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The novel meningococcal serogroup B vaccine (4CMenB, Bexsero’), recently approved in Europe and Australia, may
soon be included in routine infant immunization schedules, subject to guidance from national or regional recommend-
ing bodies. In the development of 4CMenB and consistent with other newly introduced vaccines, clinical studies have
shown concomitant administration with routine infant vaccines induces an incremental increase in some reactions,
including fever. As this may hinder acceptability, we examined the impact of prophylactic paracetamol on the occurrence
of fever and other solicited reactions, as well as the immune responses to study vaccines, in a prospectively designed
study. 4CMenB was administered as a 4-dose series at 2, 3, 4, and 12 months of age concomitantly with routine infant
vaccines: DTaP-HBV-IPV/Hib and PCV7, with or without prophylactic paracetamol; a third group received MenC vaccine.
Immune responses to 4CMenB were not decreased by the use of paracetamol prophylaxis and there were no clinically
relevant effects on immune responses to routine vaccines. Occurrence of fever was higher in infants co-administered
with 4CMenB compared with those given MenC vaccine, but was significantly decreased by prophylactic paracetamol,
as were other solicited reactions to vaccination, both local and systemic. Co-administration of 4CMenB had an accept-
able tolerability profile, with no withdrawals due to vaccination-related adverse events. Inclusion of 4CMenB in routine
infant immunization schedules will be a major advance in the control of meningococcal disease, and our study indicates
that by using paracetamol prophylaxis, post-vaccination reactions are reduced without clinically relevant negative con-
sequences on vaccine immunogenicity.

Introduction to evident reactions such as post-vaccination fever or injection
site pain may lead to unscheduled physician visits and other

Inclusion of new vaccines into infant immunization sched- medical utilization, and result in work absenteeism for the par-

ules generally necessitates concomitant administration with
established routine vaccines, with consequent potential for
increased reactogenicity. These reactions are typically of lim-
ited duration and without significant medical consequences.
However, parental concern with their child’s discomfort due

*Correspondence to: Roman Prymula; Email: prymula@seznam.cz

ent and increased healthcare costs."? For this reason the use of
antipyretic agents after pediatric vaccination has become rou-
tine practice in many countries.’ In the 1980s paracetamol was
shown to have a clinically beneficial effect of on the frequency
and severity of common adverse reactions in young children
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‘ Figure 1. Study flowchart.

1508 infants enrolled and randomised into eight 3 doses Of parace.tamol 'wc?re administered
study groups — three reported: prophylactically with priming and booster
‘ ‘ ‘ doses.” Follow up of these children to 4 y of
— age suggests that immune memory and effects
Vaccinations 4CMenB 4CMenB + MenC | . ffected
received N Paracetamol I on pneumococcal carriage were unaffected, so
(Age) N =188 N =184 N =186 the clinical consequences of such interference
‘ ‘ ‘ appeared to be minimal.'®
A current unmet need in infant vaccina-
Blood draw Blood draw Blood draw Blood draw . . . . .
tion is a broadly protective vaccine against
n =184 n=183 N =184 serogroup B Neisseria meningitidis. Following
Dose 1 (4 withdrew (1 withdrew (2 withdrew . . ..
@months) || before before before the successful implementation of vaccination
vaccination) vaccination) vaccination) campaigns against serogroup C, serogroup B
‘ ‘ ‘ is now the major cause of meningococcal dis-
n=182 n =180 n=178 ease in many parts of the developed world,
Dose 2 (2 withdrew (3 withdrew (6 withdrew including Europe, Canada, and Australia."!
(3 months) before before before The multicomponent meningococcal sero-
vaccination) vaccination) vaccination) . ® .
group B vaccine (4CMenB, Bexsero®, Novartis
‘ ‘ ‘ Vaccines and Diagnostics), recently approved
Dose 3 n=182 n=179 n=177 in Europe and Australia for use from 2 mo of
ose i i o . .
(No (1 withdrew (1 withdrew age, is highly immunogenic, and generally well
(4 months) ithd | before before . . . R
withdrawals) vaccination) vaccination) tolerated, but is associated with an incremental
‘ ‘ ‘ increase in the incidence of fever when admin-
istered concomitantly with routine infant
Blood Draw n=163 n=171 n=169 ; 12-15
(5 months) vaccines.
‘ ‘ ‘ In a phase 2 randomized, controlled trial
investigating different formulations of the
Booster enrolment . . .
vaccine components in 4CMenB in healthy
‘ ‘ ‘ infants  (registered on clinicaltrials.gov,
Blood draw Blood draw Blood draw Blood draw NCT00937521), we included one study arm
to examine the effect of paracetamol prophy-
Dose 4 _ _ _ . :
(12 months) n=155 n=161 n=165 laxis and another to compare the tolerabil-
ity of meningococcal serogroup C conjugate
‘ ‘ ‘ vaccine with the final 4CMenB formulation,
Blood d n =154 n=159 n =162 when these vaccines were administered as
ood draw . . . .
(13 months) (1 did not (2 did not (3 did not a 4-dose series concomitantly with routine
complete) complete) complete) vaccines (DTaP-HBV-IPV/Hib and heptava-

lent pneumococcal vaccine). The effect of
paracetamol prophylaxis on the immunoge-
nicity of all vaccine antigens was examined,
since this may affect how these vaccines may

following diphtheria-tetanus-whole-cell pertussis-polio vac-
(DTPw-IPV),*> and subsequently prophylactic
paracetamol was shown to significantly reduce fever in infants

cination

given diphtheria-tetanus-acellular pertussis (DTaP) vaccine and
other currently recommended vaccines.®’

Early reports found antibody responses in young children
to DTPw vaccine were unaffected by a single prophylactic
dose of paracetamol 4 h after vaccination,® or by paracetamol
administered therapeutically within 48 h of DTwP vaccina-
tion.” However, in recent investigations of the co-administra-
tion of a novel pneumococcal conjugate vaccines [PHiD-CV]
with the routine infant vaccine (diphtheria-tetanus-acellular
pertussis-inactivated poliovirus-hepatitis B with Hemophilus
influenzae type b [DTaP-HBV-IPV/Hib]), some of the present
authors reported a statistically significant negative impact on
the immune responses to several antigens components when
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be used in clinical practice as 4CMenB is now licensed for rou-
tine use.

