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Advanced age and human immunodeficiency virus (HIV) infection are both risk 

factors for Streptococcus pneumoniae infections due to immunological dysfunction.  The 

aging HIV-infected (HIV+) population may be at higher risk for pneumococcal disease 

due to the combination of these factors on humoral immunity.  Current recommendations 

for pneumococcal vaccination in HIV+ adults include a priming dose of the 13-valent 

pneumococcal conjugate vaccine followed by one dose of the 23-valent pneumococcal 

polysaccharide vaccine 8 weeks later (PCV/PPV).  We compared quantitative and 

qualitative antibody responses to PCV/PPV versus a single dose of PPV in HIV+ adults 

aged 50-65 years with CD4+ T cells/µl (CD4) >200 on antiretroviral therapy ≥1 year.  

We found that PCV/PPV did not demonstrate a clear immunological advantage to PPV 

alone, as serotype-specific IgG levels and functional titers postvaccination were similar 

between groups.  In addition, these antibody responses were significantly reduced in 

HIV+ subjects vaccinated with PCV/PPV compared to age-matched, uninfected (HIV–) 

controls who received PCV/PPV.  We also characterized the phenotype and surface 
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expression of several receptors on serotype-specific B cells that may influence vaccine 

responses.  HIV+ subjects vaccinated with PCV/PPV generated significantly reduced 

frequencies of circulating serotype-specific B cells postvaccination compared to those 

who received PPV only.  However, phenotypic distributions of serotype-specific memory 

B cell subsets were similar between groups.  Transmembrane activator and calcium-

modulating cyclophilin ligand interactor (TACI)+ serotype-specific B cell percentages 

were significantly decreased in HIV+ PCV/PPV compared to PPV groups, indicating that 

prior PCV altered TACI expression.  It remains unclear if this impact provides any 

benefit to vaccine responses. CD21+ serotype-specific B cells were also significantly 

reduced in HIV+ compared to HIV– PCV/PPV groups which may contribute to 

diminished antibody responses.  Collectively, our findings suggest that continued efforts 

aimed at developing more effective vaccination strategies in susceptible adult populations 

are warranted, and further investigation into the immunological mechanisms that increase 

the risk of pneumococcal disease and induce potent vaccine responses are necessary. 
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Chapter 1 

Challenges in Pneumococcal Disease Prevention 
 

 

1.1 Burden of pneumococcal disease 

In 1880, microbiologists George Sternberg and Louis Pasteur were the first to 

independently isolate the Gram-positive bacterium Streptococcus pneumoniae by animal 

passage [1, 2].  This pathogen has been informally referred to as the pneumococcus since 

the late 1880s when it was established as the principal cause of bacterial pneumonia.  

Further investigation over subsequent decades has revealed that the clinical spectrum of 

pneumococcal infection ranges from mild disease, including otitis media and sinusitis, to 

invasive forms, including bacteremia and meningitis.  S. pneumoniae continues to be a 

significant cause of morbidity and mortality worldwide. 

Pneumococcal disease is preceded by asymptomatic colonization of the 

nasopharynx (Figure 1-1).  Carriage rates vary with age and the environment, but are 

highest in children 2-3 years of age [3, 4].  The duration of carriage is generally longer in 

children than adults.  Thus, young children serve as the primary reservoir and source of 

transmission of pneumococci.  S. pneumoniae may be isolated from up to 60% of 

asymptomatic children and 10% of healthy adults, although carriage rates are increased in 

adults with young children in the same household [4].  Pneumococci are transmitted by 
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direct contact with aerosols or respiratory secretions from colonized individuals.  Similar 

to other respiratory diseases, rates of pneumococcal infections are highest during the 

winter and early spring.  Infection with the influenza virus increases the risk of 

pneumococcal pneumonia and invasive disease (IPD). 

In children <5 years of age, an estimated 14.5 million episodes of pneumococcal 

infections occur each year worldwide, resulting in 500,000 deaths, particularly in low- 

and middle-income countries [5].  In the USA, conjugate vaccination has resulted in 

substantial reductions in pneumococcal disease rates in immunized young children [6-

11].  Incidence of pneumococcal disease is historically highest at the extremes of age, 

typically children <2 years of age and older adults aged ≥65 years.  Immunocompromised 

individuals, such as those infected with human immunodeficiency virus (HIV), are also 

Figure 1-1. Progression of pneumococcal disease. Reprinted from reference [4] by 

permission of Cold Spring Harbor Laboratory Press, copyright 2013. 
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highly susceptible to pneumococcal infections.  Other risk factors include geographical 

location; splenectomy; chronic conditions, including heart disease, lung disease, and 

diabetes; and high risk behaviors such as smoking and alcohol abuse.   

Over the past century, significant increases in life expectancy have occurred due 

to clinical and technological advances.  By 2040, the number of individuals aged ≥65 

years living in the USA are estimated to double and represent up to 20% of the total 

population [12].  The aging HIV-infected (HIV+) population has also rapidly expanded 

due to the introduction of antiretroviral therapy (ART) and increased rates of new 

infections in older adults [13-15].  Based on the current availability of vaccines and 

therapeutic options, hospitalizations due to pneumococcal disease in older individuals are 

projected to grow almost 100% by 2040 and total healthcare costs will increase by $2.5 

billion annually [12].  These demographic shifts emphasize the need for continued efforts 

in controlling pneumococcal disease in adult populations. 

The most common clinical presentation of pneumococcal disease in adults is 

pneumonia.  S. pneumoniae accounts for approximately 30% of adult community-

acquired pneumonia (CAP) and up to 50% of hospital-acquired pneumonia, with a case-

fatality rate of 5-7% [3].  Bacteremia occurs in as many as 30% of patients with 

pneumococcal pneumonia.  Invasive forms of pneumococcal disease are less common, 

but are more severe with higher mortality.  As many as 50,000 cases of pneumococcal 

bacteremia and 6,000 cases of meningitis occur yearly in the USA with overall case-

fatality rates of 20% and 30%, respectively.  Mortality rates for all forms of 

pneumococcal disease are increased in elderly persons.  Due to pediatric immunization, 

vaccine-type IPD rates have declined by approximately 50% in adults ≥65 years old 
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between 2010 and 2013 [16].  However, 33,500 cases and 3,500 deaths from IPD are 

estimated to have occurred in 2013, primarily in adults aged ≥50 years [17].  Thus, older 

individuals continue to be significantly impacted by pneumococcal disease. 

Similar to the elderly, S. pneumoniae is the most common respiratory pathogen in 

the HIV+ population [6].  In the USA, an estimated 1.2 million people are currently 

living with HIV infection, with approximately 50,000 new infections occurring each year 

[18].  Higher rates of recurrent and severe pneumococcal infections are associated with 

HIV infection [19, 20].  Prior to the introduction of ART, IPD incidence was estimated to 

be 100-fold higher than in HIV-uninfected (HIV‒) individuals [21].  Widespread use of 

ART has led to a significant disease in pneumococcal disease rates [22, 23].  However, 

HIV+ individuals remain at 20-40 fold increased risk for IPD compared to age-matched 

HIV‒ subjects [24, 25].  Pneumococcal disease therefore remains a significant cause of 

HIV-associated morbidity and mortality. 

 

1.2 Therapeutic interventions 

Studies conducted in rabbits in the late 19th century demonstrated early on the 

importance of humoral immunity in conferring protection to S. pneumoniae [1, 2].  Serum 

from rabbits who recovered from pneumococcal infection contained protective factors 

that prevented re-infection and also protected against primary infection with the same 

strain when injected into other animals.  Before antibiotics were available, antiserum 

therapy was widely used to treat pneumococcal infections in humans with some success 

[2].  Current strategies to treat pneumococcal disease utilize either monotherapy or a 

combination of available antibiotics.  Penicillin has been the standard treatment for 
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decades, but other β-lactams, macrolides, and fluoroquinolones are also commonly used 

[26].  However, the emergence of antibiotic resistance complicates and may reduce the 

effectiveness of recommended treatment regimens. 

Penicillin-resistant S. pneumoniae strains were first noted in the 1970s and have 

steadily increased in incidence worldwide along with strains resistant to other antibiotics 

[6, 27].  However, a simultaneous rise in case-fatality rates for IPD has not been observed 

[28, 29].  Since the introduction of conjugate vaccines containing serotypes with high 

incidence of antibiotic resistance, rates of drug-resistant pneumococcal infections have 

decreased.  In 2013, however, the Centers for Disease Control and Prevention (CDC) 

classified the threat of antibiotic-resistant S. pneumoniae infections a serious concern 

requiring increased focus on utilizing preventative measures and reducing overuse of 

antibiotics [30].  Approximately 50% of pneumococcal isolates from IPD cases in the 

USA were reported to be fully resistant to one or more antibiotics, with the highest 

prevalence being erythromycin resistance (about 30%) [17]. Thus, continued surveillance 

and monitoring of the prevalence of antibiotic-resistant serotypes is important for the 

future development of pneumococcal vaccines. 

 

1.3 Virulence factors:  targets for vaccines 

The polysaccharide capsule is the most important virulence determinant of S. 

pneumoniae and the target of current vaccine formulations (Figure 1-2).  It is critical to 

pneumococcal colonization, invasion, and dissemination from the respiratory tract.  To 

date, over 90 structurally distinct capsular pneumococcal polysaccharide (PPS) serotypes 

have been recognized [31].  The majority of serotypes can cause disease, but only a 
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limited number are known to be responsible for IPD.  Pneumococci regulate the amount 

of capsular material produced during colonization and invasion using phase variation.  

During the initial stages of colonization, transparent (thin) capsules are favored that 

promote adherence to host tissues, whereas opaque (thick) capsules prevail during 

invasion into the bloodstream to prevent opsonophagocytosis.  In addition, some PPS are 

negatively charged, which play a role in preventing mucosal clearance and inhibiting 

activation of complement [27].  Effective clearance of S. pneumoniae by the host requires 

production of serotype-specific anticapsular antibodies by B cells that opsonize and 

promote complement-mediated phagocytosis of the organism.  Infants and adults with 

defective humoral responses, therefore, are more susceptible to pneumococcal infections.     

Figure 1-2. Pneumococcal virulence factors. Important pneumococcal virulence 

factors of note include: the capsule; choline-binding proteins; pneumococcal surface 

proteins A and C (PspA and PspC); and pneumolysin. Re-

printed by permission from Macmillan Publishers Ltd: Nature Reviews Microbiology, 

reference [33], copyright 2008. 
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Several pneumococcal proteins important for virulence are currently being 

investigated as potential vaccine antigens due to their ability to stimulate opsonic 

antibodies (Figure 1-2) [32-34].  These virulence factors have roles in promoting 

adhesion to and invasion of mucosal tissues, or suppressing host immune defenses.  The 

pore-forming cytotoxin pneumolysin is produced by almost all invasive strains of S. 

pneumoniae and is released during autolysis, resulting in disruption of epithelial and 

endothelial barriers.  In addition to its cytolytic functions, pneumolysin inhibits the 

respiratory burst and ciliary action of epithelial cells and also activates complement and 

chemokine production at sub-lytic concentrations.  Pneumolysin is thought to be critical 

for dissemination from the lungs to the bloodstream.   

Pneumococcal surface proteins (Psp) A and C both interfere with complement-

mediated opsonization.  PspC also binds to the polymeric immunoglobulin (Ig) receptor 

that typically transports secretory IgA during invasion.  Pneumococcal choline-binding 

protein A (PcpA), like pneumolysin, is expressed by almost all virulent serotypes.  PcpA 

appears to play an important role in adhesion to nasopharyngeal and lung epithelium.  

Vaccination strategies utilizing protein virulence factors, such as pneumolysin, PspA, 

PspC, and PcpA, are desirable over current vaccines due to the ability to confer serotype-

independent protection.  However, protein-based pneumococcal vaccines are not likely to 

be available for clinical use for many years, as the majority of potential candidates are 

still being evaluated in animal studies. 
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1.4 Pneumococcal vaccines 

The earliest formulations of pneumococcal vaccines containing whole-cell, heat-

treated bacteria were marketed in the early 1900s and distributed into the 1930s [2].  The 

first pneumococcal vaccine was licensed for use in the USA in 1909.  Initial clinical trials 

using the whole-cell pneumococcal vaccine were conducted in South Africa beginning in 

1911.  Recognition of the importance of serotype specificity resulted in the development 

of serotype-specific whole-cell vaccines in 1914.  Subsequent trials using multivalent 

versions were performed during World War I.  Overall, whole-cell vaccines demonstrated 

moderate success in preventing pneumococcal infections, but concerns over efficacy 

prevented widespread use.     

PPS were first isolated in 1917 and later established as critical virulence factors 

responsible for inducing antibody production in humans.  Early PPS vaccines were 

developed, and heptavalent versions were licensed for use in the 1940s based on clinical 

evidence of efficacy.  They were poorly utilized, however, because clinicians preferred to 

treat pneumococcal infections using newly introduced antibiotics.  Interest in 

pneumococcal vaccine development was rekindled in the 1970s by clinician-scientist 

Robert Austrian, who noted high pneumococcal case-fatality rates despite antibiotic 

therapy [2].  Several multivalent forms of PPS vaccines were tested amongst South 

African gold miners.  A 13-valent formulation, for instance, was found to be 

approximately 80% efficacious against bacteremia and pneumonia [35].  Success with 

these early vaccines, combined with increased rates of antibiotic-resistant infections, led 

to the license of a 14-valent PPS vaccine in the USA in 1977 indicated for adults ≥50 

years old and children ≥2 years with underlying medical conditions [2, 36].  The 14 
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serotypes included in the vaccine were estimated to cover up to 68% of disease-causing 

isolates [37]. 

Due to a global need to expand serotype coverage, the currently available 23-

valent PPS vaccine (PPV, Pneumovax 23®; Merck & Co., Inc.) was licensed for use in 

the USA in 1983, increasing IPD coverage at that time to approximately 85% [2, 38].  

PPV contains the following 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.  Since its introduction, vaccine 

recommendations for adults ≥50 years old and individuals ≥2 years of age with certain 

medical conditions or other indications have included PPV.  Several studies have 

demonstrated that PPV is highly effective in preventing IPD in young, healthy adults [6].  

In contrast, effectiveness of PPV is significantly reduced in elderly individuals and 

immunocompromised adults, including HIV+, with about 50% efficacy in preventing 

IPD [39-41].  A recent meta-analysis conducted by Moberley et al. supports use of PPV 

for preventing IPD in adults, but clear evidence of reducing all-cause pneumonia or 

mortality is lacking [42]. 

Poor immunogenicity of PPV in children <2 years old led to the development of 

third-generation pneumococcal vaccines which contain PPS conjugated to a protein 

carrier.  The covalent coupling of PPS to an immunogenic carrier protein, such as the 

non-toxic mutant of diphtheria toxin (CRM197), stimulates a T-cell dependent (TD) 

response, leading to improved immunogenicity and booster response in children [6].  The 

complexity of the conjugation process severely limits the number of serotypes that can be 

included in these conjugate vaccines, as each PPS is individually conjugated.  In 2000, 

the first 7-valent conjugate vaccine was licensed in the USA, covering approximately 80-
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90% of IPD- and 65% of otitis media-causing serotypes in young children [43, 44].  The 

7-valent formulation contained serotypes 4, 6B, 9V, 14, 18C, 19F and 23F.  Conjugate 

vaccination in the pediatric population led to substantial, sustained reductions in vaccine-

type IPD among vaccinees with an efficacy of over 90% (Figure 1-3) [6-10].  Reduced 

rates of pneumonia and otitis media occurred to a lesser extent in immunized children.  

Remarkably, introduction of the conjugate vaccine also resulted in decreased rates of 

vaccine-type IPD in unvaccinated adult populations [8, 45].  This “herd immunity” was 

likely a result of reduced transmission of vaccine-type serotypes due to decreased 

nasopharyngeal carriage in vaccinated children [46-50]. 

The observed benefits of the 7-valent conjugate vaccine were limited by a shift in 

serotype prevalence [6].  Emergence of infections due to non-vaccine serotypes occurred 

as rates of vaccine-type disease declined.  Significant increases in serotype 19A isolates 

Figure 1-3. Changes in overall invasive pneumococcal disease (IPD) incidence 

rates by age group, 1998–2007. *Seven-valent pneumococcal conjugate vaccine 

(PCV7) was introduced in the United States for routine use among young children 

and infants in the second half of 2000. Reprinted from reference 

[7] by permission of Oxford University Press, copyright 2010. 
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were of particular concern due to the high prevalence of multidrug resistance in clinical 

specimens [45, 51, 52].  Growing fears over serotype replacement and antibiotic 

resistance led to the development and licensure of the currently available 13-valent 

conjugate vaccine (PCV, Prevnar 13®; Wyeth Pharmaceuticals., Inc.) in the USA in 2010.  

PCV contains 6 additional serotypes (1, 3, 5, 6A, 7F, and 19A) to those included in 

PCV7.  Similar to the 7-valent conjugate vaccine, further reductions in vaccine-type IPD 

have been observed with PCV in both vaccinated and unvaccinated individuals [11, 53, 

54].  PCV is predicted to prevent approximately 168,000 cases of IPD in the USA 

between 2011 and 2020 [55].  Continued surveillance in countries where PCV is 

available will provide a more accurate assessment of its impact on reducing 

pneumococcal disease and the extent to which serotype replacement will occur.   

The success of conjugate vaccines in the pediatric population has prompted 

consideration of its use in adults.  Approximately 20-25% of IPD cases in adults ≥65 

years old and 50% of IPD cases in immunocompromised adults are caused by serotypes 

contained in PCV [16, 56].  In 2011, the Food and Drug Administration (FDA) approved 

the use of PCV in adults ≥50 years old based on immunogenicity studies demonstrating 

increased or similar antibody responses to PCV compared to PPV in adults [57].  ACIP 

vaccination recommendations now include use of both PCV and PPV in adults with 

immunocompromising conditions, as well as in those ≥65 years old [16, 56].  Use of PCV 

in adult populations is controversial [58-70].  A large scale clinical trial in the 

Netherlands recently reported PCV had 75% efficacy for vaccine-type IPD and 45% 

efficacy for vaccine-type nonbacteremic pneumonia compared to placebo in 

approximately 85,000 adults ≥65 years old [71].   Unfortunately, this study did not 
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include comparison with PPV.  A trial conducted in HIV+ adults observed 74% efficacy 

against recurrent vaccine-type IPD with the 7-valent conjugate vaccine, but protection 

declined after the first year [72].  Limitations in serotype coverage and vaccine efficacy 

in adults with the currently available vaccines emphasize the need to develop novel 

strategies for pneumococcal disease prevention [73]. 

 

1.5 Current vaccination recommendations 

Pneumococcal vaccination policies are largely influenced by the epidemiology of 

pneumococcal infections and trends in antimicrobial resistance.  Since 2010, the ACIP 

has updated vaccination recommendations to include PCV for all high risk populations in 

the USA.  Routine vaccination with PCV is recommended for all young children 2-59 

months of age.  Infants should receive a 3 dose primary series of PCV at 2, 4, and 6 

months, followed by a PCV booster at 12-15 months; alternative dosing schedules are 

recommended for those previously vaccinated with the 7-valent conjugate vaccine [74, 

75].  Unvaccinated children aged 24-71 months with underlying medical conditions that 

increase risk for pneumococcal disease should receive 2 doses of PCV ≥8 weeks apart 

[74, 75].  A single dose of PCV is recommended for unvaccinated children 6-18 years 

with immunocompromising conditions, functional or anatomic asplenia, cerebrospinal 

fluid leaks, or cochlear implants [76].  Children 2-18 years old with underlying medical 

conditions should receive a single dose of PPV at least 8 weeks after completing all 

recommended doses of PCV [74, 75].  Use of PPV is recommended to prevent vaccine-

type infections not covered by PCV.  Revaccination with PPV ≥5 years after the first 
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PPV is recommended in children with asplenia, HIV infection, or other 

immunocompromising conditions [74-76]. 

Despite the impact of “herd immunity” from widespread pediatric immunization, 

IPD rates remain high in adults ≥19 years old with underlying medical conditions that 

increase risk for pneumococcal disease, such as HIV infection [24, 25, 56].  Current 

ACIP recommendations for unvaccinated adults ≥19 years old with immuno-

compromising conditions, asplenia, cerebrospinal fluid leaks, or cochlear implants should 

receive one dose of PCV followed by a single dose of PPV ≥8 weeks later (Table 1.1) 

[56].  A second dose of PPV at least 5 years after the first PPV is recommended in adults 

19-64 years old with asplenia or immunocompromising conditions.  Adults with other 

medical conditions that increase risk for disease, including chronic illnesses, alcoholism, 

and cigarette smoking, should receive a single dose of PPV [56].  Adults who received 

PPV before 65 years of age for any indication should receive another dose of PPV at age 

65 years, or later if the previous PPV was ≤5 years prior [56]. 

 In 2014, the ACIP issued new recommendations for adults ≥65 years of age to 

include routine use of PCV based on the findings of the clinical trial conducted in the 

Netherlands [16, 71].  Previously, it was recommended that individuals receive a single 

dose of PPV at age 65 [77].  All unvaccinated adults ≥65 years old should now receive a 

single dose of PCV first, followed by a dose of PPV 6-12 months later [16].  Continued 

surveillance of the impact of PCV on serotype replacement and also on vaccine-type IPD 

burden and CAP will determine if modifications in vaccination policy need to occur.  

Towards this goal, this recommendation will be reevaluated in 2018 by the ACIP and 

revised as needed. 
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Licensure of and recommendations for new pneumococcal vaccines in target 

populations include assessment of immunogenicity.  Large scale efficacy trials will likely 

not be conducted in the future for a number of reasons [78].  It is no longer ethical to 

conduct placebo-controlled trials in high risk individuals due to the high efficacy of 

conjugate vaccines.  In addition, the substantial reductions in IPD incidence that have 

occurred in unvaccinated populations due to widespread vaccination practices will make 

it difficult to detect differences between control and experimental patient groups.  As a 

result, efficacy trials will require large sample sizes and substantial resources to be 

conducted.     

