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RECENT ADVANCES - VACCINOLOGY IN CHILDREN

AP Dubey, Malobika Bhattacharya
Department of Pediatrics, Maulana Azad Medical College and Lok Nayak Hospital, New Delhi-110012, India

(Abstraci: Thefield of vaccinology is highly dynamic. Newer vaccinesaswell as vaccine technol ogies are congtantly being devel oped. Novel\
technologies such as chimerivax and virosomes have led to more efficacious vaccines. Combination vaccines and ready to use preparations
offer better compliance and ease of adminigration. Newer vaccine adjuvants lead to increased vaccine immunogenicity. Vaccines againgt
diseases with significant morbidity and mortality such as rota virus diarrhoes, viral hepatitis A, cervical cancer due to human papilloma
virus, Japanese encephalitis, conjugated pneumococcal and conjugated typhoid vaccines have recently been approved. Lastly, vaccines
under development such as those againgt malaria, dengue and HIV are in various stages of development. Future in vaccinology liesin the
development of DNA vaccines, therapeutic vaccines and vaccines against nor+infectious diseases such as malignancies and autoimmune

\disorders The following review details recent updatesin the field of vaccinology with special reference to the pediatric population

INTRODUCTION

For many years people have noted that prior contact protected against
future infections. Because of the enormous development in the field
of immunol ogic research, most children today receive protectionfrom
the common childhood illnesses in the form of “vaccines’. The
science of vaccines is a highly dynamic and cost-effective branch
with aneed to update oneself constantly on the recent developments
in the subject. This review details recent updates in vaccine
technology, newer vaccines and the future of vaccinology.

NEWER VACCINE TECHNOLOGIES
CHIMERIVAX TECHNOLOGY

This is a novel approach for rapid development of a molecularly-
defined, live, attenuated vaccines. The technology (ChimeriVax) is
applicable to the development of vaccines againg flaviviruses, and
products against Japanese encephdlitis, West Nile and dengue are
undergoing clinicd trias, respectively. ChimeriVax vaccines utilize
the safe and effective vaccine against the prototypeflavivirus-yellow
fever 17D- as a live vector. Infectious clone technology is used to
replace the genes encoding the pre-membrane (prM) and envelope
(E) protein of yellow fever 17D vaccinewith the corresponding genes
of the target virus (e.g. West Nile). The resulting chimeric virus
contains the antigens responsible for protection against the target
virus but retains the replication efficiency of yellow fever 17D 1.

VIROSOMAL TECHNOLOGY

Thisnovel technology has been used in devel oping vaccines against
hepatitisA, influenzaand malaria. Out of thesethevirosomal hepatitis
A vaccine is commercidly available. The hepatitis A virosomes are
spherical vesicles made of unilamellar phospholipid bilayers atleast
100timessmaller than the particlesin a uminium adjuvanted vaccines.
Purified haemagglutinin (HA) and neuraminidase (NA) influenza
surface glycoproteins, isolated from the influenza A/Singapore 6/86
(H1IN1) virus gtrain, are intercalated into this phospholipid bilayer.
Thefind step in the production of the virosomesis the adsorption of
the formalin-inactivated, highly purified HAV virions of the RG-SB
strain onto the virosome surface? 3.

It has been shown that the influenza virus HA component of the
virosome enables binding to immunocomponent cells such as
macrophages|eading to endocytosis. Within the endosome, the virus

antigen is proteolysed to antigenic peptides. Thereafter, the antigen
containing endosomes join with major histocompatibility class I
(MHC 1I) molecules. The resulting MHC Il-antigen complex is
trangported to the cell surface where it initiates both humora and
cell-mediated immune response. This natural process of antigen
presentation enables effective HAV antigen processing and the
stimulation of protective immune responses without inducing the
non-specific inflammatory response characteristic of aluminium-salt
based vaccines®.

