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Abstract: Streptococcus pneumonia is a leading cause of invasive pneumococcal disease (IPD), resulting in significant morbidity 
and mortality worldwide. Pneumococcal vaccines have been instrumental in preventing IPD, particularly in vulnerable 
populations such as children , older adults and those with compromised immune systems.This article reviews current landscape 
of  pneumococcal vaccine , including the available conjugate and polysaccharide vaccines, their immunogencity,efficacy and 
safety profiles.We discuss the impact of pneumococcal vaccination on IPD incidence,stereo type distrubuttion and anti biotic 
resistance.Additionally, we explore emerging vaccine technologies,such as protein  based and mRNA vaccines,and their 
potential to enhance protection against pneumococcal disease.The article concludes with a discussion on the future directions 
for pneumococcal vaccine development,including the need for broader protection , improved immunogencity and increased 
access to vaccines in low- resource settings. 
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I.      INTRODUCTION 
Vaccines serve as vital tools in safeguarding individuals from severe and often fatal diseases by enhancing the body's natural 
defense mechanism, known as the immune system. They replicate the body's response to an invasion by pathogens, such as viruses 
or bacteria, without causing illness. Typically, vaccines consist of either inactivated or weakened forms of these pathogens, ensuring 
that they do not induce the diseases they are designed to prevent, nor do they pose any risk to children (1). A vaccine can be defined 
as either an inactivated or attenuated pathogen or a component thereof (such as nucleic acid or protein) that, when introduced into 
the body, triggers a protective immune response. This process enables the immune system to remember how to effectively combat 
these pathogens. Consequently, if the body encounters a similar but live and virulent pathogen in the future, the immune system can 
swiftly eliminate it, preventing illness. Thus, vaccines are both safe and effective in protecting vaccinated individuals and the 
broader community (2). According to the World Health Organization (WHO), current immunization programs save an estimated 2 
to 3 million lives annually, significantly contributing to the decline in mortality rates among children under five years old, which 
decreased from 93 deaths per 1,000 live births in 1990 to 39 deaths per 1,000 live births in 2018 (3). 
 

II.       CLASSIFICATION OF VACCINES 
Vaccines can be categorized based on their synthesis methods, which include the following types:  
1) Live Attenuated Vaccines: These vaccines are created by weakening pathogens, such as viruses or bacteria, through genetic 

modifications to inhibit their growth, ensuring they do not cause disease in the host. Some live vaccines utilize a related 
organism that naturally has limited growth in humans. The attenuated pathogen elicits a comprehensive immune response akin 
to that produced by a natural infection. Examples include:  

 Oral Sabin polio vaccine  
 MRV Vaccine (Measles, Mumps, Rubella, and Varicella)  
 Nasal influenza vaccine 
 Bacille Calmette-Guerin (BCG) vaccine  
 Varicella vaccine  
 Rotavirus vaccine  
2) Inactivated or Killed Vaccines: In this category, the pathogen responsible for the disease is either killed or inactivated, typically 

through high temperatures or chemical agents such as formalin. These vaccines, upon administration, provoke a strong immune 
response that closely resembles the reactions observed during an actual infection. Examples include:  

 Typhoid vaccine 
 Influenza vaccine  
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 Salk polio vaccine  
 Hepatitis A vaccine  
3) Acellular or Subunit Vaccines: Acellular vaccines do not contain whole cells; instead, they consist of specific polysaccharides 

or proteins derived from the surface of bacteria or viruses. These components are recognized by the immune system as foreign, 
prompting an immune response. There are various types of acellular vaccines:  

a) Toxoid Vaccines: Certain pathogenic bacteria produce toxins or harmful proteins during infection. Toxoid vaccines are 
developed by chemically inactivating these toxins, rendering them non-toxic while still eliciting a strong immune response. 
Examples include: 

