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Abstract: 38 

Capsular group B meningococcus (MenB) remains an important cause of disease in the 39 

globally and additional vaccines against MenB would aid in reducing the incidence of 40 

infection. Previous work has demonstrated that a MenB adenoviral-vectored vaccine, 41 

ChAdOx1 MenB.1, elicited high serum bactericidal responses in preclinical models after a 42 

single dose, supporting further clinical development of this vaccine. Here, we report the 43 

results of a trial designed to assess the safety and immunogenicity of ChAdOx1 MenB.1 in 44 

healthy adults aged 18 to 50. In this phase I/IIa, single-center trial, participants received one 45 

or two doses of ChAdOx1 MenB.1 at days 0 and 180. One dose of ChAdOx1 MenB.1 was 46 

also given at day 180 to some individuals primed with one dose of 4CMenB at day 0. 47 

Participants recorded their symptoms in an electronic diary after vaccination and safety blood 48 

readouts were monitored. Serum bactericidal antibody (SBA) assays were performed against 49 

a panel of MenB target strains. ChAdOx1 MenB.1 was well tolerated with no safety concerns 50 

and elicited protective SBA titers against a MenB strain expressing a homologous factor H-51 

binding protein (fHbp) variant in 100% of participants after two doses. However, cross-52 

reactivity analysis indicated a low SBA response to strains expressing heterologous fHbp, 53 

suggesting that a multivalent vaccine may be needed. In sum, ChAdOx1 MenB.1 is 54 

immunogenic in humans, and addition of another fHbp variant or of another antigen in this 55 

platform could provide an approach to extend protection against endemic MenB disease.  56 

 57 

Editor’s Summary: Mitigating MenB. There are currently only two approved vaccines for 58 

capsular group B meningococcal (MenB), but their cost effectiveness could be improved 59 

upon. To that end, Dold et al. developed an adenoviral-vectored MenB vaccine, ChAdOx1 60 

MenB.1, and tested its safety and immunogenicity in a clinical trial enrolling healthy adults. 61 

The authors found that the vaccine was indeed safe and elicited immunity against the 62 

homologous bacteria, proving the proof of concept with this approach. However, cross-63 

reactivity to other MenB strains was limited. These data support further development of 64 

ChAdOx1 MenB vaccines, particularly multivalent versions that could elicit broader 65 

immunity. –Courtney Malo 66 

 67 

 68 

  69 
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Main Text: 70 

INTRODUCTION 71 

Neisseria meningitidis remains an important cause of meningitis and septicemia, particularly 72 

in infant, toddler, and young adult populations(1). It is a human-restricted pathogen that has 73 

an ecological niche in the nasopharynx; it can be found as a commensal in approximately 74 

10% of healthy adults (2) and above 50% in certain populations, and can cause invasive 75 

meningococcal disease in a minority of individuals. Amongst the twelve N. meningitidis 76 

capsular serogroups, six (A, B, C, W, X and Y) cause most cases of invasive meningococcal 77 

disease (3). Capsular group B meningococcus (MenB) remains the most common cause of 78 

invasive meningococcal disease in individuals under the age of 25 in high income regions (4). 79 

Experimental vaccines based on serogroup B polysaccharides are poorly immunogenic (5) 80 

due to molecular mimicry with fetal neural cell adhesion molecules (6). 81 

Two vaccines, 4CMenB (Bexsero) and rLP2086 (Trumenba) are licensed in several 82 

countries. 4CMenB, licensed in the European Union (2013) and in the United States (2015), 83 

includes four non-polysaccharide components:  non-lipidated factor H-binding protein (fHbp 84 

variant 1 peptide 1; alternative nomenclature B24), neisserial heparin binding antigen (NHBA 85 

peptide 2), each expressed as a recombinant fusion protein, recombinant Neisseria adhesin A 86 

(variant NadA-2/3 peptide 8) protein, and outer membrane vesicles from N. meningitidis 87 

group B strain NZ98/254 containing Porin A  (PorA; subtype P1.4) and multiple minor 88 

antigens. The vaccine rLP2086 (Trumenba, or MenB-FHbp), licensed for adolescents and 89 

adults in the United States in 2014, and in the European Union in 2017, contains two 90 

recombinant lipidated fHbp peptides 45 and 55 (A05 and B01, respectively), and is also 91 

formulated in combination with meningococcal conjugate vaccines against other capsular 92 

groups (Penbraya, pentavalent ABCWY vaccine). Vaccine efficacy was inferred from serum 93 

bactericidal antibody (SBA) responses against MenB test strains. In clinical trials, SBA 94 
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responses elicited by the bivalent rLP2086 vaccine were assessed against four primary 95 

vaccine antigen-heterologous strains and ten secondary strains (7), and those elicited by 96 

4CMenB were assessed against four vaccine antigen-homologous strains. In the United 97 

Kingdom (UK), 4CMenB was included in the national immunization program for infants in 98 

2015 and vaccine effectiveness reached 59.1% after a 2+1 schedule (8–10). 99 

We previously developed a ChAdOx1 MenB.1, a replication-deficient (E1 and E3 deleted) 100 

chimpanzee adenovirus (ChAd) vaccine (11). The vaccine expresses fHbp variant 1 peptide 1 101 

with a point mutation at the amino acid position 223 to abrogate its binding to human factor 102 

H (fH) while retaining immunogenicity (12). In humanized mouse models, a single dose 103 

ChAdOx1 MenB.1 elicited robust bactericidal activity after a single immunization (12). 104 

Whether this strong immunogenicity would occur in humans remained to be determined. 105 

Here, we report the results of an open-label, dose-escalation, non-randomized, single-site 106 

phase I/IIa clinical trial, designed to evaluate the safety and tolerability of ChAdOx1 MenB.1 107 

as a vaccine against MenB in healthy adults aged 18 to 50 in Oxford (VAMBOX). The 108 

original trial design comprised three groups who received ChAdOx1 MenB.1, one group 109 

received a combination of ChAdOx1 MenB.1 and 4CMenB in a heterologous prime – boost 110 

regimen, and two groups immunized with 4CMenB at one or 6 months interval. The trial was 111 

then extended by adding two large groups of volunteers to enable the development of new 112 

reference serum standards against the two licensed meningococcal vaccines available in the 113 

UK, 4CMenB and bivalent rLP2086, led by the National Institute for Biological Standards 114 

and Controls (NIBSC). This trial therefore provided an opportunity to compare the safety 115 

profile of the study vaccine, 4CMenB, and bivalent rLP2086 in the same trial. The secondary 116 

and tertiary objectives of the VAMBOX trial were to characterize the immunogenicity of one 117 

or two doses of ChAdOx1 MenB.1 in healthy adults. 118 
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 119 

RESULTS 120 

Participant demographics 121 

Eighty-eight healthy volunteers were enrolled into the trial and sequentially assigned first to 122 

groups one to six (first-in-human part of the trial), and then to groups eight and nine (the part 123 

of the trial aiming at raising a serum standard) (Table 1), in a single center in Oxford, UK. 124 

