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ABSTRACT
Pneumonia and meningitis caused by Haemophilus influenzae type b, Streptococcus pneumoniae, and Neisseria meningitidis are 
among the leading causes of under five mortality and morbidity. Polysaccharide vaccines to prevent these infections are available 
since 1980s, but these are not effective in infants and children who are the common targets; therefore, protein conjugated were 
developed. The aim of this article is to understand the need for peumococcal protein conjugate vaccines, the challenges related to 
their development and global implementation, and the impact of these vaccines on global child health. Challenges in development 
of new vaccines are as follows:
1.  While pneumonia is a major threat in developing countries, available vaccine 7-valent pneumococcal conjugate vaccine (PCV7) 

protects against only 30% of invasive disease.
2. Serogroup B of Neisseria meningitidis causes 32% of the cases in the USA and 45–80% or more in Europe. Due to similarity 

of its capsular polysaccharide with the cell surface glycoprotein on fetal brain tissue, developing a vaccine against this bacterium 
remains a challenge.

Challenges in implementation are as follows:
1. Replacement by nonvaccine serotypes;
2. capsule switching;
3. time duration of the antibody protective effect following vaccination;
4. costs of the vaccines, programme costs, lack of knowledge of the disease burden, and targeting population groups for vaccination.
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Introduction
More than 10 million children under 5 years of age die 
worldwide yearly. Of these, 19% are due to pneumonia(1) 

and 95% of the burden is borne by developing countries.(2) 
There is annual incidence of 126,000 cases of meningitis in 

neonates with more than 50,000 deaths(3) and neurological 
impairment in survivors.(4) Streptococcus pneumoniae 
(pneumococcus) is accountable for approximately 
800,000 deaths of children under five annually,(5) followed 
by Haemophilus influenzae type b (Hib) and Neisseria 
meningitidis (meningococcus) causing respectively, 
386,000(6) and 50,000 deaths(5) yearly. In India, the burden 
of morbidity and mortality caused by these bacteria are 
as high as 60–100% among children under 5 years.(7-13) 
Studies show increased prevalence of multidrug resistant 
strains in India and other developing countries.(10,11,14,15)

Polysaccharide vaccines against these bacteria are 
available since 1980s, but these are not effective in infants 
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and children who are the common targets. Therefore, 
protein-conjugate polysaccharide vaccines were 
developed. (5) However, development of these vaccines 
and their implementation have faced major challenges 
in terms of bacterial structures and their behaviors,(5) 
immune response of the host,(16) and cost aspects of these 
vaccines. (4,17) Further, adolescents are important carriers 
of meningococcal bacteria.(18)

The need for protein conjugate polysaccharide 
vaccines
Haemophilus influenzae, Streptococcus pneumoniae, and 
Neisseria meningitidis are encapsulated bacteria, the 
capsule being composed of polysaccharide. Destruction 
of the polysaccharide capsule which is the determinant 
of virulence in these bacteria is essential to protect 
against them. Normally, the capsule is destroyed by the 
complement system of the host along with antibodies 
produced by the B lymphocytes.(19) In infants and young 
children, this process is weak due to low complement 
activity.(19) Further, the capsular polysaccharide is 
presented directly to the B cell surface and not through 
the antigen-presenting cells (APC), the CD4+ T-cells 
are not stimulated, resulting in a weak proliferation 
of B cells to produce IgM and IgG2 without formation 
of memory cells.(20) Activation of CD4+ T-cells is also 
required to enhance affinity of antibody binding on 
subsequent exposure to the specific antigen.(20) For the 
same reasons, the polysaccharide vaccines developed 
against these bacteria were less immunogenic in 
children below 2 years of age even after repeated 
vaccinations.(16) The recognition of these limitations 
led to the development of the protein-conjugate 
polysaccharide vaccines. The carrier protein bound 
polysaccharide presents on the surface of the APC that 
further recruits CD4+ T-cells to co-stimulate the B-cells. 
This process leads to immunogenic and protective 
effects in young infants.(16) Thus, the conjugate vaccine 
has the potential to induce priming of B-cells and also 
produces affinity maturation.(16)

