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Immune responses to the capsular polysaccharide administered in the polysaccharide-protein conjugate
vaccines can be either improved or suppressed by the pre-existence of immunity to the carrier protein.
Receiving multiple vaccinations is essential for travellers such as Hajj pilgrims, and the use of conjugated
vaccines is recommended.
We studied the immune response to meningococcal serogroupW upon prior, concurrent and sequential

administration of a quadrivalent meningococcal conjugate vaccine (MCV4) conjugated to CRM197 (coad-
ministered with 13 valent pneumococcal vaccine conjugate CRM197 [PCV13]), and tetanus-diphtheria-
acellular pertussis (Tdap) vaccine in Australian adults before attending the Hajj pilgrimage in 2014.
Participants were randomly assigned, by computer-generated numbers, to three study arms by 1:1:1

ratio. Group A received Tdap followed by MCV4-CRM197 (+PCV13) 3–4 weeks later. Group B received all
three vaccines in a single visit. GroupC receivedMCV4-CRM197 (+PCV13) followedby Tdap 3–4 weeks later.
Blood samples obtained prior to and 3–4 weeks after immunisation with MCV4-CRM197 were tested for
meningococcal serogroup W-specific serum bactericidal antibody responses using baby rabbit comple-
ment (rSBA).
One hundred and seven participants aged between 18 and 64 (median 40) years completed the study. No

significant difference in meningococcal serogroup W rSBA geometric mean titre (GMT) was observed
between the study arms post vaccination with MCV-CRM197 but Group A tended to have a slightly lower
GMT (A = 404, B = 984 and C = 1235, p = 0.15). No statistical difference was noticed between the groups
in proportions of subjects achieving a�4-fold rise in rSBA titres or achieving rSBA titre�8 post vaccination.
In conclusion, receipt of MCV4-CRM197 vaccine prior, concurrent or subsequent to Tdap has similar

immunologic response, and hence concurrent administration is both immunogenic and practical.
However, further investigation intowhether carrier induced suppression is a public health issue is suggested.
Clinical trial registration: ANZCTR no. ACTRN12613000536763.

� 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Meningococcal disease and pneumococcal pneumonia are seri-
ous infections that affect the older population. Widespread child-
hood immunisation with conjugate vaccines in many developed
countries has played a considerable role in terms of controlling dis-
ease and reducing mortality through direct and herd protection [1–
4]. Conjugate vaccines surpass their polysaccharide counterparts as
they are conjugated to carrier proteins responsible for converting
the T-cell independent immunological response to T-cell depen-
dent, thus provoking both B-cell and T-cell responses as well as
establishing immunologic memory in all age groups [5]. The com-
monly used carrier proteins in licensed meningococcal
polysaccharide-conjugate vaccines are: Diphtheria toxoid (DT),
tetanus toxoid (TT) and non-toxic diphtheria toxin mutant protein
(CRM197) [6].

The growing number of conjugate and multivalent vaccines has
led to increasingly complex immunisation schedules. Experts rec-
ommend concomitant administration of several vaccines for higher
compliance [7,8] as earlier evidence reported that separate injec-
tion of several vaccines significantly contributed to missed immu-
nisation opportunities [9]. This raises concerns about
compromising effectiveness due to unpredictable immunologic
interference between components of routine vaccines and carrier
proteins [10–12]. Concurrent or sequential immunisation with
conjugate vaccines and their carrier protein (contained in
diphtheria-tetanus-pertussis vaccines [DTP]) may either supress
[13–15] or enhance [16–19] immune responses. A review of avail-
able evidence suggests that neither the carrier protein used nor its
dose were able to explain or predict the observed interaction [12].
Thus, concurrent (or sequential administration) of conjugate vacci-
nes may have positive as well as negative effects on their immuno-
genicity, and explanations of vaccine interactions are still lacking
[12].

One occasion that may raise the concern of vaccine interference
is the Hajj. The Hajj is a large annual mass gathering. Approxi-
mately 2.5 million Muslims from over 180 countries gather annu-
ally for a minimum 5-day period [20]. Intense congestion, shared
accommodation and compromised hygiene amplify the risk of
invasive meningococcal disease (IMD). Intercontinental Hajj
related outbreaks of meningococcal serogroup A (MenA) occurred
in 1987 [21], and of MenW in 2000–2001 [22]. Secondary cases
of IMD have been reported in close contacts of returning pilgrims
who may asymptomatically carry meningococci [23–25]. There-
fore, the Kingdom of Saudi Arabia Ministry of Health applied cer-
tain measures to secure the health of pilgrims at the Hajj [26,27],
notably the declaration in 2001 that quadrivalent meningococcal
vaccine against serogroups A, C, W, and Y is mandatory for all Hajj
or Umrah pilgrims. The use of a quadrivalent conjugate vaccine as a
substitute for the polysaccharide vaccine when affordable/avail-
able is recommended [25,28]. The Saudi government also recom-
mends other vaccines including DTP, seasonal influenza, polio,
mumps, measles, and rubella (MMR), and yellow fever vaccines
[29]. Some immunisation experts also recommend pneumococcal
vaccine for those at increased risk of developing the disease [30].

