP-1PV conbination. Current US inmuniZ2xtion practices require vacc
ation of young infants starting at two nonths of age with both (1) a
di pht heria and tetanus toxoid and 10 pertussis _ , (DIP) vaccine
(2) a FbennphllLﬁﬁﬁmﬂ}%%nzégf tYﬁ€°1Be cofipiganationgci fised Tfer
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Cdrrent US 1mmunlzatlon practices requlre 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-
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
acceptable safety profile and a protective immunogeni-
city which is not less than that of the vaccines given
separately.

SUMMARY OF THE INVENTION

A combination pediatric vaccine comprising, in a
single immunizing dose, a composition of diphtheria
antigen, tetanus antigen, pertussis antigen and a
conjugate of Haemophilus influenzae type b capsular
polysaccharide fragments and CRM, o protein in a
pharmaceutically acceptable aqueous vehicle has been
found to exhibit enhanced immunogenicity in infants
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tions a child nmust receive, such conbination nust have 25 accept abl e
safety profile and a protective i mmunogeni- city which is not |ess than
‘that of the vaccines given separately. SUVWARY OF THE | NVENTI ON A

conbi nation pediatric vaccine conprising, in a 30 singl e i mmuni zi ng
dose, a conposition of diphtheria antigep, tetanus antigen, pertussis
antigen and a conjugate of Haenophilus intluenzae type b capsul ar

pol ysaccharide fragnents and CRMerr] protein in a pharmaceutically

~acceptabl e aquyequs ¥gBKCl espas tl?&en BSur JAudihd 0 e&&behbneahancefh

|nnunogen|C|ty in jinfants -3- for, each of the f vacci ne
conponent s. R bt iaty arthe h&%ﬁ@ﬁ&ﬂ%n‘@&E&Pﬁe 8 t%epr nt
I nvention CO”HHV%@ﬁ:laarSt efdxdpmrﬁ@st use: sifefii ot hEndtiteox 0ifd, d BOHAEREHR

phosphat e adsgr bed, tet nus t 0XO0i | um nu hosphat dsar bed
i nacti vat ed B%P 184 a2 “Fbr?ﬁgiggagén q§£§%ﬁﬁﬂgagg%8p U, Bt us
i nfl uenzae typdumicams ul Ehosphatsec ddsorised ; agimattsivatedCRNBerdéteklx ein i n
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conbi nat™ on MPOSI t fon" 0 neous
10 white smsboncapsnlaydumkysaqmanmu fEassitenaddar@®%iapl e and
conpati bl e ang, i3 €xfi bid |phgFa&Geutically acceptable aqueous

vehicle. After shaking, the combination vaccine

composition of the present invention is a homogeneous

o 10 white suspension. 1In addition, the vaccine components

| are stable and compatible and do not exhibit intercom-

ponent inhibitory activity.

Methods for simultaneous combined vaccination of

infants and for enhancing the immunogenicity of the

15 Haemophilus influenzae type b polysaccharide,

diphtheria 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 jinfluenzae type b

capsular polysaccharide fragments and CRM, 4, 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.

30 ment, the diphtheria antigen is diphtheria toxoid,

aluminum phosphate-adsorbed, and the tetanus antigen is

tetanus toxoid, aluminum phosphate-adsorbed. These

In a preferred embodi-

toxoids can be prepared by methods well known in the
art. The diphtheria toxoid and tetanus toxoid are
35 derived from Corynebacterium diphtheriae and
Clostridium tetani, respectively, which are grown in
media according to the method of Mueller and Miller, J.



ponent inhibitory activity. Methods for sinultaneous conbi ned vacci nation
of infants and for enhancing the i nmunogenicity of the 15 Haenophi | us

