IMMUNOGENIC COMPOSITION INCLUDING MULTIVALENT PNEUMOCOCCAL
POLY SACCHARIDE-PROTEIN CONJUGATE

BACKGROUND OF THE INVENTION

1. Technicd Fed
[0001] The present invention relates to an immunogenic compogtion induding different
multivalent pneumococca  polysaccharide-protein conjugates, and each conjugate incudes
pneumococcus-derived capsular polysaccharides of different serotypes conjugeted to a carrier

protein.

2. Destription of the Related Art

[0002] Sreptococcus pneumoniae (hereinafter, pneumococcus) is an organiam thet is a mgor
cause of pneumonia. According to a Statistics Korea report entitled “ Degth Rate Trends for Mgor
Causes of Death in 20107, in 2010, the deeth rate resulting from pneumonia was 14.9 people per
100,000 people, making pneumonia one of the top 10 causes of death, and the degth rate increased
by 82.9% compared to 2000. Further, according to the WHO in 2012, 476,000 children under 5
years of agewho were HIV negative died from infection with pneumococcus, and 5% of dl degths
worldwidein children under 5 years of age were attributable to diseases caused by pneumococcus
in 2008.

[0003] In order to prevent diseases caused by pneumococcus, the world's first polysaccharide
vaccine was developed by Harold J. White in 1931. However, since penicillin was developed in
1929, microbid infection diseases have been trested usng antibictics, but this results in the
occurrence of antibiotic-resgtant drans. Accordingly, trestment with conventiond antibiotics
becomes ineffective, so 6-vaent polysaccharide vaccines were developed by Marie M. Dr Lapi of



France in 1947. In 1977, 14-vdent polysaccharide vaccines were developed by Dr. Robert
Austrian and 17-vaent polysaccharide vaccines were developed by Merck, Wyeth, and Pagteur,
and the vaccines began to be sold worldwide. Then, 23-vaent polysaccharide vaccines were
developed. Multivaent pneumococcd polysaccharide vaccines have been proven to be ussful in
preventing pneumococcus diseases in dderly and hightrisk patients.  However, an immune
reaction to most pneumococca polysaccharides does not occur in infants and children, which is
because of the T-cel independent immune reection phenomenon.  This phenomenon appears
amilarly in the case of other microbid vaccines. In order to overcome this phenomenon, a
meningitis vaccine (Hib), which was the firg polysaccharide-protein conjugation vaccine, was
developed in 1987. Subseguently, technology for conjugetion of vaccines of microorganisms such
asthose causative of meningitides, pneumococcus, and typhoid has been introduced. In the case of
the pneumococcus conjugation vaccine, before a 7-vaent pneumococcus conjugeation vaccine was
released in the United States in 2000, Pfizer (Wyeth), a developer, sarted developing a divaent
pPNeUMOoCcoCCcUs conjugation vaccine in 1994 and developed a 7-vdent type in 2000. The 7-vadent
pneumococcus conjugate vaccine (Prevenar®) indudes capsular polysaccharides derived from the
seven sarotypes with the highest frequency of occurrence, namdy 4, 6B, 9V, 14, 18C, 19F, ad
23F. Since the vaccine was firgt gpproved in the United States in 2000, the vaccine has been
demondrated to be highly immunogenic and effective againg invasve diseases and otitismediain
infants and children. This vaccine is currently approved in about 80 countries worldwide.
According to survey data accumulated over the years after the introduction of Prevenar, as
expected, the incidence of invasive pneumococcus diseases caused by the serotypes included in
Prevenar in the United States was dearly reduced. However, in some regions, the serotype
coverage was limited, and the incidence of invasve pneumococcus diseases caused by serotypes
not included in Prevenar increased.  Subsequent to the 7-vaent serotype, Pfizer sdected Sx mgor
serotypes causng invasve pulmonary diseeses, and released the 13-vdent pneumococcus



conjugation vaccine (Prevenar 13) in 2010. Since then, it has been reported that serotype
replacement occurs, in which the serotypes not included in the vaccine are prevadent, asin the case
of the conventiona 7-vaent pneumococcus conjugation vaccine,

[0004] As the incidence of pneumococcus infections caused by serotypes not included in
Prevenar 13 increased, sudies on the addition of pneumococcus serotypes have continued.
However, multivalent injections and combination with conjugates may result in competition
(immunity interference effects) between different congtituent components, and may adversdy
affect the immunogenicity of individud conjugates.  Accordingly, adding conjugates to
Immunogenic compogtions has been very difficult.

[0005] The immunity interference effect is a mgor issue in the development of multivaent
vaccines, and has been raisad as the mgor issue mainly during the development of pneumococcus
vacones.  After PCV7 was fird rdeased in 2000, the immunity interference effect in the
pneumococcus vaccine sgnificantly emerged when PCV 10 was introduced in 2010. The vaccine
was scheduled to be rdeased as a PCV11-vaent type, but Pn6B did not produce an immune
reaction due to the immunity interference effect, so the vaccine was rdeased as a PCV10 type
except for 6B. Further, recently, from the results of phase 2 of dinicd trids of PCV15, being
developed by Merck (HUMAN VACCINES & IMMUNOTHERAPEUTICS, 2019, A dose
ranging sudy of 2 different formulations of 15-vaent pneumococca conjugate vaccine (PCV15)
in hedthy infants), it has been confirmed that some serotypes exhibit immunogenicity lower than
that of the postive control PCV13. In the current trend of developing pneumococcus vacanesin
the form of multivaent vaccines, a multivaent vaccine compostion that does not exhibit an
immunity interference effect while securing immunogenicity of individua serotypesis essentid for
vaccine devel opment.

[0006] Thisimmunity interference phenomenon may limit the number of conjugetes that may be
included in the multivalent vaccine. Therefore, athough protection againgt numerous serotypesis



of condderable vdue, it is very difficult to achieve when the number of conjugetes in the
compadgtionislimited.

[0007] Accordingly, the present inventors, based on the results of surveying serotypes thet are
prevaent in countriesin the continent of Ada (Korea, China, Japan, Tawan, Singapore, Audrdia,
and India), findly sdected serotypes 10A, 11A, 15B, 22F, 23A, and 35B as the serotypes that are
prevaent in Adan countries. Also, the present inventors developed a PCV 19 form by adding the
corresponding S types to conventiona PCV 13, thereby findly confirming that the combination
of the corresponding immunogenic compositions does not calise an immunity interference effect.
[0008] Thismeansthat thefind complementary measuresto the serotypes that could not covered
by the conventiond Prevenar 13 product sgnificantly reduce the IPD prevaence rate in countries
where PCV13 is not introduced, countries where NIP is not introduced, and countries where

serotype replacement occurs.

SUMMARY OF INVENTION

[0009] Accordingly, the present inventors confirmed an immunogenic compaosition combingtion
that is capable of covering serotypes not covered by a conventiona Prevenar 13 product without
immunity interference, thereby completing the present invention.

[0010] Therefore, an object to be solved by the present invention is to provide a multivaent
immunogenic compogtion including polysaccharide-protein  conjugatess Each of the
polysaccharide-protein - conjugates  includes  Sreptococcus  pneumoniae-derived  capsular
polysaccharides of different serotypes conjugated to a carier protein, and the cgpsular
polysaccharides are 14- to 19-vaent serotypes.

[0011] Further, another object to be solved by the present invention isto provide a pharmaceutica

compodtion for inducing an immune reaction to a Sreptococcus pneumoniae - capsular



polysaccharide conjugate. The pharmaceutical composition includes animmunologicaly effective
amount of the above-described multivaent immunogenic compostion.

[0012] Further, ancther object to be solved by the present invention is to provide a method of
preventing or treating pneumococcusrelated diseeses  The method incdludes adminigtering the
above-described multivaent immunogenic compostion in a prophylacticdly or thergpeuticaly
effective amount.

[0013] Moreover, another object to be solved by the present invention isto provide aprophylactic
or thergpeutic use of pneumococcus-rdated diseases. The prophylactic or thergpeutic use includes
adminigtering the above-described multivaent immunogenic compodtion in a prophylacticaly or
thergpeuticdly effective amount.

[0014] Accordingly, the present invention has been made keeping in mind the above problems
encountered in the rdlated art, and the present invention provides a multivdent immunogenic
compodtion including polysaccharide-protein conjugetes. Each of the polysaccharide-protein
conjugates indudes Sreptococcus pneumoniae-derived capsular polysaccharides of different
serotypes conjugated to a carier protein. The capsular polysaccharides indude @) capsular
polysaccharides of one or more serotypes selected from the group congsting of serotypes 1, 3, 4, 5,
6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F, and b) cgpsular polysaccharides of one or more
serotypes sdlected from the group consisting of serotypes 10A, 11A, 15B, 22F, 23A, and 35B.
[0015] In the multivalent immunogenic compasition according to the present invention, the a)
cgpsular polysaccharides may be 13 serotypes consgsting of serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V,
14, 18C, 19A, 19F, and 23F, but are not limited thereto.