Currently used licensed vaccines are Haemophilus 
influenzae type b (Hib), the 7-valent pneumococcal 
conjugate vaccine (PCV7) which covers the serotypes 4, 
6B, 9V, 14, 18C, 19F, and 23F; PCV10 which in addition 
to the serotypes covered by PCV7 also covers 1, 5, 
and 7F. Apart from these, PCV-11 and PCV-13 are 
undergoing efficacy trials.(5) Meningitis C (MenC) 
vaccine is being used in United Kingdom (UK) since 
1999 and MenACYW, a quadrivalent vaccine containing 
serotypes A, Y, C, and W135 conjugated with diphtheria 
toxoid is being used in the United States of America  
(USA) since 2005. Other combinations like A, C, Y, and 
W135–CRM197 and A, C, Y, and W135–tetanus toxoid 
are in the process of development.(5)

Further requirements and challenges in the 
development of protein conjugated vaccines
Despite substantial progress made by developing new 
and effective vaccines, challenges still remain. Each of the 
three causative bacteria has large number of serotypes 
classified according to their polysaccharide capsule. 
Currently available licensed vaccines do not protect 
against all serotypes. Following the introduction of Hib 
vaccine, the incidence of pneumonia and meningitis has 
considerably decreased.(21) However, it does not protect 
against the noncapsular variants, known as Nontypable 
Haemophilus influenzae (NTHi),(21) which have the 
potential to cause acute upper respiratory tract infection, 
otitis media, exacerbation of chronic bronchitis, and 
pneumonia.(22) High heterogeneity of NTHi and their 
potential to act as platelet activating factor(22) make it 
difficult to identify a single vaccine candidate even after 
sequencing of the genome.

While pneumonia is a major threat in developing 
countries, PCV7 protects against only 30% of invasive 
disease in Asia.(2) Pneumococcus has more than  
40 serogroups which are further divided into 91 
serotypes. (5) At present 5–11 serogroups account for 75% 
of invasive disease and of these the ones responsible 
for causing pneumonia in Africa and Asia are not 
included in PCV7. (2) It is difficult to develop a vaccine 
covering all serotypes which requires conjugating each 
capsular polysaccharide individually with a protein 
carrier through a complex process.(2) There are also 
concerns regarding the number of carriers that can be 
administered at a time and cross reactivity between the 
serotypes leading to reduced efficacy.(2) However, PCV10 
may resolve this problem to certain extent.

An effective vaccine against Hib being available, 
Neisseria meningitidis now remains as the major cause 
of bacterial meningitis worldwide. Meningococcus has 
about 13 serogroups but bacterial isolates collected 
from cases around the world have shown the presence 
of only 5 serogroups, namely A, B, C, Y, and W135.(5) 
Different serogroups are found in different regions of 
the world. (23) The quadrivalent vaccine is promising; 
however, its uptake was found to be slow in the USA 
and its effectiveness and potential for herd immunity are 
yet to be established.(5) The major challenge is serogroup 
B which causes 32% of the cases in the USA and 45–80% 
or more in Europe.(2) In contrast to serogroup C, which 
mainly causes focal outbreaks among teenagers and 
young adults, group B causes widespread epidemics 
and predominantly targets infants and young children.(4) 
Development of vaccines against serogroup B is difficult 
due to the similarity of its capsular polysaccharide 
with the cell surface glycoprotein on fetal brain tissue 
leading to tolerance and decreased immunogenicity.(4,22) 
Following sequencing of the bacterial genome, several 
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vaccine candidates have been studied including lipo-
oligosaccharides, outer membrane vesicles (OMVs), 
transferring binding protein B, etc. However, the 
problem is that these candidates are not conserved across 
the numerous phenotypic and genotypic variants of 
serogroup B.(4) An OMV-based vaccine for controlling 
group B outbreaks in New Zealand was developed 
under the initiative of the World Health Organization 
and the Ministry of Health, New Zealand.(4) However, 
the challenge of identifying a single membrane protein 
conserved in all group B serotypes still remains.