Two serological parameters are used to estimate protective immunity.  A third-

generation enzyme-linked immunosorbent assay (ELISA) is currently used for detection 

Source:  CDC, reference [56]. 

Table 1.1. Current ACIP recommendations for administration of PCV and/or 

PPV in adults ≥19 years old with medical conditions or other indications. 
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of anticapsular serum antibody levels.  The functional characteristics of serotype-specific 

antibodies are assessed using the opsonophagocytic killing assay (OPA).  In 2003, the 

World Health Organization (WHO) published serological criteria for evaluation of 

pneumococcal vaccines in infants.  An anticapsular IgG concentration of ≥0.2-0.35 

µg/ml, which corresponded to an OPA titer of 1:8, was recommended as a reference 

value that correlates to protection [6, 79].  Serological correlates of protection have not 

been defined in adults, severely limiting the ability to make clinical decisions based on 

immunogenicity data.  Higher threshold values may be more appropriate for high-risk 

adult populations [6].  Discrepancies between ELISA and OPA assays have been reported 

in the elderly and immunocompromised adults, but the OPA assay is generally regarded 

as a better measure of protection as it mimics the host phagocytic response and is a better 

predictor of vaccine failure [78].  Continued efforts aimed at defining correlates of 

vaccine protection in adults are critical for determining effective vaccination strategies. 

 

1.6 Immune response to pneumococcal vaccination 

In contrast to proteins, PPS do not require cognate T cell-B cell interactions to 

stimulate an immune response and are classified as T cell-independent type 2 (TI) 

antigens.  Each PPS molecule consists of multiple repeating epitopes that activate mature 

B cells through extensive cross-linking of surface Ig receptors, resulting in PPS-specific 

antibody production (Figure 1-4a) [80, 81].  TI antigens are generally regarded as poor 

inducers of immunological memory due to a lack of direct T cell interactions and 

productive germinal center responses [82].  Thus, immunization with PPV, which 

contains purified PPS, generates anticapsular antibodies through TI mechanisms.  In 
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contrast, the conjugation of PPS to protein, as in PCV, provokes a TD response 

comprised of major histocompatibility complex (MHC) class II-mediated peptide 

presentation to carrier peptide-specific CD4+ T cells (Figure 1-4b).  Conjugate vaccines 

are therefore thought to induce memory responses upon repeated immunization [83]. 

The B cell subset(s) that respond to PPS in humans remain a topic of debate, 

although evidence suggests multiple candidates are likely involved.  The spleen serves as 

a critical site for immune surveillance of blood-borne pathogens and contains innate-like 

marginal zone (MZ) B cells responsible for TI responses [84].  Individuals lacking a 

spleen are at higher risk of infection caused by encapsulated bacteria, including S. 

pneumoniae.  Several studies indicate that peripheral IgM memory B cells phenotypically 

represent circulating splenic MZ B cells [85-88].  In addition, blood and splenic IgM 

memory B cells possess a prediversified Ig repertoire distinct from naïve or switched 

memory B cells thought to correspond with TI responses [86, 89, 90].  Peripheral 

serotype-specific B cells generated after PPV immunization are predominantly IgM 

memory in young adults, further emphasizing the importance of this B cell subset in the 

immune response to PPS [91].  Evidence also suggests that MZ B cells exhibit functional 

plasticity, as they can undergo class-switching in response to both TD and TI antigens 

[82].  IgM memory B cells transplanted in humanized severe combined 

immunodeficiency mutation (SCID/SCID) mice produced PPS-specific IgM and IgG 

antibodies after immunization with PPV [92].  It is unlikely, however, that IgM memory 

B cells are the only subset that responds to PPS, as transplanted switched memory B cells 

in the same study produced PPS-specific IgG postvaccination [92].  In addition, 
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individuals at increased risk for pneumococcal disease also exhibit reduced frequencies 

of switched memory B cells [93]. 

Figure 1-4. The immune response to polysaccharide and protein–polysaccharide 

conjugate vaccines. a) Polysaccharides from encapsulated bacteria stimulate B cells 

by crosslinking the B cell receptor (BCR) and driving immunoglobulin production.  

b) The carrier protein from protein–polysaccharide conjugate vaccines is processed by 

polysaccharide-specific B cells, and peptides are presented to carrier peptide-specific 

T cells, resulting in production of both plasma cells and memory B cells. 

Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Immuno-

logy, reference [82], copyright 2009. 
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It is postulated that TI antigens may require secondary signals, such as innate 

stimuli and B cell receptors, to generate a rapid and effective antibody response [80, 81].  

Engagement of Toll-like receptors (TLRs) by microbial products enhance antibody 

responses to TI antigens, and TLR ligands are potential adjuvants for pneumococcal 

vaccines [80, 94].  In addition to TLRs, complement also serves as a critical link between 

innate and adaptive immune systems.  Murine studies indicate the complement system is 

required for innate immunity to S. pneumoniae [95, 96].  Complement receptor CD21 is 

highly expressed on MZ B cells and interacts with complement fragments bound to the 

surface of TI antigens.  CD21 ligation lowers the threshold for antigen-specific B cell 

activation and thus enhances humoral responses [80, 97].  CD21-deficient mice exhibit 

impaired antibody responses to S. pneumoniae, further supporting a role for this receptor 

in TI responses [98, 99].  

Growing evidence indicates that several members of the tumor necrosis factor 

receptor (TNFR) superfamily members and their ligands are important for humoral 

responses to TI and TD antigens [94, 100].  The ligand B cell activating factor (BAFF) is 

secreted by macrophages and dendritic cells and binds to BAFF receptor (BAFF-R), 

transmembrane activator and calcium-modulating cyclophilin ligand modulator (TACI), 

and B cell maturation antigen (BCMA).  A proliferation-inducing ligand (APRIL) binds 

to only TACI and BCMA.  BAFF-R, TACI, and BCMA regulate B cell differentiation 

and survival.  TACI is critical for CD40-independent Ig production.  Mice deficient in 

TACI are unable to produce antibodies in response to TI antigens, but generate normal 

responses to TD antigens [94, 101, 102].  BAFF knockout mice also exhibit reduced TI 

responses [103].  Murine MZ B cells demonstrate enhanced responsiveness to BAFF, and 
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surface TACI expression is upregulated in the presence of microbial TLR ligands [100].  

In humans, increased TACI and loss of BAFF-R expression is associated with B cell 

differentiation into plasmablasts in response to various stimuli in vitro and after influenza 

vaccination [104, 105].  Moreover, subsets of patients with common variable immune 

deficiency (CVID) exhibit reduced antibody responses due to mutations in TACI [106].  

These data indicate that TACI is critical for humoral responses in humans.  Regulation of 

TNFR family members in response to pneumococcal vaccines is unknown. 

1.6.1. Infants and young children 

 Unlike TD responses which are present soon after birth, responses to TI antigens 

develop late in ontogeny.  The delay in antibody responses to PPS renders infants and 

young children <2 years of age nonresponsive to PPV immunization and highly 

susceptible to S. pneumoniae infections.  The ability to respond to TI antigens coincides 

with maturation of the splenic MZ compartment [107].  Circulating IgM memory B cells 

are nearly undetectable at birth but increase in frequency with age, reaching 10-20% of 

the total B cell population by 2 years of age [85].  Infants exhibit reduced CD21 

expression on MZ B cells and low levels of complement which may result in 

hyporesponsiveness to TI antigens [81, 94].  In addition, B cells isolated from preterm 

cord blood express decreased levels of TACI, BAFF-R, and BCMA compared to adult B 

cells, resulting in diminished antibody secretion [108].  Conjugate vaccines improve the 

immunogenicity of PPS in infants and young children, overcoming some of the 

immunological limitations with plain PPS, and have been highly successful in reducing 

overall pneumococcal disease burden in this population [6-8, 83]. 
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1.6.2. Elderly individuals 

 A decline in overall humoral and cellular responses occurs in an age-dependent 

manner, posing a significant challenge for development of effective vaccines containing 

either TD or TI antigens in older adults.  Numerous studies have observed decreased 

efficacy with PPV in the elderly [6, 32, 39, 41, 42].  Although elderly individuals 

generate concentrations of serotype-specific IgG similar to young adults after vaccination 

with PPV, they exhibit diminished functional antibody activity [109-112].  Lower 

serotype-specific IgM production and altered repertoire diversity of antibodies generated 

in response to immunization observed in older adults may all contribute to functional 

differences [112-116].  Age-dependent reductions in the percentage or absolute number 

of IgM memory B cells may also result in decreased responsiveness to pneumococcal 

vaccination in the elderly [117-119].  In contrast to young adults, serotype-specific B 

cells in older individuals are primarily switched memory B cells postvaccination with 

PPV [117].  Collectively, these findings suggest that age-associated reductions in 

serotype-specific IgM production and IgM memory B cells are responsible for decreased 

efficacy of PPV in the elderly.  How other aspects of cellular responses to pneumococcal 

vaccination, such as CD21 expression or TNFR signaling pathways, are impacted by 

aging is unknown.  It is also unclear how PCV influences responding B cell populations.  

Overall, there is no consistent evidence that PCV is superior to PPV in regards to 

quantitative and functional antibody responses in elderly individuals [32, 39, 61, 120-

122]. 
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1.6.3. HIV-infected adults 

 HIV infection leads to dysregulation of several immune cell populations, 

including B cells.  Viremia causes functional and phenotypical B cell defects beginning 

early in infection and a reduction in overall B cell numbers [123, 124].  B cell 

subpopulations are dramatically altered, resulting in loss of memory B cells and increased 

mature activated and immature transitional B cells [124].  Viremic patients also exhibit 

expansion of abnormal peripheral CD21lo B cell populations associated with exhaustion 

and increased turnover.  Increased serum BAFF levels, resulting from viremia-induced 

production by macrophages and dendritic cells, are thought to correlate with HIV-

associated B cell disease progression and contribute to B cell hyperactivation [124-126].  

Decreased B cell survival has been linked to reduced BAFF-R expression in apoptosis-

prone B cell subpopulations [124, 127].  These HIV-associated B cell alterations likely 

disrupt humoral responses to pneumococcal vaccination. 

 After vaccination with PPV, HIV+ adults exhibit reduced antibody responses 

compared to HIV‒ controls [128-131].  In contrast to elderly individuals, both serotype-

specific IgG and IgM levels, in addition to functional titers, are diminished.  Antibody 

responses to PPV are predominantly derived from B cells expressing the Ig variable 

region gene family 3 (VH3) which are depleted during HIV infection [132-134].  Loss of 

VH3 may contribute to impaired antibody responses to PPV.  In addition, depletion of 

total or serotype-specific circulating memory B cell subsets is associated with impaired 

serological responses to PPS [128, 129, 135-137].  Initiation of ART leads to a significant 

improvement in B cell counts and normalization of subpopulations in parallel with an 

increase in CD4+ T cells [123, 138].  However, studies indicate that restoration of 
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memory B cells is incomplete, and ART-treated HIV+ individuals continue to exhibit 

impaired responses to vaccination [136, 137].  Both ART-untreated and –treated HIV+ 

individuals exhibit reductions in serotype-specific IgM memory B cells compared to 

HIV‒ controls [128, 129].  Reconstitution of CD4+ T cells with ART may also be 

incomplete, particularly in patients who delay treatment until CD4 <200 [139].  Thus, it 

remains unclear whether PCV can elicit greater antibody responses compared to PPV in 

HIV+ individuals. 

 

1.7 Study Objectives 

By 2015, more than half of all HIV+ individuals living in the USA will be ≥50 

years of age (Figure 1-5) [140].  The most significant factor responsible for this 

demographic shift is the development of ART.  HIV infection is now a chronic condition 

in patients who are able to control viremia using ART.  A 20-year-old HIV+ individual 

currently living in the USA initiating ART can expect to live into their early 70s, a life 

expectancy close to that of the general population [15].  In addition to ART, the rate of 

newly diagnosed HIV infections in older adults has been steadily increasing.  The CDC 

reported that approximately 20% of HIV diagnoses were among Americans aged 50 and 

older in 2013 [141].  Growing evidence indicates that age influences the course of HIV 

infection.  The time from acquisition of HIV infection to the development of acquired 

immune deficiency syndrome (AIDS) or death is shorter in older patients, even in the 

ART era [140].  While use of ART prevents AIDS-related complications, it does not fully 

restore health, as a number of immunological defects persist despite suppression of 

viremia.  Moreover, the onset of age-associated conditions, including cardiovascular 
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disease, neurocognitive disorder, renal disease, and cancer, is accelerated in HIV+ 

individuals [142, 143].   

As previously discussed, both elderly and HIV+ individuals are at increased risk 

for pneumococcal disease due in part to B cell dysfunction.  Older HIV+ persons are 

likely to be at very high risk for IPD, as advanced age is a significant risk factor within 

the HIV+ population [25].  Aging and HIV infection share in common many features of 

B cell alterations, including polyclonal activation, hypergammaglobulinemia, and 

defective responses to antigen stimulation [144].  However, these populations exhibit 

distinct perturbations in B cells responding to PPV immunization [117, 128, 129].  Aging 

HIV+ individuals, due to their combination of risk factors, may therefore possess unique 

responses to pneumococcal vaccination which reflect synergism of B cell defects 

between aging and HIV infection.  It is currently recommended that HIV+ adults receive 

Figure 1-5. Age distribution of HIV-infected individuals living in the United 

States. Reprinted from reference [143] by permission of the International Antiviral 

Society-USA, copyright 2009. 



24 

 

a single dose of PCV followed by one dose of PPV 8 weeks later (PCV/PPV) [56].  It 

remains unclear whether this combined regimen enhances responses compared to a single 

dose of PPV, as aging HIV+ individuals exhibit persistent defects in both T cells and B 

cells.   

The overall goal of the current study was to assess humoral and cellular 

responses to the recommended PCV/PPV regimen compared to a single dose of PPV 

in ART-treated aging HIV+ individuals 50-65 years old with CD4+ T cells/µl (CD4) 

>200.  This work is highly significant because development of effective vaccination 

strategies in the aging HIV+ population will likely be very challenging to the presence of 

multiple co-morbidities that increase risk for pneumococcal disease.  This is also the first 

study, to our knowledge, to characterize antigen-specific B cells responding to PCV 

versus PPV in HIV+ subjects.   

 

The objectives of the current study are summarized below: 

1. To determine whether PCV/PPV improves immunogenicity in HIV+ subjects 

50-65 years old compared to PPV alone (Chapter 2).   

a. Assessment of quantitative antibody responses 

b. Assessment of functional antibody responses 

c. Comparison of antibody responses to HIV‒ controls after PCV/PPV 

2. To determine whether HIV+ subjects 50-65 years old exhibit distinct 

perturbations in B cells responding to PPV alone (Chapter 3). 

a. Phenotypic analysis of serotype-specific memory B cells postvaccination 

with PPV 
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3. To determine whether PCV/PPV alters the frequency and composition of 

circulating serotype-specific B cells compared to PPV alone in HIV+ subjects 

50-65 years old (Chapter 3). 

a. Assessment of serotype-specific B cell frequency postvaccination with 

PCV/PPV or PPV 

b. Phenotypic analysis of serotype-specific memory B cells postvaccination 

with PCV/PPV or PPV 

c. Characterization of surface expression of complement receptor CD21 and 

TNFRs CD40, BAFF-R, and TACI on serotype-specific B cells 

postvaccination with PCV/PPV or PPV 

d. Comparison of serotype-specific B cell responses to HIV‒ controls after 

PCV/PPV 
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2.1. Introduction 

 Streptococcus pneumoniae infections, including pneumonia and invasive disease 

(IPD), remain a significant cause of HIV-associated morbidity and mortality despite 

several clinical advances.  Widespread pediatric pneumococcal immunization, due to 

indirect effects, and use of antiretroviral therapy (ART) have resulted in substantial 

reductions in IPD incidence [1, 2].  However, disease burden persists in HIV+ individuals 

despite higher CD4 counts and is 20-40 fold higher than in age-matched HIV– 

individuals [1, 3].  Increased rates of recurrence and severe infections are also associated 

with HIV infection [4, 5].   

 The population of aging HIV+ individuals has rapidly expanded due to the 

success of ART in reducing mortality combined with the increased rate of new diagnoses 

in older adults [6-8].  Evidence suggests age influences the course of HIV infection by 

accelerating the development of comorbidities and decreasing the duration of clinical 

latency in older patients [9, 10].  Approximately one-half of HIV+ individuals living in 

the United States will be ≥50 years old as of this year [9].  Advanced age is a significant 

risk factor for pneumococcal disease in HIV+ and HIV‒ individuals [3, 11].  Both aging 

and HIV infection contribute to B cell dysfunction, resulting in decreased responses to 

vaccination. 

 Recommendations for prevention of bacterial pneumonia in HIV+ adults include 

use of ART, smoking cessation, and vaccination against influenza and S. pneumoniae 

[12].  Prior vaccination guidelines for HIV+ adults in the United States recommend a 

single dose of PPV at diagnosis, followed by revaccination 5 years later, and again after 

age 65 [13].  However, the effectiveness of PPV in HIV+ adults has been a subject of 
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debate [14, 15].  Several factors impacting efficacy, including timing of vaccination and 

degree of immunocompromise, remain ill defined. 

In an effort to improve protection against pneumococcal infection, PCV was 

added to the vaccination recommendations for adults with immunocompromising 

conditions [13].  For HIV+ pneumococcal vaccine-naïve individuals and those vaccinated 

with a primary dose of PPV ≥5 years prior, the Advisory Committee on Immunization 

Practices (ACIP) recommends a single dose of PCV followed by a dose of PPV at least 8 

weeks later [13].  Immunogenicity studies conducted in HIV+ adults have thus far, 

however, yielded inconsistent results regarding the superiority of PCV alone or in 

combination with PPV over the prior recommendation [16-22].  Thus, the potential value 

of PCV in the HIV+ population remains to be established.   

The combined impact of immunosenescence and HIV infection on responses to 

pneumococcal vaccines may be an important consideration in the clinical management of 

older HIV+ adults.  The goal of the current study was to compare quantitative and 

functional antibody responses generated from the recommended PCV/PPV regimen to a 

single dose of PPV in HIV+ adults 50-65 years old.  
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2.2. Methods 

Design and Study Population 

 Volunteers 50-65 years old were recruited between April 2012 and January 2015 

at the University of Toledo Medical Center.  Written, informed consent was obtained 

from all subjects.  The study was monitored and approved by the Institutional Review 

Board at the University of Toledo.  Exclusion criteria included:  active infection (except 

HIV), PPV <5 years prior, pregnancy, immunosuppressive medications, and history of 

cancer, autoimmune disease, bleeding disorders, immunoglobulin therapy, organ 

transplantation, splenectomy, and end stage renal or liver disease.  Volunteers were 

questioned about any prior hospitalizations consistent with pneumococcal infection.  

Eligibility criteria for HIV+ participants were further defined as current CD4 >200, HIV 

viral load ≤400 copies/ml, and ART for ≥1 year.  Adherence to ART was confirmed by 

patient’s self-report and review of pharmacy records.   

 HIV– individuals received a single dose of PCV (Prevnar 13®; Wyeth 

Pharmaceuticals, Inc.) followed by one dose of PPV (Pneumovax 23®; Merck & Co., 

Inc.) 8 weeks later (PCV/PPV).  HIV+ individuals were randomized at enrollment to 

receive either PCV/PPV or a single dose of PPV.  All participants who received 

PCV/PPV were followed up 2 months (8 weeks; PPV immunization) and 3 months after 

study enrollment.  Participants who received PPV were followed up 1 month after 

enrollment. 
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Laboratory 

Blood samples were collected at each study visit.  Serum samples were used to 

measure capsular pneumococcal polysaccharide-specific antibody responses pre- and 1 

month postvaccination with PPV (post-PPV) to serotypes 14 and 23F (included in PCV 

and PPV).  These serotypes were selected due to their historically high prevalence in the 

HIV+ population and inclusion in our previous studies [23, 24].  Serotype-specific IgG 

and IgM serum levels were detected by enzyme-linked immunosorbent assay (ELISA) as 

previously described [25, 26] using 89SF or 007SP as standards.  Opsonophagocytic 

killing assay (OPA) was performed as previously described [25, 26] to determine 

functional antibody responses.  Data were analyzed using the Opsotiter1 software 

program (University of Alabama at Birmingham).  OPA titers were defined as the 

reciprocal of the serum dilution that killed 50% of target bacteria (compared to serum-

free control) during 45 minutes of incubation at 37ºC.   

 

Statistical Analysis 

 Participant characteristics were represented as mean (range) for numerical values 

and number (percentage) for categorical values.  Serotype-specific serum IgG and IgM 

levels (µg/ml) and OPA titers were reported as geometric mean concentrations or titers 

(95% confidence interval), respectively.  Responders to vaccination were determined as 

previously defined [16, 17, 19].  Serotype-specific IgG and IgM responses were defined 

as a ≥2-fold increase from baseline and postvaccination levels of ≥1 µg/ml.  A positive 

OPA response was defined as a ≥4-fold increase from baseline.  IgG and IgM levels and 

OPA titers were log-transformed to approximate normal distribution prior to statistical 
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analysis.  Pre- to 1 month post-PPV comparisons were calculated by analysis of 

covariance (ANCOVA) with Bonferroni correction.  Post-PPV antibody responses were 

compared using analysis of variance (ANOVA) with Dunnett’s post-hoc test, with HIV+ 

PCV/PPV designated as the control group.  The number of responders from each group 

were compared using the Fisher’s exact test.  Correlations were determined by Pearson’s 

correlation coefficient.  All statistical analyses were performed using the SAS software 

package (version 9.3; SAS Institute).  P values <0.05 were considered significant. 
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2.3 Results 

Subjects 

 Baseline characteristics of the 51 participants (37 HIV+ and 14 HIV–) included in 

this study are reported in Table 2.1.  CD4 counts at enrollment were similar between 

HIV+ groups.   Other clinical characteristics, including nadir CD4 counts and HIV viral 

load, did not differ between HIV+ groups.  All HIV+ subjects were adherent to ART ≥1 

year.  Differences in the distributions of sex and race in the HIV– group compared to the 

HIV+ groups were noted.  A larger proportion of HIV+ participants had been immunized 

with PPV ≥5 years prior (83.8%) compared to HIV– (6.3%). 