‘i nfl uenzae type b pol ysacchari de, diphtheria antigen, tetanus antigen
and pertussis antigen vacci ne conponents have al so been found. These

met hods conprise providing a single imunizing dose of diphtheria antigen,
tetanus anti gen, pertussis antigen 20 “4nhd a conjugate of Haenophil us
influenzae type b capsular polysaccharlde fragnents and CRM err] protein
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are grown in nmedia acco
whole cell preparatlon of a stra:.n 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 casein. 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 CRM, o,
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 CRM, 4 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 CRM197 protein by covalent attachment. A particu-
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-4- Imunol ., 1941, 40:21-32 and J. Immunol., 1947 56: 143- 147, and are
detoxi fied by use of formal dehyde. The toxoids are refined by the Pillener
‘al cohol fractiona- tion method, J. Imunol., 1946, 54:213-224, and are
diluted with an aqueous sol ution containing sodiumb5 phosphat e
nonobasi ¢, sodi um phosphat e di basic, glyggue and thimerosal (nercury
derivative) as a preservative. The pertusSis antigen is preferably an

i nactivated whole cell preparation of a strain or conbination of strains of

Bordetel | a perigesys. pFaeeiraat i ¥atgdaWebe 18ovalen@lly Pt Sng a

preparation is gregare by grow ng Phase, | Baordetella pertussis 1n a
modi fied CohefRYfRBFefehH' S hd EFEIR i HeAUCtAYSr orYiaREIoBr Ehein.
The Bordet el | appepanasisoni sof nasdnjsgetesii T t Haeopgal ludariesteshzand

bhosphate. monsbae; B, MHER oy LBk eher el g dn, R Senetinen,
t hi mer osal (meinuU§ patients \ia)673 5 41 esch6latdse. ande 4pBR2cGQs0oNe s can
o BV 650 o fRLee, 6 (A B OUELALALACSNR | pE oL o
nanme Tri- | nmurdhfer¢tedanreeteind e5r patysaacharide of vagmants corgbition
of the presentréayentspnandhetbicplsaahiugpt eitepRenenl, ofa tdigmtriaty on
vacci ne of the [£5 i i pventi on comriges frag rﬂg gfc%i,u aég“;uch
bact eri al capsﬁgﬁi %% ?sgggﬁngéé—éf4ﬁ§i#§§ﬁ@ﬁhg%¢’ Jug
as that available from Praxis Biologics, Inc. under the
e 10 name HibTITER® can be used for the combination vaccine
composition of the present invention.
The combination vaccine 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
0.5m1 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
units of antitoxin per ml in a guinea pig potency
test), 10 ug of purified Haemophilus influenzae type b
saccharide and approximately 25 ug of CRM, 4 protein.
Each 0.5 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 0.5 ml
doses given) contains an estimate of 12 units of
pertussis vaccine with an estimate of 4 protective
units per sing'_le fmman dose. Bach 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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A four component combination vaccine was prepared
as described hereinabove utilizing DTP (Tri-Immuneol®,
Lederle Laboratories) and Hib -conjugate (HibTITER®,
Praxis Biologics).

The enhanced immunogenicity of each of the four
vaccine components for the combined has been shown by
clinical trial. Multicenter safety and immunogenicity
studies were performed in toddlers and infants. In
addition, a large scale safety study was performed in
infants to assess the occurrence of rare adverse events
in a large number of subjects.

For both the toddler and infant safety and
immunogenicity studies, subjects were randomized to
receive either a single 0.5 ml dose of one of three
consistency lots of the four component combined vaccine

(D,T,P, and Hib conjugate, combined) or a 0.5 ml dose

25

30

35

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) at 18+/-3
months of age or at approximately 2, 4 and 6 months of
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 immunization. Immunogenicity was
determined by serologic analysis of antibody to
Haemophilus influenzae type b polysaccharide (Hib
polysaccharide), diphtheria, tetanus and pertussis.
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15 preparati on when the DTP vaccine is being diluted to final

vol une.
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of tetanus toxoid (both toxoids induce
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a.