Apart from these challenges an important issue is the 
burden of vaccines on infants. To reduce this burden 
there is increasing focus on combination vaccines, but 
studies have shown decreased immunogenicity of the 
protein conjugate vaccines in combination forms. For 
example, MenC when combined with PCV7 not only 
showed decreased immunity but was also associated 
with reduced serum antibody level of the concomitantly 
administered Hib and diphtheria vaccine.(5)

Challenges in global implementation of protein 
conjugate polysaccharide vaccines
In addition to the challenges in development of 
protein-conjugate polysaccharide vaccines for bacterial 
pneumonia and meningitis there are also implementation 
challenges concerned with the behavior of these bacteria,(5) 
duration of immunity,(16) and vaccination programmes. 
The first unresolved issue associated with the bacteria 
is replacement by nonvaccine serotypes. Several 
different serotypes of each bacterium may colonize the 
nasopharyngeal mucosa at the same time.(18) Vaccination 
against a few of them may lead to replacement by 
nonvaccine serotypes whose pathogenesis is largely 
unknown.(24) This raises concerns at both individual and 
population levels due to the probability of transmission 
and the potential to cause infection by these nonvaccine 
serotypes.(25)

Second issue related to bacterial behavior is “capsule 
switching.” Genetic variations, shown through modeling 
in Hib, can undergo change in the length of its repetitive 
DNA units leading to diversity.(22) This phenomenon is 
far enhanced in meningococcal bacteria and capsular 
switching is an unresolved problem.(26) Evidence 
dates back to the latter half of the twentieth century 
when capsular switching occurred from serogroup B 
to C.(27,28) This evokes the fear that wide coverage of 
MenC vaccination will cause immune pressure leading 
to capsule switching.(26) An example is the outbreak in 
Haj pilgrims; W135 serogroup was isolated from the 
returning pilgrims in France and England. This strain is 
a variant of ET-37 clone(29) and is otherwise commonly 
found in the serogroup C isolates in U. K.(29,30)

Third problem is the unknown time duration of the 

antibody protective effect following vaccination. 
Studies with serological markers for immunity showed 
that the antibody levels wane off following primary 
immunization and even the booster at 12 months may not 
infer a long-lasting protection.(26) The concern of waning 
antibody level and efficacy is more for MenC because 
the second peak of meningococcal invasive disease is 
among the teenagers.

Finally, introduction of these vaccines in the national 
immunization programmes in developing countries 
including India has been hindered by costs of the 
vaccines,(4) programme costs, lack of knowledge of the 
disease burden,(17,10) and targeting of population groups 
for vaccination. The effectiveness of Hib vaccine is 
known for more than a decade now, but the decline in 
incidence of bacterial meningitis globally has been only 
6%.(21) In India, the National Technical Advisory Group 
on Immunization (NTAGI) and the Indian Academy of 
Pediatrics recommend the introduction of Hib vaccine 
into the Universal Immunization Programme (UIP) 
schedule,(31) but presently this vaccine and other protein-
conjugate polysaccharide vaccines are available only to 
those who can afford them.(7)

Conclusion
Introduction of Hib in the USA has decreased the 
incidence of bacterial meningitis by 73%.(21) PCV7 
covers approximately 80% of invasive disease and 
PCV10 is expected to cover the serotypes predominant 
in Africa and South-East Asia and thereby contribute 
substantially to decrease the burden of bacterial 
pneumonia and meningitis in these regions. It is 
estimated that a global introduction of PCV will help 
prevent 5.4–7.7 million deaths among children by 2030 
and will help in achieving goal-4 of the “Millennium 
Development Goals.”(17) Considering this, WHO has 
recommended the introduction of Hib and PCV7 in the 
national immunization schedules of all countries. (17) 

However, there are challenges left to overcome in vaccine 
development to cover all variants of Hib, pneumococcus, 
and meningococcus. The challenges of reaching all infants 
and children in the developing countries are even great 
considering the burden of the disease that they bear.