[0016] In the multivalent immunogenic compostion according to the present invention, the
carier protein may be any one sdected from the group consisting of a diphtheriatoxoid, a tetanus
toxoid, a whooping cough toxoid, a cholera toxoid, an E. coli-derived inactivated toxin, a



Pseudomonas aeruginosa-derived inactivated toxin, and a bacterid outer membrane protein
(OMP), but isnot limited thereto.

[0017] In the multivalent immunogenic compostion according to the present invention, the
diphtheria toxoid may be any one sdected from the group condsting of CRM1g7, CRM173,
CRM2s, and CRMgs, but is not limited thereto. According to an embodiment of the present
invention, the carrier protein may be CRM 1.

[0018] Inthe multivalent immunogenic composition according to the present invention, amethod
of conjugating the capsular polysaccharides and the carrier protein may be any one sdected from
the group conggting of a CDAP conjugation method, a reductive amination method, and a thiol-
maemide method, but is not limited thereto.

[0019] The multivdent immunogenic compasition according to the present invention may further
incdude an adjuvant. For example, the multivdent immunogenic compostion may include an
duminum sdt as the adjuvant. The duminum sdt may be sdected from the group consgting of
duminum phosphate, duminum sulfate, and duminum hydroxide, and preferably may be
auminum phosphate.

[0020] In order to solve another object of the present invention, the present invention provides a
pharmaceutical compostion for inducing an immune reaction to a Sreptococcus pneunoniae -
cgpsular polysaccharide conjugate. The pharmaceutica composition includes animmunologicaly
effective amount of amultivaent immunogenic compogtion.

[0021] Inan embodiment, the pharmaceutica composition may be an immunogenic compodtion
formulated so as to indude 2 g of each saccharide (4 ug in the case of 6B), about 34 pg of a
CRM g7 carrier protein, 0.125 mg of an adjuvant of an duminum dement (0.5 mg of duminum
phosphate), and sodium chloride and a sodium succinate buffer solution as an excipient, but is not
limited thereto.



[0022] In order to solve another object of the present invention, the present invention provides a
method of preventing or tresting pneumococcusreaed diseeses. The method includes
adminigtering the above-described multivaent immunogenic compostion in a prophylacticaly or
thergpeuticdly effective amount.

[0023] Moreover, in order to solve another object of the present invention, the present invention
provides a prophylactic or thergpeutic use of pneumococcus-rdaed diseases. The prophylactic or
thergpeutic use indudes adminigtering the above-described multivaent immunogenic composition
inaprophylacticaly or therapeuticaly effective amount.

[0024] The multivalent immunogenic composition according to the present invention is capable
of inducing an immune reaction againg a wider variety of serotypes than the conventiond
Prevenar 13. In paticular, the conventiond Prevenar 13 is designed and produced mainly for
serotypes frequently gopearing in Europe and North America, but the immunogenic composition
of the present invention is an immunogenic composition having high coverage not only in Europe
and North America but dso throughout Ada  Therefore, the multivdent immunogenic
compodition according to the present invention is capable of being beneficialy used to prevent
diseases caused by pneumococcusin infants, children, and adults.

BRIEF DESCRIPTION OF DRAWINGS
[0025] FIG. 1 isaview showing the 1gG ELISA result of a 13-vdent pneumococcus vaccine
serotype; and

[0026] FIG. 2isaview showing the OPA result of a13-vaent pneumococcus vaccine serotype.

DESCRIPTION OF SPECIFIC EMBODIMENTS



[0027] Hereindfter, adetaled description will be given of the present invention.

[0028] However, this description is only to aid the understanding of the present invention, and in
any sense, the scope of the present invention is not limited by the details described in the detalled
description of theinvention.

[0029] Due to regiond varidion in serotype digtribution, there is a limitation in that Prevenar
coverage varies depending on the region. Therefore, there is no reason to remove any serotype
from the conventiona pneumococcus conjugate vaccine, but rather there is a need to broaden the
coverage by adding serotypes.

[0030] Thesarotype of Prevenar 13 has been devel oped asthe serotypethat is prevaent in Europe
and the United Sates, and a serotype replacement phenomenon occurred in eech country after the
introduction of Prevenar 13. A difference between Asa and Europe/USA has been reported. In
the present invention, the serotypes that are prevadent in Asa and EuropeUSA dfter the
introduction of Prevenar 13 were sdected. With respect to the sandards of the prevaence rate of
pneumaococcus in eech country, 1) children under 5 years of age, 2) prevdence rate results after the
introduction of Prevenar 13 in each country, and 3) serotypes that are observed to be prevaent and
not prevdent in each country were sdected. The serotypes tha are prevdent in dl of Asa
Europe, and the United States are sdected.

[0031] Serotype replacement is known to be affected by age, country, vaccine introduction time,
or the whether a nationd vaccine program (NIP, nationd immunization program) is introduced.
Accordingly, in order to overcome this phenomenon, a pneumococcus vaccine developer is
developing a new vaccine with a srategy to add representative serotypes causing IPD (invasive
pulmonary diseases). Merck PCV15 is being developed in the form in which 22F and 33F are
added to PCV13, and Pfizer PCV 20 is being developed in the form in which 8, 10A, 11A, 12F,
15B, 22F, and 33F are added to PCV13. With respect to the criteria for sdlection of serotypes by
Merck and Pfizer, prevaent serotypes that cause IPD in the United States and Europe were



sected, and in particular, Merck sdected 22F and 33F, which are serotypes common to the
United States and Europe.

[0032] In the case of Japan, which is evauaed as an advanced country from the aspect of
vaccination, PCV7 and PCV 13 were regigtered in NIP of Jgpan immediatdy after rdease. Inthe
cae of the serotypesincluded in PCV 13, after regigtration, a phenomenon in which the number of
IPD patients was rapidly reduced was obsarved. This phenomenon occurs in common in the
United States and Europe. However, the tendencies of occurrence of 1PD of serotypesincduded in
PCV13 are amilar to each other, but it can be confirmed that serotypes prevdent in Non-PCV 13
(serotypes not containing avaccine) are different in terms of prevaence for each country/continent
(Source 1. Vaccine 34 (2016) 67-76, Source 2. Vaccines 4 (2016), 2000-2014: A Pooled Data
Andyss, and Source 3. PLOS One (2017) A systematic review and meta-anadys's).

[0033] In Jgpan, PCV7 and PCV13 were introduced in 2010 and 2013, respectively, and it is
known thet thereisalarge difference in prevaent serotypes before and after the introduction of the
PCV13 vaccine.  In the period from 2011 to 2013, which was the initid dage of PCV13
introduction, the incidence of PCV13-containing sera was frequent. However, a serotype
replacement phenomenon occurred rgpidly from 2014 to 2016, two to three years after the
introduction of the vaccine. Among the serotypes contained in PCV 13, the order prevaence of
recently prevaent serotypesis 3, 6A, 6B, 19F, 23F, but the number of patientsis on the order of
1/10 of the number before the vaccine was introduced. Since the introduction of the vaccine, non-
PCV 13 serotypes are prevadent, and occur inthe order of 24F > 15A > 12F > 15B > 22F.

[0034] For example, in the case of the United States, unlike the case of Jgpan above, 22F and 33F
have been prevdent since the introduction of PCV13, but 33F is not gregtly prevdent in the
continent of Asa, including Japan (Source 1. Clin Microbiol Infect 2016; 22: 60.69-60.629, Source
2. WHO 2011, Globd review of the didribution of pneumococcd disease by age and region, and
Source 3. CDC (US) homepage).



[0035] Further, the time of vaccine introduction and the time of NIP introduction are different in
the case of Europe. However, referring to the cases of UK/Germany/France, the order of
prevaence of serotypes after the introduction of PCV13 is 8 > 22F > 33F > 24 > 9N, which is
different from that in the continent of Asa (Expert review of vaccines. 2019).

[0036] The cases of Koreg, Jgpan, Tawan, Ching Audrdia Singgpore, and India were
investigeted in order to confirm prevaent serotypes in the continent of Asa People under the age
of 5 years and over the age of 65 years were st asthe bads of the investigation, and IPD epidemic
serotypes dter the introduction of PCV13 were confirmed. As a reault, in the case of Jgpan,
PCV13 was introduced in 2013, and the order of prevaence of Non-PCV13 serotypes was
confirmed to be 24F > 15A > 12F > 15B > 22F. In the case of Koreg, the order of prevdence of
serotypes was confirmed to be 10A > 15A, 23A > 15B, 35B. Inthe case of Audrdia, the order of
prevaence of serotypes was confirmed to be 23B > 22F > 35B > 33F, and in the case of Tawan,
the order of prevaence of serotypes was confirmed to be 23A > 15B > 15A > 22F, 11A. Inthe
case of Singapore, there are few cases, but the prevdent Non-PCV 13 serotypes were reported to be
15B and 15A. Inthe case of Chinallndia, in both countries, the introduction time of NIP was |ate,
and the results of epidemiologica invesigations were not obtained after the introduction of NIP
(after 2017), s0 the serotypes that were prevdent were not produced. However, referring to
serotypesthat are prevaent in the countries noted above, thereisahigh posshility of occurrence of
serotype replacement in both Chinaand India, and it is expected that serotypes different from the
serotypes prevadent in Europe and the United States and the same as the sarotypes prevdent in
Asaaehighly likely to be prevadent.