The first vaccine date for the first dose was 2018-04-18, the last vaccine date for the first dose 125 

was 2019-12-16, and the last (visit 8) vaccine date for the booster dose was 2020-11-26. 126 

Recruitment was open to 18 to 50 years old healthy volunteers, and the enrolled participants 127 

were aged between 19 and 50 years old, median 28.15 years [interquartile range (IQR) 25.25-128 

38.33], with 60.23% identifying as female. The participants were 90.9% White, 3.4% Mixed, 129 

and 5.7% of other ethnic origin (Table 2).  All 88 participants adhered to the initial 130 

vaccination schedule and were therefore included in the primary safety analysis. However, 131 

eight participants missed their second vaccine dose across various groups (Fig. 1). Overall, 13 132 

participants withdrew; four moved out of area, four cited heavy work or personal time 133 

commitments, three were lost to follow-up or unable to attend visits, and two were withdrawn 134 

by investigators because of low hemoglobin. 135 

 136 

Safety and tolerability  137 

ChAdOx1 MenB.1 was administered at 2.5x1010 (low dose) or 5x1010 (standard dose for 138 

ChadOx1-based vaccines, from here on referred to as standard dose) viral particles (vp). Only 139 

three participants received the low dose of 2.5x1010 vp, as this group was included in the trial 140 

design for safety purposes. An interim safety review was undertaken with the independent 141 

Data and Safety Monitoring Committee before proceeding with the target dose of 5x1010 vp.  142 



   

 

6 

 

ChAdOx1 menB.1 was well tolerated at doses up to 5x1010 viral particles when given as a 143 

single dose, in two doses, or as a booster following 4CMenB, with no serious adverse 144 

reactions (Fig. 2). Participants receiving a low dose of ChAdOx1 MenB.1 (ChAd low dose) 145 

of 2.5x1010 vp reported the fewest adverse reactions of all the trial arms: on day 1, 33.33% of 146 

participants had a mild headache, moderate fever, or experienced mild or moderate injection 147 

site pain, swelling, or redness that resolved by day 3 (Fig. 2A). Both a single standard dose of 148 

ChAdOx1 MenB.1 (5x1010 vp) and a single dose of 4CMenB had the highest frequency of 149 

reactions. Up to 22.22% of participants receiving ChAdOx1 MenB.1 standard dose reported a 150 

mild or moderate fever, whereas none of the individuals who received a single dose 4CMenB 151 

reported a fever (and only 4.76% experienced a moderate fever in the rLP2086 group at Day 152 

0). There was a high incidence of headaches among the ChAdOx1 MenB.1 standard dose 153 

recipients, which were resolved by day 2. Headaches occurred in the single dose 4CMenB 154 

and rLP2086 group participants and persisted to day 6. Apart from headache, “generally 155 

unwell” reaction was the only systemic severe reaction reported in the ChAdOx1 MenB.1 156 

group. In contrast, muscle ache and joint pain reactions graded severe were reported in the 157 

4CMenB and rLP2086 groups, respectively. Across all trial arms, the distribution of local 158 

reactions was similar, with the most frequently reported vaccine reaction being injection site 159 

pain, followed injection site redness. Severe-graded hardness and swelling were reported in 160 

all three groups. 161 

The booster vaccinations elicited fewer adverse reactions than the standard dose prime 162 

vaccinations, particularly fewer systemic reactions, whether they were homologous or 163 

heterologous vaccine combinations (Fig. 2B). The ChAdOx1 MenB.1 prime at day 0 and 164 

second dose at day 180 (ChAd-ChAd(6)) vaccine schedule was well-tolerated; there were few 165 

reported adverse reactions that were predominantly mild, with no severe adverse reactions. 166 

The 4CMenB-4CMenB schedule was reactogenic, and the regimen with the shorter 1-month 167 
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interval (4CMenB-4CMenB(1)) appeared more reactogenic than the regimen with the 6-168 

month interval (4CMenB-4CMenB(6)). The 4CMenB-4CMenB(1) participants also had a 169 

higher frequency of severe reactions than those in the 4CMenB-4CMenB(6) arm. The 170 

heterologous prime-boost combination of 4CMenB at day 0 followed by ChAdOx1 MenB.1 171 

at day 180 (4CMenB-ChAd(6)) was well-tolerated and caused only mild or moderate adverse 172 

reactions. There were no clear differences in the reactogenicity profile between the prime 173 

dose of rLP2086 at day 0 and the booster dose at day 180 (rLP2086-rLP2086(6)). The 174 

summary of reported Adverse Events in the clinical trial is reported in Table 3. There were 175 

three serious adverse events (SAEs) reported during the trial: one participant had appendicitis 176 

requiring surgery, one participant had severe anemia, and one participant had cholecystitis 177 

related to known gallstones. None of these SAEs were considered vaccine-related. 178 

 179 

ChAdOx1 MenB.1 induces SBA responses against a strain expressing a homologous 180 

fHbp in healthy adults 181 

The ability of the study vaccines to induce SBA against homologous fHbp variant (v) 182 

following vaccination was explored using the target strain 44/76-SL, which expresses the 183 

fHbp variant 1 peptide1 included in the ChAdOx1 MenB.1 and 4CMenB vaccines (Table 4). 184 

Prior to vaccination, most individuals (range: 20% in ChAd standard dose to 55% in 185 

rLP2086-rLP2086) did not have SBA titers greater than 1:4 specific for the target strain 186 

44/76-SL (Fig. 3A, day 0 and 3B, day 0; table S1). Both ChAdOx1 MenB.1 and 4CMenB 187 

prime vaccination elicited 44/76-SL -specific SBA responses (Fig. 3A). Immunization with 188 

ChAdOx1 MenB.1 induced SBA titers that continued to increase up to day 56 (geometric 189 

mean titers (GMT): 35.3, 95%CI [9.8-155.28]) (table S1). Individuals who received two 190 

doses of 4CMenB, one (GMT: 50.7, 95%CI [17.15-150.47]) or six months apart (GMT: 22.6, 191 

95%CI [4.95-103.35]), had high 44/76-SL-specific SBA titers 28 days after the second dose 192 
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(table S1). Heterologous boosting did not generate similarly high 44/76-SL SBA titers. SBA 193 

waning was observed over the course of the trial observation period in all groups regardless 194 

of which vaccine was received (Fig. 3A, from day 180). However, the percentage of 195 

individuals with protective titers (≥1:4) following vaccination with a fHbp variant 1 peptide 196 

1-containing vaccine (ChAdOx1 MenB.1 or 4CMenB) at standard dose remained at or above 197 

78% at day 365 (Fig. 3B). The bivalent rLP2086 vaccine did not induce a high degree of 198 

cross-bactericidal activity against 44/76-SL (day 28 GMT: 4, 95%CI [1.74 – 9.22]) (table 199 