COMBINATION VACCINES

With the introduction of increasing number of newer vaccines to
prevent childhood diseases combination vaccines are a solution to
the problem of increased number of injections during hospital visits.
A combination vaccine consists of two or more immunogens
combined in asingle preparation. Thisisin contrast to smultaneous
vaccination in which there are concurrent but physically separate
injections. Combination vaccines commonly used are diphtheriaand
tetanusalone (DT or dT) or with pertusis vaccine (DPT), inactivated
polio vaccine (IPV) and MMR vaccine. Newer penta or hexavalent
vaccinesasoincludeHiB and/or hepatitis B in the above combination.
The advantages of combination vaccines include reduced number of
injections with consequent reduction in parental anxiety, pain to the
vaccinee and risk of needle stick injury to the vaccinator. There is
higher compliance, reduced number of visits, reduced need for storage
space, packaging, handling, transportation,less documentation and
logistics.

Some of the drawbacks of combination vaccines include chemical
interference and immunologic interference between the constituent
antigens. Consequently, vaccines should not be combined at thetime
of administration and only authorised combination vaccine used.

READY TO USE PREPARATIONS

Many vaccines are now available in single-dose pre-filled syringes
thuseliminating the need for reconstitution and hence causing minimal
contamination and risk of infection.

RECENT ADVANCES IN VACCINE
ADJUVANTS

Adjuvants are substancesthat boost theimmunogenicity of vaccines.
Adjuvants can be broadly separated into two classes based on their
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principal mechanisms of action: vaccine delivery systems and
immunostimulatory adjuvants. Vaccine-delivery systems generally
are particulate (e.g., emulsions, microparticles, iscoms, and
liposomes) and function mainly to target associated antigens into
antigen-presenting cells. In contrast, immunostimulatory adjuvants
are derived predominantly from pathogens and often represent
pathogen-associated molecular patterns (e.g., lipopolysaccaride,
monophosphoryl lipidA, CpG DNA) which activate cellsof theinnate
immune system. The discovery of more potent adjuvants may alow
the development of prophylactic and therapeutic vaccines against
cancers and chronic infectious diseases. In addition, new adjuvants
may also allow vaccines to be delivered mucosally*.

NEWER VACCINES

Rotavirus vaccine

Globally, rotavirus is the single most important etiologic agent of
severediarrheaininfants and young children, with 114 million cases,
25-55% of al hospita admissionsfor diarrheaand morethan 610,000
deathsper year® . InIndia, 6-45% of al childhood diarrhearequiring
hospitalisation isdueto rotavirus. Serotypes G1, G2, G3, P8, P6 and
P4 account for 65-70% of rotavirusinfectionsin India’. It has been
reported that, after the first rotavirus infection, 88% children are
protected against severe gastroenteritis and following a second
infection, virtually all children are protected against severe diarrhea
and most are protected against any rotavirus disease?. Hence an
attenuated vaccinethat s mulatesnatural infection, andisadministered
in two doses, should induce protective immunity and prevent severe
diarrheaanditscomplications’. Rotavirusdiarrheacausessignificant
mortality and morbidity. Its consequences are more severe in the
underprivileged. Moreover, in developed countries it was observed
that even withimproved sanitation the prevalenceof rotavirusdiarrhea
did not decrease. Hence the vaccine will be a useful addition to the
national immunisation programme.

Currently, two live vira oral vaccines are liscenced and marketed
worldwide, Rotarix™ and Rotateq™. Rotarix™ is a monovalent
attenuated human rotavirus vaccine derived from the strains 89-12.
Rotateq™ is a human bovine reassortant vaccine. Large phase 3
double-blind placebo controlled trials from USA, Europe and Latin
America have shown 85-98% efficacy against severe rotavirus
gastroenteritis and 42-59% efficacy against hospitalisation due to
diarrhea of any cause. Both vaccines are safe with no increased risk
of intusussception!® 12, Studies show no interference between
rotavirus vaccines and other childhood vaccines including 1PV,
pneumococcal, HiB, DTaP and Hep B®. There is no reduction in
efficacy when simultaneously administered with OPV®, The first
dose of Rotarix™ is administered between 6-12 weeks of age and
interval between two dosesis atleast 4 weeks. Thetwo dose schedule
should be completed by 16 weeks and no later than 24 weeks of age.
It is available as lyophilised vaccine to be reconstituted with liquid
diluent prior to administration. The Rotateq™ is given as three oral
doses a 2, 4 and 6 months of age with the 1% dose between 6-12
weeks and interval between doses being 4-8 weeks. Vaccination
should not be initiated after 12 weeks of age. It is available as a
liquid preparation mixed with buffer with no need for prior
recongtitution.

