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Abstract 43 

Background: Broadly protective pneumococcal vaccines that are affordable for low-resource 44 

countries are needed. Streptococcus pneumoniae whole cell vaccine (PATH-wSP) is an 45 

investigational vaccine that contains killed cells from a non-encapsulated strain of S. pneumoniae 46 

(SPn) formulated with aluminum hydroxide adjuvant. Preclinical studies demonstrated protection 47 

against both nasopharyngeal carriage (T-cell mediated) and invasive pneumococcal disease 48 

(antibody-mediated). The aim of this randomized, double-blind, placebo-controlled Phase 1 49 

study was to assess the safety, tolerability, and immunogenicity of PATH-wSP in healthy adults 50 

and to determine whether this vaccine candidate should progress into a Phase 2 trial.  51 

Methods: Forty-two (42) participants were randomized into three dose cohorts to receive 0.1, 52 

0.3, or 0.6 mg of PATH-wSP or placebo (saline). Participants received a three-dose vaccination 53 

schedule spaced by four-week intervals. Post-vaccination assessments included solicited 54 

reactogenicity events through day 7, blood chemistry and hematology assessments at day 7, and 55 

all adverse events (AEs) through day 84. Participants were monitored for serum antibody and 56 

peripheral blood mononuclear cell cytokine responses to pneumococcal antigens. A six-month 57 

telephone follow-up was completed to assess for any additional AEs related to vaccination.  58 

Results: PATH-wSP was safe and well tolerated. Reactogenicity was acceptable and no 59 

untoward safety signals were observed. PATH-wSP elicited significant immunoglobulin G 60 

responses to multiple pneumococcal antigens, including pneumococcal surface protein A and 61 

pneumolysin, as measured by enzyme-linked immunosorbent assay. Functional antibody 62 

responses were observed with the highest dose of PATH-wSP (0.6 mg) using passive antibody 63 

transfer followed by SPn challenge in mice and with a pneumolysin toxin-neutralizing antibody 64 
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assay. Increases in T-cell cytokine responses, including interleukin 17A, were also seen among 65 

PATH-wSP vaccinees.  66 

Conclusions: PATH-wSP was safe and well tolerated in healthy US adults, eliciting 67 

pneumococcal antigen-specific antibody and T-cell cytokine responses.  68 

Key words: vaccine, pneumococcal, Phase 1, immunogenicity, whole-cell, dosing 69 

Clinical Trial Registry: NCT01537185 70 

  71 
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Introduction 72 

Currently licensed pneumococcal conjugate vaccines (PCVs) were designed to target the 10 to 73 

13 serotypes that are the most prevalent cause of invasive pneumococcal disease (IPD), but no 74 

licensed vaccine exists that protects against all pneumococcal serotypes. Following the 75 

introduction of PCVs, pneumococcal associated disease in young children has been significantly 76 

reduced [1]. A number of studies, however, have documented replacement carriage in the 77 

nasopharynx with serotypes not included in the vaccines [2]. Recently, an increase in 78 

pneumococcal disease caused by these non-vaccine serotypes has been recorded [3, 4]. 79 

Furthermore, currently licensed PCVs are relatively expensive to produce and require substantial 80 

donor assistance for low-resource countries to be able to afford them. Additional pneumococcal 81 

vaccines are needed that are more affordable to manufacture, provide sufficient global supply, 82 

and can offer the broadest protection possible to prevent pneumococcal pneumonia and IPD, 83 

including reducing the chance for non-PCV serotype disease emergence. 84 

Vaccines that contain proteins common to essentially all pneumococcal serotypes could 85 

potentially offer broad protection to children worldwide. A number of Phase 1 and 2 studies have 86 

been conducted or are underway to assess specific Streptococcus pneumoniae (SPn) proteins that 87 

might be included in a vaccine in the future [5-9]. An alternative strategy is to use whole 88 

pneumococcal cells that contain numerous proteins and also have inherent adjuvant properties. 89 

Given the manufacturing process for a whole cell vaccine (e.g., high yields and low costs), if 90 

such a vaccine induced a strong immune response it would have the potential to provide broad 91 

protection at an affordable price. Here we describe a first-in-human Phase 1 clinical study to 92 

evaluate the safety, tolerability, and immunogenicity of an experimental SPn whole cell vaccine 93 

candidate adsorbed to aluminum hydroxide (Alum) adjuvant (PATH-wSP) in healthy US adults.  94 
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Materials and Methods 95 

Study design and participants: This was a Phase 1 study conducted between February 13, 2012 96 

and May 22, 2013 [10]. The study was reviewed and approved by the Western Institutional 97 