S1). 200 

The proportion of baseline responders with SBA titers ≥ 1:4 by day 28 was 67% for 201 

ChAdOx1 MenB.1 low dose, 78% for ChAdOx1 MenB.1 standard dose, 75% for ChAd-202 

ChAd(6), 75% for 4CMenB-ChAd(6), 89% for 4CMenB-4CMenB(1), 100% for 4CMenB-203 

4CMenB(6), and 50% for rLP2086-rLP2086(6) (Fig. 3B). By day 56, this rose to 100% for 204 

ChAdOx1 MenB.1 low dose, 100% for ChAdOx1 MenB.1 standard dose, 86% for ChAd-205 

ChAd(6), 86% for 4CMenB-ChAd(6), 100% for 4CMenB-4CMenB(1), and 100% for 206 

4CMenB-4CMenB(6) (table S2). 67% of participants receiving a single dose of ChAdOx1 207 

MenB.1 low dose and 63% of participants receiving a single dose of ChAdOx1 MenB.1 208 

standard dose achieved a greater than 4-fold increase in SBA titers against the 44/76-SL 209 

strain at day 28 from baseline. This response peaked at day 56 before starting to wane (Fig. 210 

3C). By day 208 (28 days post second dose), 100% of the participants in the ChAd-ChAd(6), 211 

4CMenB-ChAd(6) and 4CMenB-4CMenB(6) arms had achieved at least a 4-fold increase in 212 

SBA activity against the 44/76-SL strain, as well as 86% of the participants in the 4CMenB-213 

4CMenB(1) arm.  214 

We also explored whether the two vaccines containing fHbp 1.1 induced B cell responses by 215 

characterizing IgG subclass profile by ELISA, and enumerating the fHbp 1.1 -specific 216 

antibody-secreting cell responses in participants who received ChadOx1 MenB.1 and 217 
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4CMenB. Serum IgG1 and IgG3 antibody titers were measured after a single injection of 218 

ChAdOx1 MenB.1 or 4CMenB at 3 time points during the first month (fig. S1A and S1B). 219 

Increases in the IgG1 and IgG3 responses were observed between day 0 and day 28 for both 220 

vaccines, and the IgG1 to IgG3 ratio remained stable at day 7 and day 28 for each vaccine 221 

type (fig. S1C). Additionally, antibody-secreting cell responses were increased after the 6 222 

month boosts as measured by enzyme-linked immunosorbent spot (ELIspot) assay (day 208, 223 

fig. S1D).  224 

 225 

ChAdOx1 MenB.1 induces only modest heterologous SBA responses in humans 226 

The capability of the study vaccines to induce SBA against heterologous fHbp variants 227 

following vaccination was explored using the target strains M01 240355 (v3.31), M01 228 

240101 (v1.15), M01 240185 (v1.10), M00 242922 (v1.4) and M15 240912 (v1.13) (Table 4, 229 

table S3 to S8 for GMT, and tables S9 to S13 for percentage of participants with SBA over 230 

4). Variable SBA titers were present at day 0 prior to vaccination (Fig. 4A, day 0, tables S4 to 231 

S8). A single low dose of ChAdOx1 MenB.1 induced a transient increase in SBA titers to 232 

strain M01 240101 (expressing fHbp 1.15, v1.15) from a GMT of 4 [0.5-31.87] at day 0 to 233 

20.1 [3.94-103.18] at day 28 (Fig. 4A, table S4). A single standard dose also induced a 234 

modest increase in SBA titers against this strain from 7.46 [2.69-20.73] at day 0 to 21.7 235 

[8.77-54.03] at day 28 (Fig. 4A). A second dose of ChAdOx1 MenB.1 at day 180 did not 236 

further increase these SBA titers (Fig. 4A, day 208). ChAdOx1 MenB.1-immunized 237 

individuals maintained a low abundance of bactericidal antibodies against the variant 3 fHbp 238 

expressing strain (strain M01 240355, Fig. 4A, table S5) as well as low proportion of 239 

individuals with titers superior or equal to 1:4 (Fig. 4B). Negligible v1.10-specific SBA 240 

responses were observed in ChAdOx1 MenB.1- and 4CMenB-vaccinated individuals across 241 
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all schedules at all time-points (Fig. 4A and B, M01 240185 and table S6). The individual 242 

fold change in SBA activity against four heterologous MenB strains is shown in fig. S2 (Fig. 243 

S2), and the percentage of participants with SBA over the putative protective titer against 244 

each of the heterologous strains are shown in tables S9 to S13 (Tables S9 to S13).  245 

 246 

ChAdOx1 MenB.1 vaccination induces a Th1-biased immune response 247 

Adenoviral vaccines are expected to induce higher Th1-biased T cell responses than protein-248 

based vaccines containing aluminum adjuvants. To investigate if this is the case when the 249 

same antigen is delivered with these two vaccine platforms, plasma cytokine concentrations 250 

were assessed in individuals 24 hours following vaccination with ChAdOx1 MenB.1 or 251 

4CMenB, and fHbp 1.1-specific T cell responses were measured pre- and post-vaccination. 252 

Of the 10 plasma cytokines evaluated, five [interferon (IFN)-γ, interleukin (IL)-2, IL-6, IL-253 

10, and tumor necrosis factor (TNF)-α, Fig. 5A] were noticeably increased at day one post-254 

injection in those who received ChAdOx1 MenB.1. In contrast, IL-6 was the only cytokine 255 

with an observed increase in participants who received 4CMenB post-injection. A decrease in 256 

IL-8 was observed one day following immunization with 4CMenB. Homologous boosting 257 

with ChAdOx1 MenB.1 or 4CMenB did not elicit substantial increase in any plasma cytokine 258 

at day 181. 4CMenB prime followed by a heterologous boost with ChAdOx1 MenB.1 259 

induced increases in IFN-γ, IL-10, IL-6, and TNF-α. Nearly all IL-2 concentrations were 260 

below the limit of detection (Fig. 5B). Neither vaccine, regardless of regimen, elicited an 261 

elevation in IL-1β or IL-13 in the plasma within 24 hours following immunization. Finally, 262 

we analyzed the fHbp 1.1-specific T cell response by IFN-γ ELIspot assay. These data 263 

indicated that, as expected, one or two injections with ChAdOx1 MenB.1 induced antigen-264 

specific T cell responses (Fig. 5C).   265 
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 266 

DISCUSSION 267 

ChAdOx1 MenB.1 was safe and well tolerated in this first-in-human trial in healthy adults. 268 

Both the low dose and SD elicited robust bactericidal activity against the homologous target 269 

N. meningitidis strain, 44/76-SL after a single immunization, which remained detectable for a 270 

year. This provides proof of concept that a Gram-negative outer membrane protein can be 271 

effectively expressed from an adenoviral vector and can induce bactericidal responses in 272 

humans. Additionally, the results show that fHbp with a point mutation abrogating binding to 273 

human factor H is immunogenic. However, the use of the adenoviral platform and the 274 

presence of the mutation induced only modest cross-reactive bactericidal responses. 275 