 

Serum antibody levels to serotypes 14 and 23F 

 There were no significant differences in baseline serotype-specific IgG and IgM 

serum levels between study groups (Tables 2.2 and 2.3).  Pre- to 1 month post-PPV IgG 

levels were significantly higher in all groups for both serotypes (P <0.009; Table 2.2).  

Significant pre- to post-PPV increases in IgM levels were observed for serotype 14 in the 

HIV+ PPV group and for serotype 23F in the HIV+ PCV/PPV group (P <0.05; Table 

2.3).   IgM levels significantly increased pre- to post-PPV in the HIV– PCV/PPV group 

for both serotypes (P <0.001).   

Post-PPV antibody levels were compared between HIV+ PPV and PCV/PPV 

groups and between HIV+ and HIV– PCV/PPV groups.  In HIV+ PPV and PCV/PPV 

groups, post-PPV IgG levels for both serotypes were similar.  Post-PPV IgM levels for 

serotype 23F, but not 14, were significantly lower in the HIV+ PPV compared to HIV+ 

PCV/PPV groups (P <0.05).  Post-PPV IgG and IgM levels were significantly reduced 
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for serotype 14 only in HIV+ compared to HIV– PCV/PPV groups (P <0.05).  The 

number of subjects that had positive IgG or IgM responses (defined as ≥2-fold increase 

and post-PPV levels ≥1 µg/ml) were similar for all groups, although more frequent in 

HIV‒ individuals (Table 2.5).   Positive responses were lower for IgM than IgG for both 

serotypes.   

 

Serum OPA titers to serotypes 14 and 23F 

Baseline OPA titers were similar between groups (Table 2.4).  Significant 

increases in serotype-specific OPA titers from pre- to 1 month post-PPV occurred in all 

groups (P <0.0001).  Post-PPV OPA titers were compared between HIV+ PPV and 

PCV/PPV groups and between HIV+ and HIV– PCV/PPV groups.  Post-PPV OPA titers 

were similar between HIV+ PPV and PCV/PPV groups.  In HIV+ compared to HIV– 

PCV/PPV groups, post-PPV OPA titers were significantly reduced for serotype 23F only 

(P <0.05).  Positive OPA responses (defined as ≥4-fold increase) were similar between 

all study groups (Table 2.5).   

 

Correlations between post-PPV antibody levels and OPA titers 

For all groups, there were significant correlations between post-PPV serotype-

specific IgG levels and OPA titers.  There was a strong correlation for serotype 23F (r = 

0.64, P = 0.001), but not for serotype 14 (r = -0.36, P = 0.10) in the HIV+ PPV group.  In 

the HIV+ PCV/PPV group, there was a strong correlation for serotype 14 (r = 0.88, P 

<0.0001), but no correlation for serotype 23F (r = 0.20, P = 0.48).  Moderate correlations 

for both serotypes 14 and 23F (r = 0.68, P = 0.008; r = 0.58, P = 0.03, respectively) were 
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observed in the HIV– PCV/PPV group.  There were no significant correlations between 

post-PPV serotype-specific IgM levels and OPA titers. 
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2.4 Discussion 

 The current study is the first to our knowledge to assess the impact of a combined 

PCV/PPV regimen in older HIV+ individuals.  Our findings suggest that this approach 

offers no clear improvement in serum antibody titers or opsonophagocytic activity 

compared to a single dose of PPV.  Immunization of HIV+ subjects with either PPV or 

PCV/PPV resulted in significant but similar increases in serotype-specific IgG levels and 

OPA titers compared to baseline levels.  However, the magnitude of antibody responses 

in the HIV+ PCV/PPV group was diminished compared to those observed in age-

matched HIV‒ PCV/PPV controls.   

HIV disease progression results in extensive defects in humoral immunity.  Loss 

of memory B cell subsets is associated with impaired antibody responses to 

pneumococcal vaccination that are incompletely restored by ART [27-29].  We have 

previously shown that both ART-treated and –untreated HIV+ adults exhibit reduced 

serotype-specific IgM memory B cells after PPV compared to HIV‒ individuals [25, 26].  

In addition, a substantial proportion of patients on ART do not achieve normalization of 

CD4 counts [30].  These data, in combination with the current study, suggest that despite 

higher CD4 counts and use of ART, persistent cellular defects likely contribute to 

diminished antibody responses after vaccination in our HIV+ subjects. 

Independent of HIV infection, increased age is associated with reduced responses 

to pneumococcal vaccination [11].  Impairment of functional responses in older adults 

may result from reduced serotype-specific IgM levels post-PPV [11, 23, 31].  We have 

demonstrated that serotype-specific IgM memory B cells are also reduced in elderly 

individuals post-PPV compared to younger volunteers [23].  A strength of our study is 
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the use of age-matched uninfected controls.  Minimal increases in the frequency of 

serotype-specific IgM responses were observed for all groups.  Therefore, although HIV‒ 

participants had higher IgG levels and OPA titers, immunosenescence likely impacted 

humoral responses in all of our subjects.  We investigated peripheral B cell 

subpopulations responding to PCV and/or PPV in these individuals to further delineate 

the impact of aging and HIV infection on vaccine responses (accompanying manuscript). 

 The finding that PPV and PCV/PPV elicited similar responses is consistent with 

some [18, 21], but not all [17, 19], previous studies in HIV+ individuals.  Increased 

immunogenicity with PCV observed in other studies may be of limited duration, 

however, as the number of responders decline as early as 6 months postvaccination [16, 

19].  The transient nature of antibody responses has also been a longstanding issue with 

PPV in HIV+ individuals [14].  Potential differences in duration of antibody responses in 

our study subjects are currently being assessed. 

Immunological hyporesponsiveness to repeated vaccination is a potential concern 

[32].  The majority of our HIV+ participants were previously vaccinated with PPV, in 

contrast to our HIV‒ subjects.  Although the number of individuals analyzed was limited, 

we found no differences in antibody responses between HIV+ participants who were 

vaccine naïve and those vaccinated with PPV ≥5 years prior, regardless of whether they 

received PPV or PCV/PPV.  This finding is consistent with other revaccination studies 

[16, 20, 25, 33].  The diminished antibody responses in our HIV+ subjects are therefore 

unlikely due to prior vaccination. 

Similar to previous findings, we observed increases in antibody responses after 

PCV that were not significantly enhanced by the subsequent dose of PPV (data not 
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shown) [17, 18].  As an alternative to single doses or combinations of PCV and PPV, 

several studies have evaluated antibody responses in HIV+ individuals given consecutive 

doses of PCV [17, 20, 22, 33].  Additional doses of PCV after an initial dose appear to 

have limited impact on antibody responses.   Several issues regarding this approach 

remain, including optimal dosing intervals, number of PCV boosters, and limited 

serotype coverage of PCV compared to PPV.  Increased incidence of non-PCV serotypes 

continues to be a concern, particularly for high-risk populations [2, 34].  Thus, it remains 

unclear how PCV may be utilized in aging HIV+ individuals to improve antibody 

responses and protection against disease. 

Vaccine responses were assessed in the current study using established 

immunological parameters.  We found significant correlations between serotype-specific 

IgG concentrations and OPA titers post-PPV; however, we also observed OPA responses 

in individuals lacking a positive IgG response.  Discrepancies between these assays have 

been reported in several adult populations including the elderly and 

immunocompromised.  The OPA assay is generally regarded as a better measure of 

protection compared to antibody concentrations as it mimics the host phagocytic response 

[35].  Serological criteria for evaluation of pneumococcal vaccines in infants have been 

established, but correlates of protective pneumococcal immunity in adult populations are 

lacking [36].  Thus, it is possible that PCV/PPV elicited better protection in HIV+ 

subjects compared to PPV even though conventional assays did not indicate it, 

emphasizing that defined criteria to predict protection are urgently needed in adults.   

Pneumococcal disease is preceded by asymptomatic nasopharyngeal carriage.  

PPV does not appear to affect pneumococcal colonization [37].  Several studies indicate 
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that conjugate vaccines reduce acquisition of vaccine-type carriage in vaccinated 

children, resulting in decreased transmission of vaccine-type serotypes to adults [37-39].  

Similarly to children, PCV may directly reduce nasopharyngeal colonization in adult 

populations.  Immunological parameters currently utilized in immunogenicity studies 

exclude any potential impact of PCV on mucosal defenses that could contribute to 

colonization and protective immunity.  Increases in serotype-specific IgG or IgA 

concentrations have been detected in the lung fluid of HIV+ subjects and saliva of 

immunocompetent adults following conjugate vaccination [40, 41].  Presently, mucosal 

antibody levels and nasopharyngeal colonization are not routinely measured in 

immunogenicity studies or efficacy trials, but should be considered as possible measures 

of protection in addition to ELISA and OPA assays.     

Clinical trials evaluating the efficacy of PPV in HIV+ adults have failed to 

demonstrate a clear reduction in pneumococcal disease [14, 15].  While one study 

demonstrated vaccine efficacy of 49% against IPD [42], another trial in Uganda reported 

possible detrimental effects [43].  The only trial among HIV+ adults examining the 

conjugate vaccine to date found 74% efficacy against recurrent vaccine-type IPD; 

however, protection was greatest within the first year only [44].  A 9-valent conjugate 

vaccine administered to HIV+ children also reduced vaccine-type IPD, but had no 

significant impact on pneumonia [45].  In elderly individuals, PPV reduced the risk of 

IPD with an estimated 55% efficacy, but its effectiveness in preventing nonbacteremic 

pneumonia is controversial [46, 47].  Recently, a large randomized trial conducted in the 

Netherlands examining the impact of PCV in older adults reported a vaccine efficacy of 

75% for vaccine-type IPD and 45% for vaccine-type nonbacteremic community-acquired 



39 

 

pneumonia [48].  However, the study did not include comparison with PPV.  Large scale 

efficacy trials evaluating PCV versus PPV in aging HIV+ individuals are unlikely.  Lack 

of clear, direct clinical evidence that PCV or PPV provides protection against all vaccine-

type pneumococcal disease in older and HIV+ adults further emphasizes the need for 

studies investigating immunological mechanisms responsible for increased risk and 

development of alternative vaccination approaches. 

 We recognize that our study has several limitations.  Our sample size was small, 

limiting the power of the current study.  Addition of HIV+ individuals 21-40 years old in 

our analysis to increase statistical power did not reveal any significant differences in 

functional antibody responses, supporting our overall conclusion of noninferiority 

between regimens (data not shown).  Our study evaluated only 2 serotypes, and thus it is 

unknown what impact a priming dose of PCV may have on other serotypes.  We selected 

serotypes 14 and 23F based on their differences in immunogenicity and inclusion in both 

PCV and PPV.  In addition, we did not measure serum IgA concentrations, as IgA levels 

in respiratory mucosal tissues, and not serum, are likely to confer protection.  It has been 

shown that serum IgA levels do not correlate with salivary IgA levels in adults 

immunized with conjugate vaccine [41]. 

 In conclusion, we determined that PCV/PPV did not demonstrate a clear 

immunological advantage compared to PPV alone in older HIV+ individuals, and 

antibody responses to PCV/PPV were reduced compared to HIV‒ PCV/PPV controls.  

Development of effective vaccination strategies in the aging HIV+ population may be 

very challenging due to the presence of multiple comorbidities that increase risk of 

pneumococcal infection.  Continued efforts aimed at defining correlates of vaccine 
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protection in adults and immunological mechanisms that reduce vaccine responses are 

critical. 
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Table 2.1. Baseline characteristics of study participants. 

 HIV-infected  HIV-uninfected 

 

Characteristic 

PPV 

(N = 22) 

PCV/PPV 

(N = 15) 

 PCV/PPV 

(N = 14) 

Demographic     

Mean age (range) 55.2 (50-64) 54.8 (49-63)  55.6 (50-64) 

Male (%) 20 (90.9) 12 (80.0)  6 (42.9) 

Race (%)     

Black 

White 

Other 

7 (31.8) 

15 (68.2) 

0 (0.0) 

8 (53.3) 

5 (33.3) 

2 (13.3) 

 1 (7.1) 

12 (85.7) 

1 (7.1) 

Clinical History     

Prior PPV ≥5 years (%) 18 (81.8) 13 (86.7)  1 (7.1) 

Receiving ART ≥1 year (%) 22 (100.0) 15 (100.0)  N/A 

Nadir CD4+ T cell count (cells/µl)     

>200 (%) 

≤200 (%) 

10 (45.5) 

12 (54.5) 

5 (33.3) 

10 (66.7) 

 N/A 

N/A 

Laboratory Data at Enrollment     

HIV viral load (copies/ml)     

≤400 (%) 22 (100.0) 15 (100.0)  N/A 

CD4+ T cell count (cells/µl)     

Mean (range) 652 (230-1599) 717 (331-1298)  N/A 

 

PCV/PPV groups received PCV followed by PPV 8 weeks later.  Data are no. (%) of 

subjects, unless otherwise noted.  Abbreviations:  HIV, human immunodeficiency virus; 
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PPV, 23-valent pneumococcal polysaccharide vaccine; PCV, 13-valent pneumococcal 

conjugate vaccine.  
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Table 2.2. Geometric mean concentrations (GMC) and 95% confidence intervals 

(CI) of IgG (µg/ml) to indicated serotypes in aging HIV-infected and HIV-

uninfected adults pre- and postvaccination. 

 Serotype 14 

GMC (95% CI) 

Serotype 23F 

GMC (95% CI) 

HIV-infected PPV   

Prevaccination 3.02 (1.56‒5.85) 0.54 (0.27‒1.06) 

1 month post-PPV 5.25 (2.67‒10.33)* 0.99 (0.47‒2.10)* 

HIV-infected PCV/PPV   

Prevaccination 0.52 (0.19‒1.40) 0.29 (0.14‒0.61) 

1 month post-PPV 1.79 (0.51‒6.33)* 1.86 (0.99‒3.50)* 

HIV-uninfected PCV/PPV   

Prevaccination 2.36 (1.06‒5.24) 0.92 (0.56‒1.53) 

1 month post-PPV 11.14 (4.30‒37.72)*, # 5.92 (2.94‒11.94)* 

 

PCV/PPV groups received PCV followed by PPV 8 weeks later.  Abbreviations:  IgG, 

immunoglobulin G; HIV, human immunodeficiency virus; PPV, 23-valent pneumococcal 

polysaccharide vaccine; PCV, 13-valent pneumococcal conjugate vaccine.  * P <0.05 

compared to prevaccination level.  # P <0.05 compared to postvaccination HIV-infected 

PCV/PPV level. 
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Table 2.3. Geometric mean concentrations (GMC) and 95% confidence intervals 

(CI) of IgM (µg/ml) to indicated serotypes in aging HIV-infected and HIV-

uninfected adults pre- and postvaccination. 

 

 Serotype 14 

GMC (95% CI) 

Serotype 23F 

GMC (95% CI) 

HIV-infected PPV   

Prevaccination 0.20 (0.12‒0.32) 0.10 (0.06‒0.16) 

1 month post-PPV 0.26 (0.16‒0.44)* 0.11 (0.06‒0.19)# 

HIV-infected PCV/PPV   

Prevaccination 0.28 (0.19‒0.40) 0.12 (0.08‒0.19) 

1 month post-PPV 0.44 (0.25‒0.77) 0.34 (0.23‒0.49)* 

HIV-uninfected PCV/PPV   

Prevaccination 0.49 (0.36‒0.66) 0.26 (0.17‒0.41) 

1 month post-PPV 1.39 (0.81‒2.38)*, # 0.49 (0.30‒0.80)* 

 

PCV/PPV groups received PCV followed by PPV 8 weeks later.  Abbreviations:  IgM, 

immunoglobulin M; HIV, human immunodeficiency virus; PPV, 23-valent pneumococcal 

polysaccharide vaccine; PCV, 13-valent pneumococcal conjugate vaccine.  * P <0.05 

compared to prevaccination level.  # P <0.05 compared to postvaccination HIV-infected 

PCV/PPV level. 

  



51 

 

Table 2.4. Geometric mean of OPA titers (GMT) and 95% confidence intervals (CI) 

to indicated serotypes in aging HIV-infected and HIV-uninfected adults pre- and 

postvaccination. 

 

 Serotype 14 

GMT (95% CI) 

Serotype 23F 

GMT (95% CI) 

HIV-infected PPV   

Prevaccination 10.44 (3.72‒29.32) 4.32 (3.06‒6.10) 

1 month post-PPV 977.97 (539.33‒1773.37)* 124.17 (60.68‒254.09)* 

HIV-infected PCV/PPV   

Prevaccination 12.83 (3.84‒42.83) 4.76 (2.75‒8.25) 

1 month post-PPV 585.64 (211.26‒1623.41)* 111.26 (41.19‒300.52)* 

HIV-uninfected PCV/PPV   

Prevaccination 10.75 (3.05‒37.82) 12.99 (5.11‒33.00) 

1 month post-PPV 1300.41 (381.69‒4430.49)* 484.35 (256.70‒913.87)*, # 

 

PCV/PPV groups received PCV followed by PPV 8 weeks later.  Abbreviations:  OPA, 

opsonophagocytic killing assay; HIV, human immunodeficiency virus; PPV, 23-valent 

pneumococcal polysaccharide vaccine; PCV, 13-valent pneumococcal conjugate vaccine.  

* P <0.05 compared to prevaccination titer.  # P <0.05 compared to postvaccination HIV-

infected PCV/PPV titer. 
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Table 2.5. Number (percentage) of responders to the indicated number of serotypes 

after vaccination. 

 

 HIV-infected  

PPV 

HIV-infected 

PCV/PPV 

HIV-uninfected 

PCV/PPV 

IgG    

0 10 (45.5) 4 (26.7) 2 (14.3) 

1 6 (27.3) 5 (33.3) 2 (14.3) 

2 6 (27.3) 6 (40.0) 10 (71.4) 

IgM    

0 20 (90.9) 12 (80.0) 8 (57.1) 

1 2 (9.1) 3 (20.0) 5 (35.7) 

2 0 (0) 0 (0) 1 (7.1) 

OPA Titer    

0 2 (9.1) 1 (6.7) 0 (0) 

1 3 (13.6) 4 (26.7) 1 (7.1) 

2 17 (77.3) 10 (66.7) 13 (92.9) 

 

PCV/PPV groups received PCV followed by PPV 8 weeks later.  Responders were 

defined as ≥2-fold increase and ≥1 µg/ml in IgG (top panel) and IgM (middle panel) 

levels or ≥4-fold increase in OPA titers (bottom panel) 1 month postvaccination with 

PPV.  Abbreviations:  OPA, opsonophagocytic killing assay; HIV, human immuno-

deficiency virus; PPV, 23-valent pneumococcal polysaccharide vaccine; PCV, 13-valent 

pneumococcal conjugate vaccine.  P ≥0.05 for all comparisons between groups. 
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3.1. Introduction 

 The success of antiretroviral therapy (ART) has led to a substantial increase in life 

expectancy for HIV+ individuals [1].  As a result, the population of older HIV+ adults is 

rapidly growing.  Approximately one-half of HIV+ individuals living in the United States 

are now ≥50 years old [2].  Aging and HIV infection both result in profound 

immunological changes due to chronic antigenic stress [2-5].  Similarities and 

differences, as well as the synergism, between these processes remain poorly understood. 

Elderly and HIV+ individuals are at increased risk for pneumococcal infections 

due in part to humoral dysfunction.  PPV immunization generates impaired antibody 

responses in both populations, and effectiveness in preventing pneumococcal disease is 

controversial [6-9].  The  Advisory Committee on Immunization Practices (ACIP) 

currently recommends that HIV+ adults receive a single dose of PCV followed by a dose 

of PPV 8 weeks later (PCV/PPV) [10].  Superiority of PCV, however, is also 

questionable, as immunogenicity studies comparing single doses or combined regimens 

of PCV and PPV have yielded variable results [11-16].   

Further investigation into the underlying cellular mechanisms responsible for 

these suboptimal responses is urgently needed.  In humans, evidence suggests that both 

IgM (CD19+CD27+IgM+) and switched (CD19+CD27+IgM¯) memory B cells generate 

antibodies to pneumococcal antigens [17].  Several studies have reported an association 

between reduced memory B cell subsets and impaired responses to pneumococcal 

vaccination in elderly and HIV+ individuals [18-21].  However, these analyses were 

performed on total rather than antigen-specific B cell populations.   
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We have previously characterized the phenotype of serotype-specific B cells 

responding to PPV in young adults, the elderly, and HIV+ [22-25].  The majority of 

serotype-specific B cells consist of IgM memory B cells in young, immunocompetent 

adults [22, 23].  Both elderly and HIV+ adults exhibit significant reductions in this subset 

that may contribute to decreased vaccine responsiveness [23-25].  However, unlike the 

elderly, HIV+ adults lack an increase in the proportion of serotype-specific switched 

memory B cells.  Our data suggest that elderly and HIV+ individuals exhibit distinct 

perturbations in B cell subsets critical for protection against pneumococcal disease.   

Older HIV+ individuals may possess a unique cellular response to vaccination 

reflecting the combined effects of aging and HIV infection.  In the present study, we 

assessed the phenotype of serotype-specific B cells responding to the recommended 

PCV/PPV regimen compared to a single dose of PPV in HIV+ adults aged 50-65 years.  

