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THE IMPACT OF PNEUMOCOCCAL CONJUGATE VACCINE ON  

 

PNEUMOCOCCAL NASOPHARYNGEAL ECOLOGY IN  

 

CHILDREN 2 MONTHS THROUGH 5 YEARS  

 

TAFAANI KHAN  

ABSTRACT 

 This study evaluates the ecology of Streptococcus pneumoniae (SP) nasopharynx 

(NP) colonization in response to the pneumococcal conjugate vaccines, specifically 7-

Valent Pneumococcal Conjugate Vaccine (2000-2009), 13-Valent Pneumococcal 

Conjugate Vaccine (2010-2023) and 20-Valent Pneumococcal Conjugate Vaccine (2023-

future date). It is anticipated that the replacement of PCV13 with PCV20, a 

pneumococcal conjugate vaccine with 7 additional polysaccharide conjugates to 

CRM197 will enhance the protection against non-vaccine serotypes which are in 

circulation in communities. The project will evaluate the dynamic changes in 

pneumococcal colonization over the 5-year time line from 2021-2026. Pneumococcal 

nasopharynx colonization is detected through nasopharyngeal culture and molecular 

techniques. The primary source of pneumococcal transmission occurs among the 

pediatric population and between children and adults. The impact of PCV7 and 13 on 

pneumococcal colonization over the prior 20 years created a herd effect that resulted in a 

reduction in pneumococcal disease in unimmunized children and adults. Studies of NP 

colonization has led to a deeper understanding of pneumococcal conjugate vaccine (PCV) 

effectiveness and the role of herd immunity in protecting the population, the emergence 

of replacement serotypes, the variation in invasive capability of each serotype and 
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evolution of antimicrobial resistance resulting from the evolving ecology. In this 5-year-

study, researchers at the Pelton Lab in Boston Medical Center set out to understand the 

prevalence of NP carriage of 13vPnC serotypes, the 7 unique 20vPnC serotypes and 

NVST (non-vaccine serotypes) within the pediatric population prior to and subsequent to 

the introduction of PCV 20 (Fall 2023).  
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IMPORTANCE OF THE PNEUMOCOCCAL CONJUGATE VACCINE  

Background  

 Streptococcus pneumoniae (SP) is Gram-positive, lancet-shaped facultative 

anaerobic bacteria that is found in nature either in pairs or short distinct chains. 

Pneumococcal disease results from Streptococcus pneumoniae due to their unique 

structure to evade host defenses and cause a spectrum of clinical manifestation or 

syndromes. The polysaccharide capsule of this bacterium is the major virulence factor 

responsible for its pathogenesis. Currently there are over 100 pneumococcal serotypes, 

based on the capsular polysaccharide differences in composition, that have been 

identified (Dion & Ashurst, 2022). This study primarily focuses on the prevalence of 

pneumococcal carriage in young children in the era of pneumococcal vaccines (Dion & 

Ashurst, 2022). The pathogenesis of pneumococcal disease begins with nasopharyngeal 

colonization of SP in children. Invasion of this bacteria to the lungs leads to pneumonia; 

to the bloodstream leads to sepsis; to the brain leads to meningitis. SP invasion of the 

middle-ear leads to otitis media and sinusitis cases (NFID, 2022). Historically, SP was 

first identified and isolated in 1881 from a patient’s saliva sample, who had a concurrent 

diagnosis of rabies (Dion & Ashurst, 2022). Just over a century later, the first 

polysaccharide vaccine targeting pneumococci was produced and subsequently 

introduced in the United States (Dion & Ashurst, 2022).  

 Community-acquired pneumonia (CAP) is a leading cause of both morbidity and 

mortality in the United States, with about 95% of pneumonia cases attributed to SP in the 

pre-antibiotic era and about 15% of pneumonia cases attributed to SP in the post-
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antibiotic era (Dion & Ashurst, 2022). We now recognize that viral-bacterial interactions 

in the context of co-infections are an important part of the pathogenesis of pneumococcal 

disease. Recent studies demonstrate that respiratory viruses, such as Respiratory 

Syncytial Virus (RSV), are epidemiologically linked to pneumococcal pneumonia, 

invasive disease and otitis media (Nickbakhsh, 2019).  

 Much of recent research on SP colonization and evolution stems from the 

historical interest in pathogen-pathogen interaction in the context of co-infections, 

specifically the crossover of respiratory viruses, known as viral interference. Primary or 

first-stage viral infection in the respiratory tract can either decrease or increase infection 

upon exposure to a secondary or second-stage viral infection. Interestingly enough, the 

human respiratory system is a reservoir for exposed viruses that tend to coexist and/or 

combat over a period of time. Recent studies on the interactions between coexisting 

respiratory tract pathogens have identified previously overlooked mechanisms to evaluate 

overarching respiratory infections, such as the non-incidental co-seasonality of mutual 

increases in influenza and pneumococcal disease rates. It has been understood that 

primary infection by the influenza virus leads to decreased host immunity and increased 

susceptibility to secondary bacterial colonization (Nickbakhsh, 2019). In terms of 

background, SP disease is known to be more frequent in patients older than 65 years and 

younger than 2 years, or those who have underlying comorbid illnesses, such as: 

recurrent otitis media, recurrent pneumonia, recurrent sinusitis, immune deficiency, 

sickle cell disease and chronic lung disease, including but not limited to 

bronchopulmonary dysplasia, asthma, etc. (Pelton & Lapidot, 2021). As a result, it is of 
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interest and importance to study this infection in pediatric patients between the ages of 2 

months to 5 years from all demographics (except those that present with study exclusion 

criteria or are under Massachusetts Department of Children and Family Custody 

(challenge obtaining consent) and/or have a facial deformity that would hinder a nasal 

swab that are seen at Boston Medical Center that may present as healthy or otherwise 

sick, with flu-like, upper-respiratory infection (RTI) symptoms (study inclusion criteria). 

With the introduction of the first PCV over 2 decades ago, it is clear that invasive 

pneumococcal disease (IPD) has dramatically declined in both vaccinated and 

unvaccinated children. The decline in unimmunized children support the importance of 

herd immunity-  when a large part of the community is protected by reducing circulation 

and transmission of the pathogen within the community (Pruthi, et al., 2022). Herd 

immunity or herd benefit emphasizes that there is a decrease in SP colonization in 

response to either vaccine or natural immunity following disease. In the case of PCV, 

there is specifically a reduction in circulation of vaccine serotypes. However, serotypes 

not present in the vaccines (or non-vaccine serotypes) are observed to replace those 

previously colonizing serotypes. This results in persistent colonization despite 

immunization, but with an altered distribution of serotypes. Serotypes, essential to the 

focus of this paper, are based on polysaccharide capsules found on SP that have a major 

role in virulence, interfering with host immune combat mechanisms.  

 The study of PCV and its relation to IPD has provided insight not only on herd 

immunity but on invasive capacity (incidence of event occurrence, in this case IPD, 

divided by colonization prevalence) which uniquely varies among the known 100 
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serotypes (Pelton, et al., 2019). Evidence from the aforementioned editorial estimated the 

difference in invasive capacity between serotypes having the highest (7F, 38, 19A, 3, 

33F) and the lowest (6C, 35B, 21, 11A, 23B, and 23A) invasive capacity to be as much as 

100-fold. In general, disease due to SP with lower invasive capacity were generally seen 

in children with pre-existing comorbidities, many with immune defects making the 

children more susceptible to SP of low invasiveness (Pelton, et al., 2019).  

 Pfizer’s Pneumococcal 20-valent Conjugate Vaccine (20vPnC), currently licensed 

for adults ages 18 years or older, contains capsular polysaccharide conjugates for the 

following serotypes: 8, 10A, 11A, 12F, 15B, 22F, 33F, in addition to those serotypes 

found in Pneumococcal 13-valent Conjugate Vaccine (13vPnC) (1, 3, 4, 5, 6A, 6B, 7F, 

9V, 14, 18C, 19A, 19F, 23F).  According to the CDC, 20vPnC is targeted for use in 

adults aged 65 years and older, in addition to adults aged 19-64 years with known and 

specific underlying medical conditions and preexisting risk factors, who have not yet 

received a pneumococcal conjugate vaccine.  

