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Abstract 

Background: Better understanding of vaccine reactogenicity is crucial given its potential 

impact upon vaccine safety and acceptance. Here we report a comparison between 

conventional and novel (continuous) methods of monitoring temperature and evaluate any 

association between reactogenicity and the monocyte activation test (MAT) employed for 

testing four-component capsular group B meningococcal vaccine (4CMenB) batches prior to 

release for clinical use in Europe. 

 

Methods: Healthy 7-12-week-old infants were randomised in two groups: group PCV13 2+1 

(received pneumococcal conjugate vaccine 13 valent (PCV13) at 2, 4 and 12 months) and 

group PCV13 1+1 (received reduced schedule at 3 and 12 months).  In both, infants received 

the remaining immunisations as per UK national schedule (including 4CMenB at 2, 4 and 12 

months of age).  

Fever was measured for the first 24 hours after immunisations using an axillary thermometer 

and with a wireless continuous temperature monitoring device (iButton®). To measure the 

relative pyrogenicity of individual 4CMenB batches, MAT was performed according to Ph. 

Eu. chapter 2.6.30 method C using PBMCs with IL-6 readout.  

 

Results: Fever rates detected by the iButton® ranged from 28.7%-76.5% and from 46.6%-

71.1% in group PCV13 2+1 and PCV13 1+1 respectively, across all study visits. The iButton® 

recorded a higher number of fever episodes when compared with axillary measurements in 

both groups (range of axillary temperature fevers; group PCV13 2+1: 6.7%-38%; group 

PCV13 1+1: 11.4%-37.1%). An agreement between the two methods was between 0.39 and 

0.36 (p<0.001) at 8 hours’ time-point post primary immunisations. No correlation was found 

between MAT scores and fever rates, or other reported adverse events.  
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Conclusions: It is likely that conventional, intermittent, fever measurements underestimates 

fever rates following immunisation. 4CMenB MAT scores didn’t predict reactogenicity, 

providing reassurance that vaccine batches with the highest acceptable pyrogen level are not 

associated with an increase in adverse events.  

Clinicaltrials.gov identifier: NCT02482636 

 

Key words: 4CMenB; reactogenicity; Monocyte activation test; MAT score; iButton® 
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Introduction: 

Vaccine reactogenicity is a key concern when implementing a new vaccine in an 

immunisation program. The number and severity of adverse events following immunisation 

(AEFI) can decrease public and health care provider acceptance of new vaccines due to 

safety concerns, which can consequently compromise immunisation coverage(1). With 

increasing vaccine hesitancy and refusal around Europe and the world, a better understanding 

and improvement of the methods to detect AEFI  can increase vaccine trust (2, 3).  

4CMenB (Bexsero) has now been successfully used  around the world and a  few countries, 

including the UK, have already introduced the vaccine into the national immunisation 

programs with demonstrated effectiveness against group B meningococcal (MenB) disease 

(4-6). Concerns about high levels of reactogenicity associated with this vaccine have been 

debated among the scientific community, clinical practitioners and parents and need to be 

taken into consideration with the expected increased use (5). High post-immunisation fever 

rates have been reported, especially when co-administered with other routine immunisations  

(7, 8). The introduction of 4CMenB in the UK in 2015 (9) led to an increase in the number of 

hospital admissions and invasive procedures due to fever after immunisation in the infant 

population, despite recommendations for parents to administer prophylactic paracetamol to 

infants receiving 4CMenB (10, 11).  

 

No definitive mechanism accounting for the reactogenic nature of 4CMenB when 

administered with routine vaccines, has yet been described, but the presence of known 

pyrogens such as lipooligosaccharide (LOS) and other non-endotoxin pyrogens present in 

outer membrane vesicle (OMV) component of the vaccine are thought to be contributory(12).  
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In this study we aimed to better understand the reactogenic profile of 4CMenB when used 

concomitantly with other routine immunisations by analysing temperature data collected by a 

novel method that measures body temperature continuously, the iButton®, used during a 

previously reported clinical trial comparing two immunisation schedules incorporating 

4CMenB (13). This small wireless system records body temperature once per minute for a 

maximum of 34 hours (14), in contrast to traditional, intermittent, methods of temperature 

measurement in clinical trials (15). This non-invasive system therefore theoretically has the 

advantage of allowing identification of all fever episodes during the immediate post-vaccine 

period, in which there is a higher probability of febrile reactions.  