We also sought to identify potential differences in surface expression of B cell receptors, 

including complement receptor CD21 and tumor necrosis factor superfamily receptors 

(TNFRs) CD40, TACI, and B cell-activating factor receptor (BAFF-R), on serotype-

specific B cells that may contribute to vaccine responses.  
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3.2. Methods 

Study design 

 Volunteers aged 50-65 years were recruited between April 2012 and January 2015 

in this University of Toledo Institutional Review Board-approved study.  Written, 

informed consent was obtained from all subjects.    Exclusion criteria included:  active 

infection (except HIV), PPV <5 years prior, pregnancy, immunosuppressive medications, 

and prior history of splenectomy or other immunocompromising conditions as defined by 

ACIP vaccination recommendations [10].  Volunteers were questioned about any past 

hospitalizations.  Eligibility criteria for HIV+ participants were further defined as current 

CD4>200, HIV viral load ≤400 copies/ml, and ART for ≥1 year.  HIV‒ controls received 

a single dose of PCV (Prevnar 13®; Wyeth Pharmaceuticals, Inc.) followed by one dose 

of PPV (Pneumovax 23®; Merck & Co., Inc.) 8 weeks later (PCV/PPV).  HIV+ 

individuals received either PCV/PPV or a single dose of PPV.   

 

Characterization of serotype-specific B cells 

 Blood samples were obtained from all participants on the day of each vaccination 

and 1 week postvaccination (post-PPV or post-PCV).  Total lymphocyte counts were 

determined using complete blood counts (CBC) with differential.  Peripheral blood 

mononuclear cells (PBMCs) were isolated and stained as previously described [22-25].  

Fluorescently conjugated PPS or monoclonal antibodies (BD Biosciences or eBioscience) 

to the following antigens were used:  PPS14-CB, PPS23F-DTAF, CD19 (APC-Cy7), 

CD27 (PerCP-Cy5.5), IgM (APC), BAFF-R (PE), TACI (PE), CD40 (PeCy7), and CD21 

(BV421).  Total and serotype-specific IgM memory B cells (CD19+CD27+IgM+) and 
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switched memory B cells (CD19+CD27+IgM¯) were identified as previously described by 

our laboratory [22-25].  Total and serotype-specific B cells were also characterized for 

expression of CD21, CD40, BAFF-R, and TACI.  Flow cytometric analysis was 

performed on a FACSAria with FACSDiva software (BD Biosciences) and data files 

were analyzed using FlowJo software (version 7.6.5, Tree Star). 

 

Serotype-specific antibody responses 

Quantitative and functional antibody responses to vaccination in subjects were 

assessed in the accompanying manuscript.  Serotype-specific IgM and IgG serum levels 

and opsonophagocytic killing assay (OPA) titers were determined as previously described 

[22-25].   

 

Statistical analysis 

 Participant characteristics are represented as median (interquartile range, IQR) for 

numerical values and number (percentage) for categorical values.  Summary statistics for 

B cell percentages and counts are expressed as median (IQR).  Absolute numbers of total 

CD19+ B cells (cells/µl) for each subject were calculated by multiplying the percentage 

as determined by flow cytometry with the lymphocyte count.  Baseline comparisons 

between groups were analyzed by Kruskal Wallis analysis of variance (ANOVA) with 

Bonferroni correction.  Comparisons of pre- to postvaccination serotype-specific B cell 

percentages were performed using the paired Wilcoxon signed-rank test.  Postvaccination 

comparisons between groups (HIV+ PPV and HIV+ PCV/PPV or HIV+ PCV/PPV and 

HIV– PCV/PPV) were analyzed using pair-wise multiple comparison with Mann-
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Whitney U test.  Correlations between serotype-specific B cell subsets and post-PPV 

antibody responses were determined by Spearman’s correlation coefficient.  All statistical 

analyses were performed using the SAS software package (version 9.3; SAS Institute).  P 

values <0.05 were considered significant. 
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3.3 Results 

Subjects 

Baseline characteristics are reported in Table 3.1.  Differences in the distributions 

of sex and race in HIV– individuals compared to HIV+ subjects were noted.  Clinical 

characteristics, including CD4 count at enrollment and use of ART, did not differ 

between HIV+ groups.  A larger proportion of HIV+ participants had been immunized 

with PPV ≥5 years prior (85.3%) compared to HIV– (6.3%).  Quantitative and qualitative 

antibody responses to pneumococcal vaccination in study subjects were assessed in the 

accompanying manuscript.   

 Baseline median frequencies of circulating total B cells and IgM memory and 

switched memory B cell subsets were assessed by flow cytometry (Table 3.1).  Total B 

cell percentages and counts were significantly higher in the HIV+ PCV/PPV group 

compared to HIV+ PPV or HIV– PCV/PPV groups (P <0.006).  IgM memory B cell 

percentages in HIV+ PPV and PCV/PPV groups were significantly reduced compared to 

the HIV– PCV/PPV group (P <0.0001).  Switched memory B cell percentages were 

similar between groups. 

 

Peripheral serotype-specific B cells are reduced in subjects vaccinated with 

PCV/PPV compared to PPV 

 Using fluorescently labeled PPS, we evaluated circulating serotype-specific B cell 

percentages in subjects pre- and 1 week post-PCV or -PPV (Table 3.2).  Serotype-

specific B cells were identified by flow cytometry as previously described [22-25].  No 

significant differences in prevaccination median serotype-specific B cell percentages 
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were observed between groups.  Serotype-specific B cell percentages significantly 

increased post-PPV for both serotypes in the HIV+ PPV group (P <0.0001).  In the HIV+ 

PCV/PPV group, significant increases in serotype-specific B cells were observed for 

serotype 23F only post-PCV (P = 0.02) and for both serotypes post-PPV (P<0.01) 

compared to prevaccination levels.  In the HIV‒ group, serotype-specific B cells 

increased significantly post-PCV for serotype 23F only (P = 0.03) and post-PPV for both 

serotypes (P <0.02).  No significant differences between post-PCV compared to post-

PPV serotype-specific B cell percentages were observed within HIV+ or HIV– PCV/PPV 

groups.  

Comparisons of postvaccination serotype-specific B cell percentages were 

evaluated between HIV+ PPV and PCV/PPV groups or HIV+ and HIV– PCV/PPV 

groups.  Both post-PCV and post-PPV serotype-specific B cell percentages were 

significantly reduced in the HIV+ PCV/PPV group compared to the HIV+ PPV group 

post-PPV (P <0.007).  In contrast, post-PCV and post-PPV serotype-specific B cell 

percentages were similar between HIV+ and HIV‒ PCV/PPV groups. 

 

Peripheral serotype-specific memory B cell subset percentages are similar in HIV-

infected and HIV-uninfected subjects 

 We compared the phenotypic distribution of serotype-specific B cells between 

HIV+ PPV and PCV/PPV groups and between HIV+ and HIV– PCV/PPV groups 1 week 

post-PPV (Figure 3-1).  Serotype-specific B cells were subdivided into IgM memory 

(CD19+CD27+IgM+) and switched memory (CD19+CD27+IgM¯) subsets as previously 

described [22-25].  No significant differences in median serotype-specific IgM and 
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switched memory B cell percentages were observed between HIV+ PPV and HIV+ 

PCV/PPV groups.  Serotype-specific IgM and switched memory B cell percentages were 

also similar post-PPV in HIV+ and HIV– PCV/PPV groups.  Serotype-specific IgM 

memory and switched memory B cell percentages were evenly distributed within study 

groups for both serotype 14 (HIV+ PPV, 27.3% and 33.3%; HIV+ PCV/PPV, 27.7% and 

24.0%; HIV– PCV/PPV, 39.0% and 33.3%) and serotype 23F (HIV+ PPV, 37.1% and 

35.8%; HIV+ PCV/PPV, 26.8% and 25.0%; HIV– PCV/PPV, 38.6% and 38.8%) post-

PPV.  A similar pattern was observed in serotype-specific B cell memory subsets post-

PCV in HIV+ and HIV– PCV/PPV groups (data not shown).   

 There were significant correlations between post-PPV serotype-specific IgM 

memory B cell percentages and antibody responses in the HIV+ PPV group.  PPS14-

specific IgM memory B cells correlated with serotype 14 OPA titers (r = 0.75, P = 

0.0006), and PPS23F-specific IgM memory B cells correlated with PPS23F-specific IgM 

levels (r = 0.52, P = 0.02).  No significant correlations were observed in HIV+ or HIV‒ 

PCV/PPV groups between post-PPV or post-PCV serotype-specific memory B cells and 

antibody responses. 

 

Serotype-specific TACI+ B cell percentages are reduced in subjects after PCV/PPV 

compared to PPV 

 We evaluated surface expression of complement receptor CD21 and TNFRs 

CD40, BAFF-R, and TACI on total B cells at baseline in all study groups.  Median 

percentages of total BAFF-R+, CD21+, and CD40+ B cells were similar between study 

groups (data not shown).  Total TACI+ B cells percentages were also similar between 
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HIV+ groups.  However, TACI+ B cell percentages were decreased in HIV+ compared to 

HIV‒ PCV/PPV groups (P = 0.003, data not shown).   

We then compared the expression of these receptors on serotype-specific B cells 

between HIV+ PPV and PCV/PPV groups and between HIV+ and HIV– PCV/PPV 

groups 1 week post-PPV (Figure 3-2).  Median percentages of PPS23F-specific CD21+, 

CD40+, and BAFF-R+ B cells post-PPV were similar between HIV+ PPV and HIV+ 

PCV/PPV groups.  In contrast, PPS23F-specific TACI+ B cell percentages were 

significantly higher in HIV+ PPV compared to HIV+ PCV/PPV groups (P = 0.03).  

PPS23F-specific TACI+ B cell percentages were similar in HIV+ compared to HIV‒ 

PCV/PPV groups.  No significant differences in PPS23F-specific BAFF-R+ and CD40+ B 

cell percentages were observed between HIV+ and HIV‒ PCV/PPV groups.  PPS23F-

specific CD21+ B cell percentages were significantly reduced in HIV+ compared to HIV– 

PCV/PPV groups (P = 0.02).  No significant differences in these receptors were observed 

on post-PCV PPS23F-specific B cells in HIV+ compared to HIV‒ PCV/PPV groups 

(data not shown). 
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3.4 Discussion 

The B cell subsets responsible for humoral responses to PPS and their 

dysregulation in high risk populations remain poorly understood.  Elderly and HIV+ 

subjects in our prior studies exhibited distinct perturbations in serotype-specific memory 

B cell subsets compared to young, immunocompetent adults [22-25].  In the current 

study, we assessed the combined impact of aging and HIV infection on serotype-specific 

B cells responding to the recommended PCV/PPV regimen compared to a single dose of 

PPV in HIV+ adults 50-65 years old.   

We identified serotype-specific B cells using fluorescently conjugated PPS as 

previously described by our laboratory [22-25].  Serotype-specific B cell percentages 

post-PPV were significantly reduced in the HIV+ PCV/PPV group compared to the HIV+ 

PPV group, suggesting that a priming dose of PCV limits the frequency of circulating 

responding B cells after a subsequent dose of PPV.  In contrast, vaccination with PPV or 

PCV/PPV in HIV+ subjects resulted in similar increases in antibody responses 

(accompanying manuscript).  No significant differences in serotype-specific B cell 

percentages were observed between HIV+ and HIV– PCV+ PPV groups.  However, post-

PPV IgG levels and OPA titers were significantly reduced in the HIV+ PCV/PPV group, 

further emphasizing a discrepancy between serotype-specific cellular and antibody 

responses.  We assessed peripheral blood samples at 1 week post-PCV or -PPV when the 

frequency of antigen-specific B cells is highest after vaccination [22, 23, 26].  Analysis of 

circulating B cell populations excludes other B cell compartments, such as lymph node or 

spleen, where antigen-specific B cells may be located.  PPS contained in PPV, due to 

their repetitive nature, activate B cells without direct T cell interactions and promote 



64 

 

extrafollicular proliferation.  Conjugation of PPS to an immunogenic carrier protein, as in 

PCV, is thought to preferentially drive antigen-specific B cells towards germinal center 

(GC) responses [27].  Thus, assessment of circulating serotype-specific B cells in HIV+ 

and HIV‒ PCV/PPV groups may not accurately represent the total population of 

responding B cells. 

We characterized serotype-specific B cells memory B cell subsets to determine 

whether distinct phenotypic alterations occur in aging HIV+ individuals, reflecting 

synergism between immunosenescence and HIV infection.  IgM and switched memory B 

cell subsets each accounted for approximately one-third of serotype-specific B cells in the 

HIV+ PPV group.  This phenotype distribution was similar to that observed in ART-

treated and –untreated HIV+ individuals who were not stratified according to age [24, 

25].  In contrast, serotype-specific B cells in elderly individuals are predominantly 

switched memory B cells post-PPV [23].  Whether older HIV+ individuals will exhibit an 

increase in the proportion of serotype-specific switched memory B cells as they continue 

to age, like the elderly, remains to be investigated.   However, this is questionable as 

some studies have observed an HIV-associated reduction in the proportion or function of 

switched memory B cells [19, 20, 28].  Our findings suggest that HIV infection is the 

predominant factor in determining the phenotype of B cells responding to PPV in aging 

HIV+ individuals, although its impact on serotype-specific B cells with advanced age 

remains unclear. 

The phenotype distribution was similar in HIV+ subjects regardless of whether 

they received PPV or PCV/PPV, suggesting that both vaccines similarly influence 

circulating serotype-specific memory B cell subsets.  Significant variations in serotype-
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specific antibody titers and antibody-secreting cells still occur with conjugate vaccines 

[29] despite induction of strong carrier-protein specific memory T cell responses in HIV+ 

and HIV– adults [29, 30].  Thus, the phenotype of serotype-specific B cells generated in 

response to either PCV or PPV may be influenced by the existing B cell repertoire more 

so than the presence of T cell responses.  In addition, no significant differences were 

observed in serotype-specific IgM and switched memory B cell percentages between 

HIV+ and HIV‒ PCV/PPV groups post-PCV or -PPV.  In HIV‒ subjects, this pattern 

likely reflects a transition occurring from predominantly serotype-specific IgM memory 

B cells to switched memory B cells with advanced age [23].  Further investigation is 

needed to determine if alternative vaccination regimens including multiple doses of PCV 

will have the same impact on circulating serotype-specific B cells subsets.   

Other studies have also assessed B cell populations after conjugate vaccination in 

HIV+ or elderly subjects [31-33].  Reduced frequencies of circulating serotype-specific B 

cells in PCV/PPV participants observed in our study contrasts the findings of Baxendale 

et al. [32] and Clutterbuck et al. [33] who reported no change or increases in antigen-

specific B cell populations with PCV compared to PPV, respectively.  Marked 

differences in study design and time points, methodologies, vaccination regimens, and 

subjects render these studies incomparable.  However, collectively these findings suggest 

memory B cell subsets are important for humoral responses to pneumococcal vaccination.  

Evidence suggests IgM memory B cells in humans are critical for defense against 

pneumococcal infection [34].  We have previously observed significant correlations 

between serotype-specific IgM memory B cells and OPA titers in both HIV– and ART-

treated HIV+ adults post-PPV [22, 24].  In the current study, post-PPV PPS14-specific 
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IgM memory B cell percentages also significantly correlated with serotype 14 OPA titers 

in the HIV+ PPV group.  In contrast, serotype-specific IgM memory B cells poorly 

correlated with post-PPV antibody responses in the HIV+ PCV/PPV group.  The lack of 

correlation may be associated with the lower frequency of circulating serotype-specific B 

cells post-PCV and post-PPV, as serotype-specific B cells in compartments other than the 

peripheral blood may better correlate with antibody responses.  Postvaccination serotype-

specific memory B cell subsets also poorly correlated with antibody responses in the 

HIV‒ PCV/PPV group.  It remains to be determined whether testing total or serotype-

specific memory B cell populations in high risk individuals, such as the elderly or HIV+, 

can be used to predict vaccine responses.  Our findings suggest that associations between 

post-PPV serotype-specific B cells and antibody responses may be difficult to determine 

after a priming dose of PCV. 

Complement receptor CD21 and TNFRs, including CD40, BAFF-R, and TACI, 

are critical in the generation of antibody responses to T cell-dependent (TD) and/or –

independent (TI) antigens.  BAFF-R and TACI are innate mediators of B cell 

differentiation, activation, and class switching [35].  We evaluated whether a priming 

dose of PCV alters surface expression of these receptors on PPS23F-specific B cells post-

PPV.  No significant differences in PPS23F-specific CD21+, CD40+, or BAFF-R+ B cell 

percentages were observed between HIV+ PPV or PCV/PPV groups.  In contrast, 

PPS23F-specific TACI+ B cells percentages post-PPV were significantly higher in HIV+ 

PPV compared to HIV+ PCV/PPV groups, suggesting that a priming dose of PCV 

influences TACI expression after subsequent vaccination with PPV.  Moreover, no 
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significant differences were observed in TACI+ PPS23F-specific B cells percentages 

post-PPV in HIV+ and HIV‒ PCV/PPV groups. 

TACI is essential for humoral responses to TI antigens including PPS [35, 36].  

TACI-deficient mice are unable to produce antibodies in response to TI antigen while TD 

responses remain intact [36, 37].  Individuals at high risk for pneumococcal disease, 

including infants and subgroups of common variable immunodeficiency (CVID) patients, 

exhibit decreased antibody secretion due to reduced [38] or mutated [39] TACI 

expression.  Higher percentages of PPS23F-specific TACI+ B cells post-PPV observed in 

the HIV+ PPV group further support a role for TACI in TI responses.  TACI is also 

thought to be a negative regulator of CD40-mediated antibody production [35, 40].  We 

observed a significant, negative correlation between TACI+ and CD40+ PPS23F-specific 

B cells in the HIV+ PPV group (r = -0.63, P = 0.04), but not PCV/PPV group (r = -0.17, 

P = 0.54).  To our knowledge, this is the first description of TNFRs on serotype-specific 

B cells responding to pneumococcal vaccination in humans and the distinct impact of 

PCV priming on TACI expression.  The molecular mechanisms responsible for 

differential expression remain to be investigated.  Alternatively, our findings may 

represent PPS-induced hyporesponsiveness to PPV and not a direct effect of prior PCV.  

However, this is unlikely as PPS23F-specific TACI+ B cell percentages post-PCV were 

similar to post-PPV in both HIV+ and HIV– PCV/PPV groups (data not shown).   

CD21 provides a critical secondary signal for B cell activation in response to TI 

antigens, and reduced expression is associated with impaired antibody responses to PPS 

[41, 42].  HIV viremia results in expansion of abnormal peripheral CD21lo B cells 

associated with exhaustion and increased cell turnover [43, 44].  Control of viremia with 
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ART appears to significantly reduce these populations [45].  Consistent with this finding, 

no difference was observed in CD21 expression on total B cells between HIV+ and HIV‒ 

PCV/PPV groups.  However, PPS23F-specific CD21+ B cell percentages post-PPV were 

significantly reduced in HIV+ compared to HIV‒ PCV/PPV groups.  Reduced expression 

of CD21 on serotype-specific B cells may contribute to the diminished antibody 

responses generated in our HIV+ subjects (accompanying manuscript). 

We recognize that the current study has limitations.  Although our sample size 

was limited, we observed distinct differences in serotype-specific B cell responses to 

PPV compared to PCV/PPV.  It is unclear whether PCV priming has a similar impact on 

other vaccine serotypes.  In addition, we were unable to evaluate TNFR expression on 

serotype-specific IgM and switched memory B cell subpopulations due to the low 

frequency of cells available for analysis.  It thus remains to be determined whether TNFR 

expression is differentially regulated on serotype-specific B cell subpopulations. 

Collectively, our findings indicate that PCV priming alters the overall frequency 

and surface TACI expression of serotype-specific B cells post-PPV.  It remains unclear 

whether the alterations due to PCV observed in the current study confer any 

immunological advantage, as postvaccination antibody responses in HIV+ PPV and 

PCV/PPV groups were similar (accompanying manuscript).  In contrast, PCV had no 

impact on the phenotypic distribution of serotype-specific B cells.  In aging HIV+ 

individuals, HIV infection appears to be the predominant factor in determining the 

phenotype of serotype-specific B cells, while in aged-matched, HIV‒ controls, age is the 

principal factor.  Analysis of serotype-specific B cell populations in young HIV+ and 
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elderly HIV– subjects vaccinated with PPV or PCV/PPV will provide further insight into 

the impact of immunosenescence and HIV infection on humoral immunity.  

Our study emphasizes the need for continued investigation into signaling 

mechanisms that regulate B cell responses.  Utilization of TI and/or TD stimuli to 

enhance B cell responses may be the key to improving pneumococcal vaccination 

strategies in high risk adult populations, such as the aging HIV+, where vaccine 

responses are suboptimal.  Evidence from murine studies indicates that Toll-like 

receptors (TLRs) can serve as effective adjuvants to both TI and TD components of 

encapsulated bacteria [35, 36].  In support of this concept, addition of a TLR9 agonist to 

the 7-valent conjugate vaccine increased the proportion of HIV+ patients with high 

antibody responses [46].  
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Table 3.1. Baseline characteristics. 