Human Papillomavirus Vaccine

Every year 500,000 new cases of cervical cancer are detected and
350,000 succumb annually to this disease™. It is well documented

that HPV isthe causative agent of cervical cancer with types 16 and
18 accounting for 70% of the cases of invasive cervical cancer
globally*. These serotypeshave aso beenimplicated inand, vulvar,
vagina, penileand oropharyngeal cancers®. Serotypes6 and 11 cause
anogenital warts™. Cervical cancer isan important cause of death in
Indian women with 132,000 new casesannually with 74,000 deaths's.
Until recently, cytology based screening programmes (using pap
smears) were the main tools to prevent cervical cancers which are
capable of detecting upto 80% of cervical cancers in developed
countries. However, these are difficult to implement in developing
countries with consequent higher mortality. HPV vaccines addressa
critica public health need and will be an important element of a
cervical cancer control strategy.

As of January 2008 two HPV vaccines have been liscenced for use
inmany countries. Oneisaquadrivalent vaccine containing serotypes
6, 11, 16 and 18 whilethe second isahivalent vaccinewith serotypes
16 and 18. The vaccines are sterile liquid suspensions prepared from
highly purified viruslike particles (VLPs) of the recombinant major
capsid (L1) protein. The L1 proteins are produced by separate
fragmentation in recombinant Saccharomyces cerviciae and self

assembledinVVLPs. TheVLPsfor each typeare purified and adsorbed
in auminium containing adjuvants. The vaccine is available in 0.5
ml singledoseready to usesyringes. Itisindicated in femal esbetween
9-26 yearsfor the prevention of cervical cancer, genital warts, cervical

adenocarcinomain situ, cervical intragpithelial neoplasiagrades1,2,3,

vulvar intraepithelial neoplasiagrades 2,3 and vaginal intraepithelial

neoplasia grades 2,3. The vaccine is administered as three separate
intramuscular doses at 0, 2 and 6 months.

Published analysis restricted to females who had not been infected

W|th vaccinerelated HPV types before vaccination have shown that:
Both vaccines induce high levels of serum antibodies against HPV types 16
and 18.

The quadrivalent vaccine had an efficacy of more than 96% in preventing high
grade precancerous lesions of the cervix, vagina and vulva and genital warts
arising from HPV types 6, 11, 16 and 18 in completed phase 3 clinical trials'’.
The bivalent vaccine has an efficacy of more than 90% in preventing high
grade cervical lesions due to types 16 and 18 in interim results of phase 3
clinical trials and an efficacy of 75% in preventing persistent infection due to
types 16 and 18,

Although the duration of protection is not yet known there is evidence of
protection for atleast 6 years after vaccination with both vaccines. Studies are

evaluating long term efficacy™®.
Loca side effects were pain, swelling and erythema. No serious
vaccine related adverse effects were noted. Recent studies have
indicated that both vaccines may provide partia protection against
other oncogenic HPV types that are geneticaly related to HPV 16
and 18. Data on efficacy of the vaccine in preventing diseases in
males are not yet available.
In conclusion both the HPV vaccines are safe and efficacious and
should be given to all females in the prescribed age group prior to
sexual debut.
I nactivated Palio Vaccine
Polio cases have decreased by over 99% since 1988, from an
estimated 350,000 cases then to 1997 casesin 2007. Thisisresult of
the global effort to eradicate polio. Persistent pockets of polio
transmission in northern India, northern Nigeria and the border
between Pakistan and Afghanistan are the current focus of the polio
eradication initiative. However, in an increasing number of polio
free countries the risk of vaccine associated paraytic poliomyelitis
(VAPP) isgreater than therisk withimportation or laboratory handling
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of wild polio virus. Some of these countries have introduced IPV as
a safe and effective dternative for routine immunisation by using
one of the two approaches: replacement of OPV by IPV and
introduction of a sequentia 1PV/OPV schedule.