Results

Demographics

In the full study a total of 1507 infants were enrolled and
randomly allocated to 8 study groups, mean age 74.6 d, of
whom 558 were included in the 3 study groups described in
this report—data on the other participants are presented in
the accompanying paper.'® In the respective groups, in addi-
tion to their routine infant vaccines, 188 were vaccinated with
4CMenB, 184 with 4CMenB+prophylactic paracetamol, and
186 with MenC vaccine. Of these, 181, 179, and 177 received
all 3 vaccination series and attended the fourth study visit 30 d
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after the primary 3-dose series, respectively, but 10, 10, and 13
subjects in these groups did not provide blood samples (Fig. 1).
Main reasons for premature withdrawal were withdrawal of
consent and loss to follow-up, but no withdrawals were due to
an adverse event (AE).

At 12 mo of age, 506 subjects from the 3 groups were
presented for the booster portion of the study, of whom 500
received one dose of 4CMenB—the fourth dose for those in
the 4CMenB and 4CMenB +paracetamol groups, and the first
of 2 4CMenB doses in the MenC group—and 470 completed
the study.

Baseline demographic characteristics of enrolled subjects in all
3 groups were similar with respect to age (74.0-74.4 d), gender
(53—61% male), weight (5.5-5.6 kg), height 58.8-59.4 cm), and
ethnicity (89-96% Caucasian, 3—8% Hispanic).

Immunogenicity

Responses to 4CMenB

The immunogenicity of 4CMenB was assessed as hSBA
titers against 3 indicator strains for antibodies against the fHbp,
NadA, and NZOMYV antigens, and as the proportion of subjects
in each group who achieved a titer = 5, which is associated with
seroprotection against meningococcal infection.”

As illustrated in Figure 2 as percentages of subjects with
hSBA titers > 5, and shown as geometric mean titers in Table 1,
there were low levels of hSBA against the 3 antigens prevaccina-
tion. These did not change up to the 12 mo assessment in the
MenC group, but at 5 mo in the other 2 groups, after 3 doses
of 4CMenB, there were strong immune responses; 100% and
99% of subjects had titers = 5 against fHbp and NadA indica-
tor strains, irrespective of the use of paracetamol, and 78% and
75% had titers = 5 against the NZOMYV strain without and with
paracetamol. GMTs in both 4CMenB groups were similar.

By 12 mo of age, titers had waned to varying extents (Table 1),
with 97-100%, 50-53%, and 11-12% of subjects in the 2
groups still having titers = 5 against NadA, fHbp, and NZOMYV,
respectively. Administration of a fourth dose of 4CMenB elicited
booster responses against all 3 antigens, 100% achieving titers
> 5 against fHbp and NadA, and 88-89% against NZOMYV,
with similar GMTs in the 2 groups. At this time-point, 1 mo
after their first dose of 4CMenB, 85%, 93%, and 23% of the
MenC group had titers > 5 against fHbp, NadA, and NZOMYV,
respectively, with much lower GMTs than the 4CMenB groups
at 5 or 13 mo.

Responses to routine vaccines

Routine vaccines—DTaP-HBV-IPV/Hib antigens

Proportions of infants achieving the expected immunoge-
nicity responses to 3 doses of DTaP-HBV-IPV/Hib and PCV7
vaccines were similar in all 3 groups (Supplementary Tables).
The largest difference was a 6% lower rate for vaccine response
to pertactin in the 4CMenB +paracetamol group compared with
the 4CMenB control group. One month after the third vaccina-
tion, 97-100% of infants across the 3 groups had expected levels
against diphtheria, tetanus, hepatitis B, Hib, and the poliovirus
types 1, 2, and 3, and 91-100% demonstrated vaccine responses
against the 3 acellular pertussis antigens. After the primary vac-

cination GMC/GMTs ratios for DTaP-HBV-IPV/Hib antigens

www.landesbioscience.com

O 4CMenB
O 4CMenB + Paracetamol
Il MenC (4CMenB at booster)

100 4 Earsy T
fHbp
80 1

§ I

20

100 | FrE T ]
NadA —I—

80

60

% hSBA =5

40 A

20

100

NZOMV _I_-I-
80 1 _} ‘I‘

60

40

20

0 I 1. ’-ITI-‘T

Baseline  Post- Pre- Post-
Dose 3 booster  booster

Figure 2. Proportions of subjects in each group with hSBA titers > 5
before and 1 mo after any primary or booster vaccinations.

of the 4CMenB +paracetamol and 4CMenB groups ranged from
0.82 for Poliotypes 1 and 2, to 1.15 for Hepatitis B antigen
(Tables 2 and 3). After the booster doses administered at 12 mo
rates were 99-100% against all antigens in all 3 groups.

Routine vaccines—pneumococcal vaccines serotypes

Before vaccination proportions of infants with ELISA anti-
body levels 20.35 pg/mL against pneumococcal vaccine sero-
types were similar in all 3 groups, with any differences being <5%
(Supplementary Tables). One month after the third primary
dose, antibody levels 20.35 pg/mL were achieved in 91-100% of
infants across groups against 6 pneumococcal serotypes (4, 9V,
14, 18C, 19F, and 23F), and 76—81% against serotype 6B. One
month after the booster dose 93-99% of toddlers achieved the
threshold of 1.0 pg/mL against all 7 serotypes.