Given that a considerable fraction of pilgrims may take several
conjugate vaccines in a short period [31], there is potential for
interferences between them and/or other vaccines containing anti-
gens similar to carrier proteins, namely combined diphtheria-
tetanus acellular pertussis vaccine (Tdap).

Pilgrims from developed countries are likely to receive the
quadrivalent meningococcal conjugate vaccine (MCV4). Hajj pil-
grimage provided a special opportunity to assess the interaction
of MCV4 when administered before, with and after diphtheria-
tetanus conditioning vaccines. To this end, we conducted two ran-
domised controlled trials (RCT), in 2014 and in 2015, among adult
Australians who were preparing to be pilgrims, to evaluate the
immunogenicity of MCV4 coadministered with 13-valent pneumo-
coccal CRM197 conjugate vaccine (PCV13-CRM197) when adminis-
tered before, with and after Tdap. Both trials had very similar
design, the only difference being the type of carrier protein conju-
gated to the MCV4 used: MCV4 conjugated to CRM197 (MCV4-
CRM197) in 2014, and MCV4 conjugated to TT (MCV4-TT) in 2015.
Results for antibody against pneumococcal disease have been pub-
lished previously [32–34]. However, the meningococcal responses
was only reported for the 2015 trial [35]; since MenWwas the only
serogroup to have a statistically significant reduction in serum bac-
tericidal antibody (rSBA) response 3–4 weeks following MCV4-TT
injection (when Tdap was given first), we conducted this analysis
to examine and compare the effect of sequential and concurrent
administration of Tdap and MCV4-CRM197 on antibody against
the MenW antigen among participants in the 2014 trial.

2. Material and methods

2.1. Study design

Open label randomised controlled trial conducted from the 1st
February to 28th of June 2014 at The Children’s Hospital at West-
mead (CHW), Sydney, Australia.

2.2. Objectives

The primary objective was to establish whether prior, concur-
rent or subsequent use of Tdap, influences antibody responses to
MCV4 and PCV13-CRM197. In this analysis, only the response to
MenW antigen (contained in MCV4-CRM197) was examined as it
was the only serogroup to demonstrate statistically significant
difference in the previous study (using MCV4-TT) [35]. Diphthe-
ria, tetanus and pneumococcal, antibody results as well as assess-
ment of safety and reactogenicity have been reported previously
[32].

2.3. Participants

Residents of Greater Sydney, New South Wales, Australia aged
18 years and older who were planning to travel to the Hajj and
had the ability to provide written informed consent were invited,
through Hajj tour groups, to participate in this study. Hajj travel
agents sent their clients to CHW to enroll and receive the vaccine.
Exclusion criteria were receipt of any vaccine containing meningo-
coccal, pneumococcal, pertussis, diphtheria or tetanus antigens in
the past three years, and known contraindications to any of the
vaccines used in the trial as listed in the 10th edition of the Aus-
tralian Immunisation Handbook [36].

2.4. Random assignment

By using computer-generated random serials, eligible partici-
pants were randomly assigned, by 1:1:1 ratio, to one of the three
study arms according to the following (Fig. 1):

Group A: Vaccinated with Tdap (BoostrixTM, GlaxoSmithKline) at
first visit (left deltoid) then, 3–4 weeks later, followed by coad-
ministration of MCV4-CRM197 (MenveoTM, GlaxoSmithKline) and
PCV13-CRM197 (PrevnarTM, Pfizer) in the left deltoid and right
deltoid muscles, respectively.
Group B: Concurrently vaccinated with Tdap in the left deltoid
muscle and MCV4-CRM197 (lower right deltoid muscle) plus
PCV13-CRM197 (upper right deltoid muscle).