 

Furthermore, we used this enhanced collection of reactogenicity data to interrogate the 

relationship, if any, between clinical reactogenicity and the 4CMenB pyrogenicity testing 

performed prior to batch release (the monocyte activation test (MAT) (16, 17), which 

quantifies interleukin-6 (IL-6) response by ELISA).  

 

Methods: 

Study design: 

Data were collected in the Sched 3 study, a multicentre, randomised, open-label clinical trial, 

reported by Goldblatt et al (13). Briefly, healthy 7 to 12-week-old infants were randomised to 

receive either the 13 valent pneumococcal vaccine (PCV13; Prevenar 13®, Pfizer, New 

York, NY, USA) at 2, 4 and 12 months of age (PCV13 2+1), or at 3 and 12 months (PCV13 

1+1). Other routine vaccines were administered to all infants at the same schedule, i.e. 

4CMenB (Bexsero, GlaxoSmithKlein, Rixensart, Belgium) at two, four and 12 months of 

age, DTaP-Hib-IPV (Infanrix–IPV-Hib, , GlaxoSmithKlein, Rixensart, Belgium) at two, 

three and four months of age, oral rotavirus vaccine (RV)  (Rotarix, GlaxoSmithKlein, 
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Rixensart, Belgium ) at two and three months of age, MenC/Hib (Menitorix, 

GlaxoSmithKlein, Rixensart, Belgium) at 12 months of age and MMR (MMRVAXPRO, 

MSD vaccines, Lyon, France) at 13 months of age. As per Public Health England guidelines, 

parents were advised to administer three doses of paracetamol in the first 24 hours following 

4CMenB at two and four months of age, one dose immediately after the vaccine and a second 

and third dose four to six hours after (18). All vaccines (including 4CMenB) were obtained 

through routine National Health Service (NHS) supplies. The full description of the study 

design and reports of the primary objective outcomes are available in Goldblatt et al (13).  

 

Objectives: 

A secondary objective of this study was to assess reactogenicity of the study vaccines, 

including a full description of local and systemic reactions in the week following vaccination 

at two, three, four and 12 months of age as recorded by parents using a paper diary.  The full 

analysis of local and systemic reactions identified in this study are described elsewhere 

(Davis, K et al, Lancet ID in press). This paper focus on a description of fever events and 

temperature variation after immunisation, plus any correlation of reactogenicity predicted by 

the Monocyte Activation Test (MAT) with measured local and systemic reactions.  

 

Body temperature records: 

Body temperature was recorded in the same period by parents using a digital thermometer 

placed in the axilla at around four, eight and 20 hours after immunisation, and every 24 hours 

thereafter, for a period of seven days. Fever was defined as a temperature 38ºC  as per 

Brighton Collaboration Fever Working Group (15). Temperature was also measured by the 

Thermochron iButton® (Maxim Integrated Products Inc, San Jose, CA, USA). The device 

was applied to the infant’s abdomen, as shown in figure 1, and used to record the infant’s 
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body temperature continuously in the first 24 hours after immunisation. After 24 hours, the 

parents sent the device via post to our Department to be downloaded and analysed.  

 Temperatures recorded below 35ºC were considered to be non-physiological and excluded 

from the analysis. 

 

Figure 1: iButton® application method in the infant abdomen 

 

Monocyte activation test (MAT) 

MAT assessment was performed on the 4CMenB batches used in this study by the National 

Institute for Biologic Standards and Control (NIBSC) as per routine practise prior to release.  

Peripheral blood mononuclear cells are stimulated with Bexsero® and IL-6 release is 

quantified by ELISA testing as compared to a reference batch of vaccine (16). The assay is 

based on data held at NIBSC on vaccine batches released for use in clinic, where the initial 

371 batches passing the batch release test were assigned a score of one to five based on the 

lowest to the highest quintiles of relative pyrogenic units (RPU).  

 In this study to scrutinise if differences in the measured relative pyrogenicity of the vaccine 

batches could be distinguished in corresponding groups of patients, the same rank-based 

scoring system was used to assign vaccine batches within the larger dataset rank. A total of 

seven batches were used during this study (supplementary table 1).  