Toddler Safety and Immunogenicity Study

A total of 215 subjects (combined wvaccine
n=107, DTP-Hib conjugate, separate n=108)
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 wvaccine
n=189, DTP-Hib conjugate, separate n=189)
were enrolled into the infant study protocol
and randomized at each of five clinical
sites. Demographic characteristics of all
subjects were similar.
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‘“The conbi nati on vacci ne containing each of the four vaccine conponents
(D, T,P, and H b conjugate) is provided as an aqueous conposition. After
shaking, the 5 vaccine is a honogenous white suspension. Sui t abl e
vacci ne adjuvants may al so be incorporated into the conbination vaccine.
The vaccine is adm nistered by the intramuscul ar route of adm nistration. A
f our conponent conbination vacci ne was prefrared 10 as descri bed
her ei nabove utilizing DIP (Tri-Imuneol [err], Lederle Laboratories) and
H b conjugate (H| bTI TERerr], Praxis Biolaogics). The enhanced
i munogeni ci ty TBT® ealfSBPNSRe f5Ar JER | n@odyFasFbATddeor 2EEeEont#aril has
been shown by XFE thireei cal innuredzat Mid | ceghsr sa{iejrvexand HRMUNOgeni city
studi es were pey in s _and nfants additiqn, :a | arge
scal e safety stt}%&'&[\/\I:'/g’csL per &g%\g{n% |n’f: fit s f’8m8§§8§s t NBCGIEE r enSEDf
rare adverse e@hl® in a)}argeAfterer dfwesubj@oses, 20 the ged“xﬁtrilﬂth
the toddler I nf rsafe and en| Cit tudi.es, subjects
wer e random ze?%go recglr'ﬂs/:e elthé:éhT si ng ?m.loqgi égﬁ&p gne ofag
consi stercy | 0B ¢ h&’aﬁour°céﬁrponla7(tnllcorrbpm9dredc0|'ne (M BP, agdmii b
conj ugate, conimed) tHe a Oﬁvpﬁnﬂpse &dn3 ug e cach & &% an%’%b

c? nd

conj ugat e vacci ne se&rﬂe]@t ed f m one of three cor'respon ots
H b conjugate P3i%fNtered econ%?ﬁ‘? ent4rend aswassep%‘i’%?’é"?‘?u e@fiten

(DTP-H b conj ugatee, thpadat edose, 186,67 nopgfmlofl egmpareat appr odi.gptely

2, 4 and 6 mMONLRSAT  for the combined vaccine and the DTP~

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

Serclogic response to the DTP components was
measured one month after the third dose was '
15 given. The GMT of antibody to diphtheria
(0.71 IU/ml vs. 0.40 IU/ml; p=0.009), tetanus
(8.20 wvs. 4.51; p<0.001) and pertussis
agglutinins (51.93 wvs. 23.34; p=0.008) was,
in all cases significantly higher in the
20 combined vaccine group when compared to the
separate administration group respectively
(See Table 2). In the cases of diphtheria
and pertussis, this significance was 1lost
when comparing the ratio of response to
25 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. 0.79;
30 p=0.0001) was significantly higher 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.
35 separate administration 41.55; p=0.11).
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cohorts. Acute safety was assessed by parental report of adverse
-events for 72 hours following each immunization. | mmunogenicity was
determ ned by serol ogic analysis of antibody to 35 Haernophi | us

i nfluenzae type b polysaccharide (H bgpolysaccharide), diphtheria,
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subjects were simlar. Serologic analysis of pre and one non
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
10 latter provided a controlled study whereby
the safety of the combined vaccine (n=720)
-could be prospectively compared with a cohort
receiving DTP-Hib conjugai:e (n=691) concur-
rently as separate injections. Thus, a total °
15 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.

20 The incidence of 1local 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

25 within 30 days of immunization. For the
three visit series, local and systenmic
reactions did not occur consistently more
frequently following the administration of
the combined vaccine when compared to DTP

30 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 1lower in the combined

35 vaccine cohort than in the control cohort.
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group (P<0. Whbaranil® +53Menddend adfivea OOFYPY dld e the -
pgmulticéﬂ%er safety and immunogenicity study

in infants described above (See Table 4).
d. 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
(F. 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
vaccine components was higher in the case of the com-
bined wvaccine than for the concurrent but separate
administration of the DPT and Hib conjugate wvaccines.
The use of such a combined vaccine thus can reduce the
number of immunizations given to infants by half and is
an important step toward improving vaccine delivery.