 HIV-infected  HIV-uninfected 

 

Characteristic 

PPV 

(n = 19) 

PCV/PPV 

(n = 15) 

 PCV/PPV 

(n = 14) 

Demographic     

Median age (IQR) 55.0 (51-59) 54.0 (52-58)  55.5 (52-58) 

Male (%) 17 (89.5) 12 (80.0)  6 (42.9) 

Race (%)     

Black 

White 

Other 

7 (36.8) 

12 (63.2) 

0 (0.0) 

8 (53.3) 

5 (33.3) 

2 (13.3) 

 1 (7.1) 

12 (85.7) 

1 (7.1) 

Clinical History     

Prior PPV ≥5 years (%) 16 (84.2) 13 (86.7)  1 (7.1) 

Receiving ART ≥1 year (%) 19 (100.0) 15 (100.0)  N/A 

Nadir CD4+ T cell count     

>200 (%) 

≤200 (%) 

9 (47.4) 

10 (52.6) 

5 (33.3) 

10 (66.7) 

 N/A 

N/A 

Immunological parameters     

HIV viral load (copies/ml)     

≤400 (%) 19 (100.0) 15 (100.0)  N/A 

CD4+ T cells (cells/µl)     

Median (IQR) 525 (336-976) 576 (503-990)  N/A 

CD19+ B cells (cells/µl)     

Median (IQR) 165 (76-242)* 297 (216-382)  137 (85-185)* 

CD19+ B cells (%)     

Median (IQR) 7.0 (5.3-13.3)* 12.7 (10.0-16.9)  7.9 (5.5-10.5)* 

CD19+ IgM Memory B cells (%)     



76 

 

Median (IQR) 5.4 (3.9-8.3) # 5.4 (2.2-9.8) #  10.3 (6.9-14.7) 

CD19+ Switched Memory B cells (%)     

Median (IQR) 12.1 (5.8-21.5) 15.3 (9.6-20.8)  11.8 (9.0-14.6) 

 

PCV/PPV groups received PCV followed by PPV 8 weeks later.  Data are no. (%) of 

subjects, unless otherwise noted.  Abbreviations:  HIV, human immunodeficiency virus; 

PPV, 23-valent pneumococcal polysaccharide vaccine; PCV, 13-valent pneumococcal 

conjugate vaccine; IQR, interquartile range.  * P <0.05 compared to HIV-infected 

PCV/PPV.  # P <0.05 compared to HIV-uninfected PCV/PPV. 
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Table 3.2. Pneumococcal polysaccharide-specific CD19+ B cell percentages to the 

indicated serotypes in HIV-infected and HIV-uninfected subjects. 

 Serotype 14 Serotype 23F 

 Median (IQR) Median (IQR) 

HIV-infected PPV (%)   

Prevaccination 0.80 (0.45-1.30) 0.80 (0.60-1.00) 

1 week post-PPV  2.80 (1.50-3.95)* 2.80 (1.50-3.90)* 

HIV-infected PCV/PPV (%)   

Prevaccination PCV 0.70 (0.60-0.90) 0.60 (0.40-0.70) 

1 week post-PCV 0.70 (0.60-1.20) # 

0.70 (0.50-0.90) 

1.10 (0.90-1.50)*, # 

0.70 (0.60-1.00)*, # 

Prevaccination PPV 0.60 (0.30-0.80) 

1 week post-PPV 1.10 (0.70-1.40)*, # 

HIV-uninfected PCV/PPV (%)   

Prevaccination PCV 0.90 (0.75-1.35) 0.70 (0.50-0.90) 

1 week post-PCV 1.90 (0.75-2.30) 1.00 (0.60-1.13)* 

Prevaccination PPV 0.70 (0.60-1.00) 0.70 (0.50-0.90) 

1 week post-PPV 1.70 (1.25-2.00)* 1.10 (0.70-1.60)* 

 

PCV/PPV groups received PCV followed by PPV 8 weeks later.  Abbreviations:  HIV, 

human immunodeficiency virus; PPV, 23-valent pneumococcal polysaccharide vaccine; 

PCV, 13-valent pneumococcal conjugate vaccine; IQR, interquartile range.  * P <0.05 

compared to prevaccination level within group.  # P <0.05 compared to postvaccination 

HIV-infected PPV level between groups. 
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Figure 3-1. Pneumococcal polysaccharide-specific memory CD19+ B cell subset 

percentages to the indicated serotypes in HIV-infected and HIV-uninfected subjects. 

Percentages of serotype-specific IgM memory (CD19+CD27+IgM+) and switched 

memory (CD19+CD27+IgM¯) B cell subsets measured by flow cytometry in HIV-

infected PPV (PPS14, n=17; PPS23F, n=19), HIV-infected PCV/PPV (PPS14 and 

PPS23F, n=15), and HIV-uninfected PCV/PPV (PPS14, n=13; PPS23F, n=14) groups.  

PCV/PPV groups received PCV followed by PPV 8 weeks later.  Graphs represent 

percentages 1 week after vaccination with PPV.  Left panels represent PPS14-specific B 

cell percentages and right panels represent PPS23F-specific B cell percentages.  Box 

plots include median (horizontal black line) with 25th and 75th percentile borders and 

error bars indicate 10th and 90th percentiles.  Abbreviations:  PPS, pneumococcal 

polysaccharide; HIV, human immunodeficiency virus; PPV, 23-valent pneumococcal 

polysaccharide vaccine; PCV, 13-valent pneumococcal conjugate vaccine. 
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Figure 3-2. Surface expression of B cell receptors on pneumococcal polysaccharide-

specific CD19+ B cells to the indicated serotype in HIV-infected and HIV-uninfected 

subjects. Percentages of BAFF-R, TACI, CD21, and CD40 positive PPS23F-specific 

CD19+ B cells postvaccination with PPV.  Surface expression of receptors were 

measured by flow cytometry in HIV+ PPV (n=11), HIV+ PCV/PPV (n=15), and HIV‒ 

PCV/PPV (n=16) subjects.  Box plots include median (horizontal black line) with 25th 

and 75th percentile borders and error bars indicate 10th and 90th percentiles.  

Abbreviations:  PPS, pneumococcal polysaccharide; HIV, human immunodeficiency 

virus; PPV, 23-valent pneumococcal polysaccharide vaccine; PCV, 13-valent 

pneumococcal conjugate vaccine.  *P <0.05, **P <0.01. 
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Chapter 4 

Summary of Findings and Future Directions 
 

 

 HIV+ individuals are at increased risk for S. pneumoniae infections due to 

humoral dysfunction caused by viremia.  Pneumococcal disease remains a significant 

cause of morbidity and mortality in this population; therefore, vaccination is 

recommended.  PPV immunization in HIV+ adults results in antibody responses of 

reduced magnitude and duration compared to uninfected controls, and effectiveness in 

preventing pneumococcal disease remains a controversial subject [1-6].  The ACIP 

currently recommends that HIV+ adults receive a single dose of PCV followed by one 

dose of PPV 8 weeks later (PCV/PPV) [7].  However, immunogenicity studies evaluating 

single or combined regimens of PCV and PPV have thus far failed to demonstrate a clear 

advantage of using PCV over PPV alone [8-14].  The impact of several factors that limit 

efficacy, such as timing of vaccination, dosing schedule, degree of immunocompromise, 

and influence of other risk factors on vaccine responses, remain poorly understood.  

Advanced age is a significant risk factor for IPD in the HIV+ population [15].  As 

previously discussed, the aging HIV+ population is likely to be at higher risk for 

pneumococcal disease due to the presence of multiple factors that increase susceptibility.  

The goal of the current study was to assess humoral and cellular responses to 
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pneumococcal vaccination in aging HIV+ individuals 50-65 years old on ART ≥1 year 

with a current CD4 >200 to determine whether the recommended PCV/PPV regimen 

offers any immunological benefit to PPV alone.   

We assessed quantitative and qualitative antibody responses to pneumococcal 

serotypes 14 and 23F in our aging HIV+ subjects using surrogate markers of protection.  

In PCV/PPV and PPV groups, significant increases in serotype-specific IgG serum levels 

and OPA titers were observed for both serotypes pre- to postvaccination.  Serotype-

specific IgM levels were significantly higher postvaccination compared to prevaccination 

for one serotype only in both groups.  However, no significant differences were observed 

between PCV/PPV and PPV groups postvaccination.  Our findings indicate that 

PCV/PPV offers no clear improvement in the magnitude or quality of antibody responses 

compared to PPV in aging HIV+ individuals, and that alternative strategies are needed to 

increase vaccine responses.  We are currently investigating whether these vaccination 

regimens differ in regards to the duration of antibody responses.  In addition, we are 

expanding the scope of the present study to other populations, including younger HIV+ 

and those with CD4 <200.  It is possible that PCV/PPV may enhance immunogenicity in 

certain subsets of HIV+ patients.   

 Antibody responses generated in response to PCV/PPV were reduced in our HIV+ 

subjects compared to age-matched, HIV‒ controls despite higher CD4 counts and use of 

ART.  Previous studies have shown that ART does not fully restore immunological 

defects caused by HIV infection, and ART-treated patients continue to exhibit impaired 

responses to pneumococcal vaccination [5, 16-20].  A major limitation of immuno-

genicity studies conducted in adults is a lack of defined correlates of protective immunity.  



82 

 

Thus, although HIV+ subjects exhibited significantly higher antibody levels and 

functional titers from pre- to postvaccination, it is unclear whether they achieved 

adequate levels of protection.  Studies are urgently needed to determine threshold 

concentrations/titers or alternative immunological parameters in adults that can be used to 

predict protection, as large scale efficacy studies comparing PCV to PPV are unlikely.  

Without well-defined correlates, clinical decisions regarding vaccine recommendations, 

such as whether to include conjugate vaccines and determination of optimal dosing 

intervals, will become increasingly difficult based on immunogenicity data. 

 In contrast to antibody responses, we observed significant differences in B cell 

responses between PCV/PPV and PPV in our aging HIV+ subjects.  Serotype-specific B 

cell percentages were significantly reduced postvaccination with PCV/PPV compared to 

PPV in HIV+ individuals.  No significant differences were observed between HIV+ and 

HIV‒ subjects vaccinated with PCV/PPV, suggesting that a priming dose of PCV limits 

the frequency of circulating serotype-specific B cells regardless of HIV infection.   

Analysis of the peripheral blood does not take into account other tissues where antigen-

specific B cells could be located after vaccination, such as the spleen or lymph nodes.  

Due to the TD nature of PCV, it is thought that responding B cells may form GCs [21, 

22].  Thus, assessment of peripheral blood samples postvaccination with PCV/PPV may 

not accurately reflect the total population of responding B cells.  It remains to be 

determined whether pneumococcal vaccines differentially activate antigen-specific B 

cells in spleen and lymph node tissue in humans. 

 PCV had no significant impact on the phenotypic distribution of serotype-specific 

memory B cells in aging HIV+ subjects.  In both PCV/PPV and PPV groups, IgM and 
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switched memory subsets each accounted for approximately one-third of serotype-

specific B cells postvaccination.  This phenotype distribution is similar to that observed 

in ART-treated and –untreated HIV+ individuals postvaccination with PPV [5, 6].  Our 

findings suggest that PCV and PPV similarly influence the existing B cell repertoire, and 

HIV infection is the primary factor in determining the phenotype of responding B cells in 

aging HIV+ individuals.  There were no significant differences in IgM and switched 

memory serotype-specific B cell percentages between HIV+ and HIV‒ individuals who 

received PCV/PPV.  For our controls, age is most likely the predominant factor 

responsible for this phenotypic shift.  Continued effort is needed to define the impact of 

immunosenescence and HIV infection on cellular responses to pneumococcal 

vaccination.  We are currently investigating whether younger HIV+ individuals and those 

with CD4 <200 are similarly impacted by PCV/PPV and PPV.  It also remains to be 

determined if HIV+ individuals ≥65 years of age will exhibit an increase in the 

proportion of serotype-specific switched memory B cells similar to uninfected elderly 

subjects [23].     

 We evaluated whether a priming dose of PCV alters the surface expression of 

several receptors, including CD21, CD40, BAFF-R, and TACI, on serotype-specific B 

cells that may influence vaccine responses.  No significant differences were observed in 

CD21, CD40, and BAFF-R expression between aging HIV+ subjects vaccinated with 

PCV/PPV and PPV.  In contrast, serotype-specific TACI+ B cells were significantly 

reduced postvaccination with PCV/PPV compared to PPV.   Several studies suggest that 

TACI is essential for humoral responses to TI antigens [24, 25] and differentiation of 

human B cells into plasmablasts [26].  Our findings support a role for TACI in TI 
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responses in humans, as serotype-specific TACI+ B cell percentages were significantly 

higher in the PPV group.  However, it remains to be determined whether differential 

regulation of TACI by PCV on serotype-specific B cells confers any immunological 

advantage or disadvantage, as PCV/PPV and PPV elicited antibody responses of similar 

magnitudes.  Decreased TACI expression on B cells was associated with HIV+ 

individuals who were nonresponders to influenza immunization [27].  Future studies 

should therefore assess whether use of adjuvant can increase TACI expression on 

serotype-specific B cells postvaccination with PCV or PPV to enhance vaccine responses.   

 There were no significant differences in CD40, BAFF-R, and TACI expression on 

serotype-specific B cells between HIV+ and HIV‒ individuals postvaccination with 

PCV/PPV, indicating that HIV infection does influence these receptors during responses 

to pneumococcal vaccines.  However, serotype-specific CD21+ B cell percentages were 

significantly reduced in HIV+ compared to HIV‒ subjects.  As previously mentioned, 

CD21 is thought to be an important secondary signal for B cell activation in response to 

TI antigens such as PPS [28, 29].  Decreased expression of CD21 on serotype-specific B 

cells may therefore contribute to the diminished antibody responses observed in our aging 

HIV+ subjects compared to controls.  Further investigation is needed to assess the impact 

of CD21 expression on responses to pneumococcal vaccination in the context of HIV 

infection. 

 Collectively, our findings indicate that PCV/PPV alters the responding B cell 

population in aging HIV+ individuals compared to PPV.  However, these changes appear 

to have no significant impact on antibody responses as measured using surrogate markers 

of protection.  The combined PCV/PPV regimen as currently recommended therefore 
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offers no clear clinical benefit compared to PPV alone.  Due to the presence of multiple 

risk factors that increase susceptibility to infection, development of effective vaccination 

strategies in the aging HIV+ population may be challenging.  It remains to be determined 

how PCV may be utilized to effectively enhance antibody responses and protective 

immunity in this high risk population.  While PCV has been remarkably effective in 

children, it has not achieved the same success in adults, indicating that the immunological 

defects that increase susceptibility to S. pneumoniae infections are not the same.  Our 

study emphasizes the need for future studies evaluating alternative vaccination strategies 

in adult high risk populations.  Continued investigation regarding the immunological 

mechanisms that govern humoral and cellular responses to pneumococcal vaccines, and 

how immunosenescence and/or HIV infection influences these processes, is necessary.  

Towards this goal, we are currently assessing serotype-specific B cell populations in 

other subsets of HIV+ patients to further delineate the impact of immunosenescence and 

HIV infection on vaccine responses.  



86 

 

 

 

References 

 

Chapter 1 

1.  Watson DA, Musher DM, Jacobson JW, Verhoef J. A brief history of the 

pneumococcus in biomedical research: a panoply of scientific discovery. Clinical 

infectious diseases : an official publication of the Infectious Diseases Society of 

America 1993; 17:913-24. 

 

2.  Grabenstein JD, Klugman KP. A century of pneumococcal vaccination research in 

humans. Clinical microbiology and infection : the official publication of the 

European Society of Clinical Microbiology and Infectious Diseases 2012; 18 

Suppl 5:15-24. 

 

3.  Centers for Disease C. Epidemiology and Prevention of Vaccine-Preventable 

Diseases. 12th, second printing ed. Washington DC: Public Health Foundation, 

2012 (Atkinson W WS, Hamborsky J, ed. 

 

4.  Henriques-Normark B, Tuomanen EI. The pneumococcus: epidemiology, 

microbiology, and pathogenesis. Cold Spring Harbor perspectives in medicine 

2013; 3. 

 

5.  O'Brien KL, Wolfson LJ, Watt JP, et al. Burden of disease caused by 

Streptococcus pneumoniae in children younger than 5 years: global estimates. 

Lancet 2009; 374:893-902. 

 

6.  Westerink MA, Schroeder HW, Jr., Nahm MH. Immune Responses to 

pneumococcal vaccines in children and adults: Rationale for age-specific 

vaccination. Aging and disease 2012; 3:51-67. 

 

7.  Pilishvili T, Lexau C, Farley MM, et al. Sustained reductions in invasive 

pneumococcal disease in the era of conjugate vaccine. The Journal of infectious 

diseases 2010; 201:32-41. 

 

8.  Whitney CG, Farley MM, Hadler J, et al. Decline in invasive pneumococcal 

disease after the introduction of protein-polysaccharide conjugate vaccine. The 

New England journal of medicine 2003; 348:1737-46. 



87 

 

 

9.  Black S, Shinefield H, Fireman B, et al. Efficacy, safety and immunogenicity of 

heptavalent pneumococcal conjugate vaccine in children. Northern California 

Kaiser Permanente Vaccine Study Center Group. The Pediatric infectious disease 

journal 2000; 19:187-95. 

 

10.  Black SB, Shinefield HR, Ling S, et al. Effectiveness of heptavalent 

pneumococcal conjugate vaccine in children younger than five years of age for 

prevention of pneumonia. The Pediatric infectious disease journal 2002; 21:810-5. 

 

11.  Moore MR, Link-Gelles R, Schaffner W, et al. Effect of use of 13-valent 

pneumococcal conjugate vaccine in children on invasive pneumococcal disease in 

children and adults in the USA: analysis of multisite, population-based 

surveillance. The Lancet Infectious diseases 2015; 15:301-9. 

 

12.  Wroe PC, Finkelstein JA, Ray GT, et al. Aging population and future burden of 

pneumococcal pneumonia in the United States. The Journal of infectious diseases 

2012; 205:1589-92. 

 

13.  Mahy CE, Moses LJ, Kliegel M. The impact of age, ongoing task difficulty, and 

cue salience on preschoolers' prospective memory performance: the role of 

executive function. Journal of experimental child psychology 2014; 127:52-64. 

 

14.  Greene M, Justice AC, Lampiris HW, Valcour V. Management of human 

immunodeficiency virus infection in advanced age. Jama 2013; 309:1397-405. 

 

15.  Samji H, Cescon A, Hogg RS, et al. Closing the gap: increases in life expectancy 

among treated HIV-positive individuals in the United States and Canada. PloS 

one 2013; 8:e81355. 

 

16.  Tomczyk S, Bennett NM, Stoecker C, et al. Use of 13-valent pneumococcal 

conjugate vaccine and 23-valent pneumococcal polysaccharide vaccine among 

adults aged >/=65 years: recommendations of the Advisory Committee on 

Immunization Practices (ACIP). MMWR Morbidity and mortality weekly report 

2014; 63:822-5. 

 

17.  Centers for Disease C. Active Bacterial Core Surveillance Report, Emerging 

Infections Program Network, Streptococcus pneumoniae, 2013, 2013. 

 

18.  Bradley H, Hall HI, Wolitski RJ, et al. Vital Signs: HIV diagnosis, care, and 

treatment among persons living with HIV--United States, 2011. MMWR 

Morbidity and mortality weekly report 2014; 63:1113-7. 

 



88 

 

19.  McEllistrem MC, Mendelsohn AB, Pass MA, et al. Recurrent invasive 

pneumococcal disease in individuals with human immunodeficiency virus 

infection. The Journal of infectious diseases 2002; 185:1364-8. 

 

20.  Wolter N, Cohen C, Tempia S, et al. HIV and influenza virus infections are 

associated with increased blood pneumococcal load: a prospective, hospital-based 

observational study in South Africa, 2009-2011. The Journal of infectious 

diseases 2014; 209:56-65. 

 

21.  Redd SC, Rutherford GW, 3rd, Sande MA, et al. The role of human 

immunodeficiency virus infection in pneumococcal bacteremia in San Francisco 

residents. The Journal of infectious diseases 1990; 162:1012-7. 

 

22.  Dworkin MS, Ward JW, Hanson DL, et al. Pneumococcal disease among human 

immunodeficiency virus-infected persons: incidence, risk factors, and impact of 

vaccination. Clinical infectious diseases : an official publication of the Infectious 

Diseases Society of America 2001; 32:794-800. 

 

23.  Grau I, Pallares R, Tubau F, et al. Epidemiologic changes in bacteremic 

pneumococcal disease in patients with human immunodeficiency virus in the era 

of highly active antiretroviral therapy. Archives of internal medicine 2005; 

165:1533-40. 

 

24.  Cohen AL, Harrison LH, Farley MM, et al. Prevention of invasive pneumococcal 

disease among HIV-infected adults in the era of childhood pneumococcal 

immunization. Aids 2010; 24:2253-62. 

 

25.  Yin Z, Rice BD, Waight P, et al. Invasive pneumococcal disease among HIV-

positive individuals, 2000-2009. Aids 2012; 26:87-94. 

 

26.  Mandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases Society of 

America/American Thoracic Society consensus guidelines on the management of 

community-acquired pneumonia in adults. Clinical infectious diseases : an official 

publication of the Infectious Diseases Society of America 2007; 44 Suppl 2:S27-

72. 

 

27.  van der Poll T, Opal SM. Pathogenesis, treatment, and prevention of 

pneumococcal pneumonia. Lancet 2009; 374:1543-56. 

 

28.  Feikin DR, Schuchat A, Kolczak M, et al. Mortality from invasive pneumococcal 

pneumonia in the era of antibiotic resistance, 1995-1997. American journal of 

public health 2000; 90:223-9. 

 



89 

 

29.  Mufson MA, Stanek RJ. Bacteremic pneumococcal pneumonia in one American 

City: a 20-year longitudinal study, 1978-1997. The American journal of medicine 

1999; 107:34S-43S. 

 

30.  Centers for Disease C. Antibiotic resistance threats in the United States, 2013, 

2013. 

 

31.  Henrichsen J. Six newly recognized types of Streptococcus pneumoniae. Journal 

of clinical microbiology 1995; 33:2759-62. 

 

32.  Iyer AS, Ohtola JA, Westerink MA. Age-related immune response to 

pneumococcal polysaccharide vaccination: lessons for the clinic. Expert review of 

vaccines 2015; 14:85-97. 