[0037] As a result of andyzing serotypes tha are prevdent in ASan countries, among the
serotypes that are prevdent in Ada, the overlgpping serotypes in three countries or more are 15B,
15A, 22F, and 23A, of which 15B and 15A are reported to have crossreactivity. Accordingly, a
sngle serotype of 15B was sdected. Further, atotd of Sx types (10A, 11A, 15B, 22F, 23A, and
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35B) were sdlected, including 35B, which is specific to Asan countries and 10A and 11A, which
are prevdent in Europe/USA including Asa

[0038] In the case of Korea, Prevenar 13 was introduced in 2010, and serotype replacement
occurred soon theregfter, as in Jgpan. Since 2016 to 2017, the prevaence of non-Prevenar 13 has
increesed. Among Prevenar 13 serotypes, the serotypes that have been prevaent until recently are
19F and 6A, and in the case of these serotypes, the number of patients and the frequency of
outbresks were sgnificantly reduced compared to before the vaccine was introduced.  Among
non-Prevenar 13 types, the order of prevaence of serotypes after the introduction of the vaccineis
10A > 15A, 23A > 15B, 35B.

[0039] In the case of Audrdia Prevenar 13 was introduced in 2011. Since 2014, serotype
replacement has been obsarved, and the incidence of non-Prevenar 13 serotypes has increased.
Among non-Prevenar 13, the order of prevaence of serotypes since the introduction of the vaccine
iS23B > 22F > 35B > 33F.

[0040] In the case of Tawan, Prevenar 13 was introduced in 2010. Since 2016, a serotype
replacement phenomenon has been shown. Among non-PV13, the order of prevadence of
serotypes sncetheintroduction of thevaccineis 23A > 15B > 165A > 22F, 11A.

[0041] In the case of Singgpore, Prevenar 13 was introduced in 2011. As in other Adan
countries, serotype replacement occurred after the introduction of the vaccine.  Among non-
Prevenar 13, the order of prevaence of serotypesis 158 > 15A.

[0042] Inthe case of Indig, Prevenar 13 was introduced in 2017. Since only 1 to 2 years have
passed since the introduction of Prevenar 13 in India, serotype replacement has not completely
occurred. It is expected that serotype replacement will increase with increesing vaccne use
According to currently reported data, the order of prevaence of serotypes among non-Prevenar 13
typesis23A > 22F > 15B > 6D.
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[0043] In the case of China, Prevenar 7 and Prevenar 13 were gpproved for sde in 2008 and in
2016, respectively, but these were not incdluded in the nationd free vaccingion project, so the
inoculetion rate and didribution rete thereof are reported to be sgnificantly low. However, the
digtribution rete of vaccines is increased as expectations for hedth increase according to China's
economic growth, so a serotype replacement phenomenon is expected to occur with atime lag
compared to the case of other countries.

[0044] Asaresault of ligting the frequency of occurrence of non-Prevenar 13 serotypes after the
introduction of Prevenar 13 in 9x Adan countries (Korea, Jgpan, Tawan, Singgpore, India, and
Augrdia), 15B was confirmed to be mogt prevaent in six Asian countries, and to be prevaent in
the order of 22F, 23A, and 35B. The serotypestha are prevaent in common in the United States
and Europe are 22F and 33F, and the next prevaent serotypes are reported to be 10A and 11A.
Accordingly, Sx serotypes that were prevaent in Asa (10A, 11A, 15B, 22F, 23A, and 35B) were
added, and four serotypesthat were prevaent in Europe and the United States (10A, 11A, 22F, and
35B) were added, thus sdlecting afind serotype congtitution.

[0045] Accordingly, basad on the results of surveying of serotypes that are prevaent in countries
in the continent of Ada (Korea, China, Jgpan, Tawan, Singapore, Audrdia, and India), the present
inventors findly sdected 10A, 11A, 15B, 22F, 23A, and 35B asthe serotypesthat are prevdent in
Asan countries, and developed a find PCV19 form in which the corresponding Six types were
added to the conventional PCV13.

[0046] Because vaccination is anationd indudtry, it is important to check whether avaccine is
included in a nationd free vaccine program in view of avaccingion rate. The types of vaccines
included in the vaccine program (NIP) and the targets of vaccination differ greetly depending on
the economic leve and the pogtion of the hedth authorities of each country. Among them, a
PNEUMOCOCCUS conjugation vaccine is one of vaccines included in expendve vaccines, and only a

few countries in the world include this vaccine in the nationd free vaccine program.  Japan
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operates a nationd free vaccine program smilar to that of other advanced countries, showing a
pneumococcus inoculation rate Imilar to those of the United States and Europe, and as a result,
serotype replacement occurred @ a time amilar to that in Europe and the United States.
Differences in serotype replacement between Adan countries may be attributed to differences
between races. However, a common denominator of serotype replacement can be found, whichis
different from the non-Prevenar 13 sarotype that is prevdent in Europe and the United States.
Among the 22F and 33F sarotypes that are prevaent in common in Europe and the United States,
the 33F sarotype was found only in Audrdia, anong Asan countries in which serotype
replacement occurs, but not in Korea, Japan, Tawan, Singgpore, or India Unlike in Europe and
the United States, 15A, 15B, 22F, and 23A serotypes are prevaent in ASan countries, showing
differences from the serotypesthat are prevaent in Europe and the United States.

[0047] A 19-vadent pneumococcus conjugate compodtion induding Sx new serotypes (10A,
11A, 15B, 22F, 23A, and 35B) of the present invention serves to induce a functiona immune
reaction in humans againg diseases caused by pneumococcus infection. More concretdy, in an
embodiment, a human subject is an ederly subject, and the disease is pneumonia or an invasve
pneumococcus disease. More concretely, in an embodiment, the dderly subject isat least 50 years
of age. More concretdly, in an embodiment, the elderly subject is at least 55 years of age. More
concretely, in an embodiment, the ederly subject isat least 60 yearsof age.

[0048] More concretdy, in an embodiment, the human subject is an infant, and the diseese is
pneumonia, an invadve pneumococcus disease (IPD), or acute otitis media(AOM).

[0049] More concretdy, in an embodiment, theinfant isO to 2 years of age or 2 to 15 months of
age.

[0050] In another embodiment, the human subject is 6 weeks of age to 17 years of age, and the

diseaseis pneumonia, an invasve pneumococcus diseese (IPD), or acute otitismedia(AOM). Ina
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specific embodiment, the human subject is 6 weeks of age to 5 years of age.  In another
embodiment, the human subject is5 weeks of ageto 17 years of age.

[0051] The present invention provides a multivdent immunogenic compostion including a
cgpular polysaccharide-protein conjugate.  The capsular polysaccharide-protein  conjugate
includes dl serotypes in which Prevenar 13 isincduded in avaccine, and further includes one or
more serotypes seected from the group conssting of 10A, 11A, 15B, 22F, 23A, and 35B. That is,
the present invention is a multivdent immunogenic compaosition including fourteen or more
different polysaccharide-protein conjugates together with a physiologicdly acceptable vehide.
Each of the conjugates indudes pneumococcus-derived capsular polysaccharides of different
serotypes conjugated to acarrier protein.

[0052] The capsular polysaccharide may be manufactured using a andard technique known to
those killed in the art. The capsular polysaccharide may be reduced in Szein order to reduce the
viscosity or increase the solubility of the activated capsular polysaccharide. In an embodiment of
the present invention, the capsular polysaccharide is manufactured as a cgpsular polysaccharide
that includes thirteen serotypes consisting of pneumococcus serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V,
14, 18C, 19A, 19F, and 23F and one or more serotypes selected from the group consisting of
serotypes 10A, 11A, 15B, 22F, 23A, and 35B.

[0053] These pneumococcd conjugates are manufactured usng separate processes and
formulated into a Sngle-dosage form. For example, each pneumococca polysaccharide serotype
proliferates in a soybean-based medium, and then individud polysaccharides are purified usng
centrifugation, precipitation, and ultrefiltration.

[0054] Thecarier proteinis preferably anon-toxic and non-reactive protein that is obtaingblein
aufficient quantity so as to have sufficient purity. The carrier protein must be suiteble for a
dandard conjugation method. In the multivalent immunogenic composition according to the
present invention, the carrier protein may be CRM1e7z. CRMag iS a non-toxic variant of a
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diphtheria toxin separated from cultures of Corynebacterium diphtheria strain C7 ($197) that
proliferates in a casamino acid and yeast-extract-based medium. CRMag7 is purified usng
ultrafiltration, ammonium sulfate precipitation, and ion exchange chromatography. CRM1g97 may
be manufactured using genetic recombination according to US Patent No. 5,614,382.