[err]g/n for the conbined vaccine and the DTP- 10 H b

conj ugat e, separate vacci nes respectively (p=0.034). Serologic
- response to the DTP conponents was neasured one nonth after the third dose
was 15 - gi ven. The GMI of antibody to diphtheria (0.71 I U n

vs. 0.40 11U m; p=0.009), .tetanus (8. 2011ys 4.51; p<0.001) and
pertussis agglutinins (51.93 vs. 23.34; p=0.008) was, in all cases
significantly higher in the 20 conbi ned vacci ne group when
conpared to the separate admi nistration group respectively (See Table 2).
In the cases of diphtheria and pertussis, this significance was | ost when
conparing the ratio of response to LE 1 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=6—061)—and FHA{Z 32—rs——+5—36- p=0—0064)—
was significantly higher in the conbined vaccine group conpared to
the separate admnis h e,Jable 3). However

no dlffgrence was obgirve forpng ?%%%?ﬁ'&%&ggéﬁﬁgt 6.43 vs. 35

separ ate adni ni strati ofolbined ﬁ*OSFEFrate Vaccines

Antibody Titer (GMT)

Component Combined Separate p-Value3
10 (n?) (107) (108)

Hib Conjugate

(pg/mL)
pre 0.21 0.25 0.270
15 post 2.77 3.19 -0.689
Diphtheria
(1U/mL}
pre 0.12 0.13 0.812
post 9.56 10.79 0.637
Tetanus
20 (U/nmL)
pre 0.60 0.52 0.542
post 9.68 8.60 0.582

Pertussis agglutinins
(reciprocal dilution)

a5 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 (DTP-Hib conjugate) vaccines were given at
15-18 months of age with a bleed for Serology one month
30 later.

2. Tbtal subjects enrolled.

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

35



L)

-9- ¢. Large Scale I nf ant Safety Study wth I munogenicity Subset
A | arge scale safety study in infants was conducted at the Kaiser

- Permanent e Medical 5 Care Program of Northern California.
Thi s study enpl oyed both a non-random zed and a random zed desi gn. The
former allowed.for accunul ati on of data-.ist the conbined vaccine in a |large
nunber of subjects (n=5777). The 10 | atter provided a

controll ed study whereby the safety of the conbined vacci ne (n=720) could
be prospectively conpared with a cohort receiving DIP-H b conjugate (n=691)
concur- rently as separate injecti s, atotal 15 of
6497 subjects received 3 doses of e conbi ned vaccine (D, T,P, and H b
conj ugat e conbi ned) at approximately -2, 4 and 6 nonths of age. 20

The incidence of |ocal and systemi c events occurring within 24 hours of

i muni zat i : ) ' :
by evaluating hospitalizations within 60 days and energency room
utilizatson 25 AntibodiM RéspPonsd) €8 YCompriddAnef zat i on. For the
three visit series, Iocelmgnd ayst%gic reacg}ons.dicunot occur consistently
nor e omblined’vs Separate Vaccines

Antibody Titer (GMT)
Component Combined Separate p--Value3

.. 10 (n?) (189) (189)

. Hib Conjugate

(ng/mL)
pre 0.09 0.09 0.762
15 post 3 6.67 4.42 0.034
Diphtheria
(IU/mL)
pre 0.04 0.05 0.624
post 3 0.71 0.40 0.009
Tetanus
20 (U/nL)
pre 0.45 0.50 0.404
post 3 8.20 4.51 <0.001

Pertussis agglutinins
(reciprocal dilution)

25 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)} wvaccine
or separate (DTP-Hib conjugate) vaccines were given at 2,
4 and 6 months of age.
30
2. Total subjects enrolled.

3. Based on effects from primary (covariate adjusted) model

including: treatment, center, lot, age, baseline antibody
level.