For pneumococcal antigens the range of GMC ratios was 0.79
(serotype 14) to 0.92 (serotype 9V), with the lower limit of the
95% confidence interval of the ratio 20.5 for all comparisons
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Table 1. hSBA Geometric mean titers in all study groups, and ratios of GMTs between 4CMenB groups

Study groups Ratio of GMTs
4CMenB+Para and
Antigen Time-point 4CMenB 4CMenB + Para Men C 4CMenB (95% Cl)
1.25 1.18 1.16
Pre-vaccination (1.14-1.37) (1.08-1.3) (1.09-1.25) 0.95 (0.84-1.07)
n=166 n=166 n=168
101 102 1.24
Post-3rd dose (90-113) (91-115) (1.11-1.39) 1.02(0.87-1.18)
_S' n=170 n=167 n=132
T 4.94 4.51 1.15
Pre-booster (3.76-6.5) (3.43-5.95) (1.03-1.29) 0.91 (0.63-1.32)
n=69 n=70 n=74
120 136 12
Post-booster (95-150) (107-172) (10-16) 1.13(0.83-1.55)
n=65 n=63 n=75
1.18 1.07 1.21
Pre-vaccination (1.07-1.3) (0.97-1.18) (1.09-1.34) 0.91 (0.8-1.04)
n=162 n=157 n=161
396 455 1.15
Post-3rd dose (348-450) (399-519) (1.03-1.29) 1.15(0.96-1.37)
§ n=165 n=160 n=159
=z 69 106 1.1
Pre-booster (53-88) (82-136) (0.95-1.29) 1.55(1.1-2.16)
n=71 n=71 n=70
1950 2182 41
Post-booster (1573-2417) (1769-2691) (29-57) 1.12(0.85-1.48)
n=73 n=76 n=69
1.02 1.02 1.06
Pre-vaccination (0.99-1.06) (0.99-1.05) (1-1.13) 0.99 (0.95-1.04)
n=170 n=169 n=171
10 8.48 1.05
> Post-3rd dose (8.59-12) (7.24-9.93) (1.01-1.1) 0.85 (0.68-1.05)
= n=171 n=168 n=168
E 1.6 1.48 1.03
Pre-booster (1.43-1.8) (1.32-1.66) (1-1.06) 0.92 (0.79-1.08)
n=141 n=143 n=148
20 20 2.2
Post-booster (16-24) (17-25) (1.89-2.57) 1.02 (0.78-1.33)
n=138 n=140 n =147

(Supplementary Tables). Following the booster dose of these
vaccines, the booster responses to all antigens resulted in a range
of ratios from 0.76 (pneumococcal serotype 19F) to 1.06 (pertus-
sis FHA) with lower limit of the 95% CI of the ratio again 20.5
for all comparisons.

Reactogenicity

Almost every infant was reported to have some type of
adverse reaction within 7 d of vaccination across the study: in

1996 Human Vaccines & Immunotherapeutics

the 4CMenB group 98%, 96%, and 92% of vaccinations 1,
2, and 3 were associated with reactions, respectively. Rates at
similar study time points in 4CMenB+paracetamol and MenC
groups were 99%, 100% and 96%, and 90%, 84% and 79%,
respectively. At 12 mo, 96%, 96%, and 94% of the 3 groups
displayed at least one reaction. The majority of reactions were
mild to moderate in severity (Table 4 and Table 5), and were
of limited duration.
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Table 2. Geometric mean concentrations/titers for routine vaccine components (95% Cl)

Antigen Study groups Ratio of GMTs
4CMenB+Para to
(cut-off) Timing 4CMenB 4CMenB + Para Men C 4CMenB (95% Cl)
1.93 1.84 243
Post-3rd dose (1.78-2.1) (1.7-2.0) (2.24-2.64) 0.95 (0.85-1.07)
n=140 n=135 n=132
Diphtheria 0.38 0.37 0.46
Pre-booster (0.34-0.43) (0.33-0.42) (0.33-0.42) 0.97 (0.82-1.16)
(ELISAIU/mL) n=119 n=115 n=131
4.48 4.31 5.23
Post-booster (3.96-5.07) (3.81-4.87) (4.6-5.95) 0.96 (0.81-1.14)
n=118 n=120 n=119
1.83 1.58 2.0
Post-3rd dose (1.62-2.06) (1.39-1.78) (1.77-2.25) 0.86 (0.73-1.02)
n=140 n=135 n=132
Tetanus 0.39 0.35 0.41
Pre-booster (0.33-0.45) (0.3-0.41) (0.36-0.48) 0.91(0.73-1.14)
(ELISA 1U/mL) n=119 n=115 n=131
4.31 3.76 4.8
Post-booster (3.73-4.98) (3.26-4.34) (4.18-5.25) 0.87(0.71-1.07)
n=118 n=120 n=119
1.6 1.55 1.72
Post-3rd dose (1.34-1.92) (1.29-1.86) (1.43-2.06) 0.96 (0.75-1.24)
n=140 n=135 n=132
PRP 0.81 0.76 0.76
Pre-booster (0.7-0.94) (0.65-0.89) (0.67-0.86) 0.94 (0.76-1.16)
(ng/mL) n=119 n=115 n=131
11 9.8 14
Post-booster (8.68-13) (7.97-12) (11-16) 0.92 (0.68-1.23)
n=118 n=120 n=119
290 332 268
Post-3rd dose (211-398) (243-455) (192-375) 1.15(0.73-1.79)
n=65 n=66 n =60
Anti-HBs 60 79 92
Pre-booster (46-78) (60-102) (67-126) 1.31(0.9-1.9)
(mIU/mL) n=102 n=101 n=107
2492 2408 3408
Post-booster (1875-3312) (1804-3214) (94-100) 0.97 (0.64-1.45)
n=98 n=95 n=94
120 98 127
Poliovirus 1 (96-150) (79-123) (101-159) 0.82(0.6-1.12)
n=123 n=120 n=119
Poliovirus 02 75 14
1/Dilution Poliovirus 2 (72-118) (58-97) (90-144) 0.82(0.57-1.16)
Post-3rd dose n=123 n=120 n=117
320 279 398
Poliovirus 3 (263-391) (228-341) (322-492) 0.87 (0.66-1.15)
n=123 n=120 n=117

Solicited reactions—Ilocal

The rate of injection site reactions with 4CMenB was twice
that of the MenC vaccine during the primary series, but the dif-
ference was less when compared with the routine vaccines, DTaP-
HBV-IPV/Hib and PCV7 (Table 4). Prophylactic paracetamol

diminished the frequency and severity of all local reactions for
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all vaccines. The most frequent reaction, tenderness, occurred
in 63%, 66%, and 56% of infants at the 4CMenB injection
site after doses 1, 2, and 3, respectively, and decreased to 44%,
47%, and 37%, respectively, when prophylactic paracetamol was
administered. When concomitantly administered in the oppo-
site limb to 4CMenB at doses 1, 2, and 3, the tenderness rates
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Table 3. Geometric mean ELISA pertussis antigen antibody concentrations (95% Cl)