 Historically, the Pelton Lab has monitored childhood IPD in Massachusetts before 

the implementation of 13vPnC (2002-2009) and after the implementation of 13vPnC 

(2010-2021). Prior studies aimed to examine how the introduction of 13vPnC affected 

non-vaccine-serotype-colonization and morbidity and mortality rates in children. The 

same principle applies to the lab’s current study, examining NP colonization in 

Massachusetts before the implementation of 20vPnC (2021-2023) and after the 

implementation of 20vPnC (2024-2026). Important to note is the enhanced molecular 

technology employed in the Pelton Lab at Boston Medical Center, which is designed to 
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account for and detect low density colonization of SP in the nasopharynx. The enhanced 

detection techniques include: 4-hour pre-incubation, DNA extraction, identification of 

pneumococcal DNA by Real-Time Polymerase Chain Reaction (RT-PCR) followed by 

molecular serotyping as modified from the Centers for Disease Control and Prevention 

(CDC) protocol. The specific procedure includes harboring identification of SP by RT-

PCR using specific primers that detect the lytA and piaB genes; samples confirmed to be 

positive for both genes are considered as SP-positive specimens and are further tested for 

molecular serotyping through a multiplex RT-PCR according to CDC published assay.   

Objectives 

 The Pelton Lab and Pfizer Inc. have identified primary and secondary research 

objectives to guide the premise of the 20vPnC Surveillance Study, while also citing 

important literature to move forward with PCV development. Primarily, the Pelton Lab 

aims to understand the annual vaccine serotype (VST) prevalence of pneumococcal 

bacteria colonization for a period of 5 consecutive years (2021-2026) to understand 

vaccine impact before and after 20vPnC is introduced, among children between the ages 

of 2 months to less than 60 months who present as healthy or sick with an upper 

respiratory tract infection (URTI). Secondarily, the study aims to compare NP SP 

carriage of the seven 20vPnC-additional serotypes in immunized vs. non-immunized 

children 2 to <6 months of age receiving care at the Primary Care Center or included in 

the Nasopharyngeal Carriage Study Cohort in order to identify 20vPnC uptake necessary 

to create herd immunity. While published literature on IPD and PCV is quite extensive, 

this paper focuses on 3 main questions: 1) How much vaccination is necessary to allow 



 

 

6 

herd immunity? 2) What are the implications of non-vaccine serotypes in the community? 

3) What are the mechanisms that allow the conjugate vaccine to combat colonization? 

Invasive Pneumococcal Disease  

 In the context of invasive pneumococcal disease (IPD), pneumococcal 

colonization of the upper respiratory system is common and expected to be detected in 

about 20 to 60% of healthy children tested (Canada, 2021). The concern stems in the 

asymptomatic presentation of SP, with no observable signs for detection. In terms of 

transmission, SP can be spread through oral contact, in addition to oral secretions or 

respiratory-generated airborne particles. Provided that SP resides within saliva and/or 

respiratory secretions, an infected individual is capable of transmitting IPD to others. To 

further expand upon disease distribution, on both a domestic and global scale, it is worth 

highlighting that SP is a leading cause of both morbidity and mortality. Supporting the 

premise behind this Surveillance Study, the World Health Organization predicts that SP 

is among the leading top 2 causes of bacterial meningitis and globally around 500,000 

deaths can be attributed to IPD in children between 2 months to 5 years annually 

(Canada, 2021). Bacteremia, or presence of bacteria in the bloodstream, is the most 

common presentation of IPD among the aforementioned age range. Bacteremia attributed 

to SP pneumonia is also the most common presentation of IPD among adults, especially 

among individuals aged 65 years and older (Canada, 2021). Specifically, IPD in the form 

of bacteremia, affects 17 out of 100,000 adults over the age of 18 in the United States, 

while IPD in the form of meningitis affects about 1.5 out of 100,000 adults annually 

(Canada, 2021). To understand the published literature on PCV and IPD and delve further 
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into the research questions outlined, it is important to start at the molecular level to first 

understand how the NP samples are collected and then tested for SP culture.    

RESEARCH METHODS 

Sample Collection and Processing  

 Nasopharyngeal samples were collected from the population of interest via 

calcium alginate swabs, in which two swabs will be wrapped around each other, bent at 

approximately 30 degrees and simultaneously inserted into one naris. It was 

recommended to insert to collect the sample from the naris that may evidently contain 

secreted mucous and/or ensure that mucous is visualized on the swab. Upon collection, 

samples were placed in transport tubes containing a medium of skim-milk, tryptone, 

glucose and glycerin (STGG), transported to the Maxwell Finland Laboratory for 

Infectious Diseases, stored in designated freezer at -80°C and kept until processing stage. 

From the collected samples, SP isolates were purified, serotyped using an antibody bases 

assay called Quellung reaction and tested for antimicrobial susceptibility, while the 

frozen transport media, as mentioned above, underwent molecular processing to test for 

the molecular markers- autolysin (lytA) and permease gene of the pia ABC transporter 

(piaB) to confirm/deny evident colonization (Pelton & Lapidot, 2021).  

 To begin processing, the STGG tube was thawed to 4°C overnight. The next day, 

the liquid mixture was vortexed vigorously, in order to mix the STGG solution (used for 

storage) with a tryptic soy broth (TSB)/glycerol base (used for cryo-protection). 

Afterwards, 100 microliters of the solution were taken and added to 3 milliliters of Brain 

Heart Infusion (BHI) Broth to prepare the sample for growth. Then, the contents of the 
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tube were incubated at 37°C in a candle jar, providing an adequate anaerobic 

environment to induce SP growth for 4 hours; 100 microliters of the above solution are 

plated on a blood agar plate infused with Gentamicin (purchased from Remel).  Since SP 

is known to be Gram-positive and resistant to this aminoglycoside antibiotic, Gentamicin 

is expected to target and inhibit the growth of Gram-negative bacteria that may reside on 

the plate. Important to note is that presence of SP can be detected through the 

morphological characteristic of alpha-hemolysis on the blood agar-Gentamicin plates, 

where the SP colonies appear as dense, moist colonies with a distinct dark zone (CDC, 

2016). Following alpha-hemolytic testing, we performed optochin sensitivity testing, 

which is a hallmark to confirm presence of SP. After culturing the dark alpha-hemolytic 

zone from the previous plate and streaking it on a new plate, an optochin 

(ethylhydrocuprein hydrochloride) disk is placed and observed in order to confirm/deny 

the specific presence of SP. Of importance, optochin is an antibiotic that interferes with 

ATPase and ATP production in the crucial electron transport chain of the bacteria. The 

outside of the disk represents the inhibition zone, showing that SP is sensitive to this 

antibiotic inhibiting its growth.  

 After SP has been confirmed, the serotyping process was carried out in order to 

identify which serotype(s) are prevalent in the specific NP samples. To accomplish this, 

on a clean slide, 10 microliters of the sample will be placed on the bacterial phosphate-

buffered saline (PBS) suspension was placed and a loop full of the bacteria from the plate 

was mixed with buffer to make bacterial suspension. Afterwards, serotype-specific 

antibodies (raised in rabbits by the Staten Serum Institute) using pool, groups and factors 
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were added in a stepwise manner to identify the specific serotype agglutination. Serotype 

pooling was both an effective and efficient way to narrow down the presence of specific 

serotypes in SP positive samples. Since there are 100 serotypes identified till date, a pool 

of 10 identified serotypes were applied at a time to a harbored sample. With physical 

evidence of agglutination or clumping of the SP antigen with the serotype-specific-

rabbit-antibody, we were able to identify and test each specific serotype within that pool.  

If there was no physical evidence of agglutination, we proceeded to test the next pool, 

which contained serotype-specific antibodies for another 10 serotypes. This process was 

completed and repeated until all 100 serotypes had been tested for. This dictated the 

specific serotype group and factor that was evident in the original collected NP sample.  