35



" frequently follow ng the administration of the conbined vacci ne when

conpared to DTP 30 alone. In addition, there was no
~significant difference for rates of nedical adverse events observed .in
hospi talization or energency roomutilizations. The SIDS death rate was
somewhat | ower in the conbined 35 vacci ne cohort than in the
control cohort. -10- The antibody resbdnses to Hib pol ysacchari de,
di pht heri a, t et anus and pertussis - were nmeasured one nonth foll ow ng
the third dose of the conbined vaccine in a subset of 123 subjects. The
val ues obt ai ned were 5 conparable to those derived
from the nmulticenter safety and iTaBm®genicity study in infants described
above (See Table 4). d. Ser ol ogi cal Procedures 10 Serol ogi cal assays were

performed by ELISA for the Haenophilus influenzae type b
pol ysaccharide and tetanus (for the jnfant studies) antjbodies, by the Vero
cell assay 15 (J. Biol. Stand. 2:189-201; J. Biol. Stand.

2: 203- 209) for,_diphtheria antibodi es, by the
Antibody Response to Three Pértussis Vaccine Components

in Combined vs Separate Vaccine Groups

1

Antibody Titer (GMT

Vaccine Combined Separate p--Value2
10 Component (n=52) B (n=34)

Pertussis Toxin

pre 1.09 1.80
15 post 3 85.92 17.60 0.001

69K

pre 6.13 5.98

post 3 66.43 41.55 0.11
20

FHA

pre 3.97 4,73

post 3 2.32 0.79 0.0001
25 1. Antibody titers are ELISA units per mlL.

2. P-values calculated using a Wilcoxon 2-sample test.
30

35
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" nouse |ethal nmethod (Bull WHO 43:453-459; M ninum Requirenents:

Tet anus Toxoi d Appendi x A, June 15, 1953, Pub. Health 20

. Serv., NIH Craig, 1986, Manual of dinical Laboratory Imunol., pp
408-414, 3rd ed.) for the tetanus antibodies (toddler study), and by the
m croaggl utination test (Manclark et al -33986, Manual of Cinical

Laboratory 25 | mmunol., pp 388-394, 3rd ed.), for pertussis
anti bodies. As will be appreciated fromthe clinical studies reported
herein, the response by infants to each of the 30 vacci ne conponents

was higher in the case of the com @h@ﬁg éaccine than for the concurrent
but separate adm nistration of the nd H b conjugate vacci nes. The use
of such a conbi ned vacci ne thus can reduce the nunber of inmunizations
given to infants by half and is 35 an inportant step toward i nproving
vacci ne delTvery: TABCEI™5 Conpar i sSom - of ATt T hody  RESPOTTSE
to Conbi ned vs Separate Vaccines[err] Antibody Titer (GMIN Conponent

Conbi neds Antf?@d%aké_s onses to ER&ckatdfibéhéht18f combihedr])

107 1 H
(107) 0 &,TiP,ngbugggeConjugate) Vaccine

Component n Antibody Titer (GMT)
10
Hib Conjugate 123 _ '8.20
(sg/mL)
15 Diphtheria 123 0.92
(IU/mL)
Tetanus 123 7.52
(U/nL)
Pertussis agglutinins 123 110.10
(reciprocal dilution)
20
1. Antibody titers one month after the third dose. No
pPre-immune serum were obtained.
25
30

35



'([err]g/nL) pre 0.21 0.25 . 0.270 15

post . 2. 77 3.19 0. 689 Di phtheri a
~(IYym) pre . 0.12 0.13 0. 812 post

9.56 10. 79 0. 637 Tetanus 20 (U/ m.) pre
0. 60 0.52 0. 5421pest . 68
8. 60 0.582 Pertussis agglutinins (reci procal di I ut ion) 25 pre
14. 20 11. 43 0. 451 post ---~----—--—142 58— ..
82. 44 31,9880.013 1. Combi ned f our corrponenigsgeé n H| ﬁdH

t

conjugate) vaccine or separate (DTP-H b conjugate) vag

15-18 nonths of age with a bleed for Serol ogy one nont l
Total subjects enrolled. 3. Based on effects from prli

adj ust ed) nodetrArmws udi ng: treatnent, center, |ot, age, baseline antlbody
| evel . 35 -12-

5 1. A combined pediatric wvaccine 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 CRM, o

10 protein in a pharmaceutically acceptable aqueous
vehicle, said combined vaccine cbmpositipn providing an
enhanced antibody response by infants to each of the
diphtheria, tetanus, pertussis and Haemophilus
influenzae type b vaccine components.