Study groups Difference between
4CMenB+Para and
4CMenB 4CMenB + Para Men C 4CMenB (95% CI)
Pertussis Toxoid
66 70
Post-3rd dose (60-72) (61-74) (63-78) 1.02 (0.89-1.16)
n =140 n=135 n=132
1 10
Pre-booster (9.7-13) (9.9-13) 8.8-12) 1.02(0.85-1.23)
n=119 n=115 n=131
104 106 111
Post-booster (92-119) (94-121) (97-127) 1.02 (0.85-1.23)
n=118 n=120 n=119
Filamentous hemagglutinin
73 77
Post-3rd dose (66-81) (65-80) (69-86) 0.99 (0.85-1.14)
n =140 n=135 n=132
23 23
Pre-booster (20-26) (21-27) (21-27) 1.02 (0.85-1.22)
n=119 n=115 n=131
197 209 224
Post-booster (173-224) (184-238) (194-258) 1.06 (0.89-1.28)
n=118 n=120 n=119
Pertactin
114 102 138
Post-3rd dose (97-133) (87-120) (122-156) 0.9 (0.72-1.13)
n =140 n=135 n=132
16 18
Pre-booster (13-19) (12-17) (16-21) 0.92(0.72-1.17)
n=119 n=115 n=131
193 174 275
Post-booster (163-228) (147-206) (233-325) 0.9 (0.71-1.15)
n=118 n=120 n=119

at the DTaP-HBV-IPV/Hib (range: 51-59%) and PCV7 (range:
51-55%) sites were also decreased by paracetamol prophylaxis, to
32-35% and 30-36%, respectively.

Rates of local reaction rates were generally consistent with
subsequent doses in infants, booster doses at 12 mo of age elicit-
ing slightly higher levels. The first dose of 4CMenB administered
to the children who received 3 MenC vaccinations had a similar
local reaction profile to the 4CMenB-primed children.

Solicited reactions—systemic

A solicited systemic reaction was reported for 92% and 84%
(first vaccinations, P < 0.05), 92% and 82% (second vaccina-
tions, P < 0.01), and 81% and 71% (third vaccinations, P < 0.05)
of infants in the 4CMenB and 4CMenB+ paracetamol groups,
respectively. The Men C group had lower rates at 77%, 71%, and
60%, respectively. The most frequently reported systemic reac-
tions were sleepiness and irritability (Table 5). Severe systemic

1998 Human Vaccines & Immunotherapeutics

reactions were rare, and mainly consisted of severe irritability or
unusual crying.

Figure 3 clearly illustrates that the main intention of
paracetamol prophylaxis, a reduction in the incidence of fever
>38.5 °C within 3 d of vaccination, was achieved. In the 4CMenB
group, 128 of 182 (70.3%) of infants had a rectal temperature
238.5 °C at least once in the first 3 d after any primary dose,
compared with 48 of the 177 (27.1%) in the Men C group. This
increased fever profile with 4CMenB is similar to that observed
when compared with routine vaccines alone observed in other
studies. In the prophylactic paracetamol group, the incidence
was reduced considerably, to 70 of 179 (39.1%). When assessed
according to the Brighton Collaboration guidelines,'® there were
decreases in fever between 38.0-38.9 °C, but the most strik-
ing impact of paracetamol was on incidence of fever 239.0 °C
(Table 5). Fever 240.0 °C was rare in all 3 groups.
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Table 4. Percentages of infants experiencing any (severe in parentheses) solicited local reactions within 1 wk of vaccination at the injections sites of
4CMenB or MenC, DTaP-HBV-IPV/Hib, and pneumococcal conjugate vaccine (PCV7) for the 4 doses of each

Injection site 4CMenB (or MenC) DTaP-HBV-IPV/Hib PCVv7
Dose 1st 2nd 3rd 4th st 2nd 3rd 4th st 2nd 3rd 4th
4CMenB, N 182 182 181 155 182 182 181 155 182 182 181 155
Tenderness (*) 63 (15) 66 (9) 56 (9) 75 (20) 55(13) 59(11) 51(7) 65(18) 51(11) 55(10) 51(7) 67 (17)
Eryth:qr:; (>50 59(2) 57(0) 61(1) 58 (4) 42(0) 51(0) 55 (0) 50 (1) 37 (0) 49 (0) 48 (0) 48 (1)
Induri:i;)]r)l (>50 55(1) 57(0) 54 (0) 472) 41 (0) 48 (0) 48 (0) 35(1) 29(0) 36 (0) 33(0) 35(1)
Swelling (>50
mm) 32(3) 35(1) 31(1) 35(5) 21 (1) 27 (0) 27 (1) 24 (2) 17 (1) 23(0) 22 (0) 25(1)
4CM9“:+Para’ 179 179 179 159 179 179 179 159 179 179 179 159
Tenderness (¥) 44 (4) 47 (4) 37 (4) 58 (14) 35(6) 34 (3) 32(4) 49(11) 33(7) 36 (3) 30 (3) 51(11)
Eryth;rga; (>50 41(0) 53 (0) 51(1) 51(3) 29 (0) 43(0) 44 (0) 46 (0) 22 (0) 38(0) 35(0) 43(0)
Indur:ir?];] (>50 46 (0) 44.(0) 45 (0) 38 (1) 31(0) 34(0) 36 (0) 35(0) 23(0) 28 (0) 28(0) 33(0)
Swelgnrg)(ﬂo 230 | 290 | 26() | 3003 [ 150 | 200 [ 2300 | 210 | 12000 | 180 | 1700 | 2100
MenC, N 177 177 177 162 a 177 177 177 162 177 177 177 162
Tenderness (*) 27 (2) 27 (3) 24 (1) 67 (20) 37(3) 32 (4) 28 (2) 60 (15) 36 (3) 34 (3) 25(2) 59(16)
ErythriTn{; 01 250 [ 250 | 360 | 513 | 3300 | 460 | a6 | som | 3 | 410 | 400 | 480
Induration (>50
mm) 25(14) 21 (0) 31(0) 38 (0) 31(0) 46 (0) 45 (0) 44 (1) 27 (0) 34 (0) 34 (0) 35(1)
Swelling (>50
mm) 8(0) 12 (0) 16 (0) 24 (1) 16 (1) 23 (1) 22(0) 26 (1) 11(1) 18 (0) 17 (0) 20(1)

(*)Cried when injected limb was moved. ?First toddler dose of 4CMenB.