Review Board and conducted in compliance with the study protocol, international standards of 98 

Good Clinical Practice and the Declaration of Helsinki. The study was conducted at a single 99 

center, Comprehensive Clinical Development Northwest, in Tacoma, Washington, United States.  100 

Participants considered for eligibility were healthy adults aged 18 to 40 years at the time of 101 

consent, without evidence of the following: chronic health issues; abnormal screening clinical 102 

labs; history of invasive pneumococcal disease or pneumococcal vaccination; contraindications 103 

to vaccination; recent vaccination; or receipt of blood products. Forty-two participants were 104 

enrolled into one of three dose cohorts to receive 0.1, 0.3, or 0.6 mg (protein content) of PATH-105 

wSP, or placebo (saline) using an electronic randomization block design with sequential subject 106 

assignment by data management. Pharmacy staff were unblinded and responsible for preparing 107 

and administering vaccinations. Study participants and all others involved in conducting the trial, 108 

including laboratories, remained blinded to treatment assignment.  109 

Each dosing cohort received a series of three vaccinations at 28-day intervals with a dose 110 

escalation design. In each cohort, participants were randomized to either PATH-wSP (n=10) or 111 

placebo (n=4). Participants were monitored for one hour post-vaccination before release from the 112 

clinic and then self-reported local and systemic reactogenicity events (REs) for seven days post-113 

vaccination using a standard diary scoring card. Local REs included injection site pain, 114 

tenderness, erythema, induration, and itching. Systemic REs included headache, muscle pain, 115 

temperature (oral), nausea, vomiting, fatigue, diarrhea, joint aches, and chills. Safety laboratory 116 

testing occurred at seven days following each vaccination. Adverse events (AEs) were assessed 117 
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at each visit and categorized by Medical Laboratory for Regulatory Activities System Organ 118 

Class (MedDRA SOC) and MedDRA Preferred Term (PT) and analyzed by study cohort, 119 

severity, duration, and relationship to vaccine. An internal safety team reviewed blinded 120 

reactogenicity and laboratory results weekly. An unblinded independent data safety monitoring 121 

committee gave authority to allow dose escalation or to alter the study should a safety signal 122 

emerge. Pre-specified pause rules included any serious AE (SAE), a grade 3 clinical or 123 

laboratory abnormality or >2 subjects having the same grade 3 injection site reaction or grade 2 124 

laboratory abnormality.  125 

Vaccines. S. pneumoniae whole-cell antigen bulk, Lot No. 1676, was manufactured by Walter 126 

Reed Army Institute of Research from strain RM200 RX1E PdT ΔlytA (genetically modified to 127 

remove the lytA gene). The virulence factor pneumolysin gene was replaced with a gene 128 

encoding for a pneumolysoid containing three point mutations that abolish cytolytic activity and 129 

complement activation [11]. Beta-propriolactone was utilized to inactivate cells during 130 

processing, and the final drug product (S. pneumoniae whole cell antigen [SPWCA]) was stored 131 

at -80°C until the day of use. Dosage was specified by protein content as determined by the 132 

Kjeldahl assay, which represents approximately half the dry weight. Alum, Lot No. 1008198, 133 

was formulated at Instituto Butantan by diluting commercial Alhydrogel® with normal saline and 134 

stored at 2 to 8°C. PATH-wSP doses were formulated on the day of vaccination by adsorbing 135 

SPWCA to Alum at room temperature for one hour prior to vaccination. The final formulation 136 

contained 0.6 mg of elemental aluminum per dose. Normal saline was used as the placebo. All 137 

vaccinations were given intramuscularly in the lateral deltoid muscle.  138 

Study hypothesis and objectives. The primary hypothesis was that PATH-wSP would be safe 139 

and well tolerated. This objective was evaluated by solicited reactogenicity through 7 days and 140 
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by unsolicited AEs through 84 days post-vaccination. A secondary hypothesis was that an 141 

increase in antibody responses over baseline to PATH-wSP vaccination would be measurable. 142 

An extensive number of assays were included in this early stage of vaccine development and, 143 

therefore, a staggered approach to sample analysis was performed. 144 

Assays were either developed specifically or adapted for use in this vaccine development 145 

program. Briefly, the SPWCA, Pneumolysoid (L460D), and pneumococcal surface protein A 146 

(PspA) enzyme-linked immunosorbent assays (ELISAs) were developed and validated by 147 

Charles River Laboratories, Montreal, and specific antibody responses were measured following 148 