 In summation, since this study is specific to 20vPnc, the nasopharyngeal nares 

swab first undergoes the Optochin Test to confirm/deny the presence of Streptococcus 

pneumoniae, then the Quellung Reaction Test where the serotype-specific antibodies bind 

to the capsule of the Streptococcus Pneumoniae (Pelton & Lapidot, 2021). Furthermore, 

DNA isolated from the nasopharyngeal nares swab sample first undergoes a polymerase 

chain reaction (PCR) assay using molecular markers lytA and piaB to confirm/deny the 

presence of Streptococcus Pneumoniae, then RT-PCR using primers for serotypes 10A, 

11A, 12F, 15B, 22F, 33F to confirm/deny the presence of Streptococcus Pneumoniae and 

VST serotypes (Pelton & Lapidot, 2021). Ultimately, the microbiologic and molecular 

tests collectively provided confidence to identify SP colonization and serotype 

distribution, as devised by the Pelton Lab and CDC publications.  
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Figure 1. Nasopharyngeal Sample Collection and Processing Chart (Pelton Lab). 
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Illustration 1. Sample Processing Diagram (Adapted from the Pelton Lab) 
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 Figure 2. End Result of Specific Serotypes. 

  

 A secondary objective of the NP Surveillance Study is to evaluate trends in 

antibiotic susceptibility among the pneumococci recovered from NP samples collected 

from children that are either healthy or diagnosed with URTI (Pelton & Lapidot, 2021). 

Only the samples that both demonstrate alpha hemolytic colonies on the Gentamicin 

aminoglycoside antibiotic plates and demonstrate an inhibition zone around the Optochin 

disk (sensitive to Optochin) to confirm Streptococcus pneumoniae presence will then 

undergo specific serotyping, followed by antibiotic susceptibility testing. This secondary 

objective leads to the secondary endpoint of determining the ratio of vaccine serotype 

(VST) and non-vaccine serotype (NVST) samples deemed resistant to antimicrobial 

treatment in the 2-year period before and 3-year period after 20vPnC introduction. 

Antimicrobial susceptibility testing will be performed using E-test strips, which has a 

gradient of antibiotic concentrations coated on the strip (bioMérieux, 2022). All bacterial 

stocks were stored in the freezing medium at -80°C for future applications. The 

antimicrobial susceptibility of the SP isolates will specifically be tested against 

Taken with permission from Pelton Lab 
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Amoxicillin, Ceftriaxone, Azithromycin, Benzylpenicillin and Trimethoprim. According 

to previous antimicrobial research, the antibiotics which are effective against 

Streptococcus pneumoniae include: Ceftriaxone (95% effective), high-dose Amoxicillin 

(74% effective), Clindamycin (85% effective), and standard-dose Amoxicillin (74% 

effective), which is why these antibiotics are specifically being tested as part of the NP 

Surveillance Study (Bell, 2013). Overall, this lends great insight to the process of 

bacterial evolution within a given population and the most up-to-date susceptibility 

patterns to guide antimicrobial treatment. In terms of the specific E-testing procedure, 

Streptococcus pneumoniae identified isolates will be grown overnight in trypticase soy 

broth and after that period of time, will then be diluted to appropriate turbidity. The 

identified isolates will then be plated on Mueller Hinton Agar plates (Thermoscientific-

Remel) which contain a small percentage of sheep blood to induce growth. Afterwards, E 

test strips representing each of the aforementioned antibiotics will be placed on top of the 

plate, and plates will be incubated overnight at 37°C in a candle jar. Based on the amount 

of growth inhibition due to antibiotics, we determined the minimum inhibitory 

concentration (MIC) of a certain antibiotic needed to inhibit SP growth and correlated the 

serotype to antibiotic sensitivity. An antibiotic is deemed to be more effective should a 

lower concentration amount be able to prevent large growth of Streptococcus 

pneumoniae, evident through the lack of dark zones on the plate (see Figure 3). This 

information can then benefit both researchers and clinicians alike, in attempting to 

understand the most effective treatment that targets Streptococcus pneumoniae disease. 

The antibiotic sensitivity test aims to determine: serotype differences in susceptibility to 
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the aforementioned antibiotics, the difference in sensitivity between isolates from healthy 

versus sick children, and identify emerging SP serotypes able to resist antibiotic activity. 

Ultimately, antibiotic sensitivity testing for specifically Streptococcus pneumoniae allows 

researchers to understand the most effective antibiotics and support clinician decisions 

for adequately managing the antibiotic selection course to improve a patient’s long-term 

health.  

 Historically, the antibiotic susceptibility test produces the following results: 

resistant, susceptible, intermediate (Reller et. al, 2009). Resistant indicates that the 

bacteria are not affected or inhibited by the tested antibiotic. Susceptible indicates that the 

tested antibiotic inhibits the specific pathogen. Intermediate indicates that the bacteria 

falls into the range of susceptibility, otherwise viewed as a “buffer zone” in which a high 

concentration or even one that exceeds the concentration on the E-test strip may need to 

be incorporated into the therapy plan in order for the patient to overcome the bacterial 

infection. Over time, antibiotic resistance is known to develop through several 

mechanisms, including but not limited to: natural recombination and internal integration, 

external conjugation, transformation, transduction (Khan et. al, 2019). With antibiotic 

resistance, or the inherent ability of bacteria to translocate resistance genes that block the 

inhibitory effect of antibiotics prescribed for use within the human body, proving to be an 

ongoing trend, the Pelton Lab in collaboration with Pfizer continued the initiative to test 

isolated SP strains against the antibiotics currently used in clinical applications. The 

images on the next page represent antibiotic sensitivity testing as part of the ongoing 

20vPnC Surveillance Study.  
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    Figure 3. E-test Plates. 

  

 

  Figure 4: Microscopic Image (Live and Gram-stained). 

 

 

 

 

 

 

 

 

 

 

Taken with permission from Pelton Lab Taken with permission from Pelton Lab 

Taken with permission from Pelton Lab 
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 In reference to Figure 3, the specific antibiotic is labeled under the letter ‘E’ on 

the upper portion of the test strip. For example, AC represents Amoxicillin; PG 

represents Benzylpenicillin; AZ represents Azithromycin; TX represents Ceftriaxone; TS 

represents Trimethoprim. According to the antibiotic sensitivity test in this figure, 

Azithromycin is the least effective as treatment against the Streptococcus Pneumoniae 

strain tested for this assay, as it requires greater than MIC 256 µg/ml to inhibit growth. In 

the case of Trimethoprim, is more effective than Azithromycin but less effective than the 

others, as MIC 6 µg/ml or more is required to inhibit growth. Ceftriaxone is more 

effective than Azithromycin and Trimethoprim as an antibiotic therapy as it requires MIC 

as low as 0.25 µg/ml to inhibit SP growth. Amoxicillin and Benzylpenicillin seem to be 

equally effective, give or take, requiring MIC approximately 0.94 µg/ml to inhibit SP 

growth, as tested for the particular isolate of SP. In reference to Figure 4, the microscopic 

image presented is both live and gram-stained. A gram stain is an efficient and effective 

laboratory test that can help to identify and differentiate the presence of bacteria based on 

chemical and/or physical properties of the cell wall composition. If bacteria appear in a 

crystal blue color, then they belong to a Gram positive group; if bacteria appear as red, 

then they belong to a Gram negative bacterial group.  Since Streptococcus pneumoniae is 

gram-positive with a cell wall composed of a thick 90% peptidoglycan-like layer, we 

expect it to have a blue-to-purple hue under a gram stain, as shown (Cleveland Clinic, 

2022). In terms of the actual Gram stain, we first applied a primary stain (Crystal violet), 

then an inorganic oxide (Iodine solution), followed by rapid de-colorization (alcohol) and 

then a counterstain (Safranin) to uncover select color and shape characteristics of SP. For 
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example, cocci usually present in clusters or chains and because SP is Gram-positive, it 

will also present with a distinct hue (Cleveland Clinic, 2022). Now that the process of 

nasopharyngeal sample collection, processing and analysis has been elucidated, the 

purpose and principle of the Pelton Lab’s NP Surveillance Study can be understood in 

detail. The Surveillance Study has been ongoing, with the same procedures outlined and 

applied for 7vPnC, 10vPnC, 13vPnC, 15vPnC and currently 20vPnC. 

HERD IMMUNITY 

How much vaccination is necessary to allow herd immunity? 