[0055] Other diphtheria toxoids may dso be used as the carrier protein. Examples of other
suiteble carrier proteins include a tetanus toxoid, a whooping cough toxoid, a cholera toxoid, and
inactivated bacteria toxins such as E. coli- and Pseudomonas aeruginosa-derived exotoxin A. A
becterid outer membrane protein, for example, outer membrane complex ¢ (OMPC), porin,
tranderin-combined protein, pneumolysin, pneumococcus surface protein A (PspA),
pneumococcus adhesn protein (PsaA), Cha peptidase derived from Group A or Group B
dreptococci, or Haemophilus influenzae protein D may dso be used. Other proteins such as
ovabumin, keyhole limpet hemocyanin (KLH), bovine serum dbumin (BSA), or purified protein
derivatives (PPD) of tuberculin may aso be used as the carrier protein.  Diphtheria toxin variants
such as CRM 173, CRM 2, and CRM s may aso be used asthe carrier protein.

[0056] In order to conjugate the carrier protein and the polysaccharide, a conventiondly known
conjugation method may be used. For example a reductive amination method, a CDAP
conjugation method, or athiol-maemide method may be used, without limitation thereto. In order
to manufacture saccharides thet react with the carrier protein, the purified polysaccharide may be
chemicdly activated. Once the polysaccharide is activated, the cgpsular polysaccharides are
conjugated to the carrier protein one by one to form glycoconjugates. In an embodiment, each of
the capsular polysaccharides is conjugated to the same carrier protein. Chemicd activation of the
polysaccharides and subsequent conjugation of the polysaccharides to the carrier protein may be
performed using known methods (US Patent Nos. 4,673,574 and 4,902,506).

[0057] The obtained polysaccharide-protein conjugate may be purified using various methods
(thet is, the amount of the polysaccharide-protein conjugate may be increased). Examples of these
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methods incdude concentration/diadyss filtration processes, column chromatography, and
multilayer filtration. The purified polysaccharide-protein conjugates may be mixed with each
other so as to be formulated into the immunogenic composition of the present invention, and this
compogition may be used as a vaccine. Formulation of the immunogenic compostion of the
present invention may be performed using a method recognized in the art. For example, each of
fourteen to nineteen pneumococcus conjugates may be formulated with a physologicaly
acceptable vehicle to manufacture acomposition. Examples of the vehicleindude water, buffered
sdine, polyols (eg.. glyceral, propylene glycol, or liquid polyethylene glycol), and dextrose
solutions, but are not limited thereto.

[0058] In an embodiment, the immunogenic composition of the present invention includes one or
more adjuvants. An ‘adjuvant’ as defined herein isamateria used to increase the immunogenicity
of the immunogenic compostion of the present invention. Therefore, the adjuvant is often
provided to boost an immune reaction, and iswell known to those skilled in the art. The adjuvant
auitable for increasng the effectiveness of the compodtion indudes, but is not limited to, the
following.

[0059] In a specific embodiment, an duminum sdt is used as the adjuvant. The duminum sat
adjuvant may be an duminum-precipitated vaccine or an duminum-adsorbed vaccine. Examples
of the duminum sdt include hydrated dumina, dumina hydrates, and duminatrinydrates (ATH),
but are not limited thereto. When aduminum chloride and sodium phosphate are mixed a aratio of
1:1, duminum hydroxyphosphate sulfate is precipitated. A high shear mixer is used to make the
dze of the precipitate 2 to 8 um, and diayssis performed using physiological sdine, followed by
derilization, thus manufacturing the adjuvant. In an embodiment, commercidly available Al(OH)3
(for example, Alhydrogel or Superfos) is used to adsorb proteins. 50to 200 g of proteins per mg of
auminum hydroxide may be adsorbed, and thisratio is degpendent on the pl of the protein and the
pH of the solvent. A protein having alow pl is bonded more strongly than a protein having ahigh
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pl. Theduminum sdt forms an antigen reservoir that dowly releases an antigen for two to three
weeks, which non-specificaly activates macropheges, complements, and innate immune
mechanisms.

[0060] The present invention provides a pharmaceutical compostion (for example, a vaccine
formulation) for inducing an immune reaction to a Sreptococcus pneumoniae - cgpsular
polysaccharide conjugate. The pharmaceuticd composition includes animmunologically effective
amount of the multivaent immunogenic compogtion.

[0061] The vaccine formulations according to the present invention may be administered
through systemic or mucosa routes S0 asto protect or treet a person susceptible to pneumococcus.
The *effective amount’ as defined herein refers to a dose necessary to induce an antibody to an
extent cgpable of sgnificantly reducing the probability or severity of infection with pneumococcus.
The adminidration may include intramuscular injection, intraperitoned injection, intradermd
injection, or subcutaneous injection; or mucosd adminidration to the ord/digestive tract,
respiratory tract, or genitourinary tract. In an embodiment, intranasd adminidration is performed
for the treetment of pneumoniaor otitis media, and this is because nasopharynged pneumococcus
can be more effectively prevented, thereby weskening the infection a an early stage.

[0062] The amount of the conjugate in each vaccine dose is selected as an amount suffident to
induce an immune protective reaction without sgnificant Sde effects. This amount may vary
depending on the serotype of pneumococcus. In general, each dose may include 0.1 to 100 g,
preferably 0.1 to 10 pg, and more preferably 1 to 5 pg of a polysaccharide, without limitation
thereto. The optima amount of an ingredient for a gpecific vaccine may be confirmed by standard
sudiesinvolving observation of asuitableimmunereection in asubject. For example, through the
extrgpolation of the results of anima experiments, the dose of vaccine inoculaion in humans may

be determined. Further, the dose may be empiricaly determined.
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[0063] In an embodiment of the present invention, the vaccine compostion of the present
invention is a gerilized liquid formulaion that incudes cgpsular polysaccharides of thirteen
serotypes conggting of serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F, each
conjugated to CRM1g7, and aso includes capsular polysaccharides of one or more serotypes
sdected from the group congding of serotypes 10A, 11A, 15B, 22F, 23A, and 35B. The
composition may be formulated so asto include 2 ug of each saccharide (4 ug in the case of 6B),
about 34 g of aCRM g carier protein, 0.125 mg of an adjuvant of an duminum dement (0.5 mg
of duminum phosphate), sodium chloride, and a sodium succinate buffer solution as an excipient
in 0.5 mL of thedose. Theliquid may be charged in a Single-dose syringe without a preservative.
Immediady after being sheken, the liquid vaccine tekes the form of a homogeneous white
suspenson that can be adminigtered intramuscularly.

[0064] The compostion of the present invention may be formulated in the form of single-
adminidration dosevids, multi-administration dose vids or pre-filled syringes.

[0065] The formulation of the present invention may indude a surfactant and a mixture of
surfactants such as Tween 80 or Span 85.

[0066] In an embodiment of the present invention, the present invention provides a method of
preventing or tregting pneumococcus-related diseases The method indudes administering the
above-described multivdent immunogenic compostion in a prophylacticdly or thergpeuticaly
effective amount.

[0067] Inan embodiment of the present invention, the present invention provides a prophylactic
or therapeutic use of pneumococcus-related diseases. The prophylactic or therapeutic useindudes
adminigering the above-described multivaent immunogenic compostion in a prophylacticaly or
thergpeuticaly effective amount.

[0068] Incluson of Prevenar 13 serotype
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[0069] In Northern Cdifornia, the Prevenar 13 serotype accounted for more than 90% of dl cases
of invasve pneumococcus diseeses in infants and children.  Further, in Western Europe, the
Prevenar 13 serotype accounted for more than 70% of dl cases of invasive pneumococcus diseases
ininfantsand children. Since the United States and Europe are the largest vaccine markets, thereis
no reason to remove any Prevenar 13 saotype from the next-generatiion pneumococcus
conjugdtion vaccine, but rather it is preferable to add other serotypes, thus broadening the scope of
application thereof.

[0070] Addition of 6-valent serotype

[0071] Theserotype of Prevenar 13 was developed as a serotype that was prevaent in Europe and
the United States, and a serotyppe replacement phenomenon has occurred in each country since the
introduction of Prevenar 13, and has been reported to show adifference between Asia, Europe, and
the United States. In the present invention, the serotype that was prevdent in Asa, Europe, and the
United States after the introduction of Prevenar 13 was sdected. With respect to the standards of
the prevdence rate of pneumococcus in each country, 1) children under 5 years of age, 2)
prevaence rate results after the introduction of Prevenar 13 in each country, and 3) serotypes that
are examined to be prevdent and not prevadent in each country are selected. The serotypesthat are
prevaent in common in Ada, Europe, and the United States are sdected.

[0072] Hereindfter, the present invention will be described in more detal through Examples.
However, the following Examples are for the purpose of illustrating the present invention, and the
present invention should not be congtrued as being limited by these Examples.