PATH-wSP vaccination. The Antibodies in Lymphocyte Supernatant (ALS) assay measured the 149 

acute response of B-cells recently stimulated by PATH-wSP vaccination by culturing peripheral 150 

blood mononuclear cells (PBMCs) and measuring antibody responses in culture supernatants by 151 

ELISA [12]. The Boston Children’s Hospital (BCH) ELISA measured antibodies to SPWCA, 152 

eight SPn specific proteins, and pneumococcal cell wall polysaccharide. Three assays were 153 

utilized for assessing cytokine responses. An Intracellular Cytokine Staining (ICS) assay 154 

identified the T-cell phenotype (CD4+ or CD8+) and the cytokines/cell surface markers produced 155 

following in vitro stimulation of PBMCs with SPWCA [13]; the Multiplex Bead Array (MBA) 156 

used a Luminex® platform to measure multiple cytokines after in vitro stimulation of PBMCs 157 

with SPWCA; and interleukin 22 (IL-22) was measured by standard ELISA. 158 

In addition, four functional assays were assessed for future utility in the PATH-wSP vaccine 159 

development program. Serum antibodies were assessed for their ability to neutralize wildtype 160 

pneumolysin-induced lysis of rabbit red blood cells (Ply-nAb). The validated multiplex 161 

opsonophagocytic assay (MOPA) was performed according to the methods of Romero-Steiner 162 

and assessed the ability of antibodies to facilitate the killing of 14 S. pneumoniae serotypes (6C 163 
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and those contained in Prevnar13® ) by phagocytes [14]. The Surface Killing Assay (SKA) 164 

measured opsonized pneumococci after overnight growth on blood agar plates overlaid with 165 

polymorphonuclear cells [15]. An intravenous challenge model for pneumococcal sepsis, which 166 

has been described previously, was utilized as the Passive Protection Assay (PPA) [5]. Briefly, 167 

mice were injected intraperitoneally with 100 L of various dilutions of pre- and 168 

post-immunization serum. After four hours, mice were challenged intravenously with a lethal 169 

dose of virulent serotype 3 SPn (A66.1). Mice were monitored for 14 days at 4-hour intervals 170 

and scored for moribund status.  171 

Statistical Methods: Safety data were descriptive in nature and summarized by treatment group, 172 

vaccination period, and, in the case of AEs, by MedDRA SOC and PT. The intention-to-treat 173 

population was analyzed for all safety evaluations. Immunogenicity testing was by treatment 174 

group (pre- and post-baseline or change from baseline) and tested using the t test and Fisher’s 175 

exact test or other test as indicated in the results section. Analyses did not include any unmatched 176 

(pre/post vaccination) sample pairs. The study was designed to provide preliminary safety and 177 

immunogenicity data to support testing the study product in additional larger cohorts of adults 178 

and in age-descending studies, and was not statistically powered for pre-specified endpoints.  179 

Results 180 

One hundred forty-seven (147) participants gave informed consent and were evaluated.  Eighty-181 

eight (88) failed to meet eligibility requirements, 17 withdrew consent, and 42 were randomized 182 

into the trial. The demographics of trial participants can be found in Table 1. Compliance with 183 

the vaccination schedule was high, with only three participants having a delay in vaccination (all 184 

at the final vaccination). 185 
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 186 

Safety 187 

Local REs were reported among 60 to 100% of participants given varying doses of PATH-wSP 188 

and 16.7 to 25% of those given the placebo. The higher rate of local REs is a common 189 

occurrence among participants receiving Alum-adjuvanted vaccines when compared to injection 190 

with saline. Maximum local reactogenicity tended to occur with the first dose of PATH-wSP, 191 

and was typically reduced with subsequent vaccinations. Nearly all the local REs were graded as 192 

mild or moderate, with duration ranging from one to four days. The most common solicited REs 193 

were pain and/or tenderness at the site of injection. Two participants who received 0.3 mg of 194 

PATH-wSP reported severe pain with the first vaccination but did not seek medical attention, 195 

and on repeat vaccinations pain was classified as mild. No events of local necrosis or abscess 196 

formation were observed. No volunteer refused further vaccination due to REs. 197 