 As discussed previously, the pneumococcal conjugate vaccine promotes herd 

protection through the pediatric and consequently adult communities. Researchers as part 

of the Pneumonia Program set out to understand how herd immunity works, since 

vaccination of children was sufficient to reduce the transmission of vaccine serotypes to 

those who are unable to be vaccinated, including but not limited to children under the age 

for immunization, middle-aged adults with existing comorbidities, autoimmune diseases 

or older individuals (Klugman, 2014). The Pneumonia Program also explored the financial 

benefit PCV vaccination due to herd immunity, as many individuals who are unable to 

afford vaccination or who live in countries where vaccines are only available for children 

can still be protected against vaccine serotypes by immunizing children. Evidence of herd 

effect was reported first in high income countries, where disease declined in adults 

following introduction of PCV in the national childhood immunization program. This 

observation enabled researchers to understand herd immunity, which could be expected to 

work in developing countries, where vaccine serotype identification and accurate rates of 
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Invasive Pneumococcal Disease are not accounted for (Klugman, 2014).  The Pneumonia 

Program has begun their research in Africa, where the introduction of 7vPnC has 

objectively reduced the spread of vaccine-associated serotypes over a measured course of 

time within the developing communities. For instance, researchers as part of this program 

decided to closely monitor 7vPnC introduction and administration over a 6-week, 14-week, 

and 9-month schedule in underdeveloped and underserved areas of South Africa (Klugman, 

2014).  As observed in high income countries, transmission of vaccine-specific serotypes 

was reduced in children, adults and elders including those who did who did not receive the 

vaccine. As an extension of this study, authors performed similar analysis with 10vPnC in 

a rural community in Kenya around 2011. The same result was demonstrated, indicating 

there was reduction in the nasopharyngeal colonization of vaccine serotypes in both 

immunized and non-immunized children, adults and elders in the community within a few 

years of introducing this vaccine to children. An interesting idea was then introduced, to 

test the effectiveness of herd immunity as attributed to 10vPnC in the area, where children 

between the ages of 2 months to 5 years were offered the vaccine. Researchers noticed that 

vaccine-specific serotypes were reduced by approximately 66% in children, adults and 

elders that were unimmunized (Klugmann, 2014). This observation provided evidence in 

that immunized children between 2 months to 5 years were key conveyers of vaccine-

specific serotypes in the widespread community. Based on the data collected on 10vPnC 

in the rural community of Kenya, the Pneumonia Program highlights that the vaccine 

administration of about two-thirds (66%) of children between 2 months to 5 years induced 

and promoted herd immunity significantly in the community (Klugmann, 2014). This 
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percentage may not apply to all developing countries, as the following factors differ: 

preexisting pneumococcal colonization density within the community, effect of preexisting 

viral and bacterial infections, such as HIV, socioeconomic status, and differences, if any, 

in the evolution of patient immunosuppression to the serotype-specific vaccines of 7vPnC, 

10vPnC and 13vPnC (Klugmann, 2014).  

 In Boston, Massachusetts, the Pelton team estimated that vaccination of about 65-

75% of children between 2 months to 5 years was required to induce and promote herd 

immunity to the serotypes of 13vPnC within the unimmunized children at Boston Medical 

Center. The NP Surveillance Study showcased a novel way that developing countries can 

test and understand induced herd immunity against Invasive Pneumococcal Disease as a 

result of preventative vaccination among children below 5 years of age. At Boston Medical 

Center, children between the ages of 2 months to 5 years of age were not only swabbed for 

SP cultures, but their medical history was reviewed for previous vaccinations, underlying 

and/or current medical conditions, and familial, cultural and social status. Parents were also 

asked questions in relation to vaccine hesitation, safety and efficacy. These factors are 

important when trying to determine the effectiveness of herd immunity when the 13vPnC 

vaccination program introduced 10vPnC in the community. As the Pneumonia Program 

suggests, developing countries can strongly benefit from the NP Surveillance Study by 

testing children between the ages of 2 months to 5 years, particularly children with upper-

respiratory tract infection (URTI) symptoms and/or signs of pneumonia, simultaneously 

analyzing the patient’s vaccination history. Since these patients would be categorized as 

“sick-URTI”, this method would allow clinicians in developing countries to detect 
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serotypes such as 1, 4, 5 and 7F, which are typically only found in non-healthy subjects 

(Kluggman, 2014). As Klugmann and members of the Pneumonia Program defined, herd 

immunity is the rate of VST pneumococcal disease in a community, which is similar 

between vaccinated and unvaccinated children (Klugmann, 2014).  

 In addition to analyzing herd immunity in developing nations, where 

socioeconomic status and vaccine accessibility are prominent determining factors for herd 

immunity, research studies also examined the impact of herd immunity on pneumococcal 

colonization and disease in different ethnic groups, including the Native American 

community. A study was conducted by Katherine L. O’Brien, MD, MPH at the Center for 

American Health analyzed the NP colonization and serotype-specific disease in the Native 

American community over 12 years of 7vPnC administration (Scott, 2012). Mirroring the 

NP Surveillance Study conducted by the Pelton team at Boston Medical Center, the 

purpose was to enroll individuals in a surveillance study from 2006 to 2008, where NP 

swab specimens and medical history information were collected on a monthly basis for 7 

months (Pelton & Lapidot, 2021). Similar to the current pneumococcal surveillance study 

on 20vPnC, a study was undertaken to determine the pneumococcal burden before (1998-

2000) and after (2001-2002) the introduction of 7vPnC. The purpose was to determine how 

7vPnC altered vaccine-specific serotype presence in the Native American population after 

introduction, and if herd immunity could be a cause for the decline in invasive capacity of 

those serotypes found in 7vPnC in unvaccinated individuals (Scott, 2012). The specific 

objective of this was study was to understand NP serotype carriage among the Navajo and 

White Mountain Apache children and adults after 8 years of 7vPnC administration and to 
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determine if long-term specific serotype prevalence has changed (Scott, 2012). Scott et. al 

explained that the Navajo and White Mountain Apache tribes were specifically chosen for 

this study due to historical high rates of NP colonization and disease as compared to the 

mainland population of the United States. As with the current NP Surveillance Study, 

researchers approached families in clinic that met certain inclusion criteria that were 

thought to impact pneumococcal colonization: located near the White Mountain and/or 

Navajo reservation, more than one child in the household was greater than 9 years old and 

greater than or equal to 2 people in the household would agree to participate in the study 

for the designated timeframe of 6 months (Scott, 2012). In addition, medical history was 

specifically reviewed to understand immunization record, prescribed antibiotics, admitted 

hospitalizations and pertinent outpatient illness in the childhood era (Scott, 2012).  

In the ongoing NP Surveillance Study at Boston Medical Center led by Dr. Pelton and his 

team, the goal is to determine NP colonization of SP serotypes before and after the 

introduction of PCV 20. The only inclusion criteria for the current study includes children 

at or greater than the age of 2 months and less than 5 years with no facial deformity or 

chronic illness that would skew results. In terms of sample analysis, researchers at the 

Center for American Indian Health devised a specific definition for nasopharyngeal 

serotype prevalence: # of serotype-specific isolations across clinic visits/total samples 

collected (Scott, 2012). Ultimately, the purpose of this monumental study was to 

understand the invasive potentials of pneumococcal serotypes before and after 7vPnC 

introduction (Scott, 2012). The formula was specifically defined as invasiveness rate = 

serotype IPD incidence/ serotype carriage prevalence. Overall, 1077 eligible subjects were 
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enrolled between March 2006 to March 2008, where a total of 868 study subjects 

completed 6 out of the 7 required monthly sample collection visits, and 657 study subjects 

completed 7 of the 7 required visits (Scott, 2012). Of importance, over 95% of enrolled 

subjects between the ages of 2 to less than 5 years were vaccinated with greater than or 

equal to 3 does of 7vPnC (Scott, 2012). In terms of actual NP specimens, a total of 6541 

were collected, were 2344 (35.8%) were ruled positive for Streptococcus pneumoniae. 