[0073] Example 1. Manufacture and purification _of pneumococcal capsular
polysaccharides

[0074] Cultivation of pneumococcus and purification of cgpsular polysaccharides were performed

using amethod known to those skilled in the at. Each pneumococcus serotype may be obtained
from adesgnated agency (CDC, Center for Disease Control and Prevention). Pneumococcus was
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identified usng non-moatility with capsules, a gram-postive characteridtic, lancet-shgped
diplococcus, and an dpha hemolysis phenomenon in blood agar media The serotype was
confirmed based on a Qudlung test using a specific antiserum.

[0075] Example 1-1. Manufacturing of cdl bank

[0076] Nineteen different Pneumococcus serotypes (1, 3, 4, 5, 6A, 6B, 7F, 9V, 10A, 11A, 14,
15B, 18C, 19A, 19F, 22F, 23A, 23F, and 35B) were obtained from the CDC (Center for Disease
Control and Prevention, US), which isadesgnated agency in the United States

[0077] Pneumococcus strains were smeared on a blood agar medium to separate single colonies.
After a single colony having good growth was sdected among ten or more sSngle colonies,
inoculation with the liquid medium that did not contain anima-derived components was
performed, followed by cultivation, thus manufacturing a reseerch cdl bank (RCB) containing
synthetic glyceral.

[0078] Onevid wasdravn from aresearch cdl bank in which expresson of the polysaccharide
having a unique serotype was confirmed, and cdlls were proliferated in aliquid medium thet did
not contain animal-derived components. Synthetic glycerol was then added thereto to manufacture
amaster cdl bank. Onevid was drawn from the master cdll bank, and cdllswere proliferated in a
liquid medium that did not contain anima-derived components.  Synthetic glycerol was then
added thereto to manufacture acell bank for manufacture. The manufactured cell bank was stored
a -70°C or lessfor usein the next step.

[0079] Example 1-2. Fermentation and separation of polysaccharides

[0080] Onevid of acdl bank for manufacturing was thawed to perform inoculaion with aliquid
medium that did not contain anima-derived components, thereby initiating sub-fermentation.
Sub-cultivation was performed a 37 + 2°C in an undirred state until a predetermined fungus body
concentration (optical dengty, OD600) was dtained, indicating that the end point of the mid-
exponentid phase was reached.  Inoculation with the culture medium obtained in the sub-
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cultivation was performed in afermentation device containing aliquid medium that did not contain
animal-derived components, thereby initiating main fermentation.

[0081] Next, cultivation was performed while adjusting the pH of the medium with a potassum
hydroxide solution a 37 = 2°C. The optimd cdl dendty and the concentration of glucose
contained in the medium were measured every 2 hours. Fermentation was terminated when
glucose in the medium was depleted.

[0082] After the fermentation was completed, 12% sodium deoxychol ate was added to the culture
for 1 hour until the find concentration was 0.12%, thus dissolving the cdls and isolaing the
polysaccharides bonded to the cells.

[0083] Example1-3. Purification of capsular polysaccharide

[0084] After phosphoric acid was added to the sample trested with sodium deoxycholate, a
Supernatant was recovered through centrifugeation. The recovered supernatant was passed through
a depth filter, and then concentration and buffer exchange with a phosphate buffer solution were
performed. After the buffer exchange, the sample was passed through an activated carbon filter,
and impurities were then removed using the following two methods.

[0085] Since saventeen serotypes 1, 3, 4, 5, 6A, 6B, 9V, 10A, 11A, 15B, 18C, 19A, 19F, 22F,
23A, 23F, and 35B are cgpable of being ion-bonded to CTAB (cetyltrimethylammonium
bromide), a CTAB process was paformed. CTAB trestment, centrifugation, trestment with
sodium chloride (NaCl) and sodium iodide (Nal), and centrifugation were performed.

[0086] An duminum phosphate gd (Algd) solution was added to two serotypes 7F and 14 that
did not react with CTAB, thereby performing the reaction. Then, the supernatant obtained through
centrifugation was used.

[0087] The two types of samples subjected to an impurity remova process were subjected to
depth filter and ultrfiltration (UF/DF) processes, and then converted into the form of origind
powders whilethe amounts of ethanol and sodium chloride were adjusted, followed by storage.
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[0088] Example 1-4. Dissolution and hydrolyssof capsular polysaccharides

[0089] The capsular polysaccharide origind powder derived from each of the serotypes was
dissolved in water for injection so that the find concentration was within the range described
below, and was filtered using a 0.45 um filter.

[0090] Indetal, serotypes 1, 3, and 4 were dissolved o that the concentration was in the range of
0.8 t0 2.0 mg/ml, serotypes 5, 6B, 9V, 18C, and 19F were dissolved so that the concentration was
intherange of 4 to 8 mg/ml, serotypes 6A and 19A were dissolved S0 that the concentration wasin
the range of 8 to 12 mg/ml, and serotypes 7F, 10A, 11A, and 23F were dissolved o that the
concentration was in the range of 2 to 4 mg/ml, followed by filtration. Further, serotypes 15B,
22F, and 35B were dissolved so that the concentration was in the range of 2 to 5 mg/ml, followed
by filtration.

[0091] The solution was subjected to condant-temperature trestment in the pH and temperature
ranges described below for each serotype. In detall, serotypes 1, 3, 5, 6B, 7F, 10A, 11A, 14, and
23F were subjected to the congant-temperature trestment process a 70 to 80°C overnight,
serotypes 6A and 19F were subjected to the constant-temperature trestment process a 70 to 80°C
for 1 to 4 hours, and serotypes 9V and 18C were subjected to the congant-temperature trestment
process a 65 to 80°C at apH of 2.0 for 1 to 3 hours usng a phosphoric acid solution.  Serotypes
22F, 23A, and 35B were subjected to the condant-temperature trestment process & 75 to 85°C
overnight, and serotypes 4, 15B, and 19A were not hydrolyzed. Then, cooling was performed to
21 to 24°C and sodium hydroxide was added until a target pH of 6.0+1.0 was redized, a which
point hydrolysiswas stopped.

[0092] Example 2. Conjugation and purification of pneumococcal capsular polysaccharides

and CRM 197 protein carrier

[0093] Example?2-1. Preparation of CRMag7 proten carrier
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[0094] The CRM1g7 protein carier was purchased from Wyeth (Sanford, NC) in the United
Staesto be prepared.

[0095] Example2-2. Conjugation of capsular polysaccharidesand CRM g7

[0096] Sodium chloride powder was added to dl serotypes to manufacture a 2 M NaCl
polysaccharide solution. CDAP (1-cyano-4-dimethylaminopyridinium tetrafluoroborate) that was
aopropriate for each serum was dissolved a aratio of 1 g of CDAP per 100 ml of a solution of
50/50 acetonitrile/water for injection (v/v). In detal, based on the polysaccharides, CDAP was
dissolved a aweight ratio of 1 w/w% in the case of serotypes 6A and 14, CDAP was dissolved &
aweght ratio of 2 w/w%% in the case of serotype 4, and CDAP was dissolved a aweight ratio of 3
w/w% in the case of serotypes 1, 3, 6B, 7F, 15B, and 19A. CDAP was dissolved a aweight ratio
of 4 wiw% in the case of the other serotypes, and they were added to each polysaccharide solution.
Subsequently, after the sodium hydroxide solution was added so as to raise the pH to 9.4 to 9.7
after 1 to 3 minutes, stirring was performed for 3 to 7 minutes so that the hydroxyl group of the
polysaccharides was sufficiently activated by CDAP. Based on the polysaccharides, 0.5 to 1.0
w/w% of CRM 197 Was added to the polysaccharide solution for each serotype, thus performing a
conjugdtion reection for 1 to 4 hours. A reaction converson ratio was measured usng HPLC-
SEC, and CDAP wasfurther added as necessary.

[0097] Example2-3. Termination of conjugation reaction

[0098] 3 to 6 molar equivdents of glycine solution was added based on 1 molar equivaent of
CDAP added for dl serotypes, and the pH was adjusted to 9.0, thereby terminating the reaction.
The conjugation solution was stirred at 21 to 24°C for 1 hour and then Sored a alow temperature
of 20 8°C overnight.

[0099] Example2-4. Ultrafiltration

[00100] The diluted conjugetion mixture was concentrated and didyzed to befiltered using afilter

for ultrefiltration usng a minimum of 20 volumes of a buffer solution. The buffer solution was
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maintained a a pH in the range of 5.5 to 6.5, and a buffer solution containing 0.9% sodium
chloridewasused. Asthefilter for ultrefiltration, thefilter for afractiona molecular weight of 300
kDawas used for dl serotypes, and the permestion solution was discarded.

[00101] Example 2-5. Serilefiltration

[00102] Theresdud liquid after filtration by didysis was diluted using a buffer solution so that the
concentration thereof was less than 0.4 g/LL based on the concentration of the polysaccharides that
were contained, and was then filtered using a 0.22 um filter. The filtered product (the content of
saccharides or resdud DMAP thereof) was controlled during the manufacturing process. The
filtered resdud liquid was controlled during the manufacturing process, thus determining whether
additional concentretion, filtretion by diays's, and/or dilution was required.