Solicited systemic REs were mild in nature and did not increase with repeated injections of the 198 

vaccine. No participant reported a severe systemic RE. Overall, systemic REs were less frequent 199 

than local REs—ranging from 10 to 60% among participants given varying doses of PATH-wSP 200 

and 8 to 25% among those given the placebo. No obvious trends were observed across 201 

successive injections or reactogenicity type, and no one event appeared dominant when 202 

considering dosage or vaccination sequence. There were no safety laboratory changes of clinical 203 

significance observed, and fluctuations were consistent with normal day-to-day variations. Forty-204 

five (45) unsolicited AEs were reported by 24 participants in the study (18 of 30 participants 205 

receiving PATH-wSP and 6 of 12 participant receiving placebo, respectively). Of these, five 206 

participants had mild AEs rated as possibly related to receipt of clinical trial material. These 207 

cases included three cases of injection pain, one headache that extended beyond the seven-day 208 
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post-vaccination period (all resolved by day 10), and one episode of dysfunctional uterine 209 

bleeding three days post vaccination (n=2, n=3 for PATH-wSP 0.3 mg and 0.6 mg, respectively). 210 

The other 40 AEs were distributed relatively equally between all four treatment groups, and all 211 

resolved by day 84 of the study. A single SAE (ruptured ectopic pregnancy with inadequate 212 

contraceptive method) occurred during the trial, resolved without sequelae, and was deemed not 213 

related to vaccination. At the six-month follow-up phone call there were no AEs reported related 214 

to vaccination and no new SAEs.  215 

Immunogenicity 216 

SPWCA ELISA and ALS assays. The anti-SPWCA serum immunoglobulin G (IgG) response, 217 

as measured by ELISA, was chosen as the secondary endpoint since it measured responses to a 218 

broad array of antigens present in the vaccine. Anti-SPWCA IgG was assessed for each subject 219 

comparing day 0 baseline to day 28 post each vaccination (days 28, 56, and 84). No significant 220 

change from baseline was detected at any PATH-wSP dose, nor at any post vaccination time 221 

point using the SPWCA ELISA (Figure 1A). Recognizing the potential limitations of the 222 

SPWCA ELISA with respect to pre-existing antibody responses in adult subjects, the ALS assay 223 

was selected as a potential way to reduce background responses and, therefore, increase 224 

sensitivity. The ALS assay is designed to “capture” B-cells recently stimulated (e.g., by 225 

vaccination) and to, therefore, measure PATH-wSP-specific stimulated antibody responses 226 

without being confounded by high pre-existing pneumococcal antibody titers [12]. The ALS 227 

assay demonstrated that PBMCs from individuals [previously?] vaccinated with PATH-wSP 228 

secreted significantly greater concentrations of pneumococcal antibodies compared to baseline, 229 

whereas the placebo subjects showed no response (Figure 1B).  230 

 231 
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Antibody responses to specific SPn antigens following PATH-wSP vaccination. A variety of 232 

individual SPn antigens contained within the whole-cell vaccine may be immunogenic. We 233 

selected cohort 3 subset samples (days 0 and 84) to test prospectively using the BCH ELISAs. 234 

Median fold-rises in antibody levels were statistically significant (P<0.05) in vaccinated 235 

participants for antibodies against eight of the ten antigens tested using the two-fold cut off 236 

criteria (data not shown). Collectively, all eight of the 0.6-mg-vaccinated subjects made a 237 

response to at least one of the pneumococcal-specific proteins (Table 3).  238 

After analysis of the BCH ELISA results, PspA and Pneumolysoid (L460D) ELISAs were 239 

developed and validated after data lock and used to further assess immune responses among 240 

PATH-wSP vaccinees. Geometric mean titers were significantly increased at 28 days following 241 

final vaccination (day 84) with 0.6 mg PATH-wSP for Ply (2.6-fold) and PspA (2.4-fold) 242 

(P<0.05 and P<0.001, respectively), with Ply demonstrating a dose-dependent response (Fig. 2). 243 

No changes were observed in the placebo treatment group.  244 

T-cell cytokine responses to PATH-wSP vaccination (day 0 versus day 84). Significant 245 

increases in PBMC CD4+ ICS responses were seen for 0.6 mg PATH-wSP recipients (but not 246 

other treatment groups) with specific increases in IL-17A (P<0.01), CD40L (P<0.05) , IL-2 247 