After 7vPnC introduction, participants between 5 and less than 9 years old were calculated 

to have a carriage prevalence of 50%; children less than 5 years were calculated to have a 

carriage prevalence of 55.4%; adults were calculated to have a carriage prevalence 

significantly lower compared to any and all children participants (Scott, 2012). In 

comparison to pre-7vPnC introduction (1998-2000), the carriage prevalence was calculated 

to be 63.4%, as opposed to the aforementioned 55.4% in the midst of 7vPnC introduction, 

representing an 8.0% decrease in pneumococcal carriage rate among children less than 5 

years old with vaccine introduction (Scott, 2012). Following a similar pattern, the carriage 

rate in adults in the early stage of 7vPnC introduction was 13.9%, as compared to the 

carriage rate of 10.9% during the main period of 7vPnC administration (2006-2008) (Scott, 

2012). These statistical results support the concept of herd immunity, in which the younger 

population (children less than 5 years) were seen to have the highest carriage prevalence 

and over a longer time span, the older generations demonstrated a lower bacterial carriage 

percentage and a shift to NVST SP disease. Similarly, the Pelton team released a 

publication in 2014 highlighting the age-related children diagnosed with IPD with regards 

to both pre-13vPnC and post-13vPnC in the Massachusetts community at-large. The table 
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below provides an extension to the general population of the United States, similar to what 

researchers at the Center for American Indian Health concluded about the Navajo and 

White Mountain tribes.  

 

Figure 5. IPD Cases Calculation with Respect to Age and 13vPnC Vaccination 

(Taken with permission from Dr. Pelton from Invasive Pneumococcal Disease After 

Implementation of 13-Valent Conjugate Vaccine). 
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 The graph included in the paper Impact of PCV7 Use in Native American 

Communities highlights the connection to herd immunity, in which vaccine serotype (VT), 

serotype 6A, serotype 19A, and other non-vaccine serotype (NVT) are examined in 

children less than 5 years of age and compared to the percentage of carriage prevalence of 

each serotype as recorded in adults both before and well after 7vPnC administration in the 

community. The carriage prevalence for vaccine-specific serotype colonization in children 

have decreased in children less than 5 years since 7vPnC administration. In adults, the 

carriage prevalence percentage was even lower than children in the early stages of vaccine 

administration, with an expected decrease in carriage prevalence after a period of vaccine 

establishment in the Navajo and White Mountain tribes (Scott, 2012).  

 An important observation from the study statistical analysis is that not only was 

there SP carriage prevalence, but carriage serotype prevalence, due to vaccine introduction.  

This study showed that samples collected from children less than 5 years in the span before 

and early after release of 7vPnC demonstrated a 22.7% decrease in vaccine-specific 

serotype colonization after continuous 7vPnC administration (Scott, 2012). The non-

vaccine-serotype carriage rate increased by 15.9% in both children and adults (Scott, 2012), 

as expected since the serotypes were not accounted for and consequently herd immunity 

could not be accounted for. Similar to the NP Surveillance Study among children at Boston 

Medical Center, the positive samples collected from the Navajo and White Mountain tribes 

were examined for serotype-specific prevalence. This information proves to be critical for 

disease tracking, clinical treatment and herd immunity. 43 serotypes were identified from 

the 233 SP isolates identified as serotype 6A and 228 serotypes identified as 6C (Scott, 
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2012). With regards to 7vPnC, 5 serotypes (6C, 19A, 23B, 35B and 22F) and other 

unidentifiable pneumococci comprised the top 10 serotypes that accounted for about 35% 

of nasopharyngeal colonization in this patient demographic (Scott, 2012). However, 

serotype 12F was not identified as among the prominent colonizing strains, but it was the 

most prevalent serotype in terms of samples collected from individuals with Invasive 

Pneumococcal Disease (Scott, 2012).  

 Similar to the NP Surveillance Study at Boston Medical Center, patient 

demographics and risk factor analysis are essential to understanding colonization 

prevalence and persistence within the community. For the NP Surveillance Study 

conducted with the Navajo and White Mountain population, researchers found that enrolled 

participants who confirmed they were living in a household with a child less than 9 years 

old who had pneumococcal colonization had a high chance of experiencing nasopharyngeal 

colonization (Scott, 2012). If the parent reported antibiotic use during the recent period 

before the clinic visit, then a lower density of nasopharyngeal colonization was noted 

(Scott, 2012). Supporting the idea of herd immunity, researchers also noted that increasing 

age groups demonstrated a decrease in colonization (Scott, 2012). Researchers found that 

biological males on average had a higher percentage of pneumococcal nasopharyngeal 

colonization. Breast-feeding history, childcare and/or school groups, household size and 

areas of sleeping, parent and/or guardian education level and household cigarette smokers 

did not exemplify significant effects on pneumococcal nasopharyngeal colonization in 

children less than 5 years of age (Scott, 2012). Researchers at the Center for American 

Indian Health found that hygiene and daily living standards, such as running water and 



 

 

26 

household cleanliness can have a noticeable impact on the density of nasopharyngeal 

pneumococcal colonization (Scott, 2012), which may be a future direction of 

pneumococcal research.  

 The Pelton team examined the dominance of herd immunity, through a different 

lens in which the total reduction in IPD cases were examined by age-group and expected 

hospitalization risk. The article published that the greatest reduction in IPD was seen in 

adults aged 65 years and older who were healthy and/or had a low risk for autoimmune 

diseases, which contributes to the idea of long-term herd immunity (Pelton, 2019). This 

study was a methodical extension of the study conducted by the Center for American Indian 

Health on the Navajo and White Mountain tribes, in terms of examining how PCV 

vaccination at a younger age has important effects in the late stages of life, especially in 

the unvaccinated. The Pelton team evaluated changes in IPD in adults within the general 

population of the United States between the timeframe 2007-2015 to gauge a better 

understanding on 13vPnC. IPD cases, pneumococcal-attributed pneumonia and 

hospitalization as a result of pneumococcal-attributed pneumonia were observed over 9 

years (Pelton, 2019). IPD incidence rates showed a significant decline when 13vPnC was 

released in the period after 7vPnC, since more serotypes were accounted for in the vaccine 

(Pelton, 2019). The study proved that many adults with autoimmune diseases and chronic 

illnesses should obtain 13vPnC immunization. Although many did not, the rates of overall 

IPD cases and pneumonia-induced hospitalization have decreased in favor of herd 

immunity protecting those at risk.  
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Table 1. Calculated Rates and Ratios in IPD Cases and Hospitalization by Age and 

Risk (Taken with permission from Dr. Pelton from Decline in Pneumococcal Disease 

Attenuated in Older Adults and Those with Comorbidities Following Universal 

Childhood PCV13 Immunization). 
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Table 2. Calculated Reduction in IPD Cases and Hospitalization by Age (Taken with 

permission from Dr. Pelton Decline in Pneumococcal Disease Attenuated in Older 

Adults and Those with Comorbidities Following Universal Childhood PCV13 

Immunization). 
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 The Pelton team concluded that low vaccination rates in adults over the age of 65 

with comorbidities meant that a large portion of the decline in adult IPD cases originated 

from the thorough immunization of children in the period of 2 months to 5 years. 

Individuals who were immunocompromised and/or had comorbidities that were 

diagnosed with IPD most likely had a weak defense system (Pelton, 2019). In terms of 

statistics, the team published that there was a 95% noticeable decline in VT IPD cases in 

children, and an 87% noticeable decline in adults following the thorough immunization 

of children (Pelton, 2019). In terms of overall reduction, the percent of IPD cases reduced 

in adults over the age of 65 years was 58%, as compared to a 95% reduction rate in 

children less than 5 years of age (Pelton, 2019). This observational study demonstrated 

that 13vPnC release, as with 7vPnC release in the previous generation, demonstrated a 

substantial decline in all adults within the general population of the United States, 

irrespective of age group, medical and vaccination history (Pelton, 2019). Adults over the 

age of 75 years old seemed to benefit the least from widespread vaccination, which can 

be attributed to a non-recoverable low state of immunity and the overtake of non-vaccine 

serotypes as part of IPD contraction, which is discussed in detail in the next section. 