 

 

 

Statistical analysis 

A descriptive and comparative analysis of both axillary temperature and iButton® data was 

performed for each vaccine time point (two, three, four and 12 months) based on the highest 
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temperature recorded in the 24 hours post-vaccination for iButton and across the seven days 

post-vaccination for axillary recording, with fever defined as ≥38°C. To compare the 

iButton® fever rates and mean temperatures in different study groups, the Chi-squared test 

and the two-sided t-test were used. The time to first fever was determined by Kaplan Meier 

survival analysis, represented by failure curves and statistical significance differences 

between the study groups calculated using log-rank test.  

 To determine if the time to first fever was different between visits for the infants that had at 

least one episode of fever recorded when using the iButton®, a one-way repeated measures 

ANOVA was run after normalising data between visits using a log10 transformation.  

Concordance correlation between the two methods was determined by the use of the Lin 

coefficient, represented by Bland-Altman plots. For the concordance evaluation we used the 

exact time (hours and minutes) that the axillary temperature was recorded by the parents and 

compared it with the temperature recorded at the same time by the iButton® device.  

Fever rates by MAT scores graded from one to four were compared by Fisher’s test at each 

visit. The trend in fever, as well as other adverse reactions, by MAT score was also assessed 

across all MenB visits using random effects logistic regression adjusting for visit with 

individual as the random effect. Separate analyses comparing fever by MAT score were done 

using temperature records from axillary measurements and iButton®. 

The proportion of adverse reactions by group were calculated with 95% exact confidence 

intervals and the groups compared by Fisher’s exact test.  

The data were analysed in STATA version 13, based on the safety data set which is “As 

Treated”. 

 

Results: 

Study population 
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A total of 213 infants were enrolled in the Sched 3 study (PCV13 2+1=106 infants and 

PCV13 1+1= 107 infants), with a median age at enrolment of 60 days in group 1 and 59 days 

in group 2.  

 

Fever rates identified with the iButton®: 

In the 24 hours after administration of 4CMenB and concomitant vaccines the percentage of 

participants with at least one episode of temperature above 38 °C (as recorded by the 

iButton®) ranged from 28.7% to 76.5% in group PCV 2+1 and 46.6% to 71.1% in group 

PCV 1+1 (table 1). In both groups, these rates were higher at the 12 months immunisations 

(group PCV 2+1: 75/98; group PCV 1+1: 64/90), when prophylactic paracetamol was not 

recommended. 

Fewer participants had temperatures above 38 °C following visit 2, when 4CMenB was not 

administered, and the number of participants with at least one episode of fever was 

significantly higher in group PCV 1+1 (receiving RV, DTaP-Hib-IPV and PCV13),  than 

group PCV 2+1 that received RV and DTaP-Hib-IPV alone (group PCV 2+1=28.7% 

(n=101); group PCV 1+1=46.6% (n=103), p=0.008) (table 2). 

 

Across all visits the mean time to first fever varied between nine and 10.5 hours after 

immunisation, with no statistical differences between groups at each time-point as 

represented by Kaplan-Meier curves (figure 2) or between visits (repeated measures ANOVA 

f(3,269)=1.14; p=0.33). 

 

Figure 2: Kaplan-Meyer curve showing cumulative percentages of individuals between 

groups at different time points 
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Comparison of continuous temperature monitoring and intermittent temperature evaluation: 

Two different methods of temperature detection in individual participants are displayed in 

figure 3, showing data from infants with at least one fever episode in the 24 hours after 

immunisation with simultaneous records from both methods, pooled across both study groups 

(n= 144 participants at the two month visit, 79 at three months, 113 participants at four months 

and 138 participants at the 12-month visit).  

 

At each visit detected fever rates in the 24 hours following immunisation were between 2.9 (4 

month visit) and 7.7 (3 month visit) fold higher with the iButton compared with intermittent 

axillary temperatures; across all visits the iButton had a 4.1 fold higher detection rate (456 

compared with 111).  In the same period for all febrile episodes and immunisation visits 

between 69.9% and 87.4% were detected only by the iButton®, 2.5% to 4.4% were detected 

by axillary thermometer alone and 10.1% to 26.8% by both methods (figure 3). 