(p<0.01), and TNF-α (P<0.05) (data not shown). For the MBA assay of PBMC culture 248 

supernatants, only IL-17A demonstrated a consistent increased response to SPWCA stimulation 249 

in vitro when comparing day 84 to baseline, with a significant increase seen following 250 

vaccination in participants receiving 0.6 mg of PATH-wSP- (p <0.01) and a trend in the 0.3 mg 251 

vaccinated group (Figure 3). The IL-22 ELISA did not demonstrate a measurable increase with 252 

any treatment group (data not shown). 253 
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Functional immune responses to PATH-wSP vaccination. PPA was utilized to assess 254 

functional responses for placebo- and 0.6-mg PATH-wSP-vaccinated recipients (n=9 and n=9, 255 

respectively) who had paired serum samples from day 0 and day 84. Testing was initially 256 

performed to compare pre- versus post-immunization responses using a 1:50 dilution of sera with 257 

additional assessment performed at dilutions of 1:10 or 1:100 for recipients noted to have a weak 258 

post-response or a strong baseline response, respectively.  259 

A significant increase in median time to moribund state in SPn-challenged mice was seen with 260 

the sera from six of the nine participants vaccinated with 0.6 mg PATH-wSP; whereas, serum 261 

from only one of nine placebo-treated individuals provided increased protection at day 84 262 

compared to pre-vaccination (Table 4). One 0.6-mg-vaccinated participant had high levels of 263 

protective antibody at baseline and a change in response post-vaccination could not be 264 

ascertained.  265 

The MOPA and Ply-nAb assays were performed on the cohort-3 subset using baseline and 84 266 

day post-vaccination sera. PATH-wSP did not induce opsonophagocytic activity to any of the 267 

serotypes tested (data not shown). Four of nine participants receiving 0.6 mg PATH-wSP 268 

demonstrated at least a four-fold rise in Ply-nAb titer versus none of the placebo-treated 269 

participants (data not shown).   270 
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Discussion 271 

Developed through a partnership between PATH, Instituto Butantan, and BCH, PATH-wSP has 272 

been shown in preclinical studies to mediate its protective responses via both T-cell (IL-17A) 273 

and B-cell immune pathways, thereby having the potential to reduce both pneumococcal carriage 274 

and disease. Pneumococcal vaccines that incorporate common protein antigens also have the 275 

potential to overcome some of the major limitations of PCVs by providing broad coverage 276 

against all serotypes and can be produced with less manufacturing complexity and cost. The non-277 

encapsulated whole-cell vaccine candidate, PATH-wSP, was shown to be well tolerated based on 278 

local and systemic reactogenicity profiles in this Phase 1 study in healthy adult participants, 279 

inducing both T- and B-cell immune responses. Multiple vaccinations did not result in escalating 280 

reactogenicity, which can sometimes be seen with other whole cell vaccines such as whole cell 281 

pertussis [16].  282 

Both SPn-specific immunologic activity as well as functional (protection) activity was 283 

demonstrated most consistently at the highest dose of PATH-wSP tested (0.6 mg). Specific 284 

pneumococcal proteins known to be involved in the pathogenicity of SPn were shown to have 285 

PATH-wSP antibody-mediated immune responses. No one specific antibody response to a single 286 

antigen was identified in all recipients, although both PspA and Ply antibody responses were 287 

detected in 75% of the 0.6-mg vaccinated participants. A platform of SPn-specific assays may be 288 

needed to fully characterize the response to a whole-cell pneumococcal vaccine. In addition, 289 

similar to preclinical findings, PATH-wSP vaccination stimulated in vitro IL-17 responses from 290 

PBMC, with the 0.6-mg dose providing the best response. Another compelling feature of this 291 

Phase 1 trial was the demonstration of functional protective antibodies using both a PPA model 292 

and a pneumolysin toxin neutralization assay (Ply-nAb). Since  0.6 mg of PATH-wSP was the 293 
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only dosage that induced consistent measureable immune responses over baseline, an optimal 294 

dose in adults was not likely identified in this study. Further dose escalation is warranted to 295 

achieve a response in all participants (or at least in those with low baseline antibody levels).  296 

Trial limitations included small sample size, limited validated assays, and no established immune 297 

markers for an SPn whole cell vaccine. At the time of this writing, a Phase 2 trial to assess dose-298 

escalation to 1 mg (adults) and age de-escalation in toddlers with and without co-administration 299 

of expanded program on immunization vaccine boosters is underway in Kenya. Given the 300 

potential for this vaccine to impact SPn carriage (via IL-17A responses), an exploratory carriage 301 

study in these same toddlers is being conducted. Further age de-escalation to infants is planned 302 

with a goal to develop a cost-effective vaccine capable of protecting against SPn carriage, 303 

pneumonia, and IPD. 304 

Role of Funding Source 305 

This research waspublication is based on research funded by the Bill & Melinda Gates 306 

Foundation. The findings and conclusions contained within are those of the authors and do not 307 

necessarily reflect positions or policies of the Bill & Melinda Gates Foundation. The funder was 308 

not involved in study design, conduct, nor data analysis. Contributors Cheryl A. Keecha,f, 309 