All currently available IPV are enhanced potency vaccines (elPV)
that contain 40, 8 and 32 D units of types 1, 2 and 3 respectively. It
is highly immunogenic and seroconversion rates of 95% and 92%
are achieved when two doses are given starting at 2 months of age, at
2 monthsinterval and when 3 doses are given starting at 6 weeks of
age and given at 4 weeks interval respectively®. It can be given in
combination with DTwP and HiB without impairing serocoversion
and increasing side effects. IPV aso has excellent herd effect®. It is
avery safe vaccine and is being considered for use in India by the
government.

Hepatitis A Virosomal Vaccine

Atleast 1.5 million clinical casesof hepatitisA occur worldwide each
year. The morbidity of hepatitis A is greatest in susceptible adults
who are at higher risk of hospitalisation and death. Infected children
usually are either asymptomatic or have milder disease but are
important sources of infection. As living conditions improve, there
isan epidemiologic shift from high to transitional endemicity inmany
countries which results in more people not previoudy exposed to
HAV and therefore lacking natural immunity. Without natural
immunity the risk of outbreaks is increased adding to hedth costs
and making universal HAV immunisation worthwhile.

The successful propagation of the HAV in human derived cell-line
culture in vitro in 1979?22 paved the way for development of
inactivated vaccine. Similar to other small viruses or subunit antigen,
inactivated HAV ispoorly immunogenic on their own and need some
form of immunostimulation in order to be effective as a vaccine.
Adsorption to aluminium salt wasthe only adjuvant for many years®.
Although widely accepted as safe and effective, aluminium salt based
adjuvants have non-specific actions and cause local side effects such
as pain and swelling. A new approach has been the development of
an auminium free virosome adjuvanted HAV vaccine. Both types of
vaccine are highly immunogenic®. Virosoma vaccines have side
effectsand dlicit both cell-mediated and humoral immune responses®.
Inacomparativetrial thevirosomal vaccine, the aluminium adsorbed
formulation and the soluble HAV antigen (no adjuvant), all
administeredintramuscul arly, were assessed for immunogenicity and
tolerahility. All recipients (100%) of the virosoma vaccine were
seroprotected after 14 days compared with 71% of those receiving
the aluminium adsorbed antigen and 32% of those receiving the
soluble antigen. HAV antibody titres were higher in the virosome
group and the virosomal vaccine was better tolerated than the other
two formulations.

The virosomal vaccine is available in 0.5ml, single-dose, pre-filled
syringes for intramuscular use to be given in two doses 6 months
apart. It induces protective antibody level within 10 days of primary
vaccination?” and provides seroprotection for upto 20 years®. The
two types of vaccine are interchangeable®. It can be administered
with other vaccines and prophylactic medicines®.

Conjugated Pneumococcal Vaccine

Sreptococcus pneumoniae causes significant morbidity in children
lessthan 2 yearsof age. It causesover 15-50% of community acquired
pneumonia, 30-50% of acute suppurative otitis media (ASOM),
significant proportion of bacteremia and meningitis and 30% of
mortality due to pneumonia worldwide®*, Sudiesin patients with

invasive pneumococcal disease (IPD) indicate that serotypes 6, 1,
19,14,4,5, 45,12, 7, 23 arethe most prevaent serotypeswith 1 and
5 accounting for 30% IPD*.