Medical attention for fever was uncommon, reported in
6 cases in the 4CMenB group, and 2 cases with prophylactic
paracetamol. In the MenC group there were 4 cases of medi-
cal attention for fever during the 3-dose primary series, and 3
cases when the first dose of 4CMenB was given at 12 mo. In
the 4CMenB group receiving routine paracetamol administra-
tion 56%, 55%, 36%, and 54% of subjects received some anti-
pyretic after the first, second, third, and fourth vaccination visits,
respectively, compared with 18%, 22%, and 11% in the MenC
group after their first 3 vaccination visits, respectively. After
their fourth visit, when the MenC group received a first dose of
4CMenB 57% received some anti-pyretic.

Spontaneously reported AEs

Overall rates of AEs were similar in the 3 groups; there were
157 AE’s reported in the 4CMenB group (in 85% of subjects)
of which 76 (41%) were considered as possibly related to vac-
cination. Equivalent rates in the 4CMenB +paracetamol group
were 80% (37% possibly related) and in the MenC group 73%
(28% possibly related). The possibly related AEs were generally
injection site reactions that extended beyond 7 d and by spon-
sor convention were considered therefore unsolicited reactions.
Across all 3 groups there were 42 serious adverse events (SAE)
reported, none of which were considered as possibly related to
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vaccination, and there were no seizures (febrile or afebrile),
deaths or study withdrawals reported due to a vaccination-
related AE.

Discussion

Our results from part of a phase 2, randomized, clinical trial
show that prophylactic paracetamol in infants decreases fever
and reactogenicity with no apparent clinically relevant impact on
immune responses to the multicomponent meningococcal sero-
group B vaccine (4CMenB), nor the concomitantly administered
routine vaccinations (DTaP-HBV-IPV/Hib and PCV7). The
administration of oral paracetamol at the time of vaccination,
with 2 subsequent doses at 4—6 h intervals, significantly reduced
the incidence of febrile reactions 238.5 °C over 7 d post-vacci-
nation, and fewer infants experienced solicited local reactions.
The proportion of infants experiencing any fever was lowered by
51-65% by paracetamol prophylaxis, and reports of rectal tem-
perature >39.5 °C after any the 3-dose primary series were notice-
ably less common, i.e., 1.1% with paracetamol prophylaxis vs.
3-5% with no prophylaxis, representing an up to 80% decrease
(after the first set of vaccinations). Similar decreases were
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Table 5. Percentages of infants experiencing any (severe in parentheses) solicited systemic reactions within 1 wk of vaccination in the 3 study groups for
the 4-vaccination series. Maximum rectal temperature is shown according to the Brighton Collaboration guidelines

Study group 4CMenB 4CMenB+Paracetamol MenC
Dose st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th*
n= 182 182 181 155 182 182 181 155 182 182 181 155
5:3.23 eh:;)its 202 | 34@ | 27) | 4803 | 376) | 30@ | 27 | 4203 | 23@ | 190 | 1200 | 36@
Sleepiness 66 (3) 58 (1) 41 (1) 49 (1) 65 (2) 47 (1) 42(1) 50 (3) 52 (1) 47 (1) 42 (1) 52 (4)
Vomiting 13(0) 10 (0) 4(1) 4(0) 12(1) 11(0) 11(1) 13(2) 10 (0) 8(1) 6(1) 6(0)
Diarrhea 31(0) 24(1) 18 (0) 19(1) 23 (0) 22 (1) 18(0) 19(1) 25 (0) 22(1) 11(0) 16 (0)
Irritability 70 (5) 71(7) 64 (5) 75 (6) 54(1) 55 (5) 47 (2) 60 (3) 45 (1) 46 (2) 43 (1) 72 (6)
Unusual crying 52(5) 49 (6) 42 (3) 48 (3) 41(2) 40 (4) 26 (3) 31(3) 36 (1) 25(2) 21(0) 45 (4)
Rash 3(1) 20 1(0) 30 302 3(0) 30 303) 2(1) 3(1) 302 40)
(Urticarial)
Max. rectal
temperature
<38.0°C 29 23 43 30 47 43 63 41 76 61 74 31
°3C8‘0°_38'9 49 62 50 50 48 51 34 50 23 34 23 46
03(?'00_39'9 20 15 7 19 4 5 3 10 1 4 1 19
240 °C 1 0 0 1 0 1 0 0 0 1 0 1
Medically
attended fever 4(2) 1(1) 0 1(1) 1(1) 0 1(1) 0 2(1) 1(1) 1(1) 3(2)
(within 3 d)

* First toddler dose of 4CMenB

observed after the booster dose at 12 mo. Medically attended vis-
its for fever were rare, and the overall rate of unsolicited events
did not differ between groups, but there was a trend toward fewer
spontaneously reported AEs for the prophylactic paracetamol
group within 3 d post-vaccination.