Royce Morrison, Richard Malleyb, Porter Andersong, Andrea Tatea, Jorge Floresa David 310 

Goldblattc, David Brilesd, John Hurale, Mark Aldersona 311 

 312 

Cheryl Keech: study conduct, data analysis, safety monitoring, primary publication 313 

responsibility 314 

Royce Morrison: principal investigator 315 

Formatted: Highlight



  February 2018 

Richard Malley: assays, data analysis 316 

Porter Anderson: assays, data analysis 317 

Andrea Tate: study conduct, data analysis 318 

Jorge Flores: study design, study conduct, safety monitoring 319 

David Goldblatt: assays 320 

David Briles: assays 321 

John Hural: assays 322 

Mark Alderson: study design, data analysis 323 

 324 

Acknowledgments 325 

Authors thank staff at Comprehensive clinical Development Center, Tacoma Washington, United 326 

States for trial conduct; EMMES Corporation, Washington, District of Columbia, United States, 327 

for monitoring and data analysis; Susan Vintilla-Friedman for manuscript preparation; Devin 328 

Groman for editorial support; and the study participants for their contribution to this vaccine 329 

development program.  330 

  331 



  February 2018 

References 332 

[1] Pilishvili T, Lexau C, Farley MM, Hadler J, Harrison LH, Bennett NM, et al. Sustained 333 

reductions in invasive pneumococcal disease in the era of conjugate vaccine. J Infect Dis. 334 

2010;201:32–41. 335 

[2] Tigoi CC, Gatakaa H, Karani A, Mugo D, Kungu S, Wanjiru E, et al. Rates of acquisition 336 

of pneumococcal colonization and transmission probabilities, by serotype, among 337 

newborn infants in Kilifi District, Kenya. Clin Infect Dis. 2012;55:180–8. 338 

[3] Moore MR, Link-Gelles R, Schaffner W, Lynfield R, Lexau C, Bennett NM, et al. Effect 339 

of use of 13-valent pneumococcal conjugate vaccine in children on invasive 340 

pneumococcal disease in children and adults in the USA: analysis of multisite, population-341 

based surveillance. Lancet Infect Dis. 2015;15:301-9. 342 

[4]  Feikin DR, Kagucia EW, Loo JD, Link-Gelles R, Puhan MA, Cherian T, et al. Serotype-343 

specific changes in invasive pneumococcal disease after pneumococcal conjugate vaccine 344 

introduction: a pooled analysis of multiple surveillance sites. PLoS Med. 345 

2013;10:e1001517. 346 

[5] Briles DE, Hollingshead SK, King J, Swift A, Braun PA, Park MK, et al. Immunization of 347 

humans with recombinant pneumococcal surface protein A (rPspA) elicits antibodies that 348 

passively protect mice from fatal infection with Streptococcus pneumoniae bearing 349 

heterologous PspA. J Infect Dis. 2000;182:1694–701. 350 

[6] Kamtchoua T, Bologa M, Hopfer R, Neveu D, Hu B, Sheng X, et al. Safety and 351 

immunogenicity of the pneumococcal pneumolysin derivative PlyD1 in a single-antigen 352 

protein vaccine candidate in adults. Vaccine. 2013;31:327–33. 353 

[7] Berglund J, Vink P, Tavares Da Silva F, Lestrate P, Boutriau D. Safety, immunogenicity, 354 



  February 2018 

and antibody persistence following an investigational Streptococcus pneumoniae and 355 

Haemophilus influenzae triple-protein vaccine in a phase 1 randomized controlled study in 356 

healthy adults. Clin. Vaccine Immunol. 2014;21:56–65. 357 

[8] Odutola A, Ota MOC, Antonio M, Ogundare EO, Saidu Y, Foster-Nyarko E, Owiafe PK, 358 

Ceesay F, Worwui A, Idoko OT, Owolabi O, Bojang A, Jarju S, Drammeh I, Kampmann 359 

B, Greenwood BM, Alderson M, Traskine M, Devos N, Schoonbroodt S, Swinnen K, 360 

Verlant V, Dobbelaere K, Borys D. Efficacy of a novel, protein-based pneumococcal 361 

vaccine against nasopharyngeal carriage of Streptococcus pneumoniae in infants: A phase 362 

2, randomized, controlled, observer-blind study. Vaccine 2017;35:2531-42. 363 

[9]    Entwisle C, Hill S, Pang Y, Joachim M, McIlgorm A, Colaco C, Goldblatt D, De Gorguette 364 