 

Figure 3: Venn diagram representation of individuals with at least one episode of fever in the 

first 24 hours after immunisation at different timepoints (all participants of the study from both 

groups with both measurements available) 

 

Temperatures taken with axillary thermometers at 4, 8, 20 and 24 hours after vaccines were 

compared with temperatures recorded at the same time with the iButton®. The agreement 

between the methods using Lin’s concordance correlation was weak at 4 hours (0.16-0.26) for 

all visits and 24 hours post-immunisation for all visits (0.20-0.12), except V3 (c ;95%CI: 

0.32;0.07-0.55) . Eight hours post-immunisation the methods showed a better agreement for 
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visits 1 to 3 (V1: 0.390; V2: 0.337; V3: 0.355, V5: 0.158).  Figure 4 demonstrates the agreement 

identified in this study at the first visit as a representative example. 

 

Figure 4: Bland- Altman scatterplots representing the concordance between axillary 

temperature and the iButton temperature at the first immunisation visit (2 months); A: V1 

concordance 4 hours after immunisation; B: V1 concordance 8 hours after immunisation.; C: 

V1 concordance 20 hours after immunisation; ); D: V1 concordance 24 hours after 

immunisation 

 

MAT scores: 

The MAT scores of the most common 4CMenB batches used in this study were obtained 

following study completion and participants at each visit categorised according the MAT score 

of the 4CMenB vaccine they received (Table 3, data pooled across both study groups). The 

maximum MAT score obtained in the vaccine batches used in this study was four. By chance, 

for the two primary doses of 4CMenB at two and four months of age the administered vaccines 

most commonly had a MAT score of 1 (two-month vaccines: 106/184; four month vaccines: 

130/175). For the booster dose of 4CMenB given at 12 months of age, the most common MAT 

score was 2 (91/154). 

 

The relative percentage of individuals with fever (as measured per-axilla) for each MAT score 

were similar after the first 4CMenB dose (p=0.885) and although more variability was observed 

after the second primary dose, no statistically significance was detected (p=0.323) (table 3). 

44% of the participants receiving a booster dose of 4CMenB of a batch with a MAT score of 2 

had fever. No association was found between the MAT score and fever using data across all 

timepoints (table 4). Similarly, there was also no association between MAT scores and fever 
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rates when measured by iButton® (two month vaccines p=0.09; four month vaccines:  p=  

0.226   booster dose (12 month immunisations): p=0.163). 

 

The broader range of solicited adverse events following immunisation are shown in Table 4.  

There was no evidence that the trend across MAT scores for these reactions were different for 

the first and second dose of 4CMenB compared with the third dose; therefore, combined scores 

are shown. In the evaluation of all adverse reactions by batch score (all visits together – two, 

four and 12 month visits), only diarrhoea was considered to be within the limit of statistical 

significance (p=0.05), with higher number of events in the individuals that received a batch 

classified as 3 (41.7%) or 4 (41.2%) (Table 4).  

 

Discussion: 

The identification of fever is an important measure of vaccine reactogenicity, given its potential 

to cause discomfort, parental anxiety and healthcare consultation   (10, 19, 20). In this study 

we have demonstrated that continuous measurement of fever detects over four times as many 

febrile participants in the 24 hours after immunisation as conventional methods of intermittent 

measurement. 

 

The iButton® has the advantage of being a wireless, non-invasive, tolerable device when 

applied to human skin with a very low percentage of adverse reactions, that can be easily used 

in the paediatric population (21, 22). The exploration of different methods to continuously 

monitor temperature is not a new concept in medical research, but previously these methods 

were difficult to apply, not designed to be used in ambulatory patients and sometimes invasive 

(when used in animal models) (23-25). The iButton® has been used in adults and children to 

assess circadian rhythms in sleep/wake research and in adults post cardiac surgery (21, 22, 26). 
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A recent paper by Balla et al (27) compared temperature measurement by iButton® and 

intermittent rectal measurement in inpatient adults, and concluded the former had a relatively 

low sensitivity of 40%, but high specificity of 100%. Despite this high degree of specificity, 

the application of the iButton® in immunisation trials, particularly in infants, is very scarce.  

 

Our study shows that the rates of fever detected by the axillary thermometer are much lower 

than those detected by the iButton®, but also lower than the rates reported previously in 

4CMenB vaccine clinical trials using similar intermittent methods (7, 8). We showed that rates 

of fever detected by the iButton® in the study population that received the current UK schedule 

varied from 28.7% to 76.5% with rates detected by the axillary thermometer varying from 6.7% 

to 38.0%. 