Fig. 1. Subject disposition flowchart. Group A: initially Tdap then MCV4 plus PCV13; Group B: administered all vaccines concurrently; Group C: MCV4 plus PCV13 then
Tdap. MCV4: quadrivalent meningococcal CRM197 conjugate vaccine; PCV13: 13 valent pneumococcal CRM197-conjugate vaccine; Tdap: combined tetanus, reduced
diphtheria and acellular pertussis vaccine.
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Group C: Initially coadministered PCV13-CRM197 (in the right
deltoid muscle) and MCV4-CRM197 (in the left deltoid muscle)
followed by Tdap injection (in the left deltoid muscle) 3–
4 weeks later.

2.5. Blood sample collection

A blood sample of 3 to 5 mL was collected at each study visit
and also 3 to 4 weeks after receiving the last vaccine (Fig. 1). Sam-
ples were kept at +2 �C to +8 �C then, within 24 h, undergone cen-
trifugation and serum was separated and was split into aliquots
then stored in �80 �C freezer. Finally, samples obtained prior to
and 3–4 weeks after immunisation with MCV4-CRM197 were deliv-
ered frozen to the Public Health England Vaccine Evaluation Unit,
Manchester Royal Infirmary, Manchester, UK, for rSBA for ser-
ogroup W only as our previously published data have shown
non-significant changes in meningococcal serogroup C and Y anti-
bodies [35].

Subjects were considered as seropositive when having post
vaccination rSBA titres �8 which correlates with protection
against IMD [37]. Subjects were considered having achieved a
seroresponse if their rSBA titre showed �4-fold rise from
pre-immunisation with MCV4-CRM197 to 3–4 weeks post-
immunisation.

2.6. Statistical analysis

Data were assembled into a Microsoft ExcelTM 2016 spread sheet
and imported to IBM SPSS Statistics for Windows, version 25 (IBM
Corp., Armonk, NY, USA) for analysis.

The principal outcome of interest was to compare the immuno-
logical responses to MenW component of the MCV4-CRM197 either
administered concurrently or sequentially with Tdap. We have
used a generalised linear model to calculate the geometric mean
titres (GMTs) of rSBA titres and 95% confidence intervals in order
to analyse the difference in principal outcome among the study
groups at time point of interest i.e. 3–4 weeks after immunisation
with MCV4-CRM197. We have used the analysis of variance
(ANOVA) to assay the log transformed rSBA titres. Chi square test
was used to assess secondary endpoints across the study groups.
This involved comparing proportions of subjects with rSBA titre
�8 post vaccination (seropositive) and subjects achieving rSBA
titers rise of �4-fold from baseline to post immunisation
(seroresponders).
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2.7. Ethics approval and trial registration

The Hunter New England Human Research Ethics Committee
has assessed and approved this trial (Ref: 13/05/3.05). The study
conduction followed the Good Clinical Practice (GCP) guideline
and International Conference on Harmonisation (ICH). The trial
was registered on the Australian New Zealand Clinical Trials Regis-

try (ANZCTR): ACTRN12613000536763.
3. Results

Of the 121 individuals assessed for eligibility, 107 complied
with the protocol and completed the study (ten were not eligible,
three withdrew as they could not follow the vaccination schedule
and one participant belonging to Group B preferred not to continue
because she developed fever and became mildly unwell) (Fig. 1).
The detailed demographic characteristics and chronic conditions
of the sample have been described previously [32]. Briefly, partic-
ipants of the study were aged 18 to 64 years (median 40); 47
(44.8%) were males. Majority of them were born in Indonesia
(n = 28), Pakistan (24), Australia (17), Lebanon (15) or Bangladesh
(10).

rSBA titre results for N. meningitidis serogroup W are sum-
marised in Table 1. There was no significant difference in MenW
rSBA GMTs between the three study arms 3–4 weeks following
the receipt of MCV-CRM197 dose but giving Tdap after MCV4-
CRM197 was suggestive of a slightly better response (A = 404,
B = 984 and C = 1235, p = 0.15). Comparing the proportions of par-
ticipants who achieved at least 4-fold increases in rSBA titre post-
vaccination compared to prevaccination titre between the groups
suggests no interference with MenW antibody response (p = 0.67)
when Tdap was given 3–4 weeks before, after, or with MCV4-
CRM197 + PCV13-CRM197: 82.9% of Group A subjects who received
Tdap 3–4 weeks prior to MCV4-CRM197 + PCV13-CRM197 achieved
rSBA titre rise of �4-fold in response to MenW compared to
88.6% of Group B (coadministered all vaccines at the same time)
and 81.1% of Group C subjects (initially received MCV CRM197/
PCV13-CRM197 followed by Tdap 3–4 weeks later).