 

33.  Kadioglu A, Weiser JN, Paton JC, Andrew PW. The role of Streptococcus 

pneumoniae virulence factors in host respiratory colonization and disease. Nature 

reviews Microbiology 2008; 6:288-301. 

 

34.  Feldman C, Anderson R. Review: current and new generation pneumococcal 

vaccines. The Journal of infection 2014; 69:309-25. 

 

35.  Austrian R, Douglas RM, Schiffman G, et al. Prevention of pneumococcal 

pneumonia by vaccination. Transactions of the Association of American 

Physicians 1976; 89:184-94. 

 

36.  Advisory Committee on Immunization Practices. Pneumococcal polysaccharide 

vaccine. MMWR 1978; 27:25-6. 

 

37.  Broome CV, Facklam RR. Epidemiology of clinically significant isolates of 

Streptococcus pneumoniae in the United States. Reviews of infectious diseases 

1981; 3:277-81. 

 

38.  Robbins JB, Austrian R, Lee CJ, et al. Considerations for formulating the second-

generation pneumococcal capsular polysaccharide vaccine with emphasis on the 

cross-reactive types within groups. The Journal of infectious diseases 1983; 

148:1136-59. 

 

39.  Vila-Corcoles A, Ochoa-Gondar O. Preventing pneumococcal disease in the 

elderly: recent advances in vaccines and implications for clinical practice. Drugs 

& aging 2013; 30:263-76. 

 

40.  Pedersen RH, Lohse N, Ostergaard L, Sogaard OS. The effectiveness of 

pneumococcal polysaccharide vaccination in HIV-infected adults: a systematic 

review. HIV medicine 2011; 12:323-33. 

 



90 

 

41.  Conaty S, Watson L, Dinnes J, Waugh N. The effectiveness of pneumococcal 

polysaccharide vaccines in adults: a systematic review of observational studies 

and comparison with results from randomised controlled trials. Vaccine 2004; 

22:3214-24. 

 

42.  Moberley S, Holden J, Tatham DP, Andrews RM. Vaccines for preventing 

pneumococcal infection in adults. The Cochrane database of systematic reviews 

2013; 1:CD000422. 

 

43.  Advisory Committee on Immunization P. Preventing pneumococcal disease 

among infants and young children. Recommendations of the Advisory Committee 

on Immunization Practices (ACIP). MMWR Recommendations and reports : 

Morbidity and mortality weekly report Recommendations and reports / Centers 

for Disease Control 2000; 49:1-35. 

 

44.  Butler JC, Breiman RF, Lipman HB, Hofmann J, Facklam RR. Serotype 

distribution of Streptococcus pneumoniae infections among preschool children in 

the United States, 1978-1994: implications for development of a conjugate 

vaccine. The Journal of infectious diseases 1995; 171:885-9. 

 

45.  Flannery B, Heffernan RT, Harrison LH, et al. Changes in invasive Pneumococcal 

disease among HIV-infected adults living in the era of childhood pneumococcal 

immunization. Annals of internal medicine 2006; 144:1-9. 

 

46.  Dagan R, Givon-Lavi N, Zamir O, et al. Reduction of nasopharyngeal carriage of 

Streptococcus pneumoniae after administration of a 9-valent pneumococcal 

conjugate vaccine to toddlers attending day care centers. The Journal of infectious 

diseases 2002; 185:927-36. 

 

47.  Dagan R, Melamed R, Muallem M, et al. Reduction of nasopharyngeal carriage of 

pneumococci during the second year of life by a heptavalent conjugate 

pneumococcal vaccine. The Journal of infectious diseases 1996; 174:1271-8. 

 

48.  Dagan R, Muallem M, Melamed R, Leroy O, Yagupsky P. Reduction of 

pneumococcal nasopharyngeal carriage in early infancy after immunization with 

tetravalent pneumococcal vaccines conjugated to either tetanus toxoid or 

diphtheria toxoid. The Pediatric infectious disease journal 1997; 16:1060-4. 

 

49.  Mbelle N, Huebner RE, Wasas AD, Kimura A, Chang I, Klugman KP. 

Immunogenicity and impact on nasopharyngeal carriage of a nonavalent 

pneumococcal conjugate vaccine. The Journal of infectious diseases 1999; 

180:1171-6. 

 

50.  Davis SM, Deloria-Knoll M, Kassa HT, O'Brien KL. Impact of pneumococcal 

conjugate vaccines on nasopharyngeal carriage and invasive disease among 



91 

 

unvaccinated people: review of evidence on indirect effects. Vaccine 2013; 

32:133-45. 

 

51.  Hicks LA, Harrison LH, Flannery B, et al. Incidence of pneumococcal disease due 

to non-pneumococcal conjugate vaccine (PCV7) serotypes in the United States 

during the era of widespread PCV7 vaccination, 1998-2004. The Journal of 

infectious diseases 2007; 196:1346-54. 

 

52.  Hsu HE, Shutt KA, Moore MR, et al. Effect of pneumococcal conjugate vaccine 

on pneumococcal meningitis. The New England journal of medicine 2009; 

360:244-56. 

 

53.  Gladstone RA, Jefferies JM, Faust SN, Clarke SC. Pneumococcal 13-valent 

conjugate vaccine for the prevention of invasive pneumococcal disease in children 

and adults. Expert review of vaccines 2012; 11:889-902. 

 

54.  Simonsen L, Taylor RJ, Schuck-Paim C, Lustig R, Haber M, Klugman KP. Effect 

of 13-valent pneumococcal conjugate vaccine on admissions to hospital 2 years 

after its introduction in the USA: a time series analysis. The Lancet Respiratory 

medicine 2014; 2:387-94. 

 

55.  Link-Gelles R, Taylor T, Moore MR, Active Bacterial Core Surveillance T. 

Forecasting invasive pneumococcal disease trends after the introduction of 13-

valent pneumococcal conjugate vaccine in the United States, 2010-2020. Vaccine 

2013; 31:2572-7. 

 

56.  Centers for Disease C, Prevention. Use of 13-valent pneumococcal conjugate 

vaccine and 23-valent pneumococcal polysaccharide vaccine for adults with 

immunocompromising conditions: recommendations of the Advisory Committee 

on Immunization Practices (ACIP). MMWR Morbidity and mortality weekly 

report 2012; 61:816-9. 

 

57.  Centers for Disease C, Prevention. Licensure of 13-valent pneumococcal 

conjugate vaccine for adults aged 50 years and older. MMWR Morbidity and 

mortality weekly report 2012; 61:394-5. 

 

58.  Jackson LA, Neuzil KM, Nahm MH, et al. Immunogenicity of varying dosages of 

7-valent pneumococcal polysaccharide-protein conjugate vaccine in seniors 

previously vaccinated with 23-valent pneumococcal polysaccharide vaccine. 

Vaccine 2007; 25:4029-37. 

 

59.  de Roux A, Schmole-Thoma B, Siber GR, et al. Comparison of pneumococcal 

conjugate polysaccharide and free polysaccharide vaccines in elderly adults: 

conjugate vaccine elicits improved antibacterial immune responses and 



92 

 

immunological memory. Clinical infectious diseases : an official publication of 

the Infectious Diseases Society of America 2008; 46:1015-23. 

 

60.  Goldblatt D, Southern J, Andrews N, et al. The immunogenicity of 7-valent 

pneumococcal conjugate vaccine versus 23-valent polysaccharide vaccine in 

adults aged 50-80 years. Clinical infectious diseases : an official publication of 

the Infectious Diseases Society of America 2009; 49:1318-25. 

 

61.  Grabenstein JD, Manoff SB. Pneumococcal vaccines in adults: assessing the 

evolving evidence. Vaccine 2011; 29:6149-54. 

 

62.  Musher DM, Rueda AM, Nahm MH, Graviss EA, Rodriguez-Barradas MC. 

Initial and subsequent response to pneumococcal polysaccharide and protein-

conjugate vaccines administered sequentially to adults who have recovered from 

pneumococcal pneumonia. The Journal of infectious diseases 2008; 198:1019-27. 

 

63.  Ridda I, Macintyre CR, Lindley R, et al. Immunological responses to 

pneumococcal vaccine in frail older people. Vaccine 2009; 27:1628-36. 

 

64.  Feikin DR, Elie CM, Goetz MB, et al. Randomized trial of the quantitative and 

functional antibody responses to a 7-valent pneumococcal conjugate vaccine 

and/or 23-valent polysaccharide vaccine among HIV-infected adults. Vaccine 

2001; 20:545-53. 

 

65.  Crum-Cianflone NF, Huppler Hullsiek K, Roediger M, et al. A randomized 

clinical trial comparing revaccination with pneumococcal conjugate vaccine to 

polysaccharide vaccine among HIV-infected adults. The Journal of infectious 

diseases 2010; 202:1114-25. 

 

66.  Ho YL, Brandao AP, de Cunto Brandileone MC, Lopes MH. Immunogenicity and 

safety of pneumococcal conjugate polysaccharide and free polysaccharide 

vaccines alone or combined in HIV-infected adults in Brazil. Vaccine 2013; 

31:4047-53. 

 

67.  Lesprit P, Pedrono G, Molina JM, et al. Immunological efficacy of a prime-boost 

pneumococcal vaccination in HIV-infected adults. Aids 2007; 21:2425-34. 

 

68.  Lu CL, Chang SY, Chuang YC, et al. Revaccination with 7-valent pneumococcal 

conjugate vaccine elicits better serologic response than 23-valent pneumococcal 

polysaccharide vaccine in HIV-infected adult patients who have undergone 

primary vaccination with 23-valent pneumococcal polysaccharide vaccine in the 

era of combination antiretroviral therapy. Vaccine 2014; 32:1031-5. 

 

69.  Penaranda M, Payeras A, Cambra A, Mila J, Riera M, Majorcan Pneumococcal 

Study G. Conjugate and polysaccharide pneumococcal vaccines do not improve 



93 

 

initial response of the polysaccharide vaccine in HIV-infected adults. Aids 2010; 

24:1226-8. 

 

70.  Kroon FP, van Dissel JT, Ravensbergen E, Nibbering PH, van Furth R. Enhanced 

antibody response to pneumococcal polysaccharide vaccine after prior 

immunization with conjugate pneumococcal vaccine in HIV-infected adults. 

Vaccine 2000; 19:886-94. 

 

71.  Bonten MJ, Huijts SM, Bolkenbaas M, et al. Polysaccharide conjugate vaccine 

against pneumococcal pneumonia in adults. The New England journal of 

medicine 2015; 372:1114-25. 

 

72.  French N, Gordon SB, Mwalukomo T, et al. A trial of a 7-valent pneumococcal 

conjugate vaccine in HIV-infected adults. The New England journal of medicine 

2010; 362:812-22. 

 

73.  Moffitt KL, Malley R. Next generation pneumococcal vaccines. Current opinion 

in immunology 2011; 23:407-13. 

 

74.  Centers for Disease C, Prevention. Licensure of a 13-valent pneumococcal 

conjugate vaccine (PCV13) and recommendations for use among children - 

Advisory Committee on Immunization Practices (ACIP), 2010. MMWR 

Morbidity and mortality weekly report 2010; 59:258-61. 

 

75.  Nuorti JP, Whitney CG, Centers for Disease C, Prevention. Prevention of 

pneumococcal disease among infants and children - use of 13-valent 

pneumococcal conjugate vaccine and 23-valent pneumococcal polysaccharide 

vaccine - recommendations of the Advisory Committee on Immunization 

Practices (ACIP). MMWR Recommendations and reports : Morbidity and 

mortality weekly report Recommendations and reports / Centers for Disease 

Control 2010; 59:1-18. 

 

76.  Centers for Disease C, Prevention. Use of 13-valent pneumococcal conjugate 

vaccine and 23-valent pneumococcal polysaccharide vaccine among children aged 

6-18 years with immunocompromising conditions: recommendations of the 

Advisory Committee on Immunization Practices (ACIP). MMWR Morbidity and 

mortality weekly report 2013; 62:521-4. 

 

77.  Centers for Disease C, Prevention, Advisory Committee on Immunization P. 

Updated recommendations for prevention of invasive pneumococcal disease 

among adults using the 23-valent pneumococcal polysaccharide vaccine 

(PPSV23). MMWR Morbidity and mortality weekly report 2010; 59:1102-6. 

 



94 

 

78.  Song JY, Moseley MA, Burton RL, Nahm MH. Pneumococcal vaccine and 

opsonic pneumococcal antibody. Journal of infection and chemotherapy : official 

journal of the Japan Society of Chemotherapy 2013; 19:412-25. 

 

79.  Jodar L, Butler J, Carlone G, et al. Serological criteria for evaluation and 

licensure of new pneumococcal conjugate vaccine formulations for use in infants. 

Vaccine 2003; 21:3265-72. 

 

80.  Vos Q, Lees A, Wu ZQ, Snapper CM, Mond JJ. B-cell activation by T-cell-

independent type 2 antigens as an integral part of the humoral immune response 

to pathogenic microorganisms. Immunological reviews 2000; 176:154-70. 

 

81.  Jeurissen A, Ceuppens JL, Bossuyt X. T lymphocyte dependence of the antibody 

response to 'T lymphocyte independent type 2' antigens. Immunology 2004; 

111:1-7. 

 

82.  Vinuesa CG, Chang PP. Innate B cell helpers reveal novel types of antibody 

responses. Nature immunology 2013; 14:119-26. 

 

83.  Pollard AJ, Perrett KP, Beverley PC. Maintaining protection against invasive 

bacteria with protein-polysaccharide conjugate vaccines. Nature reviews 

Immunology 2009; 9:213-20. 

 

84.  Cerutti A, Cols M, Puga I. Marginal zone B cells: virtues of innate-like antibody-

producing lymphocytes. Nature reviews Immunology 2013; 13:118-32. 

 

85.  Kruetzmann S, Rosado MM, Weber H, et al. Human immunoglobulin M memory 

B cells controlling Streptococcus pneumoniae infections are generated in the 

spleen. The Journal of experimental medicine 2003; 197:939-45. 

 

86.  Weller S, Braun MC, Tan BK, et al. Human blood IgM "memory" B cells are 

circulating splenic marginal zone B cells harboring a prediversified 

immunoglobulin repertoire. Blood 2004; 104:3647-54. 

 

87.  Weller S, Faili A, Aoufouchi S, et al. Hypermutation in human B cells in vivo and 

in vitro. Annals of the New York Academy of Sciences 2003; 987:158-65. 

 

88.  Tangye SG, Liu YJ, Aversa G, Phillips JH, de Vries JE. Identification of 

functional human splenic memory B cells by expression of CD148 and CD27. 

The Journal of experimental medicine 1998; 188:1691-703. 

 

89.  Wu YC, Kipling D, Leong HS, Martin V, Ademokun AA, Dunn-Walters DK. 

High-throughput immunoglobulin repertoire analysis distinguishes between 

human IgM memory and switched memory B-cell populations. Blood 2010; 

116:1070-8. 



95 

 

 

90.  Weller S, Faili A, Garcia C, et al. CD40-CD40L independent Ig gene 

hypermutation suggests a second B cell diversification pathway in humans. 

Proceedings of the National Academy of Sciences of the United States of America 

2001; 98:1166-70. 

 

91.  Khaskhely N, Mosakowski J, Thompson RS, Khuder S, Smithson SL, Westerink 

MA. Phenotypic analysis of pneumococcal polysaccharide-specific B cells. 

Journal of immunology 2012; 188:2455-63. 

 

92.  Moens L, Wuyts M, Meyts I, De Boeck K, Bossuyt X. Human memory B 

lymphocyte subsets fulfill distinct roles in the anti-polysaccharide and anti-protein 

immune response. Journal of immunology 2008; 181:5306-12. 

 

93.  Tangye SG, Good KL. Human IgM+CD27+ B cells: memory B cells or 

"memory" B cells? Journal of immunology 2007; 179:13-9. 

 

94.  Schreiber JR. Role of Toll like receptors in the antibody response to encapsulated 

bacteria. Frontiers in bioscience 2012; 4:2638-46. 

 

95.  Brown JS, Hussell T, Gilliland SM, et al. The classical pathway is the dominant 

complement pathway required for innate immunity to Streptococcus pneumoniae 

infection in mice. Proceedings of the National Academy of Sciences of the United 

States of America 2002; 99:16969-74. 

 

96.  Ali YM, Lynch NJ, Haleem KS, et al. The lectin pathway of complement 

activation is a critical component of the innate immune response to pneumococcal 

infection. PLoS pathogens 2012; 8:e1002793. 

 

97.  Haas KM, Tedder TF. Role of the CD19 and CD21/35 receptor complex in innate 

immunity, host defense and autoimmunity. Advances in experimental medicine 

and biology 2005; 560:125-39. 

 

98.  Haas KM, Hasegawa M, Steeber DA, et al. Complement receptors CD21/35 link 

innate and protective immunity during Streptococcus pneumoniae infection by 

regulating IgG3 antibody responses. Immunity 2002; 17:713-23. 

 

99.  Haas KM, Poe JC, Tedder TF. CD21/35 promotes protective immunity to 

Streptococcus pneumoniae through a complement-independent but CD19-

dependent pathway that regulates PD-1 expression. Journal of immunology 2009; 

183:3661-71. 

 

100.  Cerutti A, Puga I, Cols M. Innate control of B cell responses. Trends in 

immunology 2011; 32:202-11. 

 



96 

 

101.  Mantchev GT, Cortesao CS, Rebrovich M, Cascalho M, Bram RJ. TACI is 

required for efficient plasma cell differentiation in response to T-independent type 

2 antigens. Journal of immunology 2007; 179:2282-8. 

 

102.  von Bulow GU, van Deursen JM, Bram RJ. Regulation of the T-independent 

humoral response by TACI. Immunity 2001; 14:573-82. 

 

103.  Shulga-Morskaya S, Dobles M, Walsh ME, et al. B cell-activating factor 

belonging to the TNF family acts through separate receptors to support B cell 

survival and T cell-independent antibody formation. Journal of immunology 

2004; 173:2331-41. 

 

104.  Darce JR, Arendt BK, Wu X, Jelinek DF. Regulated expression of BAFF-binding 

receptors during human B cell differentiation. Journal of immunology 2007; 

179:7276-86. 

 

105.  Pallikkuth S, Kanthikeel SP, Silva SY, Fischl M, Pahwa R, Pahwa S. Innate 

immune defects correlate with failure of antibody responses to H1N1/09 vaccine 

in HIV-infected patients. The Journal of allergy and clinical immunology 2011; 

128:1279-85. 

 

106.  Castigli E, Wilson SA, Garibyan L, et al. TACI is mutant in common variable 

immunodeficiency and IgA deficiency. Nature genetics 2005; 37:829-34. 

 

107.  Timens W, Boes A, Rozeboom-Uiterwijk T, Poppema S. Immaturity of the 

human splenic marginal zone in infancy. Possible contribution to the deficient 

infant immune response. Journal of immunology 1989; 143:3200-6. 

 

108.  Kaur K, Chowdhury S, Greenspan NS, Schreiber JR. Decreased expression of 

tumor necrosis factor family receptors involved in humoral immune responses in 

preterm neonates. Blood 2007; 110:2948-54. 

 

109.  Romero-Steiner S, Musher DM, Cetron MS, et al. Reduction in functional 

antibody activity against Streptococcus pneumoniae in vaccinated elderly 

individuals highly correlates with decreased IgG antibody avidity. Clinical 

infectious diseases : an official publication of the Infectious Diseases Society of 

America 1999; 29:281-8. 

 

110.  Schenkein JG, Park S, Nahm MH. Pneumococcal vaccination in older adults 

induces antibodies with low opsonic capacity and reduced antibody potency. 

Vaccine 2008; 26:5521-6. 

 

111.  Lee H, Nahm MH, Kim KH. The effect of age on the response to the 

pneumococcal polysaccharide vaccine. BMC infectious diseases 2010; 10:60. 

 



97 

 

112.  Park S, Nahm MH. Older adults have a low capacity to opsonize pneumococci 

due to low IgM antibody response to pneumococcal vaccinations. Infection and 

immunity 2011; 79:314-20. 

 

113.  Kolibab K, Smithson SL, Rabquer B, Khuder S, Westerink MA. Immune 

response to pneumococcal polysaccharides 4 and 14 in elderly and young adults: 

analysis of the variable heavy chain repertoire. Infection and immunity 2005; 

73:7465-76. 

 

114.  Smithson SL, Kolibab K, Shriner AK, Srivastava N, Khuder S, Westerink MA. 

Immune response to pneumococcal polysaccharides 4 and 14 in elderly and young 

adults: analysis of the variable light chain repertoire. Infection and immunity 

2005; 73:7477-84. 

 

115.  Serpa JA, Valayam J, Musher DM, Rossen RD, Pirofski LA, Rodriguez-Barradas 

MC. V(H)3 antibody response to immunization with pneumococcal 

polysaccharide vaccine in middle-aged and elderly persons. Clinical and vaccine 

immunology : CVI 2011; 18:362-6. 

 

116.  Ademokun A, Wu YC, Martin V, et al. Vaccination-induced changes in human B-

cell repertoire and pneumococcal IgM and IgA antibody at different ages. Aging 

cell 2011; 10:922-30. 

 

117.  Leggat DJ, Thompson RS, Khaskhely NM, Iyer AS, Westerink MA. The immune 

response to pneumococcal polysaccharides 14 and 23F among elderly individuals 

consists predominantly of switched memory B cells. The Journal of infectious 

diseases 2013; 208:101-8. 

 

118.  Shi Y, Yamazaki T, Okubo Y, Uehara Y, Sugane K, Agematsu K. Regulation of 

aged humoral immune defense against pneumococcal bacteria by IgM memory B 

cell. Journal of immunology 2005; 175:3262-7. 

 

119.  Frasca D, Landin AM, Lechner SC, et al. Aging down-regulates the transcription 

factor E2A, activation-induced cytidine deaminase, and Ig class switch in human 

B cells. Journal of immunology 2008; 180:5283-90. 