D'Argoeuves P, Bailey C. Safety and immunogenicity of a novel multiple antigen 365 

pneumococcal vaccine in adults: A Phase 1 randomised clinical trial. Vaccine. 366 

2017;35:7181-86. 367 

 [10] Clinicaltrials.gov: NCT01537185 368 

[11] Berry AM, Paton JC. Additive attenuation of virulence of Streptococcus pneumoniae by 369 

mutation of the genes encoding pneumolysin and other putative pneumococcal virulence 370 

proteins. Infect Immun. 2000;68:133-40. 371 

[12] Leach S, Lundgren A, Svennerholm AM. Different kinetics of circulating antibody-372 

secreting cell responses after primary and booster oral immunizations: a tool for assessing 373 

immunological memory. Vaccine. 2013;31:3035-8. 374 

https://www.ncbi.nlm.nih.gov/pubmed/28389097
https://www.ncbi.nlm.nih.gov/pubmed/28389097
https://www.ncbi.nlm.nih.gov/pubmed/28389097
https://www.ncbi.nlm.nih.gov/pubmed/29132988
https://www.ncbi.nlm.nih.gov/pubmed/29132988
https://www.ncbi.nlm.nih.gov/pubmed/10603379
https://www.ncbi.nlm.nih.gov/pubmed/10603379
https://www.ncbi.nlm.nih.gov/pubmed/10603379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leach%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23664997
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lundgren%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23664997
https://www.ncbi.nlm.nih.gov/pubmed/?term=Svennerholm%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=23664997


  February 2018 

[13]    Zhang Q, Leong SC, McNamara PS, Mubarak A, Malley R, Finn A. Characterisation of 375 

regulatory T cells in nasal associated lymphoid tissue in children: relationships with 376 

pneumococcal colonization. PLoS Pathog. 2011;7(8):e1002175. PMID: 21852948. 377 

[14]  Rose CE, Romero-Steiner S, Burton RL, Carlone GM, Goldblatt D, Nahm MH, Ashton 378 

L, Haston M, Ekström N, Haikala R, Käyhty H, Henckaerts I, Durant N, Poolman JT, 379 

Fernsten P, Yu X, Hu BT, Jansen KU, Blake M, Simonetti ER, Hermans PW, Plikaytis 380 

BD. Multilaboratory comparison of Streptococcus pneumoniae opsonophagocytic killing 381 

assays and their level of agreement for the determination of functional antibody activity 382 

in human reference sera. Clin Vaccine Immunol. 2011;18:135-42. 383 

[15] Lu YJ, Gross J, Bogaert D, Finn A, Bagrade L, Zhang Q, Kolls JK, Srivastava A, 384 

Lundgren A, Forte S, Thompson CM, Harney KF, Anderson PW, Lipsitch M, Malley R. 385 

2008. Interleukin-17A mediates acquired immunity to pneumococcal colonization. PLoS 386 

Pathog 4:e1000159. 387 

[16] Cherry JD. Historical review of pertussis and the classical vaccine. J Infect Dis. 1996 388 

Nov;174 Suppl 3:S259-63. 389 

[17] Wilson R, Cohen JM, Reglinski M, Jose RJ, Chan WY, Marshall H, de Vogel C, Gordon 390 

S, Goldblatt D, Petersen FC, Baxendale H, Brown JS. Naturally Acquired Human 391 

Immunity to Pneumococcus Is Dependent on Antibody to Protein Antigens. PLoS Pathog. 392 

2017;13:e1006137.  393 

https://www.ncbi.nlm.nih.gov/pubmed/21084458
https://www.ncbi.nlm.nih.gov/pubmed/21084458
https://www.ncbi.nlm.nih.gov/pubmed/21084458
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherry%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=8896526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherry+JD+Historical+review+of+pertussis+and+the+classical+vaccine.+J+Infect+Dis.+1996%3B174%3AS259%E2%80%9363
https://www.ncbi.nlm.nih.gov/pubmed/28135322
https://www.ncbi.nlm.nih.gov/pubmed/28135322


  February 2018 

Table 1. Demographics and treatment compliance 394 

 Treatment 1 

(0.1 mg) 

N=10 

Treatment 2 

(0.3 mg) 

N=10 

Treatment 3 

(0.6 mg) 

N=10 

Placebo 

N=12 

Total 

N=42 

Sex (N) female/male 3/7 4/6 7/3 8/4 22/20 

Age (years) mean (standard 

deviation [SD]) 

N (%) 28.9 (5.4) 25.2 (6.1) 29.9 (6.8) 28.5 (7.0) 28.1 (6.4) 