ChAdOx1-based vaccine candidates and other viral-vectored vaccines in development, 276 

including those based on adenovirus (Ad) serotype 5, ChAdOx2, Adenovirus serotype 26, 277 

vesicular stomatitis virus, modified vaccinia Ankara, and yellow fever 17D, are mainly 278 

against viral or parasitic targets (13). Adenoviral-vectored vaccines expressing bacterial 279 

proteins can produce a functional immune response in animal models, as demonstrated for 280 

Bacillus anthracis (14) and Clostridium botulinum (15), although these were targeting the 281 

excreted toxin proteins, rather than the complex bacterial surface-exposed antigens. An 282 

experimental adenoviral-vectored vaccine against non-typeable Haemophilus influenzae 283 

tested in chinchillas elicited robust but non-protective immune responses (16). Although we 284 

previously identified challenges in correctly expressing other meningococcus antigen targets 285 

(17), our study contributes to the increasing evidence that viral vectors are suitable vehicles 286 

that can elicit functional antibody responses against complex conformational bacterial 287 

epitopes.  288 
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All adverse reactions reported by participants receiving the ChAdOx1 MenB.1 were mild or 289 

moderate and short-lived, and there were no vaccine-related SAEs. This is in keeping with 290 

results from both clinical trials and real-world effectiveness studies of ChAdOx1-based 291 

vaccines. Similar safety and reactogenicity profiles were observed in the trials for ChAdOx1-292 

MERS against Middle East respiratory syndrome coronavirus (18), ChAdOx1 NP+M1 293 

against influenza A virus (19) , and ChAdOx1 Chik against chikungunya virus (20). More 294 

than 3 billion doses of ChAdOx1 nCoV-19 (AZD1222), a vaccine against SARS-CoV-2, 295 

have been distributed to over 180 countries following the success of a multi-center, 296 

international, phase II/III trial, which reported it to be safe and efficacious (21). Investigators 297 

have also been able to validate these findings in real world effectiveness studies (22). There 298 

were also very few reported incidents of fever among the participants who received the 299 

4CMenB vaccine in the trial described here, in agreement with current safety data in this age 300 

group.  301 

As the incidence of capsular group B invasive meningococcal disease is low, vaccine efficacy 302 

trials are challenging to conduct and not likely to be feasible. However, the rise of SBA 303 

above the putative protective titer of 1:4 is accepted as an indication of efficacy and was used 304 

for licensure of both 4CMenB and rLP2086. Based on this metric, ChAdOx1 MenB.1 elicited 305 

a protective immune response against the 44/76-SL strain. It has been proposed that the 306 

percentage of participants with titers of ≥1:4 at 28 days post-immunization correlates with 307 

short-term protection against infection with a homologous strain, whereas the percentage of 308 

participants with ≥4-fold titer increases represent a more robust response (23, 24). In our trial, 309 

75% of the participants in the ChAd-ChAd(6) arm had a ≥ 4-fold increase in SBA titers 310 

against the 44/76-SL strain by day 28, after a single dose, rising to 100% after the second 311 

dose. Most adults will have carried N. meningitidis and subsequently developed SBA against 312 

multiple antigens in their lifetime, which is supported by the SBA detected in the trial 313 
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participants at baseline. Importantly, this phenomenon was present in participants in all arms 314 

of the trial. Of note, the SBA assays were validated, quality-controlled, and performed 315 

blinded, therefore differences at baseline were likely not a result of technical issues.  316 

As a first-in-human trial, this trial was not powered to compare the immunogenicity between 317 

groups, therefore no comparison in immunogenicity between the different vaccines included 318 

were made, as they could have been affected by the small sample size and differences in 319 

baseline titers. Moreover, the last two larger groups were added at a later time point and for a 320 

different purpose (generation of reference standards), therefore not all analysis were 321 

performed for these groups. As an indication, the SBA responses observed in participants 322 

who received two doses of 4CMenB (100% participants with SBA ≥4 and hSBA GMT titers 323 

of 147 (94-229) against strain 44/76-SL) were in similar ranges to SBA responses observed in 324 

adults in other studies (23, 25). In Toneatto et al., the percentage of participants with SBA 325 

titers ≥4 against strain 44/76-SL after two doses was 100% with 95% CI 87 to 100. The SBA 326 

titers were only reported after 3 doses in adults in that trial (GMT 77 with 95% CI of 57 to 327 

106) (25). In a trial including naïve young adults aged 18 to 24 years old, two doses of 328 

4CMenB resulted in 100% participants with SBA ≥4, and GMTs of 57 (45–73) in the naïve 329 

participants from Canada and Australia or 64 (52–78) in the naïve participants from Chile 330 

(26). 331 

ChAdOx1 MenB.1 elicited a limited cross-reactive SBA response. SBA immune responses 332 

were generated against strains M00 242922 (expressing fHbp variant v1.4) and M01 240355 333 

(fHbp v3.31) in a proportion of participants. The fHbp variant 1.1 is closer to variant 1.4 than 334 

variant 3.31 on the phylogenetic tree, and this is reflected in the degree of cross-reactivity of 335 

the SBA response against each strain. The poor cross-reactivity of immune responses against 336 

specific MenB fHbp variants has been well-described and is a universal challenge for all 337 
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protein-based MenB vaccines (27), indicating the need for delivery of a multi-antigen vaccine 338 

for broad protection. This appears to be similar here when using the ChAdOx1 platform and 339 

the mutated fHbp. ChAdOx1 MenB.1 elicited poor SBA activity against MenB strain M01 340 

240185, which contains a vaccine-heterologous fHbp subvariant (v1.10), and  a modest effect 341 

against M01 240101 (v1.15). These data suggest that ChAdOx1 MenB.1 induced limited 342 

cross-reactivity in humans, contrary to the results observed in mice during pre-clinical 343 

development (12). This may be linked with the dose of ChAdOx1 in human, as the dose used 344 

in mice was in the high range of the dose-response. Moreover, although we observed a drastic 345 

decrease of the mutant binding to human factor H during preclinical development (12), this 346 

was performed in a cell lines, therefore the binding of factor H after immunization in human 347 

is not known.  348 

The ChAdOx1-based vaccine induced a cellular mediated response, as expected with 349 

replication-deficient adenoviral vectors in humans (18–20). T-cell responses can improve 350 

vaccine efficacy by supporting the B-cell response (28), as shown for meningococcal 351 

polysaccharide conjugate vaccines (29, 30). Therefore, the T-cell response induced by the 352 