 

120.  Weil-Olivier C, Gaillat J. Can the success of pneumococcal conjugate vaccines 

for the prevention of pneumococcal diseases in children be extrapolated to adults? 

Vaccine 2014; 32:2022-6. 

 

121.  Paradiso PR. Pneumococcal conjugate vaccine for adults: a new paradigm. 

Clinical infectious diseases : an official publication of the Infectious Diseases 

Society of America 2012; 55:259-64. 

 



98 

 

122.  Musher DM, Sampath R, Rodriguez-Barradas MC. The potential role for protein-

conjugate pneumococcal vaccine in adults: what is the supporting evidence? 

Clinical infectious diseases : an official publication of the Infectious Diseases 

Society of America 2011; 52:633-40. 

 

123.  Moir S, Buckner CM, Ho J, et al. B cells in early and chronic HIV infection: 

evidence for preservation of immune function associated with early initiation of 

antiretroviral therapy. Blood 2010; 116:5571-9. 

 

124.  Moir S, Fauci AS. B cells in HIV infection and disease. Nature reviews 

Immunology 2009; 9:235-45. 

 

125.  Fontaine J, Chagnon-Choquet J, Valcke HS, et al. High expression levels of B 

lymphocyte stimulator (BLyS) by dendritic cells correlate with HIV-related B-cell 

disease progression in humans. Blood 2011; 117:145-55. 

 

126.  Rodriguez B, Valdez H, Freimuth W, Butler T, Asaad R, Lederman MM. Plasma 

levels of B-lymphocyte stimulator increase with HIV disease progression. Aids 

2003; 17:1983-5. 

 

127.  Moir S, Malaspina A, Pickeral OK, et al. Decreased survival of B cells of HIV-

viremic patients mediated by altered expression of receptors of the TNF 

superfamily. The Journal of experimental medicine 2004; 200:587-99. 

 

128.  Iyer AS, Leggat DJ, Ohtola JA, et al. Response to Pneumococcal Polysaccharide 

Vaccination in HIV-Positive Individuals on Long Term Highly Active 

Antiretroviral Therapy. Journal of AIDS & clinical research 2015; 6. 

 

129.  Leggat DJ, Iyer AS, Ohtola JA, et al. Response to Pneumococcal Polysaccharide 

Vaccination in Newly Diagnosed HIV-Positive Individuals. Journal of AIDS & 

clinical research 2015; 6. 

 

130.  Rodriguez-Barradas MC, Alexandraki I, Nazir T, et al. Response of human 

immunodeficiency virus-infected patients receiving highly active antiretroviral 

therapy to vaccination with 23-valent pneumococcal polysaccharide vaccine. 

Clinical infectious diseases : an official publication of the Infectious Diseases 

Society of America 2003; 37:438-47. 

 

131.  Rodriguez-Barradas MC, Groover JE, Lacke CE, et al. IgG antibody to 

pneumococcal capsular polysaccharide in human immunodeficiency virus-

infected subjects: persistence of antibody in responders, revaccination in 

nonresponders, and relationship of immunoglobulin allotype to response. The 

Journal of infectious diseases 1996; 173:1347-53. 

 



99 

 

132.  Subramaniam KS, Segal R, Lyles RH, Rodriguez-Barradas MC, Pirofski LA. 

Qualitative change in antibody responses of human immunodeficiency virus-

infected individuals to pneumococcal capsular polysaccharide vaccination 

associated with highly active antiretroviral therapy. The Journal of infectious 

diseases 2003; 187:758-68. 

 

133.  Scamurra RW, Miller DJ, Dahl L, et al. Impact of HIV-1 infection on VH3 gene 

repertoire of naive human B cells. Journal of immunology 2000; 164:5482-91. 

 

134.  David D, Demaison C, Bani L, Theze J. Progressive decrease in VH3 gene family 

expression in plasma cells of HIV-infected patients. International immunology 

1996; 8:1329-33. 

 

135.  Titanji K, De Milito A, Cagigi A, et al. Loss of memory B cells impairs 

maintenance of long-term serologic memory during HIV-1 infection. Blood 2006; 

108:1580-7. 

 

136.  Hart M, Steel A, Clark SA, et al. Loss of discrete memory B cell subsets is 

associated with impaired immunization responses in HIV-1 infection and may be 

a risk factor for invasive pneumococcal disease. Journal of immunology 2007; 

178:8212-20. 

 

137.  D'Orsogna LJ, Krueger RG, McKinnon EJ, French MA. Circulating memory B-

cell subpopulations are affected differently by HIV infection and antiretroviral 

therapy. Aids 2007; 21:1747-52. 

 

138.  Moir S, Malaspina A, Ho J, et al. Normalization of B cell counts and 

subpopulations after antiretroviral therapy in chronic HIV disease. The Journal of 

infectious diseases 2008; 197:572-9. 

 

139.  Kelley CF, Kitchen CM, Hunt PW, et al. Incomplete peripheral CD4+ cell count 

restoration in HIV-infected patients receiving long-term antiretroviral treatment. 

Clinical infectious diseases : an official publication of the Infectious Diseases 

Society of America 2009; 48:787-94. 

 

140.  Effros RB, Fletcher CV, Gebo K, et al. Aging and infectious diseases: workshop 

on HIV infection and aging: what is known and future research directions. 

Clinical infectious diseases : an official publication of the Infectious Diseases 

Society of America 2008; 47:542-53. 

 

141.  Centers for Disease C. HIV Surveillance Report, 2013; vol 25. Available at: 

http://www.cdc.gov/hiv/pdf/g-l/hiv_surveillance_report_vol_25.pdf. Accessed 20 

May 2015. 

 



100 

 

142.  Deeks SG. HIV infection, inflammation, immunosenescence, and aging. Annual 

review of medicine 2011; 62:141-55. 

 

143.  Deeks SG. Immune dysfunction, inflammation, and accelerated aging in patients 

on antiretroviral therapy. Topics in HIV medicine : a publication of the 

International AIDS Society, USA 2009; 17:118-23. 

 

144.  De Biasi S, Pinti M, Nasi M, et al. HIV-1 Infection and the Aging of the Immune 

System: Facts, Similarities and Perspectives. J Exp Clin Med 2011; 3:143-50. 

 

 

Chapter 2 

1. Cohen AL, Harrison LH, Farley MM, Reingold AL, Hadler J, Schaffner W, 

Lynfield R, Thomas AR, Campsmith M, Li J, Schuchat A, Moore MR, Active 

Bacterial Core Surveillance T. Prevention of invasive pneumococcal disease 

among HIV-infected adults in the era of childhood pneumococcal immunization. 

AIDS 2010; 24:2253-62. 

 

2. Flannery B, Heffernan RT, Harrison LH, Ray SM, Reingold AL, Hadler J, 

Schaffner W, Lynfield R, Thomas AR, Li J, Campsmith M, Whitney CG, 

Schuchat A. Changes in invasive Pneumococcal disease among HIV-infected 

adults living in the era of childhood pneumococcal immunization. Ann Intern 

Med 2006; 144:1-9. 

 

3. Yin Z, Rice BD, Waight P, Miller E, George R, Brown AE, Smith RD, Slack M, 

Delpech VC. Invasive pneumococcal disease among HIV-positive individuals, 

2000-2009. AIDS 2012; 26:87-94. 

 

4. McEllistrem MC, Mendelsohn AB, Pass MA, Elliott JA, Whitney CG, Kolano 

JA, Harrison LH. Recurrent invasive pneumococcal disease in individuals with 

human immunodeficiency virus infection. J Infect Dis 2002; 185:1364-8. 

 

5. Wolter N, Cohen C, Tempia S, Madhi SA, Venter M, Moyes J, Walaza S, Malope 

Kgokong B, Groome M, du Plessis M, Pretorius M, Dawood H, Kahn K, Variava 

E, Klugman KP, von Gottberg A. HIV and influenza virus infections are 

associated with increased blood pneumococcal load: a prospective, hospital-based 

observational study in South Africa, 2009-2011. J Infect Dis 2014; 209:56-65. 

 

6. Mahy M, Autenrieth CS, Stanecki K, Wynd S. Increasing trends in HIV 

prevalence among people aged 50 years and older: evidence from estimates and 

survey data. AIDS 2014; 28 Suppl 4:S453-9. 

 



101 

 

7. Greene M, Justice AC, Lampiris HW, Valcour V. Management of human 

immunodeficiency virus infection in advanced age. JAMA 2013; 309:1397-405. 

 

8. Samji H, Cescon A, Hogg RS, Modur SP, Althoff KN, Buchacz K, Burchell AN, 

Cohen M, Gebo KA, Gill MJ, Justice A, Kirk G, Klein MB, Korthuis PT, Martin 

J, Napravnik S, Rourke SB, Sterling TR, Silverberg MJ, Deeks S, Jacobson LP, 

Bosch RJ, Kitahata MM, Goedert JJ, Moore R, Gange SJ, North American 

ACCoR, Design of Ie DEA. Closing the gap: increases in life expectancy among 

treated HIV-positive individuals in the United States and Canada. PLoS One 

2013; 8:e81355. 

 

9. Effros RB, Fletcher CV, Gebo K, Halter JB, Hazzard WR, Horne FM, Huebner 

RE, Janoff EN, Justice AC, Kuritzkes D, Nayfield SG, Plaeger SF, Schmader KE, 

Ashworth JR, Campanelli C, Clayton CP, Rada B, Woolard NF, High KP. Aging 

and infectious diseases: workshop on HIV infection and aging: what is known and 

future research directions. Clin Infect Dis 2008; 47:542-53. 

 

10. Deeks SG. HIV infection, inflammation, immunosenescence, and aging. Annu 

Rev Med 2011; 62:141-55. 

 

11. Iyer AS, Ohtola JA, Westerink MA. Age-related immune response to 

pneumococcal polysaccharide vaccination: lessons for the clinic. Expert Rev 

Vaccines 2015; 14:85-97. 

 

12. Panel on Opportunistic Infections in HIV-infected Adults and Adolescents. 

Guidelines for the prevention and treatment of opportunistic infections in HIV-

infected adults and adolescents:  recommendations from the Centers for Disease 

Control and Prevention, the National Institutes of Health, and the HIV Medicine 

Association of the Infectious Diseases Society of America. Available at: 

http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf. Accessed 24 

February 2015. 

 

13. Centers for Disease C, Prevention. Use of 13-valent pneumococcal conjugate 

vaccine and 23-valent pneumococcal polysaccharide vaccine for adults with 

immunocompromising conditions: recommendations of the Advisory Committee 

on Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep 2012; 

61:816-9. 

 

14. Pedersen RH, Lohse N, Ostergaard L, Sogaard OS. The effectiveness of 

pneumococcal polysaccharide vaccination in HIV-infected adults: a systematic 

review. HIV Med 2011; 12:323-33. 

 

15. Teshale EH, Hanson D, Flannery B, Phares C, Wolfe M, Schuchat A, Sullivan P. 

Effectiveness of 23-valent polysaccharide pneumococcal vaccine on pneumonia 



102 

 

in HIV-infected adults in the United States, 1998--2003. Vaccine 2008; 26:5830-

4. 

 

16. Crum-Cianflone NF, Huppler Hullsiek K, Roediger M, Ganesan A, Patel S, 

Landrum ML, Weintrob A, Agan BK, Medina S, Rahkola J, Hale BR, Janoff EN, 

Infectious Disease Clinical Research Program HIVWG. A randomized clinical 

trial comparing revaccination with pneumococcal conjugate vaccine to 

polysaccharide vaccine among HIV-infected adults. J Infect Dis 2010; 202:1114-

25. 

 

17. Feikin DR, Elie CM, Goetz MB, Lennox JL, Carlone GM, Romero-Steiner S, 

Holder PF, O'Brien WA, Whitney CG, Butler JC, Breiman RF. Randomized trial 

of the quantitative and functional antibody responses to a 7-valent pneumococcal 

conjugate vaccine and/or 23-valent polysaccharide vaccine among HIV-infected 

adults. Vaccine 2001; 20:545-53. 

 

18. Ho YL, Brandao AP, de Cunto Brandileone MC, Lopes MH. Immunogenicity and 

safety of pneumococcal conjugate polysaccharide and free polysaccharide 

vaccines alone or combined in HIV-infected adults in Brazil. Vaccine 2013; 

31:4047-53. 

 

19. Lesprit P, Pedrono G, Molina JM, Goujard C, Girard PM, Sarrazin N, Katlama C, 

Yeni P, Morineau P, Delfraissy JF, Chene G, Levy Y, Group APS. 

Immunological efficacy of a prime-boost pneumococcal vaccination in HIV-

infected adults. AIDS 2007; 21:2425-34. 

 

20. Lu CL, Chang SY, Chuang YC, Liu WC, Su CT, Su YC, Chang SF, Hung CC. 

Revaccination with 7-valent pneumococcal conjugate vaccine elicits better 

serologic response than 23-valent pneumococcal polysaccharide vaccine in HIV-

infected adult patients who have undergone primary vaccination with 23-valent 

pneumococcal polysaccharide vaccine in the era of combination antiretroviral 

therapy. Vaccine 2014; 32:1031-5. 

 

21. Penaranda M, Payeras A, Cambra A, Mila J, Riera M, Majorcan Pneumococcal 

Study G. Conjugate and polysaccharide pneumococcal vaccines do not improve 

initial response of the polysaccharide vaccine in HIV-infected adults. AIDS 2010; 

24:1226-8. 

 

22. Kroon FP, van Dissel JT, Ravensbergen E, Nibbering PH, van Furth R. Enhanced 

antibody response to pneumococcal polysaccharide vaccine after prior 

immunization with conjugate pneumococcal vaccine in HIV-infected adults. 

Vaccine 2000; 19:886-94. 

 



103 

 

23. Leggat DJ, Thompson RS, Khaskhely NM, Iyer AS, Westerink MA. The immune 

response to pneumococcal polysaccharides 14 and 23F among elderly individuals 

consists predominantly of switched memory B cells. J Infect Dis 2013; 208:101-8. 

 

24. Khaskhely N, Mosakowski J, Thompson RS, Khuder S, Smithson SL, Westerink 

MA. Phenotypic analysis of pneumococcal polysaccharide-specific B cells. J 

Immunol 2012; 188:2455-63. 

 

25. Iyer AS, Leggat DJ, Ohtola JA, Duggan JM, Georgescu CA, Rizaiza AAA, 

Khuder SA, Khaskhely NM, Westerink MAJ. Response to Pneumococcal 

Polysaccharide Vaccination in HIV-Positive Individuals on Long Term Highly 

Active Antiretroviral Therapy. J AIDS Clin Res 2015; 6. 

 

26. Leggat DJ, Iyer AS, Ohtola JA, Kommoori S, Duggan JM, Georgescu CA, 

Khuder SA, Khaskhely NM, Westerink MAJ. Response to Pneumococcal 

Polysaccharide Vaccination in Newly Diagnosed HIV-Positive Individuals. J 

AIDS Clin Res 2015; 6. 

 

27. Hart M, Steel A, Clark SA, Moyle G, Nelson M, Henderson DC, Wilson R, Gotch 

F, Gazzard B, Kelleher P. Loss of discrete memory B cell subsets is associated 

with impaired immunization responses in HIV-1 infection and may be a risk 

factor for invasive pneumococcal disease. J Immunol 2007; 178:8212-20. 

 

28. D'Orsogna LJ, Krueger RG, McKinnon EJ, French MA. Circulating memory B-

cell subpopulations are affected differently by HIV infection and antiretroviral 

therapy. AIDS 2007; 21:1747-52. 

 

29. Titanji K, De Milito A, Cagigi A, Thorstensson R, Grutzmeier S, Atlas A, 

Hejdeman B, Kroon FP, Lopalco L, Nilsson A, Chiodi F. Loss of memory B cells 

impairs maintenance of long-term serologic memory during HIV-1 infection. 

Blood 2006; 108:1580-7. 

 

30. Kelley CF, Kitchen CM, Hunt PW, Rodriguez B, Hecht FM, Kitahata M, Crane 

HM, Willig J, Mugavero M, Saag M, Martin JN, Deeks SG. Incomplete 

peripheral CD4+ cell count restoration in HIV-infected patients receiving long-

term antiretroviral treatment. Clin Infect Dis 2009; 48:787-94. 

 

31. Park S, Nahm MH. Older adults have a low capacity to opsonize pneumococci 

due to low IgM antibody response to pneumococcal vaccinations. Infect Immun 

2011; 79:314-20. 

 

32. Musher DM, Sampath R, Rodriguez-Barradas MC. The potential role for protein-

conjugate pneumococcal vaccine in adults: what is the supporting evidence? Clin 

Infect Dis 2011; 52:633-40. 

 



104 

 

33. Glesby MJ, Watson W, Brinson C, Greenberg RN, Lalezari JP, Skiest D, 

Sundaraiyer V, Natuk R, Gurtman A, Scott DA, Emini EA, Gruber WC, 

Schmoele-Thoma B. Immunogenicity and Safety of 13-Valent Pneumococcal 

Conjugate Vaccine in HIV-Infected Adults Previously Vaccinated With 

Pneumococcal Polysaccharide Vaccine. J Infect Dis 2014. 

 

34. Moore MR, Link-Gelles R, Schaffner W, Lynfield R, Lexau C, Bennett NM, Petit 

S, Zansky SM, Harrison LH, Reingold A, Miller L, Scherzinger K, Thomas A, 

Farley MM, Zell ER, Taylor TH, Jr., Pondo T, Rodgers L, McGee L, Beall B, 

Jorgensen JH, Whitney CG. Effect of use of 13-valent pneumococcal conjugate 

vaccine in children on invasive pneumococcal disease in children and adults in the 

USA: analysis of multisite, population-based surveillance. Lancet Infect Dis 

2015; 15:301-9. 

 

35. Song JY, Moseley MA, Burton RL, Nahm MH. Pneumococcal vaccine and 

opsonic pneumococcal antibody. J Infect Chemother 2013; 19:412-25. 

 

36. Westerink MA, Schroeder HW, Jr., Nahm MH. Immune Responses to 

pneumococcal vaccines in children and adults: Rationale for age-specific 

vaccination. Aging Dis 2012; 3:51-67. 

 

37. Kayhty H, Auranen K, Nohynek H, Dagan R, Makela H. Nasopharyngeal 

colonization: a target for pneumococcal vaccination. Expert Rev Vaccines 2006; 

5:651-67. 

 

38. Davis SM, Deloria-Knoll M, Kassa HT, O'Brien KL. Impact of pneumococcal 

conjugate vaccines on nasopharyngeal carriage and invasive disease among 

unvaccinated people: review of evidence on indirect effects. Vaccine 2013; 

32:133-45. 

 

39. Weil-Olivier C, Gaillat J. Can the success of pneumococcal conjugate vaccines 

for the prevention of pneumococcal diseases in children be extrapolated to adults? 

Vaccine 2014; 32:2022-6. 

 

40. Gordon SB, Kayhty H, Molyneux ME, Haikala R, Nurkka A, Musaya J, Zijlstra 

EE, Lindell D, French N. Pneumococcal conjugate vaccine is immunogenic in 

lung fluid of HIV-infected and immunocompetent adults. J Allergy Clin Immunol 

2007; 120:208-10. 

 

41. Nieminen T, Eskola J, Kayhty H. Pneumococcal conjugate vaccination in adults: 

circulating antibody secreting cell response and humoral antibody responses in 

saliva and in serum. Vaccine 1998; 16:630-6. 

 

42. Breiman RF, Keller DW, Phelan MA, Sniadack DH, Stephens DS, Rimland D, 

Farley MM, Schuchat A, Reingold AL. Evaluation of effectiveness of the 23-



105 

 

valent pneumococcal capsular polysaccharide vaccine for HIV-infected patients. 

Arch Intern Med 2000; 160:2633-8. 

 

43. French N, Nakiyingi J, Carpenter LM, Lugada E, Watera C, Moi K, Moore M, 

Antvelink D, Mulder D, Janoff EN, Whitworth J, Gilks CF. 23-valent 

pneumococcal polysaccharide vaccine in HIV-1-infected Ugandan adults: double-

blind, randomised and placebo controlled trial. Lancet 2000; 355:2106-11. 

 

44. French N, Gordon SB, Mwalukomo T, White SA, Mwafulirwa G, Longwe H, 

Mwaiponya M, Zijlstra EE, Molyneux ME, Gilks CF. A trial of a 7-valent 

pneumococcal conjugate vaccine in HIV-infected adults. N Engl J Med 2010; 

362:812-22. 

 

45. Klugman KP, Madhi SA, Huebner RE, Kohberger R, Mbelle N, Pierce N, 

Vaccine Trialists G. A trial of a 9-valent pneumococcal conjugate vaccine in 

children with and those without HIV infection. N Engl J Med 2003; 349:1341-8. 

 

46. Conaty S, Watson L, Dinnes J, Waugh N. The effectiveness of pneumococcal 

polysaccharide vaccines in adults: a systematic review of observational studies 

and comparison with results from randomised controlled trials. Vaccine 2004; 

22:3214-24. 

 

47. Vila-Corcoles A, Ochoa-Gondar O. Preventing pneumococcal disease in the 

elderly: recent advances in vaccines and implications for clinical practice. Drugs 

Aging 2013; 30:263-76. 

 

48. Bonten MJ, Huijts SM, Bolkenbaas M, Webber C, Patterson S, Gault S, van 

Werkhoven CH, van Deursen AM, Sanders EA, Verheij TJ, Patton M, 

McDonough A, Moradoghli-Haftvani A, Smith H, Mellelieu T, Pride MW, 

Crowther G, Schmoele-Thoma B, Scott DA, Jansen KU, Lobatto R, Oosterman B, 

Visser N, Caspers E, Smorenburg A, Emini EA, Gruber WC, Grobbee DE. 

Polysaccharide conjugate vaccine against pneumococcal pneumonia in adults. N 

Engl J Med 2015; 372:1114-25. 