The beneficial effect of prophylactic paracetamol on the inci-
dence of fever and common adverse reactions following pediatric
immunization has already been demonstrated in clinical trials
performed in the 1980s.*> Results from a recent trial in the US
also found a significantly lower frequency of temperature 238
°C among infants aged between 24 wk and 10 mo given pro-
phylactic paracetamol (13% in the prophylactic paracetamol
group vs. 25% in the control group) following routinely recom-
mended vaccinations.® In addition, a trial of paracetamol prophy-
laxis in infants receiving 10-valent pneumococcal non-typeable
Hemophilus influenzae protein D-conjugate vaccine (PHiD-CV)
co-administered with a combination DTaP-HBV-IPV-Hib vac-
cine and oral human rotavirus vaccine reported that rectal tem-
perature =38 °C within 4 d post-vaccination was significantly
less frequent in the group with paracetamol prophylaxis (42%)
than the no paracetamol group (66%).” In this latter trial, how-
ever, an unexpected negative effect of paracetamol prophylaxis
was observed on antibody responses to several vaccine antigens.”
In that study, conducted in many of the same sites as the cur-
rent study, the point estimates of the GMC ratios of the pneu-
mococcal antigens with and without paracetamol prophylaxis
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after primary vaccinations ranged from 0.45 for serotype 18C to
0.73 for serotype 7, and similar decreases were observed for other
routine vaccine antigens; Hib (0.53), diphtheria (0.75), tetanus
(0.61), and pertactin (0.76). Based on the lack of clear clinical
benefit for use of prophylaxis in that setting and unknown clini-
cal relevance of the decreased immune responses, the authors and
accompanying editorial comment argued against the routine use
of paracetamol during pediatric immunisations.”"” Subsequently,
the same authors found that this concomitant use of paracetamol
had no effect on memory and nasopharyngeal carriage of pneu-
mococcal species in those children at 4 y of age.!’

In our study the proportions of infants with bactericidal anti-
bodies against MenB strains and responses to routine vaccine
antigens following a 4-dose series at 2, 3, 4, and 12 mo did not
differ substantially between the groups with or without prophy-
lactic paracetamol, when assessed after the primary or booster
doses. Some trends observed in the GMC ratios in the pneumo-
coccal responses suggest an impact, but the responses for both
groups were similarly robust. For all serotypes the lower limit
of the GMC ratio was higher than 0.5 (Supplementary Tables),
the generally accepted threshold for non-inferiority analyses,
although this does not definitively exclude an effect on protec-
tion. A clinical consequence of slightly lower anti-polio GMTs
(PP:control ratios of 0.81-0.86) is unlikely in view of the known
19-35-fold increase in titers after booster IPV vaccination in the
second year of life.?’ Several exploratory analyses were performed
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to try to understand a reason for the different outcomes
in the studies. Sub-analyses of the effect of prophylactic
paracetamol just within the sites in the Czech Republic,
where the PHiD-CV study was performed,” did not show
any meaningful differences vs. the larger study popula-
tion (data not shown). There was no evidence of a “dose
response” of the number of days receiving anti-pyretics
when comparing those receiving no antipyretics vs. 1-3
d with antipyretics vs. 4-7 d with antipyretics. To our
knowledge, only 2 other previously published trials, from
the 1980s/90s, reported the effects of antipyretic drugs on
vaccine responses in children and both found that the use
of paracetamol did not interfere with antibody responses
in young children receiving DTPw vaccine.®’ Therefore,
the recently reported negative effect of prophylactic
paracetamol on postimmunisation immune responses is in
contrast to the results from other studies and shows much
higher magnitude of negative impact comparing with our
study.

This study and the recent study by Prymula et al. on
PHiD-CV’ were similar in design and in terms of strengths
and weaknesses. Both were controlled, multicenter stud-
ies enrolling a comparable number of infants and at least
partly randomized, but there were several differences in the
study design: (1) different vaccination schedule (3, 4, and
5 mo of age vs. the 2, 3, and 4 mo of age in this study);
(2) paracetamol administered via rectal route vs. oral route
in this study, (3) use of a 10-valent pneumococcal conju-
gate vaccine (Synflorix®) vs. the 7-valent (Prevenar®) used

A 100

% of all primary doses

5

% of all booster doses

°
=
3
8
o
80 g
+
o o
& § o
= = S
60 Q@ Q 2
o W O [@=40°C
O O E=39C
O @ E=2385C
40
20
1 1 o= | ==l ]

80
60
40
20
0 1 1 1 ’-FH N P — o P =~ T — == I
30m 6h Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

in this study, and (4) concomitant administration of the

novel 4CMenB meningococcal vaccine in the present

study. Further limitations of the present study include the

Figure 3. Proportions of subjects in each group with temperatures > 38.5 °C for
7 d after any primary (A) or booster (B) vaccinations.

use of paracetamol being unblinded, and that therapeutic

use of antipyretic drugs was discouraged but allowed at the dis-
cretion of the child’s parents or study physician in both groups.
In the present study, a relatively high proportion in the control
group used antipyretics therapeutically (36-55% across vaccine
doses), the previous study reporting that therapeutic paracetamol
was only administered after 9.2% of doses.”

Although pediatric paracetamol is generally considered to be
safe when administered in the appropriate dosage, the unneces-
sary use of any pharmaceutical is to be discouraged. As noted by
the American Academy of Physicians and other recommending
bodies,” parents of vaccinated children should be encouraged to
ensure that their child is comforted in general, rather than focus
on the management of any fever, which in itself is not an illness,
but a physiological signal that the body is responding to an illness
or other stimuli. Our data further confirm our previous observa-
tions” that fever post-vaccination with 4CMenB is transient, and
the majority of cases resolve within 1-2 d of the vaccination visit,
but in addition, if parents do administer paracetamol, the expected
immune responses will be generated to routine infant vaccines.

The development of an effective vaccine against MenB is a
challenge due to the poor immunogenic potential of the capsu-
lar polysaccharide and the strain limitations of the outer mem-
brane vesicles (OMV).2"?2 Our results show that concomitant
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administration of the meningococcal serogroup B vaccine,
4CMenB, with routine immunizations induced large antibody
responses in infants when administered as 3 doses at 2, 3, and 4
mo of age, eliciting hSBA titers = 5 in 75-100% of subjects against
the 3 reference strains, with or without prophylactic paracetamol.
Robust immune responses were observed for all vaccine antigens
of the concomitantly administered DTaP-HBV-IPV/Hib and
pneumococcal vaccines. These responses were boosted by a fourth
dose of 4CMenB at 12 mo, when the expected responses to booster
doses of the routine vaccines were also observed.

Generally 4CMenB had acceptable reactogenicity; although
we saw an increased frequency of local solicited reactions fol-
lowing vaccination with the 4CMenB compared with routine
immunizations, consistent with the known reactogenicity of
OM V-containing vaccines.?*** However, all reactions were tran-
sient, mild to moderate in severity, and were less common after
administration of prophylactic paracetamol. Results from this
study are consistent with the results from other phase 2/3 trials of
4CMenB,""" which ultimately led to its approval in Europe and
Australia.