Through the publication Decline in Pneumococcal Disease Attenuated in Older Adults 

and Those with Comorbidities Following Universal Childhood PCV13 Immunization, the 

Pelton team demonstrated that the pneumococcal conjugate vaccine is an essential 

component of prevention, in children and adult populations, yet more research is needed 

in the realm of non-vaccine serotype disease takeover.  
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 Taken together these studies demonstrated the benefit of long-term administration 

of the pneumococcal conjugate vaccine, specifically 7vPnC (Scott, 2012) and 13vPnC 

(Pelton, 2019). More importantly, these studies enable us to adapt tools to analyze the 

next generations of the pneumococcal conjugate vaccines (10vPnC, 13vPnC, 15vPnC and 

now 20vPnC). Each of the aforementioned studies vaccine surveillance studies have 

contributed to the understanding of long-term defense and the establishment of herd 

immunity within groups of immunized and non-immunized individuals. Researchers at 

the Center for American Indian Health found that extended, routine use of 7vPnC 

demonstrated a significant decline in vaccine serotypes and serotype 6A (vaccine-

associated) in the Navajo and White Mountain Apache demographic, where the net 

reduction in vaccine serotype carriage percentage was far greater than the net increase in 

non-vaccine serotype carriage percentage (Scott, 2012). Interestingly, this significant 

decline in vaccine-related-serotype pneumococcal carriage rate was not seen across all 

demographics in the United States, where non-vaccine serotypes were seen to have taken 

over for vaccine serotypes in terms of pneumococcal colonization (Scott, 2012). This 

result highlighted the importance of risk factors when it comes to considering the low 

prevalence of pneumococcal carriage in the Navajo and White Mountain communities, 

such as: replacement of Streptococcus pneumonia with species such as Staphylococcus, 

promotion of environmental factors that hinder pneumococci growth and a noticeably 

smaller rate of antibiotic resistance among Streptococcus Pneumoniae colonies (Scott, 

2012). Researchers at the Center for American Indian Health were also able to make an 

informed hypothesis about the proportion of Invasive Pneumococcal Disease cases 
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attributed to non-vaccine serotypes before the introduction of 7vPnC in both the Navajo 

and White Mountain population as compared to the general American population; they 

found that although the net rate of IPD has decreased in these specific Native American 

tribes with the serotypes accounted for in 7vPnC, the difference in IPD rates compared 

with that of the general American population has in fact increased due to NVT 

replacement of colonization (Scott, 2012).  

 In connection to the current NP Surveillance Study at the Pelton Lab, underlying 

factors such as recent antibiotic use that demonstrated a decrease in pediatric 

pneumococcal carriage and antibodies transferred to children from mothers through 

breast milk as protection from IPD proved to be pivotal components (Pelton, 2019). 

Specifically, antibiotic use and antibody transfer to children seemed to promote long-term 

immunity and SP carriage resistance in adults (Scott, 2012). The study also explained a 

trend that is expected to be carried out in future evaluations and updated generations of 

the pneumococcal conjugate vaccine- with the introduction of the next vaccine, there is 

expected to be a continued decline in vaccine-serotype carriage across all age groups, as 

well as cross-immunity for select non-vaccine serotypes due to the evolution of routine 

immunization and prominence of herd immunity (Scott, 2012). These studies also suggest 

a long-term but achievable goal of pneumococcal conjugate vaccine research, in which a 

conjugate vaccine is effectively created so as to provide protection against the understood 

serotypes, as well as cross-protection against all serotypes that are expected to surface, so 

as to protect against IPD and critical co-morbidities that can accompany colonization.  
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Figure 6. 

Comparison trends of 13vPnC serotype prevalence in immunized and non-

immunized children, plotted with the proportion of children less than 5 years in the 

community (Taken with permission from Dr. Pelton from Direct and Indirect 

Effects of PCV13 on Nasopharyngeal Carriage of PCV13 Unique Pneumococcal 

Serotypes in Massachusetts’ Children). 

 

  

 The figure above demonstrates the period between July 1, 2010 and June 30, 

2012, reflecting the total number of enrolled children from the first interim (407 

enrollees) to the last interim (1612 enrollees). The graph demonstrates the community-
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level of 13vPnC in children less than 5 years in Boston, Massachusetts, which showed a 

significant increase in immunity from 41% to 72% at year 1 of surveillance and then 80% 

at year 2 of surveillance (Scott, 2012). It was demonstrated that the difference in 

serotype-specific carriage as attributed to 13vPnC decreased with time between the 

immune and non-immune as an attribute to herd immunity. As this study highlights, the 

overall goal of pneumococcal conjugate vaccination is to instigate anti-pneumococcal 

antibody production and mucosal immune response and immune memory in order to 

uphold immunity levels within the long-term population (Berical et. al, 2016). 

Pneumococcal conjugate vaccine surveillance studies have proven to be effective in 

understanding the immunity levels of the aging population and also the vaccine doses 

necessary to establish full prevention against Streptococcus pneumoniae and the most 

effective way to create future pneumococcal conjugate vaccines (Berical et. al, 2016).  

COMMUNITY 

What are the implications of non-vaccine serotypes in the community? 

 In the previous studies where herd immunity relevance was explored, researchers 

also found that non-vaccine serotypes seemed to have taken over vaccine-serotypes with 

nasopharyngeal colonization. Research published in Human Vaccines and 

Immunotherapies set out to understand the epidemiology of NVT before and after 

13vPnC release and widespread use (Du et. al, 2021). While the previous studies on 

pneumococcal conjugate vaccines proved to decrease and partially eradicate colonization 

of SP serotypes accounted for in the vaccines, there was a noticeable increase in NP 

colonization prevalence of non-vaccine-specific serotypes after widespread vaccination 
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(Du et. al, 2021). This was a novel publication, in which researchers analyzed national 

surveys to understand the changes in prevalence of IPD, if any, in the time before and 

after 13vPnC global use. Not only did this provide insight towards VT and NVT 

colonization rates in the time of vaccination, but also examined the rates within different 

races, so as to gain a deeper understanding of epidemiology. A national survey conducted 

in Germany looked at IPD incidence 2 years after 13vPnC introduction, in which the 

incidence rate recoiled due to NVT NP colonization. The publication confirmed a 26% 

reduction in IPD cases, noted in the study period 2015-2016, as compared to the pre-

vaccination period (Du et. al, 2021). In addition, the incidence rate of IPD cases 

attributed to NVTs in Germany elevated in children between the ages of 0-12 months 

with fluctuation in other age brackets; the incidence rate of IPD associated with non-

13vPnC serotypes demonstrated a steep incline in the period from 2015-2016 

(Weinberger et. al, 2018). The same trend was seen in Gambia as part of the national 

surveillance survey, in which the calculated incidence rate of IPD attributed to 13vPnC 

serotypes decreased by about 82% after a period of widespread vaccine administration in 

May 2011 onwards; however, the incidence rate of IPD attributed to non-13vPnC 

serotypes increased by about 48% in children less than 2 years, and the new rate 

increased approximately 47% in children less than 5 years. This study moved the 

conversation on vaccine science from localization to universalization. Researchers also 

noticed an increase in IPD cases as a result of NVTs, which has doubled since 7vPnC 

introduction and accounted for about 40% of cases in 2016-2017 (Mackenzie et. al, 

2016). In England, the incidence rate of IPD due to non-13vPnC serotypes demonstrated 
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a noticeable increase with an incidence ratio of 1.25 across all ages, just after 4 years of 

vaccine introduction in May 2011; in addition, the incidence rate of IPD caused by the 

outlined non-13vPnC serotypes seen in children less than 5 years was higher in study 

year 2013-2014 than 2012-2013, indicating the growth and perseverance of immunity 

from the vaccinated to unvaccinated (Du et. al, 2021). The authors noted that the IPD 

incidence rate due to non-vaccine serotypes has doubled since the initial release of 7vPnC 

and has been on the incline since. Specifically, NVTs such as 8, 9N and 12F were 

responsible for over 40% of IPD cases between 2016-2017 in England in children less 

than 5 years and adults greater than 45 years (Waight et. al, 2015). Du and the research 

team saw, through a national surveillance study in Denmark, a rise in cases of IPD 

associated with NVTs mainly identified in 13vPnC vaccinated children between the ages 

of 0-4 years and among elders over 65 years; in Hokkaido, the authors found that IPD 

cases as attributed to NVTs (10A, 11A, 15A, 23A, 35B) showed a noticeable increase by 

approximately 35.4% in the period between 2013-2014 (Kawaguchiya et. al, 2015). 