References
1. World Health Organisation. World health report: Make every 

mother and child count. Geneva: World Health Organization; 2005.

2. Hackell JG. Pneumococcus, pneumococcal disease, and 
prevention. In: Bloom BR, Paul-Henri, editors. The vaccine book 
USA. California Elsevier Science; 2003.

3. Grimwood K. Legacy of bacterial meningitis in infancy. Many 
children continue to suffer functionally important deficits. BMJ 
2001;323:523-4.

4. Jódar L, Feavers IM, Salisbury D, Granoff DM. Development 
of vaccines against meningococcal disease. Lancet 2002;359: 
1499-508.



Indian Journal of Community Medicine/Vol 37/Issue 2/April 2012 82

Nair: Protein conjugate polysaccharide vaccines

5. Pollard AJ, Perrett KP, Beverley PC. Science and society: 
Maintaining protection against invasive bacteria with 
protein–polysaccharide conjugate vaccines. Nat Rev Immunol 
2009;9:213-20.

6. World Health Organisation. WHO position paper on Haemophilus 
influenzae type b conjugate vaccines. (Replaces WHO position 
paper on Hib vaccines previously published in the Weekly 
Epidemiological Record. Wkly Epidemiol Rec 2006;81:445-52.

7. Shah NK. H. influenzae type b (Hib) vaccine–controversies. 
Indian J Pediatr 2003;70:489-93.

8. Singh V. The burden of pneumonia in children: An Asian 
perspective. Paediatr Respir Rev 2005;6:88-93.

9. Bansal S, Kashyap S, Pal LS, Goel A. Clinical and bacteriological 
profile of community acquired pneumonia in Shimla, Himachal 
Pradesh. Indian J Chest Dis Allied Sci 2004;46:17-22.

10. Coles CL, Kanungo R, Rahmathullah L, Thulasiraj RD, Katz J, 
Santosham M, et al. Pneumococcal nasopharyngeal colonization 
in young South Indian infants. Pediatr Infect Dis J 2001;20:289-95.

11. Jain A, Kumar P, Awasthi S. High nasopharyngeal carriage of 
drug resistant Streptococcus pneumoniae and Haemophilus 
influenzae in North Indian schoolchildren. Trop Med Int Health 
2005;10:234-9.

12. Pandey A, Chaudhry R, Nisar N, Kabra SK. Acute respiratory 
tract infections in Indian children with special reference to 
Mycoplasma pneumoniae. J Trop Pediatr 2000;46:371-4.

13. Singhi S, Singhi P, Baranwal AK. Bacterial meningitis in children: 
Critical care needs. Indian J Pediatr 2001;68:737-47.

14. Kanungo R, Rajalakshmi B. Serotype distribution and 
antimicrobial resistance in Streptococcus pneumoniae causing 
invasive and other infections in south India. Indian J Med Res 
2001;114:127-32.

15. Graham NM. The epidemiology of acute respiratory infections. 
In Infectious disease epidemiology. In: Nelson KE, Williams CM, 
Graham NMH, editors. Maryland, USA: Aspen Publishers, 
Gaithersburg; 2001.

16. Siegrist CA. The challenge of inducing protection in very 
young infants. In: Levine MM, Kaper JB, Rappuoli R, Liu MA,  
Good MF, editors. In New generation vaccines. 3rd ed revised and 
expanded. United States of America: Marcel Dekker, Inc; 2004.