In conclusion, these results from a phase 2 randomized clini-
cal trial showed that prophylactic paracetamol in infants effec-
tively decreased fever and reactogenicity without compromising
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immune responses following concomitant vaccination of a novel,
multicomponent meningococcal serogroup B vaccine with rou-
tine immunizations. These results may be of topical interest as
4CMenB is now approved in Europe and Australia, where it may
be widely used to meet the currently unmet need for vaccination
against meningococcal serogroup B.?' Physicians may be reas-
sured that in the context of 4CMenB administration, the use of
paracetamol prophylaxis has no apparent clinically relevant effect
on immunogenicity, while helping to allay parental fears of fever
in children after concomitant vaccination with 4CMenB with
routine infant vaccinations.

Methods

Study design and participants

This was a phase 2, randomized, controlled, multicenter trial,
with booster phase, conducted in multiple centers in the Czech
Republic (79), Italy (6), Hungary (8), Chile (1), and Argentina
(1) between July 2009 and November 2010 to assess the effects
of different formulations of a meningococcal serogroup B vaccine
on safety and immunogenicity profiles. The study was designed
according to Good Clinical Practice and the Declaration of
Helsinki, with approval of the protocol by ethics committees of
participating centers, and prior to enrolment, written, informed
consent from the parents or guardian of each participant.

The full study included 8 study groups, including 2 groups
described in this report who received the final 4CMenB formula-
tion recently licensed for use in Europe (Novartis Vaccines, Rosia,
Italy) 1 of which was designed to assess the impact of prophylactic
administration of paracetamol, and a third group who received a
licensed meningococcal serogroup C vaccine rather than 4CMenB
vaccine. Other groups, as described in an accompanying report,'®
received experimental formulations of the serogroup B vaccine. All
3 groups received 4CMenB or MenC administered concomitantly
with routine infant vaccines (DTaP-HBV-IPV/Hib and heptava-
lent pneumococcal conjugate [PCV7]), and were assessed for reac-
togenicity, including body temperature, and the immunogenicity
of antigen components of all vaccines.

Study participants were healthy infants aged 2 mo (55-89 d,
inclusive) at the time of enrolment. Infants were excluded if they
had been in receipt of any antipyretic medication in the previous
6 h or if they had a contraindication to paracetamol treatment.
Other exclusion criteria were any history of disease caused by V.
meningitidis or intimate exposure to an individual with laboratory
confirmed N. meningitidis, or prior receipt of any meningococcal
B or C, diphtheria, tetanus, pertussis, polio, Hib, or pneumococcal
vaccines; significant acute or chronic infection within the previous
7 d or temperature 238 °C within the previous day; oral or paren-
teral antibiotic treatment in the 7 d prior to the scheduled blood
draw; impairment/alteration of the immune system; receipt of
blood, blood products and/or plasma derivatives or any parenteral
immunoglobulin preparation; receipt of, or intent to immunize
with any other licensed vaccine(s) (with the exception of rotavirus
vaccines), from 28 d prior to enrolment to 28 d after the last study
vaccination and; participation in another clinical trial.
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For the booster phase, eligible subjects had completed the
original primary series and had not displayed any of the exclu-
sion criteria during the course of the primary study.

Vaccines

The Novartis meningococcal serogroup B vaccine (4CMenB;
Bexsero®, Novartis Vaccines) was supplied in 0.5 mL doses in pre-
filled syringes, containing 50pg each of 3 recombinant protein
antigens—factor H binding protein (fHbp), Neisserial adhesin A
(NadA), and Neisseria heparin binding antigen, and 25pg OMV
from N. meningitidis strain NZ98/254, with 0.5 mg of AI’* in the
form of AI(OH), in 10 mM histidine/saline buffer."""

Each dose of DTaP-HBV-IPV/Hib vaccine (Infanrix hexa®;
GlaxoSmithKline Biologicals) contained 230 IU diphtheria tox-
oid; = 40 IU tetanus toxoid; 25 g pertussis toxin (PT); 25 pg
filamentous haemagglutinin (FHA); 8 wg pertactin (PRN); 10
g recombinant hepatitis B surface antigen (HBsAg); 40D, 8D,
and 32D antigen units of poliovirus types 1, 2, and 3, respec-
tively; and 10 wg Hemophilus influenzae type b polyribosyl-ribi-
tol-phosphate conjugated to tetanus toxoid (Hib). The vaccine
was reconstituted by extemporaneous mixing the lyophilised Hib
component with the liquid DTaP-HBV-IPV immediately prior
to injection.

Each 0.5 ml dose of the PCV7 vaccine (Prevenar®; Wyeth)
contained pneumococcal polysaccharide serotypes 4, 9V, 14,
18C, 19F, 23F (2 pg of each) and pneumococcal polysaccharide
serotype 6B (4 pg). Each dose of the Men C vaccine, Menjugate®
(Novartis Vaccines), was supplied as a lyophilised powder that
was resuspended in phosphate-buffered saline just before use, to
provide 10 pg MenC oligosaccharide conjugated to 12.5-25 pg
CRM,,, per 0.5 mL dose.