The earlier pneumococcal 23 valent, unconjugated polysaccharide
vaccinewasa T-cell independent vaccine. It was poorly immunogenic
inlessthan 2 years of age, had low immune memory, did not reduce
nasopharyngeal carriage and did not induce herd immunity. It has at
most 70% efficacy in high risk population against IPD and does not
protect against non-bacterimic pneumonia and ASOM. Not more
than 2 lifetime doses are recommended as subsequent doses cause
hyporesponsiveness®. The heptavalent pneumococcal conjugated
vaccine (PCV) counters the problems of low immunogenicity of the
polysaccharide vaccine in children less than 2 years of age®. It
contains serotypes 4, 6B, 9V, 14, 18C, 19F and 23 attached to a
protein carrier. It covers 85% serotypes causing IPD. Trials show
reduction in IPD by 95% and that of X-ray proven pneumonia by
30% in those vaccinated®. Efficacy in ASOM is 8%%. It has
significant herd effect by reduction in nasopharyngeal carriage®.
There are concerns about serotype replacement with non-vaccine
serotypes increasing their share of disease burden with increase in
vaccination coverage®.

Primary vaccination schedule consistsof 3 dosesat 2, 4 and 6 months
with abooster at 12-15 months.

Conjugated Typhoid Vaccine

Typhoid fever has been reported from all parts of the globe with 16
million cases being reported annually with 600,000 deaths®. Until
recently typhoid was considered adisease of children above 3-5years
sinceit presented with atypical clinical featuresin infants and young
children which made it difficult to diagnose. However, a number of
studies have shown a high incidence of the disease in less than 2
years ranging from 27-35%%04,

The currently available Vi polysaccharide vaccine, though safe and
efficacious, is not immunogenic in less than 2 years of age. Hence
this age group remainslargely unprotected. Moreover, revaccination
is required every 2-3 years. The newly introduced conjugated i
polysaccharide typhoid vaccine can be used in infantsfrom 3 months
of age with upto 90% protection with longer lasting protection due
to immune memory*%, The vaccine is available as a single-dose
0.5ml glass vial for intramuscular use. One dose contains 5ig Vi
polysaccharide of S Typhi conjugated to 5ig of tetanustoxoid protein
in isotonic saine.

Japanese Encephalitis Vaccine

Japanese encephdlitis (JE), a mosguito-borne arboviral infection, is
the leading cause of viral encephalitis in Asia™*. Approximately
50,000 sporadic and epidemic cases of JE are reported annually from
the People's Republic of China(PRC), Korea, Japan, Southeast Asia,
the Indian subcontinent, and parts of Oceania. Infectionleadsto overt
severeencephdlitisinonly 1 of 20to 1,000 caseswith afatal outcome
in 25% of cases and residual neuropsychiatric sequelae in 30% of
cases* ¥, In areas where JE is endemic, annua incidence ranges
from 1 to 10 per 10,000*. Children less than 15 years of age are
principally affected. Seropreval ence studiesindicate nearly universa
exposure by adulthood. In developed countries of Asiaand in areas
where children are protected by immunization, a secondary increase
in JE incidence has been observed in the elderly*.

An inactivated mouse brain derived vaccine has been mainly used
for protection against Japanese encephdlitis among travellers and
residents of endemic areas. The vaccine has an overdl efficacy of
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91% with a moderate frequency of loca (20%) and mild systemic
(10%) side effects® =51, The neural tissue substrate of the vaccine
hasraised concernsabout the possibility of vaccine-rel ated neurologic
side effects (*?). Protective levels of neutralizing antibody persist for
atleast 2 yearsin vaccineeswho have completed athree-dose primary
series. Thefull duration of protectionisunknown, therefore, definitive
recommendations cannot be given on the timing of booster doses.
Booster doses of 1.0 mL (0.5 mL for children less than 3 years of
age) may be administered after 2 years.

A new Japanese Encephalitis vaccineis undergoing phaselll clinical
trial. It is manufactured using the Chimerivax technology and as per
thetria resultsit met and exceeded itsimmunogenicity end point of
thetria. The vaccine at present is undergoing pediatric tridsinAsia
as children are the main target of the disease in endemic regions.