ChAdOx1 may provide the conditions to increase the longevity of the memory B-cell 353 

response. T-cell responses against outer membrane proteins are induced after meningococcal 354 

disease (31, 32). However, whereas the SBA is an established surrogate marker of efficacy 355 

against invasive meningococcal disease (33), there is no evidence for the potential of such 356 

cellular responses to support direct protection in addition to, and independently of the SBA 357 

responses. 358 

The main limitation of this trial is its small sample size, which was acceptable for a first-in-359 

human trial aiming to assess safety. Although adequate expression of fHbp was assessed in 360 

vitro (12) and is assumed by the capacity to elicit an SBA response, we did not assess post-361 
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translational changes and whether all fHbp B cell epitopes were presented in their natural 362 

conformation. Another limitation is that it is impossible to evaluate the overall dose of 363 

expressed fHbp from ChAdOx1 MenB.1 and how it compares with fHbp doses in protein-364 

based vaccines. We have not attempted to measure the quantity of antigen expressed after 365 

injection in preclinical models as this would involve complex in vivo studies that cannot be 366 

reliably recapitulated in vitro. After in vivo injection, the amount of fHbp produced per 367 

infected cell includes cell-bound as well as secreted antigen, and varies depending on the cell 368 

type, its immediate environment (influenced by the innate immune response), anatomical 369 

location (muscle tissue, secondary lymphoid organs) (34), and time since vaccination (35). 370 

The amount of antigen expression can also be influenced by the vaccine-elicited T cell 371 

response itself, as demonstrated with DNA-based vaccines (36). Geiben-Lynn et al. 372 

performed a comprehensive study using a luciferase-based real-time photon imaging and 373 

found that intramuscular adenovirus delivery resulted in transgene expression for a week, and 374 

that the T cell response contributed to the decrease of the antigen expression from day 4 (37). 375 

There was no association between the peak amount of antigen expression in the first 2 days 376 

and T cell response, nor with the establishment of long-term immune response. However, the 377 

study did not explore the relation with the antibody response. Another limitation is that we 378 

did not assess the response to the vector itself. Anti-ChAdOx1 vector responses were 379 

analyzed in detail in a larger trial after one or two doses of the ChAdOx1 COVID-19 vaccine 380 

(38), and the results showed no relationship between antibodies to ChAdOx1 on the day of 381 

vaccination and the antibody or T cell responses to the target antigen. It is unlikely that the 382 

anti-vector data generated from our trial with small sample size would support any further 383 

meaningful interpretation. We have also not measured the serum IgA titers in the participants. 384 

Restrictions on research activities, introduced in response to the COVID-19 pandemic, led to 385 

missed trial visits; however, very few of these were key immunological time points.  386 
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Furthermore, this first-in-human phase I/IIa trial was conducted in adults and may not be 387 

generalizable to other age groups or populations. Finally, although adenovirus vectors are 388 

considered an inexpensive vaccine platform owing to low production costs, without cost-389 

effectiveness modelling, we cannot infer whether such vaccine would have a favorable cost-390 

effectiveness profile for adolescent programs (39, 40). 391 

In conclusion, this phase I/IIa trial demonstrates that ChAdOx1 MenB.1 vaccine is well-392 

tolerated and immunogenic. Our findings show that ChAdOx1 MenB.1 and 4CMenB elicited 393 

comparable SBA activity against 44/76-SL, and although the trial was not powered to assess 394 

differences in immunogenicity between the groups, the results suggest that ChAdOx1 395 

MenB.1 did not induce strong cross-reactivity. The inclusion of another variant of fHbp or 396 

another antigen, similarly to other vaccine platform (41), would potentially result in a MenB 397 

vaccine with broader cross-reactivity. 398 

 399 

MATERIALS AND METHODS 400 

Study design  401 

This is a first-in-human trial to evaluate the use of a viral-vectored vaccine with a transgene 402 

expressing a Gram-negative bacterial surface protein. The trial was an open-label, dose-403 

escalation, non-randomized, single-site Phase I/IIa clinical trial in healthy adults aged 18 to 404 

50. Participants were enrolled following an informed consent process. Participants received 405 

one or two doses of either the vaccine under investigation, ChAdOx1 MenB.1, or one of the 406 

licensed MenB vaccines. The observations included safety and tolerability (primary 407 

endpoints) as well as immunogenicity, measured by SBA, ELISPOT and quantification of 408 

serum cytokines. The analyses for this study were descriptive and did not include any 409 

hypothesis testing or presentation of p-values for group comparisons. Consequently, there 410 
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were no power calculations used to determine the trial sample. Anyone who received at least 411 

one dose of study vaccine was included and all data obtained up to the point of withdrawal 412 

were used in the analysis and there were no imputations for missing data. Rules for stopping 413 

data collection and inclusion/exclusion criteria are in the protocol (data file S1). 414 

Baseline assessments and information was collected by a study investigator as part of the 415 

assessment of inclusion/exclusion criteria (detailed in the study protocol, data file S1). Blood 416 

samples were taken for routine hematological and biochemical markers, as well as a blood-417 

borne virus screen. Urinalysis was performed and a point-of-care pregnancy test was taken by 418 

participants with child-bearing potential. 419 

In the first group, ChAdOx1 MenB.1 was administered at a dose of 2.5x1010 (low dose) for 420 

safety purpose (three volunteers, group 1), and then at 5x1010 (standard dose) viral particles. 421 

The 4CMenB (Bexsero, GlaxoSmithKline) and rLP2086 (Trumenba, Pfizer) vaccines were 422 

given as per summary of product characteristics at the standard dose of 0.5mL. All vaccines 423 

were administered as an intramuscular injection into the deltoid.  424 

The trial contained eight groups (Table 1 and Fig. 1) with a sequential, non-randomized 425 

allocation: groups who received a single low or standard dose of ChAdOx1 MenB.1 (groups 426 

1 and 2); then groups who received two doses of either standard dose of ChAdOx1 MenB.1 427 

(group 3) or a heterologous immunization with 4CMenB followed by ChAdOx1 MenB.1 six 428 

months later (group 4); 4CMenB was administered at day 0 and either 1 month (group 5) or a 429 

6 months later (group 6); the larger groups dedicated to raising a serum standard received two 430 

doses of 4CMenB or rLP2086 as per the respective vaccine licenses (groups 7 and 8). The 431 

latter two groups were supported by the NIBSC and were independent of the original first-in-432 

human design. The sampling strategy was therefore different with a focus on large serum 433 

sampling supplied to the NIBSC. Therefore, not all samples and time points were available in 434 
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these groups. For group 7 (19 participants immunized with two doses of 4CMenB at 6 435 

months interval), only the large blood collection were performed for the generation of a 436 

serum standard (no immunology analysis). For group 8 (21 participants immunized with two 437 

doses of rLP2086 at 6 months interval), only a subset of 10 participants were randomly used 438 

for the SBA assays. All SBA assays were performed blinded at the Vaccine Evaluation Unit 439 

(UKHSA) (samples were coded at the size of study). As a first-in-human trial, this trial was 440 

not powered to compare the immunogenicity between groups; therefore, no comparison in 441 

immunogenicity between the different vaccines included were made. Participants were 442 

recruited to each group sequentially. A staggered enrollment approach was used for the first 443 

three participants in group 1 and 2, receiving the low dose and standard dose of ChAdOx1 444 

