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Abstract

Background: People living with HIV have been shown to have an increased

risk of invasive meningococcal disease. In some countries, meningococcal vac-

cines are now routinely recommended to all people living with HIV, but no

study has yet assessed the immunogenicity and safety of a meningococcal ser-

ogroup B vaccine or the co-administration of a MenB and MenACWY vaccine

in people living with HIV.

Methods: This phase IV open-label clinical trial investigated the immunoge-

nicity and safety of two doses of a four-component recombinant protein-based

MenB vaccine (4CMenB) and a quadrivalent conjugate polysaccharide

MenACWY vaccine (MenACWY-CRM197) given 1 month apart in a popula-

tion of people living with HIV. Immunogenicity analysis was performed before

vaccination and 1 month after the second doses of 4CMenB and MenACWY.

Primary outcome measures were serum bactericidal assay geometric mean

titres against three MenB reference strains at baseline and 1 month post vacci-

nation, the proportion of participants achieving a putative protective titre of

≥4, and the proportion of participants with a ≥4-fold rise in titre from baseline.

Secondary outcome measures were serum bactericidal assay geometric mean

titres against MenA, C, W, and Y reference strains at baseline and 1 month

post vaccination, the proportion achieving a putative protective titre of ≥8, and
the proportion with a ≥4-fold rise in titre from baseline. Safety outcomes were

solicited and unsolicited adverse events in the 7 days following vaccination.

The trial was registered with clinicaltrials.gov (NCT03682939).

Findings: In total, 55 participants aged 20–45 years were enrolled. All partici-

pants (100%; 95% confidence interval [CI] 93–100) achieved putative protective

titres for two of the three MenB strains and for MenA, W, and Y. A total of
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98% (95% CI 89–100) achieved a protective titre for the third MenB strain and

94% (95% CI 83–99) for MenC. No serious adverse events were reported.

Interpretation: 4CMenB and MenACWY were immunogenic and well-

tolerated in a population of people living with HIV 1 month after two doses.
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INTRODUCTION

Invasive meningococcal disease (IMD), caused by Neis-
seria meningitidis, is responsible for significant morbidity
and mortality worldwide [1]. N. meningitidis has 12 differ-
ent capsular polysaccharide groups, six of which – A,
B, C, W, X, and Y – are responsible for invasive dis-
ease [2].

Patterns of N. meningitidis infection have shifted over
time throughout the world. In the UK, Europe, and other
industrialized nations, a hypervirulent serogroup C
(MenC) strain of N. meningitidis (ST-11) drove the majority
of IMD in the 1990s. The introduction of a conjugated
polysaccharide MenC vaccine in the UK in 1999 as part of
a national vaccination programme, and its subsequent
introduction in other countries, led to significant reduc-
tions in the number of MenC cases due to both the direct
protection of those vaccinated and a herd immunity effect
[3]. In the subsequent two decades, the largest proportion
of IMD was due to serogroup B (MenB) infections [4].

Historically, the development of MenB vaccines was
complicated by the similarity of the MenB capsular poly-
saccharide to human foetal neural adhesion molecules.
This renders MenB polysaccharide-based vaccines poorly
immunogenic [3]. In 2013, a four-component MenB vac-
cine (4CMenB; Bexsero, GSK), was licensed in Europe.
This recombinant protein-based vaccine was the first of its
kind and combines three subcapsular membrane proteins
(Neisserial heparin binding antigen [NHBA], Factor H
binding protein [fHbp], Neisserial adhesin A [NadA]) and
the outer membrane vesicle Porin-A (PorA) antigen from a
New Zealand outbreak strain of MenB [5]. A second
recombinant protein-based MenB vaccine (Trumenba, Pfi-
zer) was licensed by the European Medicines Agency in
2017 [6]. In addition to these MenB-specific vaccines,
MenACWY-conjugate quadrivalent vaccines have been
available for over a decade in Europe. MenACWY-
CRM197 (MENVEO, GSK) conjugated to cross-reacting
material 197 (CRM197) was first licensed in 2010 [5], fol-
lowed by MenACWY-TT (Nimenrix, Pfizer), conjugated to
a tetanus toxoid protein, which was licensed in 2013. More
recently, MenQuadfi (Sanofi Pasteur), also a tetanus toxoid
conjugate, was licensed in 2020 [7, 8]. Therefore, it is now

possible to vaccinate against the five most prevalent
meningococcal serogroups with a combination of two vac-
cines. In the UK, 4CMenB is given as a 2 + 1 schedule to
infants at 2, 4, and 12 months of age. A single
MenACWY–conjugate vaccine is given to teenagers at age
13 years. In addition to routine vaccination of children,
certain risk groups are recommended to receive meningo-
coccal vaccines. These include those with asplenia or sple-
nectomy and those with inherited or induced complement
deficiency [9].