 Diphtheria vaccine  
 Tetanus vaccine 
 Pertussis vaccine  
b) Conjugate Vaccine: Historically, polysaccharide vaccines were developed using sugar molecules found on the surface of 

bacteria; however, their efficacy in infants and young children was found to be limited. Researchers identified that these 
vaccines could achieve improved effectiveness when the bacterial polysaccharide molecules are chemically bonded or 
conjugated to a carrier protein. The incorporation of additional proteins imparts the immunological properties of the carrier to 
the antigen, thereby eliciting a more robust immune response that is sufficient for younger populations as well. Examples 
include: 

 Hemophilus influenza type b (Hib) conjugate vaccine  
 Pneumococcal conjugate vaccine  
 Meningococcal C conjugate vaccine.  
c) Recombinant Vaccine: A fragment of DNA is extracted from the pathogenic bacterium or virus. This specific gene is then 

integrated into a plasmid or carrier vehicle, facilitating the production of substantial quantities of precisely defined proteins, 
which are subsequently utilized as vaccines. Examples:  

 Hepatitis B vaccine  
 Human papilloma virus (HPV) vaccine. 
d) DNA/RNA Vaccine: Genetic material, either in the form of DNA or RNA, from the pathogenic bacterium or virus is introduced 

into human cells, prompting the cellular machinery to synthesize the protein encoded by the inserted gene(s) of the pathogen. 
The immune system recognizes this protein as foreign, triggering an immune response against the entire pathogen. Currently, 
various types of nucleic-acid vaccines are undergoing development, pre-clinical, and clinical evaluation phases, such as the 
HIV vaccine. 
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III.      PATHOPHYSIOLOGY 
Microorganisms are omnipresent, existing both in our surroundings and within our own bodies. When an individual is vulnerable 
and comes into contact with a pathogenic organism, it may result in illness or even fatality. The human body possesses various 
mechanisms to protect itself against pathogens, which are organisms that cause disease. Physical barriers such as skin, mucus, and 
cilia—tiny hair-like structures that help clear debris from the lungs—function to block pathogens from entering the body initially. In 
instances where a pathogen does invade, the immune system is activated, launching an attack to eliminate or neutralize the intruder.  
The body's innate response involves recognizing pathogens, which can be bacteria, viruses, parasites, or fungi that induce disease. 
Each pathogen comprises distinct components, often unique to the specific organism and the illness it triggers.  

 
The component responsible for eliciting the production of antibodies is known as an antigen. The antibodies generated in response 
to the antigen play a crucial role in the immune response. One can liken antibodies to soldiers in the body’s defense mechanism, 
with each antibody trained to identify a particular antigen. The human body contains a vast array of antibodies. Upon first exposure 
to an antigen, the immune system requires time to react and generate the specific antibodies needed to combat that antigen. 
During this period, the individual is at risk of falling ill. Once the antigen-specific antibodies are generated, they collaborate with 
the immune system to eliminate the pathogen and halt the progression of the disease. Typically, antibodies produced for one 
pathogen do not confer protection against another, unless the pathogens are closely related, akin to cousins. Following the initial 
immune response to an antigen, the body also develops memory cells that produce antibodies, which persist even after the pathogen 
has been eradicated.  
If the individual encounters the same pathogen again, the immune response is significantly quicker and more efficient than during 
the initial exposure, as the memory cells are primed to produce antibodies against that specific antigen. This indicates that if the 
individual encounters the harmful pathogen in the future, their immune system will be prepared to respond promptly, thereby 
safeguarding against illness. 
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IV.      PNEUMOCOCCAL VACCINE  
Pneumococcal vaccine is a type of vaccine that protects against pneumococcal disease, which is caused by the bacterium 
Streptococcus pneumonia (also known as pneumococcus). 
In developed countries, pneumococcal infection is responsible for approximately 30% of all adult pneumonia cases and has a 
mortality rate of 11% to 40% [1] The vaccine helps prevent: 
1) Pneumonia (infection of the lungs) 
2) Meningitis (infection of the lining around the brain and spinal cord) 
3) Sepsis (blood infection) 
4) Otitis media (middle ear infection) 
5) Sinusitis (sinus infection) 
 
 