 

In addition to the advantage of potentially detecting more episodes of fever, that might be 

missed by intermittent methods, the use of a continuous method could allow for a better 

determination of the expected temperature trends related to the type of vaccine administered. 

A better description of febrile reactions could also help with diagnosing potential coincidental 

medical conditions causing non-vaccine related fevers. Although this possibility might only be 

applicable in the setting of clinical trials, when used in combination with other methods it could 

provide important information. The use of temperature trends as a predictor of severity in septic 

patients has shown that differences in amplitude and frequency of temperature curves can help 

to differentiate septic versus non-septic patients (28). A better understanding of these events 

could help clinicians identify children whose fever is unrelated to any recent immunisations 

received. 
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Another challenge with the current intermittent temperature monitoring systems is the 

identification of the best method to measure temperature for each age group. In the UK it is 

standard practice to measure axillary temperature in paediatric clinical trials. Other methods 

such as rectal temperature is the method of choice in other European countries (29-31). The 

Brighton collaboration doesn’t define a gold standard method to measure temperature (15), 

helping to explain the variation between countries.  

 

Our study shows that the rates of fever detected by the axillary thermometer are lower than the 

rates reported previously in 4CMenB vaccine clinical trials using similar intermittent method 

(7, 8). In a study by Gossger et al the rates of fever measured using axillary temperature varied 

between 51 to 61% when 4CMenB was administered in combination with other routine 

vaccines (7). One of the possible explanations for the lower rates of fever detected by axillary 

thermometer in our study was the use of three doses of paracetamol in the first 24hours after 

immunisation, as a prophylactic measure. This recommendation was implemented in the UK 

after the introduction of the 4CMenB vaccine in the National Immunisation Program and was 

not applied consistently in clinical trials such as Gossger et al.  

 

In another 4CMenB study by Vesikari et al (8), rates of fever were higher still than in Gossger 

et al, although in infants the method of choice was rectal temperature measurement. In this 

population, 65.3% of the individuals that received 4CMenB with routine immunisations had a 

temperature 38.5ºC in the first six hours after their immunisations (8).  

 

Both rectal and axillary methods of temperature measurement are suitable for infants until the 

age of two years (32). In newborns, although both methods can be used and are considered 

accurate, rectal temperatures are consistently higher when compared with axillary 
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temperatures, and the mean variation between the two methods in the same individual is wide 

(33). One area for future research would be to compare the iButton technology deployed here 

with intermittent rectal measurements to determine if the correlation is better than with axillary 

measurements. 

 

 

To our knowledge this is the first study to correlate the results of pre-release pyrogen content 

testing of 4CMenB by MAT with clinical outcomes. The application of MAT has been shown 

to be a suitable cell-based method to measure the release of IL-6, a pro-inflammatory cytokine 

which mediates the fever response (16, 17). Across the 371 NIBSC reference batches, the RPU 

values ranged from 0.5-1.7 RPU. The batches in the study ranged from 0.85 to 1.24, falling 

into the range scored 1-4. Using the MAT test to measure the pyrogenic potential of new 

vaccines such as Bexsero is novel and whilst extensive validation was carried out and the limits 

of pass/fail based on batches shown to be safe in a clinic trial, actual clinical information of 

any differences identified in the RPU of the vaccine and a reaction in patients was unknown. 

The results of this study provide reassurance to the regulatory laboratory that the differences 

in the RPU within batches which pass the release tests do not manifest as differences in the 

reactogenicity in the clinic. Also, no evidence was found in this study that higher MAT scores 

were associated with a higher number of adverse reactions. This emphasises the role of MAT 

scores being used for batch release, with all batches that meet the release criteria being suitable 

for clinical use. 

 

 

This study has some limitations that could have influenced some of the results and also could 

make comparisons with other studies more challenging. In previous 4CMenB studies, the use 
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of paracetamol was only as required, unlike the recommendations to parents made in this study. 

This approach could bias fever rates and cause prolongation of time to first fever, which would 

limit comparisons with other studies. Also, any correlation between MAT scores and 4CMenB 

reactogenicity, could potentially be ‘masked’ by use of prophylactic paracetamol for the infant 

vaccines, or (unrecorded) variability in the reactogenicity of the concomitantly administered 

vaccines, We also assumed was that paracetamol was given to the infants as per 

recommendation, however this was only specifically recorded for the first paracetamol dose 

(when the study team was present for administration) but subsequent dose administration was 

assumed. However, the data collected represents the current day to day practice in the UK, and 

help demonstrate that batches approved for release based on the MAT scores are associated 

with clinically acceptable reactogenicity.   