Multiple studies have shown that people living with
HIV are at increased risk of IMD but this group are not
routinely offered vaccination against meningococcal dis-
ease in the UK [10]. In one UK study, people living with
HIV had an overall relative risk of IMD 4.5 times that of
people without HIV. Specifically, for adults with HIV aged
16–24 years, the risk of IMD with capsular groups C, W,
and Y was increased 22.7-fold compared with adults with-
out HIV, irrespective of CD4 count or treatment with anti-
retroviral therapy [11]. A study from the USA found a
10-fold increased risk of IMD in people living with HIV
[12], and a study from South Africa reported that people
living with HIV had an 11.3-fold increased risk of IMD
[13]. In the UK, an estimated 106 890 people were living
with HIV in 2020, with 45% of new diagnoses among gay
and bisexual men [14]. Multiple outbreaks of IMD among
men who have sex with men (MSM) have been reported
globally, emphasizing the increased risk faced by this group
[15].

Small studies have previously investigated the immu-
nogenicity and safety of meningococcal vaccines in peo-
ple living with HIV. These studies suggested reduced
immunogenicity of a single dose of MenC-conjugate vac-
cine in children and adolescents with HIV [16]. An inves-
tigation of MenACWY-conjugate vaccine use in
adolescents with HIV found better responses in those
with higher CD4 counts and a better response after two
doses [17]. People living with HIV are known to have
reduced immune responses to certain other vaccines,
including hepatitis B recombinant DNA surface antigen
vaccines [10]. To date, no study has assessed the safety
and immunogenicity of MenB vaccination in people liv-
ing with HIV.
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We present the results of a phase IV open-label vac-
cine clinical trial designed to investigate the safety and
immunogenicity of two doses each of 4CMenB and a
MenACWY-conjugate vaccine in people living with HIV.

METHODS

Study population and schedule

Any person aged 10–45 years living with HIV, where they
or their legal guardian were able to sign a consent form,
was able to enrol in this study. Exclusion criteria were
pregnancy, history of vaccination with both 4CMenB and
a MenACWY-conjugate vaccine in the previous 2 years
(receipt of a single vaccine was not an exclusion

criterion), latex allergy, receipt of non-live vaccines in the
2 weeks or live vaccines in the 4 weeks before visit
1, active malignancy, hypersensitivity to the vaccine com-
ponents, bleeding disorder, acute or chronic illness
judged by the investigator as being a contraindication to
vaccination, participation in another clinical trial of an
investigational medicinal product within 60 days, and
children in care.

4CMenB (Bexsero, GSK; lot no. ABX6E3BZ and
ABX712AC) and MenACWY-CRM197 (MENVEO, GSK;
lot no. AMVA062A) were administered intramuscularly
in opposite deltoid muscles at visit 1 (day 0) and visit
2 (days 28–42). 4CMenB was administered into the non-
dominant arm and MenACWY-CRM197 into the domi-
nant arm. 4CMenB was supplied in a 0.5 mL pre-filled
syringe for injection. MenACWY-CRM197 was supplied

133 subjects assessed
for eligibility

 78 excluded

1 met exclusion criteria
77 declined to participate

Visit 1 (day 0)

55 subjects underwent
immunogenicity blood sampling
and received a first dose of
4CMenB and MenAWCY-CRM

1 subject withdrew consent

Visit 2 (28-42 days after Visit 1)

54 subjects received a second
dose of 4CMenB and
MenAWCY-CRM

3 subjects lost to follow-up

Visit 3 (28-42 days after Visit 2)

51 subjects underwent
immunogenicity blood sampling

50 subjects included in
immunogenicity analysis*

55 subjects included in safety
analysis

1 subject excluded from
follow-up immunogenicity

analysis**

*55 subjects included in baseline results analysis, 50
included in follow-up bloods analysis