 

 

Chapter 3 

1. Samji H, Cescon A, Hogg RS, Modur SP, Althoff KN, Buchacz K, Burchell AN, 

Cohen M, Gebo KA, Gill MJ, Justice A, Kirk G, Klein MB, Korthuis PT, Martin 

J, Napravnik S, Rourke SB, Sterling TR, Silverberg MJ, Deeks S, Jacobson LP, 

Bosch RJ, Kitahata MM, Goedert JJ, Moore R, Gange SJ, North American 

ACCoR, Design of Ie DEA. Closing the gap: increases in life expectancy among 



106 

 

treated HIV-positive individuals in the United States and Canada. PLoS One 

2013; 8:e81355. 

2. Effros RB, Fletcher CV, Gebo K, Halter JB, Hazzard WR, Horne FM, Huebner 

RE, Janoff EN, Justice AC, Kuritzkes D, Nayfield SG, Plaeger SF, Schmader KE, 

Ashworth JR, Campanelli C, Clayton CP, Rada B, Woolard NF, High KP. Aging 

and infectious diseases: workshop on HIV infection and aging: what is known and 

future research directions. Clin Infect Dis 2008; 47:542-53. 

 

3. High KP, Brennan-Ing M, Clifford DB, Cohen MH, Currier J, Deeks SG, Deren 

S, Effros RB, Gebo K, Goronzy JJ, Justice AC, Landay A, Levin J, Miotti PG, 

Munk RJ, Nass H, Rinaldo CR, Jr., Shlipak MG, Tracy R, Valcour V, Vance DE, 

Walston JD, Volberding P, HIV OARWGo, Aging. HIV and aging: state of 

knowledge and areas of critical need for research. A report to the NIH Office of 

AIDS Research by the HIV and Aging Working Group. J Acquir Immune Defic 

Syndr 2012; 60 Suppl 1:S1-18. 

 

4. De Biasi S, Pinti M, Nasi M, Gibellini L, Bertoncelli L, Manzini S, Mussini C, 

Cossarizza A. HIV-1 Infection and the Aging of the Immune System: Facts, 

Similarities and Perspectives. J Exp Clin Med 2011; 3:143-50. 

 

5. Deeks SG. HIV infection, inflammation, immunosenescence, and aging. Annu 

Rev Med 2011; 62:141-55. 

 

6. Pedersen RH, Lohse N, Ostergaard L, Sogaard OS. The effectiveness of 

pneumococcal polysaccharide vaccination in HIV-infected adults: a systematic 

review. HIV Med 2011; 12:323-33. 

 

7. Dworkin MS, Ward JW, Hanson DL, Jones JL, Kaplan JE, Adult, Adolescent 

Spectrum of HIVDP. Pneumococcal disease among human immunodeficiency 

virus-infected persons: incidence, risk factors, and impact of vaccination. Clin 

Infect Dis 2001; 32:794-800. 

 

8. Moberley S, Holden J, Tatham DP, Andrews RM. Vaccines for preventing 

pneumococcal infection in adults. Cochrane Database Syst Rev 2013; 

1:CD000422. 

 

9. Huss A, Scott P, Stuck AE, Trotter C, Egger M. Efficacy of pneumococcal 

vaccination in adults: a meta-analysis. CMAJ 2009; 180:48-58. 

 

10. Centers for Disease C, Prevention. Use of 13-valent pneumococcal conjugate 

vaccine and 23-valent pneumococcal polysaccharide vaccine for adults with 

immunocompromising conditions: recommendations of the Advisory Committee 

on Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep 2012; 

61:816-9. 



107 

 

 

11. Feikin DR, Elie CM, Goetz MB, Lennox JL, Carlone GM, Romero-Steiner S, 

Holder PF, O'Brien WA, Whitney CG, Butler JC, Breiman RF. Randomized trial 

of the quantitative and functional antibody responses to a 7-valent pneumococcal 

conjugate vaccine and/or 23-valent polysaccharide vaccine among HIV-infected 

adults. Vaccine 2001; 20:545-53. 

 

12. Crum-Cianflone NF, Huppler Hullsiek K, Roediger M, Ganesan A, Patel S, 

Landrum ML, Weintrob A, Agan BK, Medina S, Rahkola J, Hale BR, Janoff EN, 

Infectious Disease Clinical Research Program HIVWG. A randomized clinical 

trial comparing revaccination with pneumococcal conjugate vaccine to 

polysaccharide vaccine among HIV-infected adults. J Infect Dis 2010; 202:1114-

25. 

 

13. Ho YL, Brandao AP, de Cunto Brandileone MC, Lopes MH. Immunogenicity and 

safety of pneumococcal conjugate polysaccharide and free polysaccharide 

vaccines alone or combined in HIV-infected adults in Brazil. Vaccine 2013; 

31:4047-53. 

 

14. Lesprit P, Pedrono G, Molina JM, Goujard C, Girard PM, Sarrazin N, Katlama C, 

Yeni P, Morineau P, Delfraissy JF, Chene G, Levy Y, Group APS. 

Immunological efficacy of a prime-boost pneumococcal vaccination in HIV-

infected adults. AIDS 2007; 21:2425-34. 

 

15. Lu CL, Chang SY, Chuang YC, Liu WC, Su CT, Su YC, Chang SF, Hung CC. 

Revaccination with 7-valent pneumococcal conjugate vaccine elicits better 

serologic response than 23-valent pneumococcal polysaccharide vaccine in HIV-

infected adult patients who have undergone primary vaccination with 23-valent 

pneumococcal polysaccharide vaccine in the era of combination antiretroviral 

therapy. Vaccine 2014; 32:1031-5. 

 

16. Penaranda M, Payeras A, Cambra A, Mila J, Riera M, Majorcan Pneumococcal 

Study G. Conjugate and polysaccharide pneumococcal vaccines do not improve 

initial response of the polysaccharide vaccine in HIV-infected adults. AIDS 2010; 

24:1226-8. 

 

17. Moens L, Wuyts M, Meyts I, De Boeck K, Bossuyt X. Human memory B 

lymphocyte subsets fulfill distinct roles in the anti-polysaccharide and anti-protein 

immune response. J Immunol 2008; 181:5306-12. 

 

18. Titanji K, De Milito A, Cagigi A, Thorstensson R, Grutzmeier S, Atlas A, 

Hejdeman B, Kroon FP, Lopalco L, Nilsson A, Chiodi F. Loss of memory B cells 

impairs maintenance of long-term serologic memory during HIV-1 infection. 

Blood 2006; 108:1580-7. 

 



108 

 

19. Hart M, Steel A, Clark SA, Moyle G, Nelson M, Henderson DC, Wilson R, Gotch 

F, Gazzard B, Kelleher P. Loss of discrete memory B cell subsets is associated 

with impaired immunization responses in HIV-1 infection and may be a risk 

factor for invasive pneumococcal disease. J Immunol 2007; 178:8212-20. 

 

20. D'Orsogna LJ, Krueger RG, McKinnon EJ, French MA. Circulating memory B-

cell subpopulations are affected differently by HIV infection and antiretroviral 

therapy. AIDS 2007; 21:1747-52. 

 

21. Shi Y, Yamazaki T, Okubo Y, Uehara Y, Sugane K, Agematsu K. Regulation of 

aged humoral immune defense against pneumococcal bacteria by IgM memory B 

cell. J Immunol 2005; 175:3262-7. 

 

22. Khaskhely N, Mosakowski J, Thompson RS, Khuder S, Smithson SL, Westerink 

MA. Phenotypic analysis of pneumococcal polysaccharide-specific B cells. J 

Immunol 2012; 188:2455-63. 

 

23. Leggat DJ, Thompson RS, Khaskhely NM, Iyer AS, Westerink MA. The immune 

response to pneumococcal polysaccharides 14 and 23F among elderly individuals 

consists predominantly of switched memory B cells. J Infect Dis 2013; 208:101-8. 

 

24. Iyer AS, Leggat DJ, Ohtola JA, Duggan JM, Georgescu CA, Rizaiza AAA, 

Khuder SA, Khaskhely NM, Westerink MAJ. Response to Pneumococcal 

Polysaccharide Vaccination in HIV-Positive Individuals on Long Term Highly 

Active Antiretroviral Therapy. J AIDS Clin Res 2015; 6. 

 

25. Leggat DJ, Iyer AS, Ohtola JA, Kommoori S, Duggan JM, Georgescu CA, 

Khuder SA, Khaskhely NM, Westerink MAJ. Response to Pneumococcal 

Polysaccharide Vaccination in Newly Diagnosed HIV-Positive Individuals. J 

AIDS Clin Res 2015; 6. 

 

26. Odendahl M, Mei H, Hoyer BF, Jacobi AM, Hansen A, Muehlinghaus G, Berek 

C, Hiepe F, Manz R, Radbruch A, Dorner T. Generation of migratory antigen-

specific plasma blasts and mobilization of resident plasma cells in a secondary 

immune response. Blood 2005; 105:1614-21. 

 

27. Paus D, Phan TG, Chan TD, Gardam S, Basten A, Brink R. Antigen recognition 

strength regulates the choice between extrafollicular plasma cell and germinal 

center B cell differentiation. J Exp Med 2006; 203:1081-91. 

 

28. Iwajomo OH, Finn A, Moons P, Nkhata R, Sepako E, Ogunniyi AD, Williams 

NA, Heyderman RS. Deteriorating pneumococcal-specific B-cell memory in 

minimally symptomatic African children with HIV infection. J Infect Dis 2011; 

204:534-43. 

 



109 

 

29. Kamboj KK, Kirchner HL, Kimmel R, Greenspan NS, Schreiber JR. Significant 

variation in serotype-specific immunogenicity of the seven-valent Streptococcus 

pneumoniae capsular polysaccharide-CRM197 conjugate vaccine occurs despite 

vigorous T cell help induced by the carrier protein. J Infect Dis 2003; 187:1629-

38. 

 

30. Rabian C, Tschope I, Lesprit P, Katlama C, Molina JM, Meynard JL, Delfraissy 

JF, Chene G, Levy Y, Group APS. Cellular CD4 T cell responses to the 

diphtheria-derived carrier protein of conjugated pneumococcal vaccine and 

antibody response to pneumococcal vaccination in HIV-infected adults. Clin 

Infect Dis 2010; 50:1174-83. 

 

31. Johannesson TG, Sogaard OS, Tolstrup M, Petersen MS, Bernth-Jensen JM, 

Ostergaard L, Erikstrup C. The impact of B-cell perturbations on pneumococcal 

conjugate vaccine response in HIV-infected adults. PLoS One 2012; 7:e42307. 

 

32. Baxendale HE, Keating SM, Johnson M, Southern J, Miller E, Goldblatt D. The 

early kinetics of circulating pneumococcal-specific memory B cells following 

pneumococcal conjugate and plain polysaccharide vaccines in the elderly. 

Vaccine 2010; 28:4763-70. 

 

33. Clutterbuck EA, Lazarus R, Yu LM, Bowman J, Bateman EA, Diggle L, Angus 

B, Peto TE, Beverley PC, Mant D, Pollard AJ. Pneumococcal conjugate and plain 

polysaccharide vaccines have divergent effects on antigen-specific B cells. J 

Infect Dis 2012; 205:1408-16. 

 

34. Kruetzmann S, Rosado MM, Weber H, Germing U, Tournilhac O, Peter HH, 

Berner R, Peters A, Boehm T, Plebani A, Quinti I, Carsetti R. Human 

immunoglobulin M memory B cells controlling Streptococcus pneumoniae 

infections are generated in the spleen. J Exp Med 2003; 197:939-45. 

 

35. Cerutti A, Puga I, Cols M. Innate control of B cell responses. Trends Immunol 

2011; 32:202-11. 

 

36. Schreiber JR. Role of Toll like receptors in the antibody response to encapsulated 

bacteria. Front Biosci (Elite Ed) 2012; 4:2638-46. 

 

37. von Bulow GU, van Deursen JM, Bram RJ. Regulation of the T-independent 

humoral response by TACI. Immunity 2001; 14:573-82. 

 

38. Kaur K, Chowdhury S, Greenspan NS, Schreiber JR. Decreased expression of 

tumor necrosis factor family receptors involved in humoral immune responses in 

preterm neonates. Blood 2007; 110:2948-54. 

 



110 

 

39. Castigli E, Wilson SA, Garibyan L, Rachid R, Bonilla F, Schneider L, Geha RS. 

TACI is mutant in common variable immunodeficiency and IgA deficiency. Nat 

Genet 2005; 37:829-34. 

 

40. Sakurai D, Kanno Y, Hase H, Kojima H, Okumura K, Kobata T. TACI attenuates 

antibody production costimulated by BAFF-R and CD40. Eur J Immunol 2007; 

37:110-8. 

 

41. Vos Q, Lees A, Wu ZQ, Snapper CM, Mond JJ. B-cell activation by T-cell-

independent type 2 antigens as an integral part of the humoral immune response 

to pathogenic microorganisms. Immunol Rev 2000; 176:154-70. 

 

42. Jeurissen A, Ceuppens JL, Bossuyt X. T lymphocyte dependence of the antibody 

response to 'T lymphocyte independent type 2' antigens. Immunology 2004; 

111:1-7. 

 

43. Moir S, Fauci AS. B cells in HIV infection and disease. Nat Rev Immunol 2009; 

9:235-45. 

 

44. Moir S, Malaspina A, Ho J, Wang W, Dipoto AC, O'Shea MA, Roby G, Mican 

JM, Kottilil S, Chun TW, Proschan MA, Fauci AS. Normalization of B cell 

counts and subpopulations after antiretroviral therapy in chronic HIV disease. J 

Infect Dis 2008; 197:572-9. 

 

45. Moir S, Buckner CM, Ho J, Wang W, Chen J, Waldner AJ, Posada JG, Kardava 

L, O'Shea MA, Kottilil S, Chun TW, Proschan MA, Fauci AS. B cells in early and 

chronic HIV infection: evidence for preservation of immune function associated 

with early initiation of antiretroviral therapy. Blood 2010; 116:5571-9. 

46. Sogaard OS, Lohse N, Harboe ZB, Offersen R, Bukh AR, Davis HL, 

Schonheyder HC, Ostergaard L. Improving the immunogenicity of pneumococcal 

conjugate vaccine in HIV-infected adults with a toll-like receptor 9 agonist 

adjuvant: a randomized, controlled trial. Clin Infect Dis 2010; 51:42-50. 

 

 

Chapter 4 

1.  Pedersen RH, Lohse N, Ostergaard L, Sogaard OS. The effectiveness of 

pneumococcal polysaccharide vaccination in HIV-infected adults: a systematic 

review. HIV medicine 2011; 12:323-33. 



111 

 

2.  Teshale EH, Hanson D, Flannery B, et al. Effectiveness of 23-valent 

polysaccharide pneumococcal vaccine on pneumonia in HIV-infected adults in 

the United States, 1998--2003. Vaccine 2008; 26:5830-4. 

 

3.  Dworkin MS, Ward JW, Hanson DL, et al. Pneumococcal disease among human 

immunodeficiency virus-infected persons: incidence, risk factors, and impact of 

vaccination. Clinical infectious diseases : an official publication of the Infectious 

Diseases Society of America 2001; 32:794-800. 

 

4.  Rodriguez-Barradas MC, Alexandraki I, Nazir T, et al. Response of human 

immunodeficiency virus-infected patients receiving highly active antiretroviral 

therapy to vaccination with 23-valent pneumococcal polysaccharide vaccine. 

Clinical infectious diseases : an official publication of the Infectious Diseases 

Society of America 2003; 37:438-47. 

 

5.  Iyer AS, Leggat DJ, Ohtola JA, et al. Response to Pneumococcal Polysaccharide 

Vaccination in HIV-Positive Individuals on Long Term Highly Active 

Antiretroviral Therapy. Journal of AIDS & clinical research 2015; 6. 

 

6.  Leggat DJ, Iyer AS, Ohtola JA, et al. Response to Pneumococcal Polysaccharide 

Vaccination in Newly Diagnosed HIV-Positive Individuals. Journal of AIDS & 

clinical research 2015; 6. 

 

7.  Centers for Disease C, Prevention. Use of 13-valent pneumococcal conjugate 

vaccine and 23-valent pneumococcal polysaccharide vaccine for adults with 

immunocompromising conditions: recommendations of the Advisory Committee 

on Immunization Practices (ACIP). MMWR Morbidity and mortality weekly 

report 2012; 61:816-9. 

 

8.  Crum-Cianflone NF, Huppler Hullsiek K, Roediger M, et al. A randomized 

clinical trial comparing revaccination with pneumococcal conjugate vaccine to 

polysaccharide vaccine among HIV-infected adults. The Journal of infectious 

diseases 2010; 202:1114-25. 

 

9.  Feikin DR, Elie CM, Goetz MB, et al. Randomized trial of the quantitative and 

functional antibody responses to a 7-valent pneumococcal conjugate vaccine 

and/or 23-valent polysaccharide vaccine among HIV-infected adults. Vaccine 

2001; 20:545-53. 

 

10.  Ho YL, Brandao AP, de Cunto Brandileone MC, Lopes MH. Immunogenicity and 

safety of pneumococcal conjugate polysaccharide and free polysaccharide 

vaccines alone or combined in HIV-infected adults in Brazil. Vaccine 2013; 

31:4047-53. 

 



112 

 

11.  Lesprit P, Pedrono G, Molina JM, et al. Immunological efficacy of a prime-boost 

pneumococcal vaccination in HIV-infected adults. Aids 2007; 21:2425-34. 

 

12.  Lu CL, Chang SY, Chuang YC, et al. Revaccination with 7-valent pneumococcal 

conjugate vaccine elicits better serologic response than 23-valent pneumococcal 

polysaccharide vaccine in HIV-infected adult patients who have undergone 

primary vaccination with 23-valent pneumococcal polysaccharide vaccine in the 

era of combination antiretroviral therapy. Vaccine 2014; 32:1031-5. 

 

13.  Penaranda M, Payeras A, Cambra A, Mila J, Riera M, Majorcan Pneumococcal 

Study G. Conjugate and polysaccharide pneumococcal vaccines do not improve 

initial response of the polysaccharide vaccine in HIV-infected adults. Aids 2010; 

24:1226-8. 

 

14.  Kroon FP, van Dissel JT, Ravensbergen E, Nibbering PH, van Furth R. Enhanced 

antibody response to pneumococcal polysaccharide vaccine after prior 

immunization with conjugate pneumococcal vaccine in HIV-infected adults. 

Vaccine 2000; 19:886-94. 

 

15.  Yin Z, Rice BD, Waight P, et al. Invasive pneumococcal disease among HIV-

positive individuals, 2000-2009. Aids 2012; 26:87-94. 

 

16.  Hart M, Steel A, Clark SA, et al. Loss of discrete memory B cell subsets is 

associated with impaired immunization responses in HIV-1 infection and may be 

a risk factor for invasive pneumococcal disease. Journal of immunology 2007; 

178:8212-20. 

 

17.  D'Orsogna LJ, Krueger RG, McKinnon EJ, French MA. Circulating memory B-

cell subpopulations are affected differently by HIV infection and antiretroviral 

therapy. Aids 2007; 21:1747-52. 

 

18.  Titanji K, De Milito A, Cagigi A, et al. Loss of memory B cells impairs 

maintenance of long-term serologic memory during HIV-1 infection. Blood 2006; 

108:1580-7. 

 

19.  Moir S, Buckner CM, Ho J, et al. B cells in early and chronic HIV infection: 

evidence for preservation of immune function associated with early initiation of 

antiretroviral therapy. Blood 2010; 116:5571-9. 

 

20.  Moir S, Malaspina A, Ho J, et al. Normalization of B cell counts and 

subpopulations after antiretroviral therapy in chronic HIV disease. The Journal of 

infectious diseases 2008; 197:572-9. 

 



113 

 

21.  Pollard AJ, Perrett KP, Beverley PC. Maintaining protection against invasive 

bacteria with protein-polysaccharide conjugate vaccines. Nature reviews 

Immunology 2009; 9:213-20. 

 

22.  Paus D, Phan TG, Chan TD, Gardam S, Basten A, Brink R. Antigen recognition 

strength regulates the choice between extrafollicular plasma cell and germinal 

center B cell differentiation. The Journal of experimental medicine 2006; 

203:1081-91. 

 

23.  Leggat DJ, Thompson RS, Khaskhely NM, Iyer AS, Westerink MA. The immune 

response to pneumococcal polysaccharides 14 and 23F among elderly individuals 

consists predominantly of switched memory B cells. The Journal of infectious 

diseases 2013; 208:101-8. 

 

24.  Schreiber JR. Role of Toll like receptors in the antibody response to encapsulated 

bacteria. Frontiers in bioscience 2012; 4:2638-46. 

 

25.  Cerutti A, Puga I, Cols M. Innate control of B cell responses. Trends in 

immunology 2011; 32:202-11. 

 

26.  Darce JR, Arendt BK, Wu X, Jelinek DF. Regulated expression of BAFF-binding 

receptors during human B cell differentiation. Journal of immunology 2007; 

179:7276-86. 

 

27.  Pallikkuth S, Kanthikeel SP, Silva SY, Fischl M, Pahwa R, Pahwa S. Innate 

immune defects correlate with failure of antibody responses to H1N1/09 vaccine 

in HIV-infected patients. The Journal of allergy and clinical immunology 2011; 

128:1279-85. 

 

28.  Vos Q, Lees A, Wu ZQ, Snapper CM, Mond JJ. B-cell activation by T-cell-

independent type 2 antigens as an integral part of the humoral immune response 

to pathogenic microorganisms. Immunological reviews 2000; 176:154-70. 

 

29.  Jeurissen A, Ceuppens JL, Bossuyt X. T lymphocyte dependence of the antibody 

response to 'T lymphocyte independent type 2' antigens. Immunology 2004; 

111:1-7. 

 

 

 