[00103] Example 3. Formulation and immunogenic sudies of 13-valent pneumococcus

vacdine
[00104] Example 3-1. Formulation of 13-valent pneumococcusvaccine
[00105] The find volume of the find bulk concentrate obtained from Example 2 was cdculated
basad on the batch volume and the concentration of bulk saccharides. 0.85% sodium chloride
(physiologicd sdine), polysorbate 80, and a succinate buffer solution were added to the pre-
labeled formulation container, followed by addition of the bulk concentrate. Theredfter, the
formulations were mixed thoroughly and subjected to sterile filtration using a 0.2 pm membrane.
The formulated bulks were gently mixed during the process of adding bulk duminum phosphate
and after completion of fina addition thereof, and the pH was checked and then adjusted as
necessary. Further, the formulated bulk product was findly stored a 2 to 8°C. The manufactured
multivaent pneumococcus conjugete vaccine formulaions are shown in thefollowing Teble.
[00106] [Table 1]

Condtitution of Comparative Examples and Experimentd Examples

‘ Classfication | Congtitution
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Compardtive

Exanp;el FBS

Comparative CRMsr

Example2

Comparative Prevenar 13® product

Example3

Compardtive Synflorix® product

Example4

Experimenta Vaccine compositions, each conjugated with polysaccharides of serotypes 1, 3, 4, 5, 6A, 6B, 7F,
Example1 9V, 14, 18C, 19A, 19F, and 23F and CRM1g; carrier protein (Human dose)

Experimenta Vaccine compaostions, each conjugated with polysaccharides of serotypes 1, 3, 4, 5, 6A, 6B, 7F,
Example2 9V, 14, 18C, 19A, 19F, and 23F and CRM1g; carrier protein (1/4, Human dose)

Experimenta Vaccine compositions, each conjugated with polysaccharides of serotypes 1, 3, 4, 5, 6A, 6B, 7F,
Example3 9V, 14, 18C, 19A, 19F, and 23F and CRM 197 carrier protein (1/16, Human dose)

(> Synflorix is a GSK product, which corresponds to a 11 valence)
[00107] The obtained vaccine composition included 2 pg of each saccharide (4 ug in the case of
6B), about 35 pg of a CRM 197 carrier protein, 0.125 mg of an adjuvant of an duminum dement
(0.5 mg of duminum phosphate), about 4.25 mg of sodium chloride, about 295 pg of a succinae
buffer solution, and about 100 g of polysorbate 80 in atotd of 0.5 mL thereof.
[00108] Example 3-2. EL | SA measurement of serotype-pecific |gG concentration
[00109] Each of the 13-vaent pneumococcd vaccine compodtions manufactured in the above
Examples was tested as described below in order to confirm whether the compaositions have the
ability to induce an immune reaction in mice. The correponding immunogenicity was confirmed
by measuring the 1gG concentration of the serum through antigen-specific ELISA.
[00110] Each of the formulated multivalent pneumococca vaccine compostions and Prevenar
13®, which was a control group, was immunized into the musdles of mice (C57BL/6) a the O
week, 2™ week, and 4" week at planned human dinical doses (the content of each polysaccharide
was 4.4 pg/mL, except for the case where 6B was 8.8 pg/mL, which was consdered as 100%, and
the content of some serotypes was adjusted as needed). Each serum was collected one week after
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the lagt inoculation. The serotype-specific IgG concentration was measured using ELISA for the
collected serum.
[00111] This will be described beow in detal. Andyss was performed using the dilution
multiple of each serum a which an absorbance vaue was reduced to less than 0.175. Serotype
capsular polysaccharides were applied at a concentration of 5 pg/ml on a 96-well immunoplate and
then left a 4°C. In order to block non-specific bonding, the serum that was diluted using 5 pg/ml
of cdl wal cgpsular polysaccharides (CWPS) and 22F was added to the coated plate. After 2
hours, trestment with anti-mouse 1gG, which was an HRP-atached secondary antibody, was
performed, and the resultant plate was left a room temperature for 1 hour. After 1 hour, the
subdrate that was reected with HRP (3,3 ,5,5' -tetramethylbenziding TMB) was treated for 10
minutes so as to terminate the reaction usng 2N H2S04, and the absorbance was then messured &
450 nm after 10 minutes,
[00112][Table 2]

Comparison of 1gG relativeto 13-vaent serotype oneweek after third immunization

PCV 13/Prevnar13 ELISA 19G reative comparison
Serotype
Full dose 1/4 dose 1/16 dose
1 + + +
3 + + +
4 + + +
5 + + +
6A + + +
6B + + +
7F + + +
oV + + +
14 + + +
18C + + +
19A + + +
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19F
23F

(% +: An effect of one to three times that of the control group was confirmed)
[00113] The present inventors compared the effect of the commercidly available conventiond 13-
vaent conjugate with that of Prevenar 13 prior to the manufacture of a multivalent mixed vaccine.
As areault, the serotypes corrdated with the concentration-dependent IgG titer of the 13-vdent
immunogenic compaosition and other serotypes that were not corrdated therewith were confirmed.
Further, in comparison with Prevenar 13, it was confirmed that a amilar 1gG titer was secured
regardless of the concentration (Table2 and FIG. 1).
[00114] Example 3-3. Opsonin test of antibody function (M OPA method)
[00115] Antibody function was assessed by testing sera through a MOPA assay. A wel-known
method (a multiplexed opsonophagocytic killing assay (UAB-MOPA) test method for measuring
an antibody function againgt pneumococcus, 2013) was performed as the anadysis method, and the
experimenta method is described in brief below.
[00116] A process in which phagocytic cdls ingurgitate pathogens through complements and
antibodies is caled opsonization. In order to confirm the &bility of serotype-specific antibodies
generated by veccine inoculaion, andyss was peformed through a singlemultiplex
opsonophagocytic assay, which is an experimenta method using an opsonization process. One or
two or more serotypes of Pneumococcus having different antibiotic res stances, sera, complements,
and phagocytic cdls were cultivated together, thus inducing the phagocytoss process. Each
serotype was smeared on an agar medium to which antibiotics having res tance were added, thus
measuring the number of colonies according to the dilution multiple of the serum.  In the control
group, 50% removd rae (50% morbidity) of strains was measured based on the number of
colonies in which 100% of drains survived (0% morbidity), whereby opsonization indexes (Ol)
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were compared usng the dilution multiple & which the 50% removd rae of each sample was
ensured.
[00117] [Table 3]

Comparison of MOPA rdaiveto 13-vadent serotype oneweek after third immunization

PCV 13/Prevnar13 OPA reative comparison
Serotype
Full dose 1/4 dose 1/16 dose
1 +++ +++ +
3 +++ ++++ +++
4 +++ +++ +
5 + + +
6A + ++ +
6B + + +
7F ++ ++ +
)V + + +
14 +++ ++ +
18C ++ ++++ ++++
19A + ++++ +++
19F +++ ++++ ++++
23F + + +

(% +: An effect of one to three times that of the control group was confirmed/ ++: An
effect of threeto five timesthat of the control group was confirmed/ +++: An effect of five
to seven times that of the control group was confirmed/ ++++: An effect of five to seven
timesthat of the control group was confirmed)
[00118] As a result, antibody titers and OPA titers of dl serotypes, which were higher then or
amilar to those of Prevenar 13, were confirmed, and a great immunity interference effect was not
confirmed in the 13-vadent immunogenic compostion. There were some groups exhibiting alow
titer a predetermined adminigration concentrations in predetermined serotypes, but this

phenomenon was confirmed to be a phenomenon dready well known in experiments and some
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papers of 7-vaent immunogenic composition. In the above ELISA titer andlyss, atiter Smilar to
that of Prevenar 13 was confirmed. However, with respect to thetiter of OPA, in the case of some
serotypes, it was confirmed that serotypes having titers even higher than and amilar to tha of
Prevenar 13 were digributed in different ways. This shows that the rdiability/discrimination
ability ishigher inthe OPA result thaninthe ELISA result (Table3and FIG. 2).