** 1 subject excluded from follow up immunogenicity
analysis due to visit 3 occurring more than 4 weeks

beyond the end of the visit window

FIGURE 1 Participant flow chart.
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as a lyophilised MenA component that was mixed with a
liquid MenC, W, Y component, reconstituted to a total
0.5 mL prior to administration. Blood samples were taken
at visit 1, before vaccination, and at visit 3 (28–42 days
after visit 2) (Figure 1). Vaccination was deferred in the
case of fever ≥38�C or acute illness on the day of
intended vaccination or if the participant had received a
dose of non-study vaccine within 2 weeks in the case of
non-live, or 4 weeks in the case of live, vaccines. After
each study vaccine administration, participants were pro-
vided with a diary card to complete daily for 7 days to
note local and systemic solicited and unsolicited reac-
tions. Participants also received a 24/7 emergency contact
number for a telephone held by a study investigator.

Information about the solicited adverse events (AEs)
pain, redness, and swelling at the injection site, head-
ache, fatigue, nausea, myalgia, abdominal pain, and fever
was collected in the 7 days post-vaccination. Serious AEs
(SAEs) and AEs leading to study withdrawal were
recorded for the duration of the subject's participation in
the study. AEs were graded 1–4 according to the Division
of AIDS (DAIDs) criteria for grading the severity of adult
and paediatric AEs [18]. AEs and SAEs were judged by a
study investigator as either definitely related, probably
related, possibly related, or unrelated to the study vac-
cine. The proportion of participants who reported soli-
cited AEs at each grade of severity during the 7 days of
active follow-up was also recorded. Each AE was graded
according to the highest grade of severity reported in the
participant diary card within the follow-up period. Where
an AE was reported to have resolved and then restarted
within the 7-day period, this was counted as two separate
AEs for the same participant for the purposes of a total
count of episodes, but when determining the proportion
of participants with an AE this was only counted once.
All other AEs were reported in the same way, with the
grade reported from 1 to 4 as per the DAIDs criteria.

This study was carried out in accordance with the
principles of the declaration of Helsinki and followed
good clinical practice. Ethical approval was obtained
before the study start, and all subjects gave written
informed consent before any study procedures were car-
ried out. The study was registered at clinicaltrials.gov
with the identifier NCT03682939.

Outcomes

The primary outcomes in this study were serum bacteri-
cidal antibody (SBA) assay using a human complement
source (hSBA) geometric mean titres (GMT), against
three MenB reference strains chosen to express each of
three of the 4CMenB vaccine components, at baseline

(visit 1) and 1 month after the second dose of the study
vaccines (visit 3); the proportion of subjects who achieved
putative protective hSBA titres of ≥4 against the three
MenB reference strains 1 month after administration of
the second dose of the study vaccines (visit 3); and the
proportion of subjects with at least a 4-fold increase in
hSBA GMTs from baseline (visit 1) to 1 month after the
second doses of the study vaccines (visit 3).

The secondary outcomes were SBA assays performed
with baby rabbit complement (rSBA) GMTs against
MenA, C, W, and Y reference strains at baseline (visit 1)
and 1 month after administration of the second dose of
the study vaccines (visit 3); the proportion of patients
achieving putative protective rSBA titres ≥8 against
MenA, C, W, and Y reference strains at baseline and visit
3, and the proportion of patients achieving a ≥4-fold
increase in GMT from baseline to visit 3.

Safety outcomes were the incidence of solicited local
and systemic AEs up to 7 days after each vaccination
visit, the incidence of unsolicited AEs up to 7 days after
each vaccination visit and the incidence of SAEs or AEs
leading to study withdrawal throughout the subject's
entire study period.

Serology

Serology was performed at the Vaccine Evaluation Unit
at the UK Health Security Agency (UKHSA), formerly
Public Health England, Manchester, UK. For 4CMenB,
immunogenicity was assessed by hSBA using three refer-
ence strains for MenB to assess response to three MenB
antigens (44/76-SL for fHbp, 5/99 for NadA, and
NZ98/254 for PorA). rSBA was used for immunogenicity
studies of the MenACWY vaccine with reference strains
for serogroups A, C, W, and Y [19]. Reference strain
details are presented in Table 1.