17. Centers for Disease Control and Prevention (CDC). Progress in 
introduction of pneumococcal conjugate vaccine-worldwide, 
2000-2008. MMWR. 2008;57. Available from: http://www.cdc.
gov/mmwr/preview/mmwrhtml/mm5742a2.htm. [Last cited on 
2009 Mar 26].

18. Salisbury D, Ramsay M, Noakes K. Immunisation against 
infectious diseases. 3rd ed. London: The Stationery Office; 2006.

19. Siegrist CA. Immunological requirements for vaccines to be used 
in early life. In: Bloom BR, Paul-Henri, editors. The vaccine book 
USA. California Elsevier Science; 2003.

20. Seder RA, Mascola JR. A basic immunology of vaccine 

development. In: Bloom BR, Paul-Henri, editors. The vaccine 
book USA. California Elsevier Science; 2003.

21. Wenger J, Campbell H, Miller E, Salisbury D. The postlicensure 
impact of Haemophilus influenzae type b and serogroup C 
Neisseria meningitidis conjugate vaccines. In: Levine MM, Kaper 
JB, Rappuoli R, Liu MA, Good MF, editors. In New generation 
vaccines. 3rd ed revised and expanded. United States of America: 
Marcel Dekker, Inc; 2004.

22. Cripps AW, Foxwell R, Kyd J. Challenges for the development 
of vaccines against Haemophilus influenzae and Neisseria 
meningitidis. Curr Opin Immunol 2002;14:553-7.

23. World Health Organisation. Epidemic and Pandemic Alert and 
Response (EPR). Journal [serial on the Internet]. Available from: 
http://www.who.int/csr/disease/meningococcal/en/index.html. 
[Last cited on 2009 Mar 26].

24. Lipsitch M. Interpreting results from trials of pneumococcal 
conjugate vaccines: A statistical test for detecting vaccine-
induced increases in carriage of non vaccine serotypes. Am J 
Epidemiol 2001;154:85-92.

25. Levine OS, Klein DL, Butler JC. Pneumococcal protein-
polysaccharide conjugate vaccines. In: Levine MM, Kaper JB, 
Rappuoli R, Liu MA, Good MF, editors. In New generation 
vaccines 3rd ed revised and expanded. United States of America: 
Marcel Dekker Inc; 2004.

26. Snape MD, Pollard AJ. Meningococcal polysaccharide–protein 
conjugate vaccines. Lancet Infect Dis 2005;5:21-30.

27. Lipsitch M. Bacterial vaccines and serotype replacement: Lessons 
from Haemophilus influenzae and prospects for Streptococcus 
pneumoniae. Emerg Infect Dis 1999;5:336-45.

28. Swartley JS, Marfin AA, Edupuganti S, Liu LJ, Cieslak P, 
Perkins B, et al. Capsule switching of Neisseria meningitidis. 
Proc Natl Acad Sci USA 1997;94:271-6.

29. Taha MK, Achtman M, Alonso JM, Greenwood B, Ramsay M, 
Fox A, et al. Serogroup W135 meningococcal disease in Hajj 
pilgrims. Lancet 2000;356:2159.

30. Maiden MCJ, Stuart JM. Carriage of serogroup C meningococci 
1 year after meningococcal C conjugate polysaccharide 
vaccination. Lancet 2002;359:1829-31.

31. Subcommittee on Introduction of Hib Vaccine in Universal 
Immunization Program, National Technical Advisory Group on 
Immunization, India. NTAGI subcommittee recommendations 
on Haemophilus influenzae type b (Hib) vaccine introduction 
in India. Indian Pediatr 2009;46:945-54.

How to cite this article: Nair M. Protein conjugate polysaccharide 
vaccines: Challenges in development and global implementation.  

Indian J Community Med 2012;37:79-82.

Source of Support: This CME article has been drafted from a course 
work successfully submitted for MSc in Global Health Science, University 

of Oxford, United Kingdom. MSc was sponsored by the Future Faculty 
Programme scholarship of Public Health Foundation of India,  

Conflict of Interest: None declared.