[00119] Example 4. Formulation and immunogenic sudy of multivalent pneumococcus

vaccine
[00120] Example4-1. Formulation of multivalent pneumococcusvaccine
[00121] The find volume of the find bulk concentrate obtained from Example 2 was cdculated
based on the batch volume and the concentration of bulk saccharides. 0.85% sodium chloride
(physologicd sdine), polysorbate 80, and a succinate buffer solution were added to the pre-
labdled formulation container, followed by addition of the bulk concentrate.  Theresfter,
formulations were mixed thoroughly and subjected to sterile filtration using a 0.2 um membrane.
The formulated bulks were gently mixed during the process of adding bulk duminum phosphate
and after completion of fina addition thereof, and the pH was checked and then adjusted as
necessry. The formulated bulk product was stored a 2 to 8°C. Four types of multivaent
pneumococca conjugate vaccine formulations are shown inthefollowing Table.
[00122] [Table4]

Condtitution of Comparative Examples and Experimenta Examples

Classfication Conditution

Comparative Prevenar 13® product

Example1

Experimentd Vaccine compositions, each conjugated with cgpsular polysaccharides of serotypes 1, 3, 4, 5, 6A,

Example 1 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F and szrotypes 10A, 11A, 15B, and 22F, and CRM1g7
carier protein

Experimentd Vaccine compositions, each conjugated with cgpsular polysaccharides of serotypes 1, 3, 4, 5, 6A,

Example2 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F and serotypes 10A, 11A, 15B, 22F, and 23A, and CRM 17
carier protein
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Vaccine compositions, each conjugated with cgpsular polysaccharides of serotypes 1, 3, 4, 5, 6A,
6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F and serotypes 10A, 11A, 15B, 22F, 23A, and 35B, and
CRM ;g carrier protein

Experimenta
Example3

[00123] The obtained vaccine composition included 2 pg of each saccharide (4 ng in the case of
6B), about 35 g of a CRM1g7 carrier protein, 0.125 mg of an adjuvant of an duminum eement
(0.5 mg of duminum phosphate), about 4.25 mg of sodium chloride, about 295 pg of a succinae
buffer solution, and about 100 g of polysorbate 80 inatotd of 0.5 mL thereof.

[00124] Example4-2. EL 1 SA measurement of serotype-specific |gG concentration

[00125] Each of the multivalent pneumococca vaccine compositions manufactured in the above
Examples was tested as follows in order to confirm whether the compaositions have the gbility to
induce an immune reaction in rabbits.  The corresponding immunogenicity was confirmed by
measuring the IgG concentration of serathrough antigen-specific ELISA.

[00126] Each of the formulated multivalent pneumococca vaccine compositions and Prevenar
13®, which was acontrol group, wasimmunized into the musdes of New Zedand White rabbits at
the 0" week, 2™ week, and 4" wesk a planed human dinica doses (the content of each
polysaccharide was 4.4 pg/mL, except for the case where 6B was 8.8 pg/mL, which was
consdered as 100%, and the content of some serotypes was adjusted as needed). Each serum was
collected at intervals of two weeks after inoculaion. The serotype-specific IgG concentration was
measured using a multiplex bead assay for the collected serum. This will be described below in
detail.

[00127] A solution in which magnetic beads were conjugated with thirteen or seventeen types of
polysaccharide antigens was placed on a 96-wel plate and then atached thereto. In order to
minimize non-gpecific antigen-antibody reections, a serum for eech individua was reacted with 1
mg/mL of a CWPS multi-solution (CWPS multi®, Statens Serum Ingtitut) at room temperature for
30 minutes to be adsorbed, and was then diluted with a predetermined dilution multiple using a
buffer solution for antibody dilution containing Tween 20. The plate to which magnetic beads
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conjugated with thirteen, seventeen, eighteen, or nineteen types of polysaccharide antigens were
attached was washed twice with a buffer solution for washing. 50 pl of the serum that was
adsorbed and diluted in advance was placed on a plate and then reacted a room temperature for 30
minutes.
[00128] The plate on which the reaction occurred was washed three times using the same method,
and R-PE goa anti-rabbit 1gG (R-phycoerythrin goat anti-rabbit 1gG) (1:500) was added to each
well, followed by reaction at room temperature for 30 minutes. The plate was washed three times
using the above-described method, 80 pl of a buffer solution was added to each wel, and
fluorescence was measured using a multiplex reader. For the purpose of objective immunogenic
assessment, blood samples collected by immunizing Prevenar 13° as a control group were further
andyzed.
[00129] [Table5)

Comparison of 1gG rddive to 17 to 19-vdent serotypes one week dfter third

Immunization

Serotype | Prevenar 13 | PCV17-CRMz1g7 | PCV18-CRM1g7 | PCV19-CRMugy
1 + ++ + +
3 + ++ + +
4 + ++ ++ ++
5 + ++ ++ ++
6A + ++ ++ ++
6B + ++ ++ ++
TF + ++ T+ ++
oV + + ++ +
10A - ++ ++ ++
11A - ++ ++ ++
14 + + + +
158 - ++ ++ ++
18C + +++ +++ +++
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19A + ++ ++ ++
19F + ++ ++ ++
22F - ++ ++ ++
23A - N/A ++ ++
23F + ++ +++ +++
35B - N/A N/A ++

(> +: An effect of one to three times that of the control group was confirmed/ ++: An
effect of threeto five timesthat of the control group was confirmed/ +++: An effect of five
to seven timesthat of the control group was confirmed)
[00130] As areault, it was confirmed that PCV 17-CRM 197 exhibited a high serotype-specific 1IgG
concentration for dl 17-vadent serotypes. In the case of PCV17-CRM1g7, the serotype that was
present in common with Prevenar 13 exhibited a serotype-specific 1gG concentration equd to or
higher than that of Prevenar 13, and the added serotypes 10A, 11A, 15B, and 22F each exhibited a
high serotype-specific IgG concentration.
[00131] 23A and 35B ae saotypes not induded in PPV23, which is a pneumococcd
polysaccharide vaccine (PPV). 23A and 35B are serotypes that have not been used in pneumonia
vaccines to date, and are one of the serotypes introduced after serotype replacement in Asa and
Europe.
[00132] It was confirmed that 23A and 35B exhibited the high serotype-specific 1gG concentration
for al serotypesincuding PCV 18-CRM 197 and PCV 19-CRM1g7. The serotype that was present in
common with Prevenar 13 exhibited serotype-specific 1gG concentration equa to or higher than
that of Prevenar 13, and the added serotypes 10A, 11A, 15B, 22F, 23A, and 35B each exhibited a
high serotype-specific IgG concentration (Table 5).
[00133] Example4-3. Opsonin test of antibody function (M OPA method)
[00134] Antibody function was assessad by testing sera through a MOPA  (multiplex
opsonophagocytosis assay). Pneumococcd Sreptococcus MOPA drains stored at -70°C or lower
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were diluted to a corresponding find dilution level so that the concentration of each of the strains
was about 50,000 CFU/mL. Equivdent amounts of sera were sampled from each subject,
collected by group, and serially diluted twofold so that 20 pl of each serum remained on the U-
bottom plate. After the sample was diluted, 10 pl of strains manufactured for each serotype were
mixed with the diluted sample. The mixture was reacted & room temperature for 30 minutes so
that the pneumonia sreptococci and the antibody were mixed well. A mixture of pre-differentiated
HL-60 cdls and complements was added and reected in a CO, culture medium (37°C) for 45
minutes. The temperature was reduced to stop phagocytosis, and 10 pl of the reaction solution was
gpotted on a pre-dried agar plate for 30 to 60 minutes and dlowed to be absorbed on the plate for
20 minutes until the reaction solution was dried. 25 mg/mL of a TTC stock solution was added to
the manufactured overlay agar, and antibodies suitable for the corresponding srains were added
thereto. After the mixing of the mixtures was completed, about 25 mL of each mixture was added
to a plate and cured for about 30 minutes. The fully cured plate was cultivated in a CO; culture
medium (37°C) for 12 to 18 hours, and then colonies were counted. MOPA titers were expressed
as the dilution rate & which 50% morbidity was obsarved. As a comparaive example, a
commercidly avallable 13-vdent vaccine (Prevenar 13) was gpplied to the same process.
[00135] [Table 6]

Comparison of MOPA rdative to 17 to 19-vdent serotypes one week dter third

immunization

Serotype | Prevenar 13 | PCV17-CRMag7 | PCV18-CRM1g7 | PCV19-CRM1g7
1 + ++ + +

3 + ++ + +

4 + ++ ++ ++

5 + ++ ++ ++

6A + ++ ++ ++

oB + ++ ++ ++
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TF + ++ +++ ++
oV + + ++ +
10A - ++ ++ ++
1A - ++ ++ ++
14 + + + +
15B - ++ ++ ++
18C + +++ +++ +++
19A + ++ ++ ++
19F + ++ ++ ++
22F - ++ ++ ++
23A - N/A ++ ++
23F + ++ +++ +++
35B - N/A N/A ++

(> +: An effect of one to three times that of the control group was confirmed/ ++: An

effect of threeto five timesthat of the control group was confirmed/ +++: An effect of five

to seven timesthat of the control group was confirmed)
[00136] As a reault, it was confirmed that al serotypes showed an excdlent leve of functiond
immunogenicity for PCV17-CRM1g7.  In the case of PCV17-CRMug, the serotype that was
present in common with Prevenar 13 exhibited functional immunogenicity smilar to or higher
than that of Prevenar 13, and the added serotypes 10A, 11A, 15B, and 22F each exhibited high
functiona immunogenicity.
[00137]23A and 35B ae sotypes not included in PPV23, which is a pneumococcus
polysaccharide vaccine. Accordingly, 23A and 35B are known not to include antibiotic-resstant
drans. Therefore, antibiotic-resgant srains were manufactured for use in MOPA andysis.
Resgant srans were manufactured based on the manufacturing method of the UAB antibiotic-
ressant drans (MOPA Protocol). After manufacture, the characterigtics of 23A and 35B
serotypes were confirmed through characteristic andyss and identification of srains.