MenB.1, respectively. An interim safety review was undertaken with the independent Data 445 

and Safety Monitoring Committee before each dose escalation.  446 

 447 

Ethics and approvals 448 

Clinical Trial Authorization was granted by the United Kingdom Medicines and Healthcare 449 

products Regulatory Agency (MHRA reference 21584/0379/001-0001). Ethical approval and 450 

amendments were granted by South Central - Oxford A Research Ethics Committee 451 

(17/SC/0470). The trial was registered with EudraCT (2017-000965-61). The trial was 452 

conducted in accordance with the clinical trial protocol and the principles of the Declaration 453 

of Helsinki (2008) and the International Conference on Harmonization (ICH) Good Clinical 454 

Practice standards. 455 

 456 

Vaccine construction and preparation 457 
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ChAdOx1 MenB.1 is a replication-deficient viral vector expressing the fHbp variant 1.1 458 

transgene and was produced as described previously (12). The vaccine was produced to 459 

current Good Manufacturing Practice by the Clinical Biomanufacturing Facility (the 460 

University of Oxford) in a Tet-repressed HEK-293 cell line and sterile-filtered to generate a 461 

clinical lot at a concentration of 1.1x1011 viral particles per mL. Vaccine aliquots were stored 462 

at -80°C until use.  463 

 464 

Safety monitoring 465 

Participants were observed in the clinic for 30-60 minutes following immunization and each 466 

recorded any AEs using electronic diaries, from day 0 (day of vaccination) to day 6 for 467 

solicited symptoms (induration, redness, swelling, headache, malaise, myalgia, nausea and 468 

vomiting, anorexia, arthralgia, and fever) and up to 28 days post-vaccination for unsolicited 469 

adverse events. The grading of AEs were predefined, where 0 indicates absence of symptoms, 470 

1 indicates transient or mild discomfort, 2 indicates some intervention or medical therapy 471 

required, 3 indicates significant interference with daily activity, and 4 indicates emergency 472 

department visit or hospitalization. Laboratory AEs were graded using a table adapted from 473 

the US Food and Drug Administration (US FDA) toxicity grading scale. All reported or 474 

observed AEs were recorded in the OpenClinica electronic database and SAEs could be 475 

reported throughout the trial. An independent local safety monitor provided trial oversight.  476 

Blood samples were taken and vital signs were recorded to undertake safety clinical 477 

assessments before vaccination at day 0 and at days 1, 2, 7, 14, 28, 56, 84, 180, 208 and 365 478 

following the first vaccination. Hematological parameters were entered in a blood safety 479 

database and graded mild, moderate, severe, or potentially life-threatening based on the US 480 

FDA guidelines (42).   481 
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 482 

Meso scale discovery (MSD) cytokine profiling 483 

Cytokine responses were measured in plasma samples with the MSD V-PLEX 484 

Proinflammatory Cytokine (human) Panel 1 kit (Meso scale K15049D). The 10 spot plates 485 

were coated with capture monoclonal antibodies against the following cytokines: IFN-γ, IL-486 

1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, and TNF-α. Plasma samples were diluted 487 

at 1:2 in MSD diluent 2 and added in duplicates to the plates for two hours at room 488 

temperature with shaking. Each plate also included MSD standard diluted 1:4 and 3 MSD 489 

controls diluted 1:2. After incubation and a wash step, detection antibodies were added to the 490 

plates and incubated for 2 hours at room temperature. After adding the read buffer, plates 491 

were read on a MESO QuickPlex SQ 120 reader and analysis was carried out with the MSD 492 

Discovery Workbench 4.0. Samples with a coefficient of variation greater than 20% between 493 

replicates were repeated. Concentrations in pg/ml were determined by back fitting to the 494 

standard curve and multiplied by the dilution factor. 495 

 496 

SBA assay  497 

Vaccine-induced functional bactericidal antibodies were determined using a standardized 498 

SBA assay (43). As described previously, a starting serum dilution of 1:2 was tested using 499 

human serum as an exogenous complement source (44). A panel of MenB target strains were 500 

selected to represent key 4CMenB and ChAdOx1 MenB.1 vaccine antigen variants. Vaccine 501 

type strains were considered homologous if the serum sample was from a participant 502 

vaccinated with a vaccine based on that strain and other comparisons were considered 503 

heterologous. All strains utilized are shown in Table 4. The strains utilized include the 504 

homologous fHbp v1.1 as well as different V1 variants including v1.14, v1.10, v1.13 and 505 
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v1.15 as well as a fHbp v3.31.  These selected strains have been utilized in other clinical 506 

trials of 4CMenB (44–46).  A vaccine response was defined as a ≥4-fold rise in SBA titer 507 

compared with pre-vaccination baseline titer; no response was defined as less than a 4-fold 508 

rise in titer. 509 

 510 

Detection of serum IgG1 and IgG3 by enzyme-linked immunosorbent assay (ELISA) 511 

Immulon 2HB plates (Thermo Fisher Scientific) were coated with recombinant fHbp 1.1 512 

protein at 2.5 µg/ml in carbonate-bicarbonate buffer (Sigma Aldrich). Serum samples were 513 

serially diluted in phosphate-buffered saline containing 0.5% (v/v) Tween-20 and 1% (w/v) 514 

bovine serum albumin and tested in duplicates. Antibody binding was detected with 515 

horseradish peroxidase-conjugated anti-human IgG1 or IgG3 (Invitrogen A 10648 and 05-516 

3620, Thermo-Fisher Scientific) and visualized with 3,3’,5,5’-Tetramethylbensidine substrate 517 

(Sigma Aldrich). The reaction was stopped with 50 µl H2SO4, and optical densities (O.D.) 518 

were measured at 450 nm with a reduction at 600 nm.  519 

 520 

Enumeration of antibody-secreting cell responses and IFN-γ T cell responses by 521 

ELISpot 522 

Antigen-specific antibody-secreting cell enumeration was performed using cryopreserved 523 

peripheral blood mononuclear cells by human B cell FLUOROSpot as described previously 524 

(47) and following the manufacturer’s instructions (Mabtech) using recombinant fHbp 1.1. 525 

Briefly, peripheral blood mononuclear cells were isolated from fresh heparinized blood 526 

samples by density gradient centrifugation and cryopreserved. After thawing, cells were 527 

stimulated with a cocktail of R848 and IL-2 (Mabtech) and incubated for 72 hours at 37°C. 528 

Cells were then washed and added to the 96-well ELISPOT plates coated with recombinant 529 



   

 