The proportion of subjects with rSBA titre �8 (seropositive) for
MenW after receiving MCV4-CRM197 + PCV13-CRM197 was also
similar (p = 0.33) across the groups: Group A (82.9%), Group B
(94.3%) and Group C (86.5%).

The assessment of tolerability of the vaccine had been previ-
ously published [32]. No serious adverse events were reported
throughout the course of the trial.
4. Discussion

The study aimed to evaluate the immunogenicity of the MenW
polysaccharide component of MCV4 conjugated to CRM197 (coad-
ministered with PCV-CRM197), when administered before, with
Table 1
Meningococcal serogroups W rSBA GMTs post vaccination, and proportions of serorespond
vaccination with MCV4 + PCV13) and seropositive subjects (rSBA �8, 3 to 4 weeks follow
+ PCV13 injected before, concurrently or after Tdap.

Group A (n = 35) Grou

rSBA GMT (95% CI) 404 (172–949) 984 (
Seroresponse, n (%) 29 (82.9%) 31 (8
Seropositive, n (%) 29 (82.9%) 33 (9

Group A: Tdap before MCV4-CRM197 and PCV13-CRM197; Group B: Tdap with MCV4-CR
GMT: Geometric mean titre; MCV4: quadrivalent meningococcal-CRM197 conjugate vac
tetanus, reduced diphtheria and acellular pertussis vaccine.

a : ANOVA test.
b : Chi-square test.
and after Tdap among adults. All three study arms had a similar
immunological response in term of GMTs, seroresponse and sero-
protection, with no statistical evidence of interference with or
enhancement of the immunogenicity of the MenW polysaccharide
but numbers were quite small. On the other hand, achievement of
�4-fold rise in rSBA titres (seroresponse) to MenW was signifi-
cantly lower, in the group exposed to prior Tdap 3–4 weeks, when
a TT-conjugated MCV4 was used during the 2015 trial [35].

Results from other studies suggested that prior or concurrent
exposure to diphtheria-tetanus containing vaccines does not affect
the immune response to MCV4, which is consistent with our find-
ing [14,38–40]. For instance, one trial showed that administration
of MCV4-CRM197 prior to or simultaneously with Tdap did not alter
its immunogenicity [38]. Another trial, in a study involving pre-
school and school age children, showed no effect on the immuno-
genicity of MCV4-CRM197 neither upon prior nor concurrent
receiving of diphtheria-tetanus booster [14]. This non-inferiority
was also observed when concurrent versus consecutive adminis-
tration of MCV4-DT with Tdap was investigated in adolescents
[39]. Additionally, a review of MCV4-TT showed also an intact
immunogenicity upon concurrent administration in infants and
toddlers with other vaccines including Tdap or 10-valent pneumo-
coccal Haemophilus influenzae protein D conjugate vaccine (PCV10)
[40].

On the other hand, a study involving adolescents observed a sig-
nificantly lower proportion of seroresponders to MenWwhen Tdap
was administered sometime before MCV4-CRM197 [38], which was
consistent with our finding in the 2015 trial using MCV4-TT [35].
Furthermore studies revealed a suppression outcome in the Bur-
rage trial where previous receipt of a tetanus containing vaccine
reduced the immune response to meningococcal C vaccine conju-
gated to TT (MenC-TT) polysaccharide, although a protective
threshold was achieved [14]. Similarly, another RCT among teen-
agers reported that the immune response to MenC, Y and W
polysaccharide was lower with sequential administration, namely
when diphtheria toxoid-adsorbed vaccine (Td) was given a month
before MCV4-DT [41]. Another recent trial reported that the pro-
portions of subjects with an adequate immunological response
against MenA, C and W was lower when MCV4-TT vaccine was
given to a toddlers aged 12–23 months after a previous DTP shot
[42]. A trial among Korean military recruits in 2013 has shown that
just a three days gap between administration of tetanus-diphtheria
toxoids and MCV4-CRM197 resulted in a significant suppression
[43].

Conversely, in other trials, both concurrent [44] or prior expo-
sure [45,46] to DTP or its components improved the immune
response to both monovalent C conjugate vaccine and MCV4
among humans and in animal models. For instance, adult mice
with previous exposure to TT had shown an enhanced immuno-
genicity to MenC-TT [46].