Another limitation is regarding the limited numbers used to understand potentially correlations 

between MAT scores and 4CMenB batches. The lack of correlation observed in this study 

cannot be overinterpreted and a larger sample would be needed to confirm these findings. 

 

Final conclusion 

The use of a continuous measurement method in this clinical trial allowed us to more 

accurately define the presence of fever episodes after UK routine immunisation in infants 

when compared with the standard intermittent method, and increased use of this methods in 

vaccine clinical trials should be encouraged. Reactogenicity of the infant vaccine schedule is 

partially attributed to the 4CMenB vaccine which is tempered by the prophylactic use of 

paracetamol at the time of immunisation. The findings of this study are that reactogenicity 

seen in infants immunised with 4CMenB did not correlate with the MAT scores, providing 

reassurance that the defined threshold for a vaccine to pass the MAT safety test for human 

use is appropriate, although these findings need to be confirmed with larger sample sizes.  
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Tables  

 

Table 1: Percentage of participants in each group with at least one fever episode (38C) detected by the iButton® in the first 24 hours after 

immunisation or axillary measurement in the first seven day after immunisation, after each immunisation visit 

 

 PCV2+1 PCV1+1 

Age Axillary temp 

(1st 24h) 

iButton® 

(24 hours period 

after 

immunisation) 

p value 

(Pearson Chi-

squared test)* 

Axillary temp 

(1st 24h) 

iButton® 

(24 hours period 

after 

immunisation) 

p value 

(Pearson Chi-

squared test)* 

2 months  18/106 

16.9% 

69/99 

69.7% 

0.175 14/104 

13.4% 

72/101 

71.3% 

0.9 

3 months 0/105 

 

29/101 

28.7% 

- 10/105 

9.5% 

48/103 

46.6% 

0.024 

4 months 20/101 

29.4% 

63/102 

61.8% 

0.001 16/102 

15.6% 

47/98 

48.5% 

0.09 

12 months 25/99 

25.2% 

75/98 

76.5% 

0.04 18/88 

20.5% 

64/90 

71.1% 

0.11 

*Evaluation of proportion of cases in each group 

 

 

 

 

 

Table 2: iButton® fever rates and fever episodes characteristics in group 1 and group 2  

 

 PCV2+1 (Total N=107) PCV1+1 (Total N=106)  

 V1 

(2 months) 

(N=99) 

V2 

(3 months) 

(N=101) 

V3 

(4 months) 

(N=102) 

V5 

(12 

months) 

V1 

(2  months) 

(N=101) 

V2 

(3 months) 

N=103 

V3 

(4 months) 

(N=97) 

V5 

(12 

months) 

P values for 

differences 
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(N=98) (N=90) between 

schedules 

At least one 

fever episode 

(N=99) 

69  

(69.7%) 

29 

(28.71%) 

63 

(61.76%) 

75 

(76.53%) 

72 

(71.3%) 

48 

(46.6%) 

47 

(48.45%) 

64 

(71.11%) 

V1(p=0.805)* 

V2 (p=0.008)* 

V3(p=0.069)* 

V4(p=0.398)* 

Mean 

temperature 

(SD) 

(N=99) 

36.75ºC 

(0.42) 

36.29 ºC 

(0.41) 

36.53 ºC 

(0.48) 

36.75ºC 

(0.53) 

36.78 ºC 

(0.42) 

36.57 ºC 

(0.44) 

36.47 ºC 

(0.45) 

36.81ºC  

(0.58) 
V1(p=0.607) 

V2(p=0.999)  

V3(p=0.160)  

V4(p=0.766)  

Mean 

maximum 

temperature 

(SD)/range 

38.18 ºC 

(0.47)/  

37ºC-39.4 

ºC 

 