22 

 

fHbp 1.1 protein. Cells were incubated overnight at 37°C/5%CO2/95% humidity and 530 

detection of spots was carried out according to the manufacturer’s instructions (Mabtech) and 531 

analyzed with the iSpot EliSpot reader (Autoimmun Diagnostika). The T cell responses were 532 

measured in peripheral blood mononuclear cells by human T cell FLUOROspot according to 533 

the manufacturer’s instructions (Mabtech). Briefly, peripheral blood mononuclear cells were 534 

stimulated overnight with a peptide pool of 15mer peptides overlapping by 11 amino acids 535 

and covering the entire sequence of fHbp 1.1. Plates were coated overnight at 4 °C with anti-536 

human IFN-γ antibody (clone 1-D1K, Mabtech) in carbonate buffer, washed, and blocked 537 

with media for 2 hours minimum. 2.5 × 105 cells were incubated with the peptide pool, 538 

medium alone or overnight at 37 °C with 5% CO2. Plates were washed and developed, and 539 

spots were counted using an AID automated ELISpot counter (AID Diagnostika, algorithm 540 

C). For both assays, identical settings were used for all plates. Responses were averaged 541 

across the replicate wells. For the T cell ELISPOT, the mean response of the unstimulated 542 

(negative control) wells was subtracted and results expressed as spot forming cells per 543 

million peripheral blood mononuclear cells. 544 

 545 

Statistical analysis 546 

The analyses for this study were descriptive and did not include any hypothesis testing or 547 

presentation of p-values for group comparisons. Consequently, there were no power 548 

calculations used to determine the trial sample. Eighty-eight participants were included in the 549 

analyses according to the group to which they were assigned. Anyone who received at least 550 

one dose of study vaccine was included and all data obtained up to the point of withdrawal 551 

were used in the analysis and there were no imputations for missing data. Safety data were 552 

summarized by each dose and in total. 553 
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The comparability of the groups was assessed using the demographic and baseline 554 

characteristics. Continuous variables that followed an approximately normal distribution were 555 

summarized using means and standard deviations. Skewed continuous variables were 556 

summarized using medians and inter-quartile ranges. Categorical variables were summarized 557 

using frequencies and percentages. All confidence intervals (CI) for descriptive analyses were 558 

set at 95%.  559 

The geometric mean titer (GMT), with 95% CI, of the SBA were determined for each group 560 

at Day 0, 7, and 28 after each vaccination dose. The percentage of people with 4-fold increase 561 

compared to baseline and the percentage of participants with SBA titers greater or equal to 562 

1:4, with 95% CI, are reported. Values less than 0.25, which are not detectable, were replaced 563 

by 0.125 in the analysis.  As a first-in-human trial, this trial was not powered to compare the 564 

immunogenicity between groups, therefore no comparison in SBA between the different 565 

vaccines included were made. All available data were used in the analyses without 566 

imputations for missing data using R version 4.2.2, in agreement with the statistical analysis 567 

plan (data file S2). Individual-level data are presented in data file S3. For the plasma cytokine 568 

data, some data were missing at random, therefore a mixed-effects analysis with multiple 569 

comparisons (Šidák’s comparisons test) was used, and the adjusted P value for significance 570 

indicated in the graphs.  571 

 572 
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Figure legends 919 

Figure 1. CONSORT Diagram for the primary safety analysis. LD indicates low dose 920 

(2.5x1010 vp); SD indicates standard dose (5x1010 vp). 4CMenB and rLP2086 were 921 
administered as per product specifications. Gray boxes indicate the two groups added to 922 
generate serum standards. The numbers in parentheses in the allocation boxes indicate the 923 
interval between two doses in months. N/A, not applicable. 924 

 925 

Figure 2. Reported AEs from the day of vaccination until 6 days after vaccination. AEs 926 
are reported for all trial arms. (A) Frequency of solicited local and systemic reactions on days 927 

0 to 6 following the first dose of vaccination. (B) Frequency of solicited local and systemic 928 
reactions on days 0 to 6 following booster dose vaccination. ChAd, ChAdOx1 MenB.1; LD, 929 

low dose (2.5x1010 vp); SD, standard dose (5x1010 vp). Bars represent the percentage of 930 
participants with the reaction mentioned on the top, and the color indicates the severity of the 931 
reaction as indicated in the legend. *Rash was measured as a binary variable and color does 932 
not indicate severity. 933 

 934 

Figure 2. ChAdOx1 MenB.1 induces SBA responses against the MenB strain 44/76-SL 935 

containing a homologous fHbp 1.1. (A) Shown are individual SBA titers in participants in 936 

each group of the trial as indicated at day 0 prior to vaccine (D0) and at days 28, 56, 180, 208 937 

and 365 following the first vaccine dose. Each dot represents an individual. The number of 938 

individuals assessed at each time point is provided in table S3. Single tests were run for each 939 

sample, but multiple repeats were performed depending on the sample. The putative 940 

protective threshold titer of > 1:4 is indicated by the horizontal red dotted line. Boxes and 941 

vertical lines indicate geometric means and 95% confidence intervals, respectively. (B) 942 

Proportion of participants with an SBA titer ≥1:4 at the indicated time points following first 943 

vaccination. Error bars show 95% confidence interval (CI). (C) Proportion of participants 944 

with a 4-fold increase in SBA titers at the indicated time points following first vaccination. 945 

Each dot represents an individual. The horizontal red dotted line indicates a value of 1 (no 946 

change). Boxes and vertical lines indicate geometric means and the 95% confidence intervals, 947 

respectively. The number of samples per group at day 0 are: ChAd LD, n = 3; ChAd SD, n = 948 

10; ChAd-ChAd, n = 8; 4CMenB-ChAd, n = 8; 4CMenb-4CMenb(1), n = 10; 4CMenb-949 

4CMenB (6), n = 8; and rLP2086-rLP2086, n = 10. Some of the samples at further time 950 

points were not collected, as some participants did not continue with the study.  951 

 952 

Figure 4. ChAdOx1 MenB.1 did not elicit robust cross-reactive SBA responses following  953 

vaccination. (A) Individual SBA titers against each of the four strains indicated on the x-axis 954 

are shown for samples collected at the indicated time points from participants in each group 955 

of the trial. Each dot represents an individual. The number of individuals assessed at each 956 

time point is provided in table S3. Single tests were run for each sample, but multiple repeats 957 

were performed depending on the sample. The putative protective threshold titer of ≥ 1:4 is 958 

indicated by the horizontal red dotted lines. Boxes and vertical lines indicate 3geometric 959 

means and 95% CIs, respectively. (B) Shown is the proportion of participants with an SBA 960 

titer ≥1:4 against the indicated strain at each time point. Error bars indicate 95% CIs. 961 



   

 

35 

 

 962 

Figure 5. ChAdOx1 MenB.1 elicits Th1-biased cytokine production and fHbp-specific 963 

IFN-γ secreting T cell responses in peripheral blood samples following vaccination. (A) 964 

Plasma cytokines indicated on top of the graphs were measured immediately prior to and 24 965 

hours post the first vaccination with ChAdOx1 MenB.1 (blue, n = 18) or 4CMenB (gold, n = 966 

25). (B) Plasma cytokines indicated on top of the graphs were measured immediately prior to 967 

and 24 hours after the second vaccination for participants that received two doses of 968 