These global instances demonstrate that immunization and immunity trends are rooted in 

science not coincidence. Japan also demonstrated a noticeable IPD outburst after the 

short release and use of 13vPnC, where the rate of IPD cases as a result of non-13vPnC 

serotypes demonstrated a 20% increase in 2014 (Nakano et. al, 2015). Age, location and 

ethnicity did not affect the expected scientific outcome. In Hong Kong specifically, 

researchers calculated that IPD cases attributed to NVSTs increased over a short period 

of time, from a 2% increase (1999-2000 to 2009-2010) to a 29% increase (2010-2013), 

where the most pertinent 13vPnC serotypes were 15B, 15C, 6C, 15A respectively (Ho et. 
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al, 2015). The authors confirmed that upon the release of 13vPnC, many in-patients 

within the main hospitals had IPD as a result of NVTs, a trend not seen before vaccine 

release (Du et. al, 2021). Similarly, while Du and researchers set out to understand why 

the rise of NVTs sparked during and after 13vPnC release, they also wanted to 

understand the serotype-specific invasion potentials and if one serotype was more 

prominent among infected individuals. The invasive potential of serotypes was calculated 

as the ratio of IPD-serotype carriage as compared to serotype 19A (for reference); 

Researchers confirmed that NVTs (1, 7F and 12F) have a higher rate of invasiveness in 

children less than 5 years, while NVTs (6C, 15A, 15BC, 16F, 23B) have a lower rate of 

invasiveness than the 19A reference serotype (Du et. al, 2021). Ultimately, the 

epidemiology of NVTs in various countries concluded that NVTs may be the dominant 

isolates in SP NP samples, and the noticeable replacement of VTs with NVTs after PCV 

administration may signify the modification and mutation of pneumococcal-related 

diseases. The widespread increase in non-13vPnC serotype colonization in these diverse 

nations led researchers to believe that the replacement of NVTs with VTs in IPD cases 

was an issue that transcended racial and social boundaries; this was rooted in an issue of 

underlying medical history and lack of vaccine accountability for Streptococcus 

pneumoniae capsule changes. Many researchers are left to wonder whether the published 

surveillance studies have demonstrated that NVTs have finally been discovered or if they 

were always an underlying threat in communities but never accounted for.  

 A similar publication explored the adverse effects that introduction of the 

pneumococcal conjugate vaccine can cause within the microbial ecosystem and human 
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immunity (Kwambana-Adams et. al, 2017). Although 7vPnC, 10vPnC and 13vPnC have 

demonstrated noticeable success, in terms of long-term public health maintenance and 

pneumococcal disease decline, there has been a noticeable replacement of vaccine 

serotypes with non-vaccine serotypes and serotype switching of pneumococcal species 

(Kwambana-Adams et. al, 2017). The publication highlights this growing concern within 

children of Gambian communities, as pneumococcal carriage and colonization rates have 

exceeded 90%, and 7vPnC is thought to provide protection against 63% of the known 

serotypes (Kwambana-Adams et. al, 2017). This significant increase in Streptococcus 

pneumoniae carriage and colonization, despite vaccine administration, demonstrates that 

the widespread use of the vaccine may only protect serotype-specific colonization and 

migration to sinuses and the middle ear passage in the infant population. To further 

understand Streptococcus pneumonia nasopharyngeal colonization and its effect on 

ecology, human immunity and microbiome at-large, the authors recruited over 102 

infants in Gambia to then understand and categorize the amount and frequency of 7vPnC 

exposure (Kwambana-Adams et. al, 2017).  

 The study was built on separation of the 102 infants into 3 study groups, where 

the only differences across study groups were birthplace, history of maternal vaccination 

and history of sibling vaccination; of importance, infants placed within Group 3 where 

born in Gambian villages with historical 7vPnC administration and were assumed to have 

high historical rates of maternal and sibling immunization (Kwambana-Adams et. al, 

2017). Kwambana-Adams and researchers confirmed the following group requirements 

and immunization amount: Group 1 (Control, at least one 7vPnC dose greater than 6 



 

 

38 

months of age), Group 2 (Direct impact of vaccination, 7vPnC doses at the ages of 2 

months, 3 months and 4 months), Group 3 (Direct impact and herd immunity, 7vPnC 

doses at the ages of 2 months, 3 months and 4 months), where pneumococcal carriage 

was: 79% in Group 1 infants, 75% in Group 2 infants, and 82% in Group 3 infants 

(Kwambana-Adams et. al, 2017). On the other hand, 7vPnC serotype-carriage was 37% 

in Group 1 infants, 20% in Group 2 infants and 17% in Group 3 infants, which signifies 

that pneumococcal carriage was predominantly due to non-7vPnC serotypes (19A, 23B 

and 35B) as opposed to 7vPnC serotypes (Kwambana-Adams et. al, 2017). With respect 

to maternal vaccination history, the pneumococcal carriage rate seen in infant groups 

born to immunized mothers was 78%, as compared to the carriage rate seen in infant 

groups born to non-immunized mothers which was 83% (Kwambana-Adams et. al, 

2017). In terms of serotype-specific pneumococcal carriage, infant groups from 

immunized mothers demonstrated a lower carriage rate (19%) in relation to infant groups 

from non-immunized mothers with a slightly higher carriage rate (25%) (Kwambana-

Adams et. al, 2017).  

 Finally, Kwambana-Adams and team noted that there was no substantial 

difference in SP serotype-specific carriage and colonization between participants who 

had a vaccinated sibling as opposed to those who did not; in terms of location within 

Gambia, researchers found that infants born at a designated hospital had a significantly 

higher vaccine-specific pneumococcal carriage rate (27%) in relation to infants born in 

personal care (21%) (Kwambana-Adams et. al, 2017). After analyzing infants from 

communities in Gambia from 0-1 year through nasopharyngeal sample collection, they 
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found that 7vPnC reduces serotype-specific colonization, yet the overall carriage and 

colonization rate remains above 75%, indicating that non-vaccine-specific serotypes are 

dominant and expansive during the infant’s first 12 months (Kwambana-Adams et. al, 

2017). This led researchers to conclude that even in the presence of herd immunity, 

receipt of 7vPnC does not substantially alter the nasopharyngeal microbiome and makeup 

in the sample of 102 Gambian infants, as non-vaccine serotypes have taken over the areas 

previously occupied by vaccine serotypes, in which the most common NVTs include: 

19A, 35B and 15B (Kwambana-Adams et. al, 2017). Kwambana-Adamas and team 

referenced several pneumococcal surveillance studies that were previously conducted, in 

which the three NVTs were prominent in Gambian communities prior to 7vPnC release, 

indicating that vaccine administration did not create non-vaccine serotypes but certainly 

brought light to their existence and potential disruption to public health and immunity in 

future generations.  

 Ultimately, while 7vPnC and 13vPnC helped to significantly reduce IPD cases 

caused by serotypes within the released pneumococcal conjugate vaccine in many global 

regions, non-vaccine serotypes proved to be universally significant in replacing vaccine-

serotype-associated pneumococcal colonization and disease. As a result, both tables 

outlined in the publication work to demonstrate a significant connection between IPD rise 

and NVST invasion after13vPnC introduction. This lead Kwambana-Adamas and 

researchers to understand that while curated vaccines may have a direct effect at 

eliminating a certain outcome, they may also have an effect on surfacing an underlying 

concern.  
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MECHANISMS OF CONJUGATE VACCINES 

What are the mechanisms that allow the conjugate vaccine to combat colonization? 

 Conjugate vaccines have proved to be an effective method to both preserve 

immunity against bacterial capsular polysaccharides and eliminate long-term cases of 

bacterial meningitis caused by Streptococcus pneumoniae and many other encapsulated 

bacteria (Rappuoli R, 2018, Rappuoli et. al, 2019). The publication On the mechanisms of 

conjugate vaccines explains that the defining capsular polysaccharides of bacteria are 

long polymers, in which bacteria have been historically able to modify both chemically 

and physically (Rappuoli R, 2018, Rappuoli et. al, 2019). An important mechanism of the 

conjugate vaccine is its ability to induce antibody production against the targeted 

polysaccharide capsule, in order to eliminate the pathogen before widespread infection. 