37.68 ºC 

(0.45)/ 

36.37ºC-

39.1ºC 

38.12ºC 

(0.60)/ 

36.75ºC-

39.5ºC 

38.38ºC 

(0.76)/ 

36.75ºC-

40.62ºC 

38.18 ºC 

(0.44)/ 

37ºC-

39.5ºC 

37.92ºC  

(0.49)/ 

36.37-

39.5ºC 

37.93ºC 

(0.59)/ 

36.25ºC-

39.5ºC 

38.37ºC 

(0.82)/ 

36.5ºC-

40.37 ºC 

 

 

Legend: *Chi 2 test;  2-sided T-test;  
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Table  3: Monocyte activation test (MAT) scores for the 4CMenB vaccine batches used in the Sched 3 study and percentage of individuals with 

fever identified by axillary temperature measurements and by iButton® by MAT score 

 
  Axillary Temperature Ibutton ® 

Dose MAT 

Score 

n/N (temp>=38) % (95%CI) P-value n/N 

(temp>=38) 

% (95%CI)  P-value 

1 1 18/106 17% (10.4-25.5) 0.885 65/103 63.1% (53.3-71.9) 0.095 

  2 
  

     

  3 4/29 13,8% (3.9-31.7)   23/27 85.2% (65.9-94.5)  

  4 7/49 14,3% (5.9-27.2)   38/51 74.5% (60.6-84.7)  

2 1 39/130 30% (22.3-38.7) 0.323 71/124 57.3% (48.3-65.7) 0.226 

  2 
  

     

  3 3/19 15.8% (3.4-39.6)   8/19 42.1% (22.1-65.1)  

  4 5/26 19.2% (6.6-39.4)   16/23 69.6% (47.8-85.1)  

boost 1 0/2 0% (0-84.2) 0.239 2/2 100% 0.163 

  2 40/91 44% (33.6-54.8)   72/90 80% (70.3-87.1)  

  3 
  

     

  4 20/61 32.8% (21.3-46)   40/56 71.4% (58.1-81.9)  
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Table 4: Solicited adverse events following 4CMenB classified according to MAT score of the 4CMenB vaccine received at that visit. (Data 

pooled across study groups and across visits at 2, 4 and 12 months of age).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*from random effects logistic regression adjusting for dose with individual as the random effect 

 

 MAT score  

 1 

(two batches, 

mainly used for 

2 and 4 months 

imms) 

2 

(one batch -only used 

for 12 months imms) 

 

3 

(one batch used 

for 2 and 4 

months imms) 

4 

(three batches, one 

used for 2 and 4 

months imms, one for 

4 and 12 months 

imms, one 12 months 

imms only) 

P-value*  

(trend by 

MAT score) 

Fever (38.0) 57/238 (24.0%) 40/91 (44.0%) 7/48 (14.6%) 32/136 (23.5%) 0.07 

Feeding 131/237 

(55.3%) 

43/90 (47.8%) 22/48 (45.8%) 73/136 (53.7%) 0.81 

Less active 128/237 

(54.0%) 

64/91 (70.3%) 31/48 (64.6%) 80/136 (58.8%) 0.95 

Irritable 172/237 

(72.6%) 

77/91 (84.6%) 35/48 (72.9%) 109/136 (80.2%) 0.30 

Crying 129/237 

(54.4%) 

58/91 (63.7%) 24/48 (50.0%) 171/136 (52.2%) 0.28 

Vomiting 80/237 (33.8%) 15/91 (16.5%) 19/48 (39.6%) 41/136 (30.2%) 0.85 

Diarrhoea 89/237 (37.6%) 25/91 (27.5%) 20/48 (41.7%) 56/136 (41.2%) 0.05 

Redness 83/234 (35.5%) 49/91 (53.8%) 23/48 (47.9%) 62/136 (45.6%) 0.32 

Swelling 47/234 (20.1%) 25/91 (27.5%) 15/48 (31.3%) 39/136 (28.7%) 0.26 

Tenderness 87/235 (37.0%) 50/90 (55.6%) 20/48 (41.7%) 74/135 (54.8%) 0.10 
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Legend: V1: 2 months immunisation visit (first primary dose of 4CMenB); V3: 4 months immunisation visit (second primary dose of 4CMenB); 

V5: 12 months immunisation visit (booster dose of 4CMenB) 
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Supplementary table 1: 4CMenB vaccine batches used in Sched 3 study  

Batch number 

(Sched 3) 

MAT Score 

146301 1 

140501 4 

152401A 1 

152101 3 

140901A 4 

154301 2 

15B701 4 
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