Statistical analyses

Analysis was performed on a modified intention-to-treat
basis, with all individuals with a measured antibody level
taken no more than 4 weeks beyond the end of the visit
window included. GMTs with 95% confidence intervals
(CIs) were calculated, as were the proportions of subjects
who achieved >4-fold increase in titres and a protective
hSBA titre of ≥4 for MenB and rSBA titre of ≥8 for
MenA, C, W, and Y with 95% CIs.

For SBA titres, values below the limit of detection
were set at half the limit of detection for all analyses.
Analysis was performed using STATA. The planned sam-
ple size was 55 participants with a 10% withdrawal rate

4 ISITT ET AL.
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accounted for to give a 95% CI for GMTs with a ± width
of approximately 1.5-fold around the point estimate based
on the expected variance of antibody responses.

Exploratory analyses were planned using logistic
regression to investigate associations between achieving a
4-fold increase in titre or achieving a protective titre after
vaccination, and age, gender, smoking status, CD4 count,
viral load, presence of co-morbidities, or alcohol intake.
Post-vaccination data were log transformed, and regres-
sion was performed for each variable of interest. A p-
value < 0.01 was used to identify variables of interest
given the large number of variables.

RESULTS

The study was conducted between March 2019 and
January 2020 at St George's University of London and St
George's University Hospitals NHS Foundation Trust. A
total of 55 subjects aged 20–45 years (median 36) were
included in the study. Although we aimed to include sub-
jects from the age of 10 years, most of the paediatric and
adolescent population with HIV who were regularly seen
in the paediatric HIV clinic had already been vaccinated
either as part of the national vaccination programme or
because they were at risk through travel to endemic areas
and thus were not eligible. In total, 54 subjects received
both planned doses of 4CMenB and MenACWY-CRM197.
A total of 51 subjects attended for their follow-up blood
tests at visit 3. One subject withdrew from the study after
visit 1, and a further three participants were lost to follow-
up after visit 2. One subject was excluded from the immu-
nogenicity analysis as they attended for their visit 3 more
than 4 weeks after the end of the visit window (Figure 1).
The majority of subjects were male (76.4%), and the most
common route of transmission of HIV was sex between

men (MSM) (65.5%). Transmission via heterosexual sex
accounted for 20% of participants. White ethnicity was the
most common (56.4%), followed by Black ethnicity (25.5%).
A total 83.6% of subjects had an undetectable viral load at
their most recent clinic visit, and the median CD4 count at
most recent clinic visit was 551 cells/mm3 (range 151–
1488); 9.1% of subjects had a most recent CD4 count <250
and 45.5% had a nadir CD4 count <250. In total, 63.6% of
subjects reported one or more co-morbidity (Table 2).

GMT and the proportion of subjects
achieving protective titres

At baseline, the proportion of subjects who had a protec-
tive hSBA titre of ≥4 was 53%, 73%, and 64% for the refer-
ence strains 5/99 (NadA), 44/76-SL (fHbp), and NZ98/254
(PorA), respectively. A clear increase in GMT from base-
line to visit 3 (28–42 days post second-dose vaccination)
was seen for all MenB reference strains (Figure 2). At visit
3, 100% (95% CI 93–100) of subjects had a protective titre
for 5/99 and NZ98/254, and 98% (95% CI 89–100) had a
protective titre for 44/76-SL (Figure 2). A 4-fold increase in
titres was seen in 80% (95% CI 66–90), 72% (95% CI 58–84),
and 74% (95% CI 60–85) of subjects for 5/99, 44/76-SL, and
NZ98/254, respectively (Table 3).

For the MenA, C, W, and Y reference strains, an
increase was seen in rSBA GMTs from baseline to visit
3 for all four strains (Figure 2). The proportion of subjects
with a protective titre of ≥8 increased from 51% (95% CI
37–65), 35% (95% CI 22–49), 45% (95% CI 32–59), and
47% (95% CI 34–61) to 100% (95% CI 93–100), 94% (95%
CI 83–99), 100% (95% CI 93–100), and 100% (95% CI 93–
100) for MenA, C, W, and Y reference strains, respec-
tively. Four-fold or greater increases in titres were seen in
78% (95% CI 64–88) for MenA, 86% (95% CI 73–94) for

TABLE 1 Meningococcal strains used in serum bactericidal assays.