VACCINES UNDER DEVELOPMENT

1. Malaria Vaccine
2. HIV Vaccine
3. Dengue vaccine

FUTURE TRENDSIN VACCINOLOGY

1. Development of DNA vaccines
2. Development of therapeutic vaccines.
3. Newer vaccines against non-infectious diseases

REFERENCES

1. Monath TP, Arroyo J, Miller C, Guirakhoo F. West Nile Virus Vaccine. Current Drug Tar-
gets - Infectious Disorders 2001;1:37-50.

2. LiY,Han X, Lai AL, Bushweller JH, Cafiso DS, Tamm LK. Membrane structures of the
hemifusion-inducing fusion peptide mutant G1Sand the fusion-blocking mutant G1V of influ-
enza virus haemagglutinin suggest a mechanism for pore opening in membrane fusion. J
virol 2005; 79: 12065-76.

3. Zurbriggen R, Novak-Hofer |, Sedig A, Gluck R. IRIV-adjuvanted hepatitis A vaccine: in-
Vvivo absorption and biophysical characterisation. Prog Lipid Res 2000; 39: 3-18.

4. Singh M, O'Hagan DT. Recent advances in vaccine adjuvants. Pharm Res. 2002 ;19:715-
28.

5. LinharesAC, Bresee JS. Rotavirus vaccines and vaccination in Latin America. Rev Panam
Salud 2000; 8: 305-331.

6. GlassRI, Parashar UD, Bresee JS, TurciosR, Fischer TK, Widdowson MA et al. Rotavirus
vaccines: current prospects and future challenges. Lancet 2006; 368: 323-332.

7. Ramani S, Kang G Burden of disease and molecular epidemiology of group A rotavirus
infectionsin India. Ind J Med Res 2007; 125: 619-632.

8. WHO. World Health Organisation. Report of the meeting on future directions for rotavirus
vaccine research in developing countries. Geneva; 911 February; 2000. Report no: WHO/
V&B/00.23.

9. ACIP Rotavirusvaccinefor the prevention of rotavirus gastroenteritis among children. Rec-
ommendations from the Advisory Committee on Immunisation Practices (ACIP). MMWR
Recomm Rep 1999; 48; 1-20.

10. Veskari T, Karvonen A, Korhonen T, Espo M, Lebacq E, Foster J et al. Safety and immu-
nogenicity of RIX4414 live attenuated human rotavirus vaccine in adults, toddlersand previ-
oudy uninfected infants. Vaccine 2004; 22: 2836-2842.

11.  Veskari T, Karvonen A, Puustinen L, Shanng-qin Z, Szakal ED, Delem A, et al. Efficacy of
RIX4414 live attenuated human rotavirus vaccine in Finnish infants. Pediatr Infect Dis J
2004; 23: 937-943.

12. RuizPalacios GM, Perez-Schad |, Vdazguez FR, Abata H, Breuer T, Clemens SC, et al.
Safety and efficacy of an attenuated vaccine against severe rotavirus gastroenteritis. N Engl
J Med 2006; 354: 11-22.

13. LopezP, AbateHJ, DeLeon T, Tregnaghi M, Valencia A, Slveira T, et al. Immunogenicity
of an oral polio vaccine is unaffected when co-administered with a human rotavirus vaccine
RIX4414 (Rotarix™) in Latin America. Abstract 19.029. Presented at the 13" International
Congress on Infectious Diseases 2008, June 19-22. Kualalumpur, Malaysia. Available at:
http:/Mmw2.isid.org/Downloads/13th_ ICID_AbsPosterspdf. Accessed on July 4, 2008.

14. Schiffman M, Castle PE, Jeronim J, Rodrigue AC, Wacholde S. Human papillomavirus
and cervical cancer. Lancet 2007; 370: 890-907.