[00138] Through experiments, it was confirmed that 23A and 35B generated excdlent serotype-
functiond antibodies for dl serotypes induding PCV18-CRM1o7 and PCV19-CRM1g7. The
serotype that was present in common with Prevenar 13 provided the functiona antibody equd to
or better then that of Prevenar 13, and the added serotypes 10A, 11A, 15B, 22F, 23A, and 35B
each provided an excdlent functiona antibody.

[00139] Moreover, in the dbove results, PCV 17, 18, and 19 compositions did not exhibit aserotype
of immunogenicity that isinferior to that of PCV13, which isapostive control group. A titer that
wassmilar to or higher than that of PCV 13 wasfindly confirmed, so the PCV 19 composition was
findly confirmed to have no immunity interference effect (Table 6).

[00140] Example 5. Formulation and immunogenic sudy of multivalent pneumococcus

vaccine
[00141] Example 5-1. Formulation of multivalent pneumococcusvaccine
[00142] The following immunogenic compositions were obtained with reference to the above
Examples, and the multivalent pneumococcal conjugate vaccine formulation of each condiitutionis
showninthefollowing Teble.
[00143] [Table 7]

Condtitution of Comparative Examples and Experimental Examples

Classfication Conditution

Comperative Prevenar 13® product

Example1

Experimentd Vaccine compositions, each conjugated with polysaccharides of serotypes 1, 3,4, 5, 6A, 6B, 7F, 9V,

Example 1 14, 18C, 19A, 19F, and 23F and srotypes 10A, 11A, 15B, 22F, 23A, and 35B, and CRM 1y carrier
protein (Human dose)

Experimentd Vaccine compositions, each conjugated with polysaccharides of serotypes 1, 3,4, 5, 6A, 6B, 7F, 9V,

Example2 14, 18C, 19A, 19F, and 23F and serotypes 10A, 11A, 15B, 22F, 23A, and 35B, and CRM g7 carrier
protein (1/4, Humen dose)

Experimentd Vaccine compaositions, each conjugated with polysaccharides of seratypes 1, 3,4, 5, 6A, 6B, 7F, 9V,

Example3 14, 18C, 19A, 19F, and 23F and serotypes 10A, 11A, 15B, 22F, 23A, and 35B, and CRM o7 carrier
protein (1/16, Human dose)
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[00144] Example 5-2. EL 1 SA measurement of serotype-specific |gG concentration
[00145] ELISA was performed using sera obtained from mice, as in the Example above, and the
resultsare asfollows,
[00146] [Table 8]
Comparison of 1gG rdlaiveto 19-vadent serotype oneweek after third immunization

Serotype | Prevnar 13 | PCV19-Full dose | PCV19-1/4 dose | PCV19-1/16 dose
1 + ++ + +
3 + + + +
4 + + ++ ++
5 + ++ ++ ++
6A + ++ ++ +
6B + + + ++
TF + + +

)V + + +

10A N/A + +

11A N/A + +

14 + + ++ ++
158 N/A + ++ ++
18C + + +
19A + ++ ++
19F + ++ ++
22F N/A ++ ++ ++
23A N/A + ++

23F + +

35B N/A ++

(> +: An effect of one to three times that of the control group was confirmed/ ++: An
effect of threeto fivetimesthat of the control group was confirmed)
[00147] As aresult, it was confirmed that the PCV 19-CRM 197 full dose produced a high serotype-
specific 1gG concentration for dl nineteen serotypes. In the case of PCV 19-CRM g7, the serotype
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that was present in common with Prevenar 13 exhibited a serotype-specific 1gG concentration
equa to or higher than that of Prevenar 13, and the added serotypes 10A, 11A, 15B, and 22F each
exhibited ahigh serotype-specific IgG concentration.
[00148] The serotypes that were present in common with Prevenar 13 exhibited serotype-specific
1gG concentrations equd to or higher than those of Prevenar 13, and the added serotypes 10A,
11A, 15B, 22F, 23A, and 35B each exhibited ahigh serotype-specific 1gG concentration (Table 8).
[00149] Example 5-3. Opsonin test of antibody function (M OPA method)
[00150] OPA andysis was performed using sera obtained from mice with reference to the above
Examples, and the results are asfollows.
[00151] [Table 9]

Comparison of MOPA rdaiveto 19-vadent serotype oneweek after third immunization

Serotype | Prevnar 13 | PCV19-Full dose | PCV19-1/4 dose | PCV19-1/16 dose
1 + ++ + +
3 + + + +
4 + + ++ ++
5 + +++ +++ ++
6A + ++ ++ +
6B + + + ++
TF + + +

oV + + +

10A N/A + +

11A N/A + +

14 + + ++ ++
15B N/A + ++ ++
18C + + +
19A + ++ ++
19F + +++ +++
22F N/A ++ ++ ++
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23A N/A + ++
23F +
35B N/A ++

(?% +: An effect of one to three times that of the control group was confirmed/ ++: An
effect of threeto five timesthat of the control group was confirmed/ +++: An effect of five
to seven timesthat of the control group was confirmed)
[00152] Asaresult, it was confirmed thet dl serotypes exhibited functiond antibody titers equd to
or higher than that of Prevenar 13 indl groups of PCV19-CRM 19 full, 1/4, and 1/16 doses.
[00153] It was confirmed that 23A and 35B generated excdlent serotype-functiona antibodies for
amog dl serotypes including groups of PCV19 full, 1/4, and 1/16 doses. The serotype that was
present in common with Prevenar 13 provided afunctiond antibody equd to or better than that of
Prevenar 13, and the added serotypes 10A, 11A, 15B, 22F, 23A, and 35B each provided an
excdlent functiona antibody.
[00154] Moreover, in the above results the PCV19 compostion did not show a serotype of
immunogenicity inferior to that of PCV 13 which is a positive control group. A titer Smilar to or
higher than that of PCV 13 wasfinaly confirmed, so the PCV 19 composition was again confirmed
not to have an immunity interference effect (Table 9).
[00155] Although preferred embodiments of the present invention have been disclosed for
illudtrative purposes, those skilled in the art will appreciate that various modifications, additions
and subdtitutions are possible, without departing from the scope and spirit of the invention as
disclosad in the accompanying dams.
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WHAT ISCLAIMED IS

1. A multivdent immunogenic compaosition comprising:

polysaccharide-protein conjugates,

wheren each of the polysaccharide-protein conjugates includes Streptococcus
pneumoniae-derived capsular polysaccharides of different serotypes conjugeted to acarrier protein,
and

the capsular polysaccharidesinclude

a) cgpsular polysaccharides of one or more serotypes sl ected from the group consigting of
serotypes 1, 3,4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F, and

b) capsular polysaccharides of one or more serotypes sdected from the group consisting of
serotypes 10A, 11A, 15B, 22F, 23A, and 35B.

2. The multivdent immunogenic compodtion of dam 1, wherein the @ cagpsular
polysaccharides are thirteen serotypes congsting of serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,
19A, 19F, and 23F.

3. The multivalent immunogenic compostion of daim 1, wherein the carrier proteinisany
one sdlected from the group congsting of a diphtheriatoxoid, a tetanus toxoid, awhooping cough
toxoid, a choleratoxoid, an E. coli-derived inectivated toxin, a Pseudomonas aer uginosa-derived

inactivated toxin, and abacterid outer membrane protein (OMP).

4. The immunogenic compostion of dlam 1, wherein the diphtheria toxoid is any one
sdected from the group consisting of CRM 197, CRM 173, CRM 228, and CRM s.
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5. The immunogenic composition of dam 1, wherein a method of conjugating the
cgpsular polysaccharides and the carrier protein is one or more sdlected from the group consasting
of a CDAP conjugation method, areductive amination method, and a thiol-ma emide method.

6. The multiva ent immunogenic compaosition of dam 1, further comprising:
an adjuvant.

7. The multivdent immunogenic compogtion of dam 6, wherein the adjuvant is an

duminum st.

8. The multivdent immunogenic composition of dam 7, wherein the duminum st is
any one Hected from the group condgting of duminum phosphate, duminum sulfate, and

auminum hydroxide.

9. The multivdlent immunogenic compodtion of dam 1, wherein the multivaent

Immunogenic compodtion includes a polysaccharidesin an amount of 0.1 to 100 ug.

10. A pharmaceutical composition for inducing an immune reaction to a Sreptococcus
pneumoniae - capsular polysaccharide conjugeate, comprising:
an immunologicaly effective amount of the multivdent immunogenic composition

according to any oneof dams1to 9.
11. A method of preventing or treating pneumococcus-rel ated diseases, comprisng:
adminigering the multivdent immunogenic compostion according to any oneof dams 1

to 9inaprophylacticaly or thergpeuticaly effective amount.
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12. A prophylactic or thergpeutic use of pneumococcus-related diseases, comprisng:
adminigtering the multivaent immunogenic composition according to any one of dams 1
to 9inaprophylacticaly or thergpeuticaly effective amount.
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