15 2. The vaccine composition of claim 1 wherein
the diphtheria antigen is diphtheria toxoid, the
tetanus antigen is tetanus toxeid 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 infant a combined
vaccine comprising, in a single immunizing dose, a
mixture of diphtheria, tetanus and pertussis antigens

30 and a conjugate of fragments of the capsular polysac-
charide antigen of Haemophilus influenzae type b and
CRM; 9
aqueous vehicle, said combined vaccine composition
providing an enhanced antibody response by infants to

35 each of the diphtheria, tetanus, pertussis and

protein in a pharmaceutically acceptable

Haemophilus influenzae type b vaccine components.

Hll\lll l\llll IR



- TABLE 2 5 Ant i body Response to Corrparl son of Conbl ned vs

Separate Vacci nes Antibody Tit (@wv) nent Hbs Bean Replaced Tt

- Separ at e p- Val ue3 10 (n[err])
(189) Hi b Conjugate ([err]g/rrL) pre 0 09
0.762 15 post 3 -16-
D phtheria (I1UnL) pre 0.04 0. 05
0. 624 post 3 0.71 . 0. 40 ) 0. 009 Tet anus
20 (U m) psr.e The vaccine gpmppsition of glagm 4 wherein

0.404 post 3 the diphthér?d antigen i4. S&iphtheria tox’@l@pl Pret ussi s

Zgglgutl nins (r ctéprocal gl | Ut ! Ong %:etanus %‘ix‘ééd and th(?a geg?&uss:.s

0. 008 1. Oordmtne;érfala anmmed[ﬁ_;@_gm&gwwellsacm ne or
separate (DTP-H b con] U%Eee) v¥@8 escafgc?s% & 8 Z?Jfalﬂn% 6uHBRLES ©
ec ased on e

age. 30 2. Tot al sub S enro ects from grl mary
(covari a®e adjtha e@}p ia toxo:.d is aluminum phosphate adsor

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, diphtheria antigen,
tetanus antigen and pertussis antigen components of a

.15 combination wvaccine 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 CRM197 protein in a pharmaceutically acceptable

20 aqueous behicle and administering the single immunizing
dose to ;n infant.

9. The vaccine composition of claim 8 wherein
the diphtheria antigen is diphtheria toxoid, the
tetanus antigen 1is 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 «c¢laim 8 wherein said

administration is intramuscular.
35 '
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: : 20 LP23
including: treatment, center, lot, age, baseline antibody Ievel.ﬁ@g7 - 13-
TABLE 3 5 Anti body Response to Three Pertussis Vacci ne Conponents in
Conmbi ned vs Separate Vaccine G oups Antibody Titer (GMI[err]) Vaccine
Combi ned Separ at e. p- Val ue2 10 Conponent (n=52)
(n=34) Pertussis Toxin pre -1- 1. 09 1.80 15 post 3

85. 92 17. 60COMBINATION PEDIRGRIGCONADCINE WITH 6.13
4

5.98 post 3 0.11 20 FHA pre
3.97 4.73 p H ED_ TMM B . LY OF EACH 0.79

0.0001 25 1. Anti body titer YAQCGTNG ICOMPONRENT per nmL. 2. P-val ues
cal cul ated using a WIlcoxon 2-sanple test. 30 35

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 (CRMji97) in a
single immunizing dose. This combination vaccine exhibits
improved immunogenicity in infants for each of the four
vaccine components when compared to DTP and Haemophilus
influenzae type b conjugate (Hib conjugate) vaccines
administered concurrently but separately. The invention
also relates to the use of a 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 the preparation of said combined vaccine

composition.

Combined vaccines offer many advantages and their use
is generally encouraged. The optimal age for vaccination
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.