15.  World Health Organisation. HPV | ARC monograph summary. Lancet Oncol 2005; 6: 204.

16.  WHO/ICO Information centre on HPV and cervical cancer (HPV information centre). Sum-
mary of HPV and cervical cancer statisticsinIndia. 2007. Availableat wwwwho.int/hpveentre.
accessed on May 1, 2008.

17.  Centre for disease control and prevention. Quadrivalent human papillomavirus vaccine.
Recommendations of the Advisory Committee on Immunisation Practices (ACIP). MMWR
2007; 56: 1-32.

18. PaavonessJ, JenkinsD, Bosch FX, Nand P, Salmeron J, Whedet CM et al. HPV PATRICIA

19.

21

22.

23.

24,

25,

26.

27.

28.

29.

3L
32.

36.

37.

39.

41

42.

&R

47.

49,

51
52.

study group. Efficacy of a prophylactic adjuvanted bivalent L1 virus-ike particle vaccine
againgt infection with human papillomavirus types 16 and 18 in young women: an interim

analysis of phase 3 doble-blind, randomised controlled trial. Lancet 2007; 369: 2161-2170.
Harper DM, Franco EL, Wheder CM, Mosticki AB, ramanowski B, Roteli-martins CM
et al. Sustained efficacy upto 4-5 years of a bivalent L1 virus-like particle vaccine against
infection with papillomavirus types 16 and 18: follow-up from a randomised control trial.
Lancet 2006; 367: 1247-1255.

Plotkin S, Murdin A, Vidor E. Inactivated poliovirus vaccine. In: Plotkin S Orenstein WA,
editors. Vaccines. 3 edition 1999. P. 264-408.

John TJ. The golden jubilee of vaccination againgt poliomyditis. Ind J Med Res 2004; 119:

1-17.

Frosner GG Deinhardt F, Scheid R, Gauss Muller V, Holmes N, Messalberger V et al.
Propagation of human hepatitis A virusin a hepatoma cell line. Infection 1979; 7: 303-305.
Provost PJ, Hilleman MR. Propagation of human hepatitis A virusin cell culture in vitro.
Proc Soc Exp Biol Med 1979; 160: 213-221.

Gupta RK, Rost BE, Relyveld E, Siher GR. Adjuvanted properties of aluminium and cal-
cium compounds. In: Powel MF, Newman MJ, editors. Vaccine Design: The subunit and
adjuvant approach. New York: Plennum Press, 1995; 229-248.

Innis BL, Snitbhan R, Kunalsol P, Laorakpongse T, Poopatanakool W, Kozik CA et al.
Protection against hepatitis A by an inactivated vaccine. JAMA 1994; 271: 1328-1334.
Moser C, Metcalfe | C, Viret JF. Vrosomal adjuvanted antigen delivery systems. Expert Rev
Vaccines 2003; 2 189-196.

Ambrosch F, Finkel B, Herzog C, Koren A, Kallaritsch H. Rapid antibody response after
vaccination with virosomal hepatitis A vaccine. Infection 2004; 32: 149-152.

Bovier PA, Bock J, Loutan L, Faringli T, Gluck R, Herzog C. Long-termimmunogenicity
of an inactivated virosome hepatitis A vaccine. J Med Mrol 2002; 68: 489-493.

Beck BR, Hatz CF, Loutan L, Steffen R. Immunogenicity of booster vaccination with a
virosomal hepatitisAvaccineafter primary immunisationwith analuminiumadsorbed hepatitis
Avaccine. J Travel Med 2004; 11: 201-206.

Bovier P, AlthansB, Gluck R, Chippaux A, Loutan L. Tolerance and immunogenicity of the
simultaneous administration of virosomal hepatitis A and yellow fever vaccines. J Travel
Med 1999; 6: 228-233.

UNICEF/WHO. Pneumonia: The forgotten killer of children. Geneva: 2006.