Randomization and procedures

In the full study local investigators enrolled infants who were
randomly assigned using a web-based randomization system
(1:1:1:1:1:1:1:1 ratio, block size = 8) supplied by the study spon-
sor into one of 8 study groups. Of the 2 groups who received the
final 4CMenB formulation the first, the control group, received
concomitant 4CMenB, DTaP-HBV-IPV/Hib, and PCV7 vac-
cines. The second group, the prophylactic paracetamol group,
received the same vaccines with paracetamol administered pro-
phylactically just before or at the time of vaccination. This was
followed by 2 further administrations at 4—6 h intervals after
vaccination by the parents/guardians. Paracetamol was sup-
plied as a pediatric liquid formulation for oral administration
at a dose of 10-15 mg/kg. The third group received 3 doses of
meningococcal glycoconjugate serogroup C vaccine instead of
4CMenB. For the control and MenC groups, the use of prophy-
lactic antipyretics in anticipation of fever or discomfort associ-
ated with the injections was strongly discouraged by the study
personnel. If antipyretics were given therapeutically for treat-
ment of fever, parents were instructed to take the temperature 4
h after the antipyretic dose to see if further treatment was nec-
essary, but this was not required to recorded in in a systematic
manner. As the control group did not receive a placebo drug the
paracetamol treatment was not blinded and the investigators
and parents were aware of the prophylactic antipyretic treat-
ment assignment.
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During the primary phase, 3 doses of each of the 3 respective
vaccines were administered by intramuscular injection at 2, 3, and
4 mo of age; 4CMenB or MenC was administered intramuscularly
into the right thigh, and DTaP-HBV-IPV/Hib and PCV7 vaccines
were both administered intramuscularly into the left thigh at least
2.5 cm apart. At 12 mo of age, all groups received fourth doses of
the routine vaccines, and the 4CMenB and 4CMenB +paracetamol
groups received fourth doses of 4CMenB. The paracetamol group
received the prophylactic paracetamol at each of the four 4CMenB
vaccinations. The MenC group received 2 doses of 4CMenB, the
recommended “toddler catch-up” schedule, at 12 and 13 mo of
age. At 13 mo of age a booster dose of MenC was offered to the
MenC group, and all participants were offered a first dose of MenC
at this time-point.

Blood samples were collected from all subjects immediately
prior to the first primary dose, 30 d following the third dose,
and before and 30 d after the booster dose for immunogenic-
ity assessments. Sera were analyzed using validated methods at
the Novartis laboratory (Clinical Laboratory Science, Novartis
Vaccines, Marburg, Germany) or a designated contract labora-
tory. Immune responses to 4CMenB were assessed as serum bac-
tericidal activity using human complement (hSBA) against 3 N.
meningitidis test strains H44/76, 5/99 and NZ98/254, specific for
3 of the vaccine components (fHbp, NadA, and NZOMYV, respec-
tively), using a titer = 5 as the lower limit of quantitation (LLQ)
which represents with 95% confidence the traditional threshold
hSBA titer (=4) which is considered an indicator for protection.”

Immune responses to routine vaccines were assessed by stan-
dard ELISA or neutralization test methods. Seroprotection was
defined as an antibody concentration 0.1 IU/mL for diphtheria
and tetanus, 10 mIU/mL for hepatitis B, 1:8 dilution for poliovirus
types 1, 2, and 3 and 0.35 pg/mL for pneumococcal serotypes 4,
6B, 9V, 14, 18C, 19F, 23F. For pertussis antigens, for which no
serologic correlate of protection is established, a vaccine response
was defined as an antibody concentration equal to or above the
assay LLQ for initially seronegative subjects (pre-vaccination anti-
body concentration < LLQ), or at least maintenance of pre-vac-
cination antibody concentration for initially seropositive subjects
(pre-vaccination antibody concentration > LLQ), to account for
loss of maternal antibodies. Percentages of subjects demonstrating
seroprotection or vaccine responses, and geometric mean concen-
trations (GMC) or titers (GMT), as appropriate, were calculated.

In view of the blood small volumes available from infants,
which may preclude performing all analyses on each individual
serum sample, priority was given to analyses of 4CMenB anti-
gen responses, and then concomitant vaccine antigens in this
order: diphtheria-tetanus-acellular pertussis, Hib, pneumococ-
cal, poliovirus, hepatitis B. Polio responses were only measured
after primary vaccination.

Safety and reactogenicity

Subjects were observed for a minimum of 30 min after
receipt of each vaccine dose to monitor for immediate adverse
reactions, including a rectal temperature measurement. Parents
then recorded on diary cards solicited reactions for 7 d post-
vaccination. Solicited local reactions (i.e., injection site tenderness,
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erythema, induration, and swelling) and systemic reactions (i.e.,
change in eating habits, sleepiness, vomiting, diarrhea, irritabil-
ity, unusual crying, and urticarial or other rash). Other indicators
of reactogenicity were body temperature measured as rectal tem-
perature with supplied study thermometers, (fever defined as rec-
tal temperature 238.5 °C), and the use of antipyretic medication.
Unsolicited adverse events (AEs) and serious adverse events (SAEs)
were recorded throughout the study. Assessments of the causal
relationship of adverse events to the vaccination were made by the
investigators and study physicians (most conservative selected) and
were classified as not related, possibly related, or probably related.

Statistical analyses

Immunogenicity analyses were performed on the per-proto-
col population, which consisted of subjects who received all the
relevant doses of vaccine correctly, provided at least one evalu-
able serum sample at the relevant time points, and had no major
protocol violations. Safety was analyzed for all subjects exposed
to study vaccines. A minimum sample size of 140 subjects per
group was estimated to provide sufficient power to detect differ-
ences between groups in antibody responses to the MenB strains.
Population characteristics were summarized per vaccine group.
The percentages of subjects with hSBA titers = 5 against N. men-
ingitidis serogroup B strains H44/76, NZ 98/254, and 5/99 and
associated 2-sided 95% Clopper-Pearson Confidence Intervals
(ClIs) were computed for each group at baseline and 1 mo after
the third vaccination. Percentages of subjects with antibody
titers above pre-specified cut-offs for all antigens of the DTaP-
HBV-IPV/Hib and PCV7 vaccines were calculated at base-
line and 1 mo after the third vaccination. Differences between
groups were calculated using the Miettinen-Nurminen method.?
Log,-transformed antibody titers were modeled using analysis
of variance for each strain, and GMTs, GMCs, their ratios, and
corresponding 2-sided 95% CI were calculated. Febrile rates per
vaccine dose and group were summarized. Percentages of subjects
with fever within 3 d (day 1-3) and 7 d (day 1-7) after each
vaccination were tabulated by vaccine group and pair-wise com-
parisons were performed using the Pearson chi-square test, or the
Fisher Exact test where appropriate. Safety and tolerability data
were summarized by vaccine group providing the percentage of
subjects reporting an event. For the analysis of group differences,
a 2-sided p value less than 0.05 was required.
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