This degree of inconsistency was much less seen when analys-
ing immune responses to PCV13-CRM197 in both our studies in
ers (�4-fold rise in rSBA titre between sample collected prior to and 3 to 4 weeks post
ing receipt of MCV4 + PCV13); for MCV4 (coadministered with PCV13) when MCV4

p B (n = 35) Group C (n = 37) p-value

419–2313) 1235 (538–2835) 0.15a

8.6%) 30 (81.1%) 0.67b

4.3%) 32 (86.5%) 0.33b

M197 and PCV13-CRM197; Group C: MCV4-CRM197 and PCV13-CRM197 before Tdap.
cine; PCV13: 13-valent pneumococcal-CRM197 conjugate vaccine; Tdap: combined
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which prior receipt of Tdap in adults had significantly reduced the
antibody response to six [32] and to seven [33] of the 13 antigens
present in PCV13-CRM197. This consistent finding may be explained
by the fact that the pneumococcal vaccine used (PCV13-CRM197)
was not changed in both trials. Alternatively, this may demonstrate
that polysaccharide components (pneumococcal vs. meningococ-
cal) of the conjugate vaccine themselves could act differently even
when both conjugated to the same carrier proteins.

Carrier induced epitopic suppression (CIES) together with car-
rier priming may explain this inconsistency of the results. Carrier
priming refers to the enhanced immune response to the polysac-
charide component of the conjugate vaccine in individuals with
previous priming with, or exposure to, the carrier protein. The
greater secondary immune response could result from pre-
existence of anti-carrier immunity (increased memory cells to car-
rier protein) obtained from earlier exposure [47]. Individuals with
pre-existing immunity to the carrier protein may however develop
reduced immune response as a result of CIES. CIES refers to the
interference with the antibody response to a polysaccharide conju-
gated to a carrier protein, in individuals previously primed with
that particular carrier protein, resulting in a reduction in the
immune response to the capsular polysaccharide and an elevated
response to the carrier [48]. In general, apart from interference
between diphtheria-tetanus containing vaccines and the carrier
protein component of the polysaccharide conjugated vaccines,
the literature reveals the presence of interaction between the car-
rier proteins themselves and the findings were contradictory and
hard to predict [42].

Coadministration ofmeningococcal vaccineswith vaccines other
than Tdap has also been studied. For instance, in a phase 3b ran-
domised trial, the proportions of seroprotective participants
(achieving hSBA titers �8) for MenACWY was similar one month
after MCV4-CRM197 vaccination alone or in combinationwith hep-
atitis A and B vaccines [49]. Similarly, the immune responses to
MenACWY one month after MCV4-CRM197 vaccination alone or
combinedwith typhoid and yellow fever vaccines,were similar [50].

The small sample size is a key limitation of this study and an
increased number of participants could offer a better demonstra-
tion of the effect. The long duration between sampling and testing
is yet another limitation. Coadministration of another conjugate
vaccine (PCV13-CRM197) has limited the ability to relate the
observed effect solely to Tdap, and further head to head analysis
is suggested.

Multiple vaccine administration on a single occasion reduces
clinic visits, and thus decreases cost and may enhance compliance.
Nevertheless, some practitioners favour separate administration to
avoid possible interactions or exaggerated adverse events. Trav-
ellers such as Hajj pilgrims are usually required to receive more
than one vaccine in a short period of time. There is no apparent evi-
dence against giving MCV4-CRM197 or MCV4-TT with Tdap in a sin-
gle visit to achieve better compliance. However, if separation is
required (e.g. when adverse events are suspected) this study
showed no difference whether the conjugated vaccines (MCV4/
PCV13) were given before or after the antigen containing vaccine
(Tdap).

Recent recommendations prefer the conjugate vaccine for pil-
grims over its plain polysaccharide rival. Over the past two years,
the MCV4 vaccine has completely replaced the polysaccharide in
Australia. Being not funded for pilgrims by governments in most
developed countries cost as a concern will rise, as MCV4 is signif-
icantly more expensive than plain polysaccharide. However, know-
ing that both (TT and CRM197-conjugated vaccine) can be safely
administered with PCV-CRM197 and Tdap will provide more conve-
nient options to the pilgrims.

This paper concludes reporting on two RCTs with identical
design and similar vaccines, but different carrier proteins, con-
ducted in 2014 and 2015. Results of this analysis are consistent
with those previously published. Prior exposure to Tdap could sup-
press the immunological response to PCV13-CRM197 and to MCV4-
TT. Our current study with MCV4-CRM197 showed differences in
the same direction but not significant. This may be due to lack of
power.

5. Conclusion

Based on this study we continue to support concurrent admin-
istration of MCV4-CRM197 and Tdap. However, we suggest further
investigation into whether carrier induced suppression is a public
health issue.
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