This is the replacement sheet
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-14- TABLE 4 5 Ant i body Responses to Each Conponent of Conbined (D, T,P,

and H b Conjugate) Vaccine Conponent n Anti body Titer
(GMr) 10 Hi b Conj ugate 123 8.20 ([err]g/m) 15

Di pht heri a 123 0.92 (1UnL) Tetanus

123 7.52 (U nm) Per tUS$i s aggl utinins 123

110. 10 (reciprocal dilution) 20 1. $@LAIM3dy titers one nonth after the
third dose. No pre-imune serum were obtained. 25 30 35 -15- CLAI MS

: [ latric vacgi ne,conposition conpri sing, .
! A con?lnedApggmggne pe gatrlc vaccine compggltiongcomprlslng,

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 protein in a pharmaceutically
acceptable aqueous vehicle, said combined wvaccine
composition providing an enhanced antibody response by
infants to each of the diphtheria, tetanus, pertussis and
Haemophilus influenzae type b vaccine components.

2. A vaccine composition as claimed in 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. A vaccine composition as claimed in claim 2 wherein
the diphtheria toxoid is aluminum phosphate adsorbed, the
tetanus toxoid is aluminum phosphate adsorbed, the
inactivated Bordetella pertussis cells are suspended in a
solution comprising potassium phosphate monobasic, sodium
phosphate dibasic and sodium chloride.

4. A vaccine composition as claimed in any one of claims
1 to 3 wherein it is adapted for intramuscular
administration.

5. a) diphtheria antigens,

b) tetanus antigens,
c) pertussis antigens, and
d) a conjugate of fragments of the capsular

polysaccharide antigen of Haemophilus influenzae type
b and CRM197 protein

in combination for use as a vaccine for infants.

6. Use of

This is the replacement sheet
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in a single imunizing dose, a mxture of diphtheria, tetanus and pertussis
antigens and a conjugate of fragnents of the capsul ar pol ysacchari de

anti gen of Haenophilus influenzae type b and CRMerr] protein in a
pharmaceutical |y accept abl e aqueous vehicle, said conbined vaccine
conposition providing an enhanced antL?Egy response by infants to each of
the di phtheria, tetanus, pertussis and enophi lus influenzae type b
vacci ne conponents. 2. A vacci ne conposition as claimed in claim1l
wherein the di phy héipietleetigeantsgehpht heria toxoid, the tetanus antigen is
tetanus toxoid d_the pertussi ntigen is inactivated Bordetella
pertussis ceII§3P3Fega%£§a%%€%%g%%hposition as clainmed in claim2 wherein
the di pht heri a ¢pxpedtussis ummbigephoswphdt e adsorbed, the tetanus toxoid is
al um num phospigt 8 adaqiide ?o'f?f'r%gyﬁ\teh‘té_t 8¢ Bacdehgblaapertussis cells are
suspended in a solutio onpri Sing potassi um phosphate nonobasic, sodi um
phosphat e di bapied yaagchediige antdgiese of4Haemgo n i BHP&s
claimed in anybo@@dpth¥?1npfbﬂéqn3 wherein it is adapted for intranuscul ar
adm ni stration. 5. a) diphtheria antigens, b) tetanus antigens, c)
pertussis antigens, and d) a conjugate of fragments of the capsul ar

pol ysacchani ¢emdihnia@ednoffodaemepmanuEactiireenraa wupeiheafidrCRVeerr]

rotein in conbination_fqr .use as a vaccine for infants.
P vaccr:{tr)latlon of 1nf'é|1n?:s.
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Date: o .oy oo

TR OI0GE
Towilu T



6" Use of - &) diphtheria antigens, b) tetanus antigens, c)™EPd8sis

antigens, and d) a conjugate of fragments of the capsul ar pol ysaccharide
< antigen of Haenophilus influenzae type b and CRMerr] protein in

conbi nation for the manufacture of a vaccine for the vaccination of

I nfant s.

31,988

COMBINATION PEDIATR VACCINE WITH

ENHANCED IMMUNOGENICITY OF EACH
VACCINE COMPONENT

ABSTRACT OF THE I NTION

A combined pediatric vaccine composition
featuring, 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 CRM, o
protein in a pharmaceutically acceptable aqueous
vehicle is provided. The combined vaccine composition
exhibits an enhanced antibody response by infants to

each of the four vaccine components.