Sero group Isolate

fHbp NadA

NHBA
peptide

PorA MLST

Variant Peptide Variant Peptide VR1 VR2 ST
Clonal
complex

B 44/76-SL 1 1 n/a 0 3 7 16 32 ST-32 complex

B NZ 98/254 1 14 n/a 0 2 7–2 4 42 ST-41/44 complex

B 5/99 2 23 NadA-2/3 3 20 5 2 1349 ST-8 complex

C L94 5016 2 22 NadA-2/3 8 357 7–1 1 345 Unassigned

A M99 243 594 1 5 NadA-2/3 8 27 20 9 5 ST-5 complex

W M01 240 070 2 16 n/a 0 20 18–1 3 184 ST-22 complex

Y M03 241 125 2 22 NadA-2/3 3 29 5 2 11 149 ST-11 complex

Abbreviations: fHbp, Factor H binding protein; MLST, multi-locus sequence type; n/a, not applicable; NadA, Neisserial adhesin A; NHBA, Neisserial heparin
binding antigen; PorA, Porin-A; VR1/2, variable region 1/2.

HIV MEDICINE 5
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MenC, 94% (95% CI 83–99) for MenW, and 90% (95% CI
78–97) for MenY (Table 4).

Safety

The most frequently reported AE was pain at the injec-
tion site after 4CMenB injection (83.6% dose 1; 75.9%
dose 2) (Table 5), of which 9.1% and 11.1% were grade
3 reactions. All other reactions were grade 1 and 2. Injec-
tion site pain was reported much less frequently after
MenACWY-CRM197 injection (36.4% dose 1; 33.3% dose
2), with only 1.8% reporting a grade 3 reaction after dose
1. Other reactions were all grade 1 or 2 (Figure 3).

The most frequently reported systemic AEs were
fatigue (52.7% dose 1; 59.3% dose 2) and headache (43.6%
dose 1; 42.6% dose 2) (Table 6). Grade 3 fatigue events
were reported by 1.8% and 1.9% after doses 1 and 2, and
grade 3 headache events by 3.6% and 1.9% after doses
1 and 2. A single grade 4 reaction for fever (1.9%) was
reported after dose 2. No other grade 4 events were
reported (Figure 4).

The unsolicited AEs reported were mostly deemed
unrelated to the study vaccines. One case of dizziness
immediately after vaccination with dose 1 was judged
to be a pre-syncopal event and did not re-occur after
dose 2. Drowsiness judged to be a grade 2 AE was
reported in the same participant after doses 1 and
2, although this spontaneously resolved within
24 hours. One case of grade 1 itch at the 4CMenB injec-
tion site was reported. No SAEs were reported within
the study period, and no AEs led to participant
withdrawal.

Exploratory analysis

In the exploratory analysis of factors associated with
≥4-fold rises, follow-up titres were log-transformed and
regression performed for each variable of interest. No
variable achieved a significance p < 0.01, so a multivari-
able regression was not performed. Given the high pro-
portion of subjects achieving a protective titre, regression
was not performed for this outcome.

TABLE 2 Participant characteristics.

Gender N (%)

Years
lived
in UK

N
(%)

Route of
transmission N (%)

Alcohol
consumption
(units/week) N (%) Ethnicity

N
(%)

Male (%) 42
(76.4)

Since
birth

17
(30.9)

MSM 36
(65.5)

0 25
(45.5)

White British 14
(25.5)

Female
(%)

13
(23.6)

<5 7 (12.7) Heterosexual
sex

11
(20.0)

1–5 22
(40.0)

White Irish 1 (1.8)

5–9 7 (12.7) Vertical
transmission

7 (12.7) 6–10 7 (12.7) White Other 16
(29.1)

Age
(range)

36 (20–
45)

10–14 10
(18.2)

Unknown 1 (1.8) 11–15 1 (1.8) Black or Black
British African

9 (16.4)

15–19 8 (14.6) Latest viral load and CD4 Black or Black
British
Carribbean

5 (9.1)

BMI
(range)

23.4
(18.4–
38.3)

20–24 4 (7.3) Undetectable,
N (%)

46
(83.6)

Smoking
status

N (%) Asian or Asian
British Indian

1 (1.8)

>25 2 (3.6) Detectable, N
(%)

9 (16.4) Never smoker 33 (60) Asian or Asian
British
Pakistani

3 (5.5)

Co-morbidity Latest CD4
count
(range)

551
(151–
1488)

Current
smoker

10
(18.2)