Weight (kg) mean (SD) 

N (%) 83.3 (17.8) 94.1 (26.2) 78.5 (21.4) 83.2 (26.1) 84.7 (23.1) 

Systolic/diastolic blood 

pressure mean mmHg (SD) 

at baseline 

N (%) 

114 (14.0)/71 

(5.7) 

116 (11.5)/71 

(11.4) 

109 (12.4)/74 

(10.7) 

118(10.0)/75 

(8.7)  

Ethnicity (N) and race 

Hispanic or Latino/ 

Non-Hispanic or Non-Latino 

(total) 2/8 3/7 2/8 2/10 9/11 

Black or African American 

(n/total)  2/10 2/10 4/10 2/12 10/42 

White/Caucasian (n/total) 7/10 7/10 5/10 10/12 29/42 

Other (n/total)  1/10 1/10 1/10 0/12 3/42 

Vaccinations completed 

N (%)     At least 1 

 

10 (100.0) 

 

10 (100.0) 

 

10 (100.0) 

 

12 (100.0) 

 

42 (100.0) 

At least 2  9 (90.0) 8 (80.0) 9 (90.0) 10 (83.3) 36 (85.7) 

                All 3  9 (90.0) 8 (80.0) 9 (90.0) 9 (75.0) 35 (83.3) 

Completed day 84 visit  

N (%) 

9 (90.0) 5 (50.0) 9 (90.0) 9 (75.0) 32 (76.2) 

Completed 6-month safety 

phone call  

N (%) 

7 (70.0) 4 (40.0) 8 (80.0) 6 (50.0) 25 (59.5) 

Lost to follow-up at day 84 

N (%) 

1 (10.0) 5 (50.0) 1 (10.0) 3 (25.0) 10 (23.8) 

Total lost to follow-up by 6-

month phone call  

N (%) 

3 (30.0) 6 (60.0) 2 (20.0) 6 (50.0) 17 (40.5) 

  395 
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Table 3. Antibody responses to eight selected pneumococcal proteins in placebo and 0.6 mg 396 

PATH-wSP vaccinees 397 

  Antigen (gene locus number or name)  

 N 0191 0785 1031 1119 1479 1500 1942 Ply Individuals 

with at least 2-

fold rise in IgG 

Placebo 3 0 0 0 0 0 0 0 0 0 

600 µg 8 5 3 4 0 2 3 1 6 8/8 

 
Abbreviation: Ply = pneumolysin; IgG = immunoglobulin G. 

  398 
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Table 4 Passive transfer of protection  399 

Treatment 

Group 
Placebo 600 µg PATH-wSP 

Subject No. 074 101 119 100 107 108 113 115 120 128 135 146 

MST - Pre  

MST - Post 

 (Dilution) 

P value test 

31 

29 

(1:50) 

NS 

209 

150 

(1:50) 

NS 

30  

26 

(1:50) 

NS 

31  

286 

(1:50) 

* 

138 

>336  

(1:10) 

NS 

46  

138 

(1:10) 

* 

56 

193 

(1:10) 

* 

30  

119 

(1:50) 

* 

140  

>336 

(1:50) 

* 

114  

138 

(1:100) 

NS 

50  

>336 

(1:100) 

* 

>336 

>336 

 (1:50) 

NS 

Abbreviation: MST-Pre = median survival time pre-vaccination (hours); MST-Post = median survival time post-vaccination.  400 
NS = Post MST not significantly different from Pre MST; * p < 0.05 (using 2-tailed Wilcoxon 2-sample rank test). Dilution = 401 
dilution of serum transferred.  402 
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Figure Legends 403 

Figure 1. Immunoglobulin G (IgG) responses following vaccination with PATH-wSP measured 404 

by S. pneumoniae whole cell antigen (SPWCA) enzyme-linked immunosorbent assay (ELISA) 405 

and Antibodies in Lymphocyte Supernatant (ALS) assays. A. Pre and post dose 3 serum IgG 406 

immune responses measured by SPWCA ELISA. B. Pre and post dose 3 IgG responses measured 407 

from cultured peripheral blood mononuclear cells using the ALS assay. 408 

Figure 2. Immunoglobulin G responses following vaccination with PATH-wSP measured by 409 

pneumolysoid and pneumococcal surface protein A enzyme-linked immunosorbent assays. 410 

Figure 3. IL-17 production in peripheral blood mononuclear cells following in vitro stimulation 411 

with S. pneumoniae whole cell antigen (SPWCA). 412 

 413 

 414 