ChAdOx1 MenB.1 (cyan, n = 6), two doses of 4CMenB (yellow, n = 5), or 4CMenB 969 

followed by ChAdOx1 MenB.1 (magenta, n = 7). Each dot represents an individual 970 

participant. The horizontal red line indicates the lower limit of detection and the horizontal 971 

black line indicates the lower limit of quantification. Data are presented as individual results, 972 

and the median ± interquartile range per group and time point. Significant differences 973 

between 24 hours post and prior to injection were measured using mixed-effects analysis with 974 

Sidak’s multiple comparisons test. (C) IFN-γ secreting T cell responses were measured prior 975 

to and at the indicated time points after vaccination. Each dot represents an individual 976 

participant. The boxplots correspond to the median values with the first and third quartile, 977 

and whiskers show the highest and lowest values no more than 1.5 times the interquartile 978 

range from the corresponding edge of the box. 979 

 980 

  981 
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Tables 982 

Table 1. Study Groups and Vaccination Schedules. LD indicates low dose (2.5x1010 vp); SD indicates 983 

standard dose (5x1010 vp). 4CMenB and rLP2086 were administered as per product specifications. 984 

Study Group Day 02 Day 28 Day 180 

1 ChAdOx1 MenB.1 LD - - 

2 ChAdOx1 MenB.1 SD - - 

3 ChAdOx1 MenB.1 SD - ChAdOx1 MenB.1 SD 

4 4CMenB - ChAdOx1 MenB.1 SD 

5 4CMenB 4CMenB - 

6 4CMenB - 4CMenB 

7 4CMenB - 4CMenB 

8 rLP2086 - rLP2086 

 985 
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Table 2.  Summary of participant demographic characteristics. LD indicates low dose (2.5x1010 vp); SD indicates standard dose (5x1010 vp). 4CMenB and 

rLP2086 were administered as per product specifications. The numbers in parentheses in the top row indicate the interval in months between two doses. 

 ChAd LD ChAd SD ChAd-ChAd(6) 
4CMenB-
ChAd(6) 

4CMenB-
4CMenB(1) 

4CMenB-
4CMenB(6) 

4CMenB-
4CMenB(6) 

rLP2086-
rLP2086(6) 

 N=3 N=10 N=8 N=8 N=10 N=9 N=19 N=21 

Age 21.0 (20.6-32.7) 29.0 (26.4-42.2) 29.2 (23.6-37.0) 28.8 (25.1-43.5) 23.8 (23.5-29.0) 26.1 (25.1-27.4) 30.4 (26.7-42.9) 28.7 (27.3-34.5) 

Body mass index 25.5 (12.7-26.9) 22.8 (0.0-25.0) 22.5 (14.1-25.5) 24.3 (22.1-25.9) 22.9 (5.6-26.8) 19.8 (0.0-21.8) 23.5 (21.8-25.8) 23.4 (20.7-26.1) 

Gender 
Female 0 (0.0%) 4 (40.0%) 6 (75.0%) 5 (62.5%) 4 (40.0%) 7 (77.8%) 13 (68.4%) 14 (66.7%) 

Male 3 (100.0%) 6 (60.0%) 2 (25.0%) 3 (37.5%) 6 (60.0%) 2 (22.2%) 6 (31.6%) 7 (33.3%) 

Ethnicity 

Mixed 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (12.5%) 1 (10.0%) 0 (0.0%) 0 (0.0%) 1 (4.8%) 

Other 0 (0.0%) 0 (0.0%) 2 (25.0%) 1 (12.5%) 1 (10.0%) 0 (0.0%) 1 (5.3%) 0 (0.0%) 

White 3 (100.0%) 10 (100.0%) 6 (75.0%) 6 (75.0%) 8 (80.0%) 9 (100.0%) 18 (94.7%) 20 (95.2%) 
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Table 3. Summary of AEs and SAEs. LD indicates low dose (2.5x1010 vp); SD indicates standard dose (5x1010 vp). 4CMenB and rLP2086 were administered as 

per product specifications. The numbers in parentheses in the top row indicate the interval in months between two doses.  

 ChAd LD ChAd SD ChAd-
ChAd(6) 

4CMenB-
ChAd(6) 

4CMenB-
4CMenB(1) 

4CMenB-
4CMenB(6) 

4CMenB-
4CMenB(6) 

rLP2086-
rLP2086(6) 

 N=3 N=10 N=8 N=8 N=10 N=9 N=19 N=21 

No. of AEs 28 67 63 56 36 62 24 60 

No. of participants 3 10 8 7 8 8 12 15 

Severity Mild 15 41 38 34 28 35 11 23 
Moderate 10 16 16 15 4 20 9 24 
Severe 2 6 5 4 3 5 1 11 
Emergency or 
Hospital visit 

1 2 3 3 1 2 0 0 

Unknown - 2 1 - - - 3 2 

Relation to 
administered 
vaccine 

No relationship 18 35 39 39 31 50 14 25 

Possibly related 6 23 20 10 2 9 3 12 

Probably related 0 7 3 5 2 2 3 12 

Definitely related 4 2 1 2 1 1 4 11 

Duration of AE 
(days) 

Median (Q1, Q3) 7 (1, 28) 7 (1, 34.75) 7 (4.5, 19.25) 7.5 (5.25, 27) 14 (5.5, 77) 13 (1.25, 28) 28 (14, 184.5) 6 (11, 14) 

No. of missing - 5 1 2 5 8 13 11 

Post-first dose 28 67 42 35 20 46 11 29 

Post-second dose 0 0 21 21 16 16 13 31 

SAE 0 0 1 1 1 0 0 0 
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Table 4. Characteristics of the MenB Strains used to assess SBA responses in relation with the fHbp variants contained in each study vaccine. VR, variable 

region; aPfizer classification; bphase variable NadA allele in off state; cNadA gene inactivated by insertion sequence 1301. The ChAdOx1 MenB.1 vaccine 

contains fHbp variant 1 peptide 1 only (1.1); 4CMenB contains PorA-VR2 1.4, fHbp 1.1, NadA 3.8 and NHBA peptide 2; rLP2086 contains fHbp variants 1.55 

and 3.45. n/a, not applicable. 

Isolate Country Sequence 
type 

Clonal 
Complex 

PorA fHbp NadA NHBA 

VR1 VR2 Variant  Peptide Alternative 
Classificationa 

Variant Peptide Peptide 

44/76-SL Norway 32 ST-32  7 16 1 1 B24 n/a 0 3 

M01 
240355 

UK 213 ST-213  22 14 3 31 A47 4/5 0b 18 

M01 
240101 UK 

1049 ST-269  19-1 15-11 1 15 B44 n/a 0 21 

M01 
240185 UK 

11 ST-11  5-1 10-8 1 10 B64 2/3 0c 20 

M00 
242922 UK 

41 ST-41/44  7-2 4 1 4 B16 n/a 0 2 

M15 
240912 UK 

1161 ST-269  22 9 1 13 B09 n/a 0 17 
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