Other Asian 3 (5.5)

No 20
(36.4)

Nadir CD4
(range)

250 (3–
600)

Ex-smoker 12
(21.8)

Other 3 (5.5)

Yes 35
(63.6)

Years since dx
(IQR)

7 (3–
20)

Abbreviations: BMI, body mass index; dx, diagnosis; IQR, interquartile range; MSM, men who have sex with men.
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DISCUSSION

To our knowledge, this is the first study to assess the
safety and efficacy of vaccination with 4CMenB and
MenACWY-CRM197 in people living with HIV. In our
study, 100% of participants achieved a protective titre
for the MenB reference strains 5/99 and NZ98/254. In

addition, 100% of subjects achieved protective titres for
the MenA, W, and Y reference strains, 98% of partici-
pants achieved a protective titre for the 44/76-SL MenB
reference strain, and 94% of participants achieved a pro-
tective titre for the MenC reference strain. The high
proportion of subjects achieving protective titres sug-
gests that both 4CMenB and MenACWY-CRM197
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FIGURE 2 (a) Geometric mean titres pre-vaccination (baseline) and 1 month after two doses (follow-up) against three MenB reference

strains. (b) Geometric mean titres pre-vaccination (baseline) and 1 month after two doses (follow-up) against MenA, C, W, and Y reference

strains. (c) Proportion of participants who achieved a protective titre of ≥4 against three MenB reference strains pre and post-vaccination.

(d) Proportion of participants who achieved a protective titre of ≥8 against Men A, C, W, and Y reference strains, pre and post vaccination.

fHbp = Factor H binding protein; hSBA = serum bactericidal antibody assay with human complement source; NadA = Neisserial adhesin

A; PorA = Porin-A; rSBA = serum bactericidal antibody assay with baby rabbit complement.
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induce a robust immune response in people living
with HIV.

Studies conducted in laboratory workers aged 18–
55 years without HIV produced similar immune
responses after two doses of 4CMenB, as measured by the
proportion of subjects achieving a protective SBA titre

[20], suggesting that the efficacy of vaccination with
4CMenB is unaffected by the recipient's HIV status.

Furthermore, vaccination was generally well tolerated
and acceptable to the study population, with no SAEs
reported and no participants withdrawing from the study
due to AEs. Pain at the injection site after administration
with 4CMenB is a well-documented side effect of this
vaccine. Other studies in adults have documented injec-
tion site pain in over 90% of participants [20]. In contrast
to 4CMenB vaccination in infants, fever was not a com-
monly reported AE [21].

We note that the level of pre-existing immunity to the
meningococcal reference strains (as evidenced by pre-
vaccination SBA assays) was higher in this study than
has been observed in studies performed in infants [21].
This is expected and likely reflects natural immunity
from meningococcal nasopharyngeal carriage, which is
most common during adolescence [22].

The follow-up period of 1-month post vaccination
used in this study gives an indication of the immediate
effect of vaccination in people living with HIV. However,
longer-term immunogenicity has not yet been assessed in

TABLE 3 Immunogenicity of 4CMenB components.

5/99 (NadA) 44/76-SL (fHbp) NZ98/254 (PorA)

Geometric mean titre (95% CI) Baseline 7.7 (4.4–13.5) 10.6 (6.3–17.6) 8.0 (4.7–13.7)

Follow-up 202.3 (152.4–268.4) 94.4 (64.8–137.4) 58.9 (38.7–89.5)

Proportion with protective (≥4) titre (95% CI) Baseline 0.53 (0.39–0.66) 0.73 (0.59–0.84) 0.64 (0.5–0.76)

Follow-up 1.00 (0.93–1.00) 0.98 (0.89–1.00) 1.00 (0.93–1.00)

Proportion achieving four-fold rise (95% CI) 0.80 (0.66–0.90) 0.72 (0.58–0.84) 0.74 (0.60–0.85)

Geometric mean fold increase in titre (95% CI) 29.0 (15.8–53.5) 8.5 (5.4–13.1) 7.5 (5.0–11.1)

Abbreviations: CI, confidence interval; fHBP, Factor H binding protein; NadA, Neisserial adhesin A.

TABLE 4 Immunogenicity of MenACWY-CRM197 components.