V.      TYPES OF PNEUMOCOCCAL VACCINES 
There are two primary categories of pneumococcal vaccines: 
1) PCV (Pneumococcal Conjugate Vaccine): Protects against 13 types of pneumococcal bacteria (PCV13) or 20 types (PCV20). 
2) PPSV (Pneumococcal Polysaccharide Vaccine): Protects against 23 varieties of pneumococcal bacteria. 
The pneumococcal vaccine is recommended for: 
 Children under 2 years old 
 Adults 65 years and older 
 People with certain medical conditions (e.g., heart disease, diabetes, chronic obstructive pulmonary disease) 
 People with weakened immune systems (e.g., HIV/AIDS, cancer) 
The vaccine is typically administered through injection, and the schedule may vary depending on age, health status, and other factors. 

      
RISK ASSESSMENT OF PNEUMOCOCCAL DISEASES 

 
Immunocompetent individuals with high-risk 
comorbidities 

 
Chronic heart disease (with exception of isolated 
hypertension) 
Chronic lung disease 
Diabetes mellitus 
Chronic liver disease 
 

 
           Functional or anatomical asplenia 

 
Sickle cell disease and other hemoglobinopathies 
Congenital on acquired asplenia/splenic dysfunction 
 

 
             Immunosuppressed individuals 

 
HIV  
Chronic renal failure 
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VI.      MECHANISM OF ACTION OF PNEUMOCOCCAL VACCINE 
Polysaccharide antibodies have been accessible since the mid1980s. These antibodies contain decontaminated capsular 
polysaccharides from 23 pneumococcal serotypes (1, 2, 3, 4, 5, 6b, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 
22F, 23F and 33F). Polysaccharides basically actuate a B-cell-dependent resistant reaction by means of discharge of 
immunoglobulin M (IgM) [8]. Such polysaccharide antibodies are not suggested for utilize in children <2 a long time of age, likely 
due to their youthful resistant framework. Immunization of grown-ups with polysaccharide immunizations requires re-vaccination 
after 5–6 a long time [9]. However, non-responders to inoculation are particularly visit in more seasoned patients [10]. It has too 
been watched that antibodies against bacterial capsular polysaccharides are troublesome to actuate in reaction to non-conjugated 
polysaccharide antibodies for comparing meningococcal and Hemophilus antibodies [11,12].  
The heptavalent pneumococcal conjugated immunization (PCV-7) contains capsular polysaccharides from those pneumococci (4, 
6B, 9V, 14, 18C, 19F and 23F) that are most as often as possible included in pediatric diseases. In the PCV9 RCT, when 
investigation was stratified by human immunodeficiency infection (HIV) status, VE was by and large as it were watched in HIV-
uninfected children, with the special case of hMPV [13, 14, 15]. Capsular polysaccharides of PCV-7 are conjugated to exceedingly 
immunogenic cross-reactive fabric 197 (CRM197), a non-toxic diphtheria toxoid protein. Work of this pneumococcal immunization 
is especially effective in the inoculation of youthful children. Comparable to Hemophilus influenzae sort B conjugate inoculation, 
CRM197-specific sort 2 aide T (Th2) cells connected with B-cells that have bound and disguised the polysaccharide– CRM197 
complex through polysaccharide-specific IgM and in this way display the prepared CRM197 protein along with MHC II to effector 
T-cells. This sort of versatile safe reaction is characterized by counter acting agent isotype exchanging and the era of memory B-
cells. 

 
VII.      CONCLUSION 

The study emphasizes the efficacy of pneumococcal vaccinations in avoiding pneumococcal illnesses such as pneumonia, 
meningitis, and sepsis, especially in high-risk populations including young children, the elderly, and those with specific health 
problems or compromised immune systems. The two primary forms of pneumococcal vaccinations, PCV and PPSV, provide 
comprehensive coverage against pneumococcal serotypes, protecting against both common and harmful strains. As a result, 
widespread use of pneumococcal vaccinations has resulted in a large reduction in the prevalence of pneumococcal illnesses, so 
improving public health and averting serious and potentially fatal infections. 
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