Dowell SF, Butler JC, Giebink GS, Jacobs MR, Jernigan D, Musher DM, et al. Acute otitis
media: management and surveillance in an era of pneumococcal resistance-a report from
the Drug-Resistant Sreptococcus pneumoniae Therapeutic Working Group. Pediatr Infect
DisJ 1999; 18: 1-9.

Advisory Committee on I mmunization Practices. Preventing pneumococcal disease among
infants and young children. Recommendations of the Advisory Committee on Immunization

Practices (ACIP). MMWR Recomm Rep 2000; 49 (RR-9):1-35.

Prospective multicentre hospital surveillance of Sreptococcus pneumoniae diseasein In-
dia. Invasive Bacterial Infection Surveillance (1BIS) Group, International Clinical Epidemi-
ology Network (INCLEN). Lancet 1999; 353: 1216-21.

Prevention of pneumococcal disease: recommendations of the Advisory Committee on Im-
munization Practices (ACIP). MMWR Reconm Rep 1997; 46 (RR-8):1-24.

Black S, Shinefidd H, Fireman B, LewisE, Ray P, Hansen JR. Efficacy, safety and immu-
nogenicity of heptavalent pneumococcal conjugate vaccine in children. Pediatr Infect DisJ
2000; 19: 187-195.

Centersfor Disease Control and Prevention. Direct and indirect effects of routine vaccina-
tion of children with 7-valent pneumococcal conjugate vaccine on incidence of invasive
pneumococcal disease-United Sates, 1998-2003. MMWR Morb Mortal WKy Rep 2005; 54:
893-789.

O'Brien KL, Dagan R. The potential indirect effect of conjugate pneumococcal vaccines.
Vaccine 2003; 21: 1815-1825.

Crump JA. Theglobal burden of typhoid fever. Bulletin of World Health Organisation 2004;
82: 346-398.

Saha MR. A note on incidence of typhoid fever in diverse age groups in Kolkata, India.
Japanese J Infect Dis 2003; 56:121-122.

Saha SK, Baqui AH. Typhoid fever in Bangladesh: implications for vaccination palicy.

Pediatr Infect Dis 2001; 20: 521-524.

Lin FY. The efficacy of a salmonella typhi i conjugate vaccinein 2-5 yearsold children. N
Engl J Med 2001; 344: 1263-1269.

Lanh MN. Persistent efficacy of M conjugate vaccine against typhoid fever in young chil-
dren. N Engl J Med 2003; 349: 1390-1391.

Marcus LC. Liability for vaccine-related injuries. N Engl J Med 1988;318:191.

Burke DS, Leake CJ. Japanese encephalitis. In: Monath TP, ed. The arboviruses: epidemi-
ology and ecology, Vol 3. Boca Raton, FL: CRC Press, 1988:63-92.

Umenai T, Krzysko R, Bektimirov TA, Assaad FA. Japanese encephalitis: current world-
wide status. Bull WHO 1985;63:625-31.

Halstead SB. Arboviruses of the Pacific and Southeast Asa. In: Feigin RD and Cherry JD,
eds Textbook of pediatric infectious diseases, third edition. Philadelphia, PA: WB Saunders,
1992:1468-75.

Hoke CH, Nisalak A, Sangawhipa N, et al. Protection against Japanese encephalitis by
inactivated vaccines. N Engl J Med 1988;319:609-14.

Kitaoka M. Shift of age distribution of cases of Japanese encephalitis in Japan during the
period 1950 to 1967. In: McDHammon W, Kitaoka M, Downs WG eds. Immunization for
Japanese encephalitis. Amsterdam: Excerpta Medica, 1972:285-91.

Poland JD, Cropp CB, Craven RB, Monath TP. Evaluation of the potency and safety of
inactivated Japanese encephalitis vaccine in USinhabitants. J Infect Dis 1990;161:878-82.
Oya A. Japanese encephalitis vaccine. Acta Pediatr Jpn 1988;30:175-84.

Canada Disease Weekly Report. Japanese encephalitis vaccine and adver se effects among
travelers, 1991;17-32:173-7.