MenA MenC MenW MenY

Geometric mean titre
(95% CI)

Baseline 42.8 (19.0–96.0) 10.2 (5.4–19.2) 19.8 (9.5–41.4) 22.2 (10.9–45.4)

Follow-
up

2486.7 (1745.6–3542.3) 955.4 (518.2–1761.4) 4096 (2802.1–5987.4) 3769.1 (2757.6–5151.5)

Proportion with
protective (≥8) titre
(95% CI)

Baseline 0.51 (0.37–0.65) 0.35 (0.22–0.49) 0.45 (0.32–0.59) 0.47 (0.34–0.61)

Follow-
up

1.00 (0.93–1.00) 0.94 (0.83–0.99) 1.00 (0.93–1.00) 1.00 (0.93–1.00)

Proportion achieving
4-fold rise (95% CI)

0.78 (0.64–0.88) 0.86 (0.73–0.94) 0.94 (0.83–0.99) 0.90 (0.78–0.97)

Geometric mean fold
increase in titre (95%
CI)

66.7 (28.1–158.2) 95.7 (46.0–198.9) 194.0 (88.7–424.5) 168.9 (71.7–397.7)

TABLE 5 Solicited local adverse events within 7 days of

vaccination after doses 1 and 2.

Vaccine
dose 1 N
(%)

Vaccine
dose 2 N
(%)

Pain at injection site 4CMenB 46 (83.6) 41 (75.9)

Pain at injection site MenACWY-
CRM

20 (36.4) 18 (33.3)

Swelling at injection site 4CMenB 10 (18.2) 13 (24.1)

Swelling at injection site MenACWY-
CRM

1 (1.8) 1 (1.9)

Redness at injection site 4CMenB 3 (5.5) 6 (11.1)

Redness at injection site MenACWY-
CRM

0 (0) 1 (1.9)
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this group. Since 4CMenB vaccination was only licensed
in 2013, was first incorporated into a routine vaccination
programme in 2015 (in the UK), and is predominantly
used in infants, the longer-term immunogenicity effects
are not known, even in the primary target population.
Studies in children that performed SBA assays 24–
36 months after completion of the vaccination course
found decreases in GMTs and protective titres across all

vaccine antigens. However, booster doses elicited anti-
body responses that were better than responses to pri-
mary vaccination in age-matched cohorts [23]. A study in
adults similarly found reductions in the percentage of
vaccine recipients with protective titres for both reference
and non-reference strains after 4–6 months [24]. A
follow-up study conducted with the participants in this
study will assess the longer-term immunogenicity of
4CMenB vaccination in people living with HIV.

Evidence is emerging that 4CMenB may give addi-
tional protection against non-serogroup B strains, includ-
ing a recent hypervirulent MenW outbreak strain
[25–27]. Other evidence is also emerging of some cross-
protection against Neisseria gonorrhoea infections [28,
29]. Future studies should also examine this potential
cross-protection in the context of people living with HIV.

The USA and Australia currently recommend menin-
gococcal vaccines to all people living with HIV [30]; how-
ever, the UK British HIV association guidelines
recommend only MenACWY vaccination for those
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FIGURE 3 Solicited local adverse events within 7 days after (a) 4CMenB dose 1 and (b) 4CMenB dose 2 and after (c) MenACWY-

CRM197 dose 1 and (d) MenACWY-CRM197 dose 2.

TABLE 6 Solicited systemic adverse events within 7 days after

doses 1 and 2.

Vaccine dose 1 (%) Vaccine dose 2 (%)

Headache 24 (43.6) 23 (42.6)

Fatigue 29 (52.7) 32 (59.3)

Nausea 4 (7.3) 3 (5.6)

Myalgia 19 (34.5) 15 (27.8)

Abdominal pain 5 (9.1) 5 (9.3)

Fever 4 (7.3) 4 (7.4)
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travelling to endemic areas and do not recommend vacci-
nation against MenB [10]. Within the EU/EEA, Ireland,
Italy, and Luxembourg already recommend routine
meningococcal vaccination for people living with HIV,
and Norway recommends meningococcal vaccination to
MSM [31].

Given the increased risk of IMD in people living with
HIV, the promising immunogenicity outcomes and toler-
ability reported in this study, and the abovementioned
potential for cross-protection, we suggest that consider-
ation is given to the inclusion of routine vaccination
against IMD in the UK guidelines for the vaccination of
people living with HIV.
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