Purified polysaccharide vaccines target bacteria such as pneumococci, but are unable to 

promote the protective antibody response in the infant population (Rappuoli R, 2018, 

Rappuoli et. al, 2019); adequate immunization of the infant population that protects 

against NP colonization is necessary to promote long-term and widespread immunity 

within a population. The publication expresses the underlying mechanics of conjugate 

vaccines, which explains why antibody production is essential to promote a decrease in 

carriage and colonization over time. After an individual has been immunized via a 

conjugate vaccine, the polysaccharides are absorbed by dendritic cells of the immune 

system (Rappuoli R, 2018, Rappuoli et. al, 2019). Afterwards, the capsular 

polysaccharides then travel to the lymph nodes, where they activate two of the most 
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important units in the immune system, B and T cells, to initiate an immune response. T-

helper cells are responsible for recognizing the bacterial-capsular polysaccharide antigen; 

B cells are responsible for presenting the bacterial-capsular-polysaccharide antigen; 

polysaccharide-specific B cells differentiate into antibody-producing plasma cells 

(Rappuoli R, 2018, Rappuoli et. al, 2019). Overall, this mechanistic reaction in the 

germinal center induces the production of high-affinity antibodies either during a 

response to a bacterial infection such as IPD or after immunization with PCV (Rappuoli 

R, 2018, Rappuoli et. al, 2019). The B cells, or receptor cells, identify and uptake small 

units of polysaccharides in the light zone of dendritic cells, or antigen-presenting cells, 

internalize the polysaccharide-antigens and then place them in the pocket of the major 

histocompatibility complex for required antigen presentation to T-helper cells (Rappuoli 

et. al, 2018). Afterwards, the T-helper cell becomes activated. Presentation is adequate, 

and the T cells can provide substantial assistance to the receptor B cells through cytokine 

release; the B cell receptors apply direct and rigid force so that a larger quantity of 

capsular polysaccharide can be retrieved from antigen-presenting dendritic cells and a 

stronger, more streamlined response from the T-helper cells will be in place (Rappuoli et. 

al, 2019). With conjugate vaccines, the goal is to produce both antibodies and memory B 

cells so that the host can develop long-term immunity to the bacterial polysaccharide 

capsule upon subsequent contact with the pathogen (Rappuoli et. al, 2019). 

With regard to polysaccharide vaccines, researchers concluded that polysaccharides 

themselves can recruit B cells without question; polysaccharide-antigens are recognized 

and recruited by B cell-antibody receptors and removed from dendritic cells to then be 
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placed in endosomes for ultimate destruction (Rappuoli et. al, 2019). However, 

researchers noted that once the polysaccharide-antigens were internalized in the 

endosome, the overall immune reaction ceased since polysaccharide-antigens could not 

fit within the designated major histocompatibility complex (MHC) pocket, a crucial step 

(Rappuoli et. al, 2019). The polysaccharide-antigens are unable to connect with T-helper 

cells to promote antibody and memory B cell production, which leads to B-cell apoptosis 

due to lack of use and compliance. Rappuoli and colleagues confirmed that 

pneumococcal polysaccharide vaccine (PPV) insufficiency can be mediated when 

polysaccharide-antigens are tightly bound and associated with carrier proteins. In other 

words, the weak polysaccharide antigens will be bound to strong carrier proteins in order 

to elicit a stronger immune response against the masked weak antigen. As a result, the B 

cell receptors will confidently recognize both the polysaccharides on dendritic cells and 

the attached carrier proteins to then produce small peptides as a result of carrier protein 

mechanical processing (Rappuoli et. al, 2019). Afterwards, the peptides can then be 

successfully transported to the MHC pocket for T cell identification and recruitment; this 

process leads to antibody and memory B cell production in order to familiarize the 

immune system with the encapsulated bacteria of interest to prepare for a rapid and 

successful defense when Streptococcus pneumoniae is encountered (see publication for 

illustrations). Protection is capsular-serotype specific, not protective against all serotypes. 

This study encouraged infectious disease researchers to continue to explore immunity by 

increasing the quantity of covalent interaction between the carrier protein (strong 

antigen) and polysaccharide (weak antigen). Conjugate vaccines have proved to be 
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effective in promoting and engaging T cells, which leads to affinity maturation of 

antibodies, antibody-producing plasma cells and memory B cells for long-term protection 

and immunity, unlike the polysaccharide vaccine (Rappuoli et. al, 2018). Current studies 

are looking to “push the envelope” so that immunogenicity can be improved with the 

release of the next generations of vaccines. Researchers determined that the quantity of 

covalent junctions between the carrier protein and polysaccharide is an important 

mechanism to both present the antigen for internalization and engage T cells to aid with 

destruction (Rappuoli et. al, 2018). 

 Recently, Duarte G et. al (2022) analyzed the immunogenicity of the conjugate 

and polysaccharide vaccines by vaccinating women with 10vPnC and PPV23 and 

determined the protectiveness against Streptococcus pneumoniae at the corresponding 

stages of pregnancy (Duarte G et. al, 2022). This Surveillance Study examined the 

demographic and immune history of women before and after immunization (Table 3), as 

well as modifications, if any, in immune response and antibody production after 

immunization (Table 4). The results were in favor of postpartum pneumococcal 

conjugate immunization to greatly reduce common serotypes within this patient 

population. The study enrolled 347 pregnant women, all with HIV, in which: 115 

received 10vPnC, 115 received PPV-23 and 116 were placebo (53 received 10vPnC at 

24-weeks postpartum and 53 received PPV-23 at 24-weeks postpartum) (Duarte et. al, 

2022). The Pelton team concluded that measured antibody concentrations were increased 

with both the 10vPnC and PPV-23 immunizations, with a greater trend seen postpartum 

(Duarte et. al, 2022). 
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Table 3. 

Pre-vaccination immune characteristics of women  

(Taken with permission from Dr. Pelton from Immunogenicity of Conjugated 

and Polysaccharide Pneumococcal Vaccines Administered During Pregnancy or 

Postpartum to Women With HIV). 
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Table 4. 

Post-vaccination immune response of women  

(Taken with permission from Dr. Pelton from Immunogenicity of Conjugated 

and Polysaccharide Pneumococcal Vaccines Administered During Pregnancy or 

Postpartum to Women With HIV). 
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To determine if pre-vaccination antibody concentration had a direct effect on the 

aforementioned results, the team analyzed pre-vaccination antibody concentration to find 

that a higher concentration before pneumococcal immunization resulted in an increased 

antibody concentration for all included serotypes (Duarte et. al, 2022).  The authors found 

that postpartum administration of vaccines seemed to provide the most benefit to patients 

with chronic illnesses, such as HIV, as the percentage of CD4+ and CD8+ T cells were 

higher postpartum as the immune suppression that naturally accompanies pregnancy 

diminished (Duarte et. al, 2022). This study determined that vaccination with PPV-23 

produced higher antibody concentrations in postpartum women, as opposed to 10vPnC 

against the serotypes found in the vaccines, but lower antibody concentrations against a 

specific NVT (Duarte et. al, 2022). Thus, the measured immunity of 10vPnC (conjugate 

vaccine) versus PPV-23 (polysaccharide vaccine) was greatest in women during the 

postpartum stage of this study, when cofactors such as HIV replication and CD8+ T-cells 

were at a low point and CD4+ T-cell concentration was high enough to ‘boost’ the 

response. As a result, PPV23 seems to be the most efficient vaccine for this patient 

demographic. However, IPD susceptibility and underlying comorbidities should be 

considered as important factors to consider for future vaccine design. From the initial 

release of 7vPnc (2000) to the release of 20vPnC in Fall 2023, research on Streptococcus 

pneumoniae, Invasive Pneumococcal Disease, vaccine development and existing 

comorbidities has made a significant impact on public health and global immunity now, 

but the previous and current studies have paved the way for the next wave of vaccine 

research. While vaccine companies are targeting the polysaccharide capsule for 
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Streptococcus pneumoniae elimination, perhaps future research can examine ways to 

eliminate the bacteria internally to prevent external serotype switching and modifications.  

 New research studies are ongoing (including at the Pelton Lab) to develop both novel 

capsular dependent and independent vaccines. While many research studies have proved 

the effectiveness of pneumococcal conjugate vaccines against vaccine-specific serotypes, 

it will be a challenge to create a non-pneumococcal conjugate vaccine that also considers 

IPD prevention. The goal should be to create a pneumococcal conjugate vaccine with 

pneumococcal proteins (either soluble proteins and/or polysaccharide transport proteins) 

to then broaden serotype coverage (Moffitt and Malley, 2016).  It is equally important to 

consider whether this vaccine will protect immunized and non-immunized individuals 

alike. To account for non-PCVs, factors such as adequate dosage and existing 

pneumococcal colonization within patients should be researched. A serotype-independent 

vaccine against Streptococcus pneumoniae may be possible with continued research on 

Streptococcus pneumoniae, host immunity and herd immunity.
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