
Vaccine 41 (2023) 7096–7102

Available online 26 October 2023
0264-410X/© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Adverse events following immunization (AEFIs) with anti-meningococcus 
type B vaccine (4CMenB): Data of post-marketing active surveillance 
program. Apulia Region (Italy), 2019–2023 

Pasquale Stefanizzi a,*, Antonio Di Lorenzo a, Andrea Martinelli a, Lorenza Moscara a, 
Paolo Stella b, Domenica Ancona b, Silvio Tafuri a 

a Interdisciplinary Department of Medicine, Aldo Moro University of Bari, Bari, Italy 
b Apulian Regional Health Department, Bari, Italy   

A R T I C L E  I N F O   

Keywords: 
Pharmacovigilance 
Children 
Meningitis 
Vaccination 
Safety 

A B S T R A C T   

The four-component recombinant-DNA anti-meningococcus B vaccine (4CMenB) has been approved by the 
European Medicines Agency in 2013. In Italy, 4CMenB is recommended since 2017 for use in infants under one 
year of age. Due to the strong evidence of increased risk of fever after administration, surveillance of adverse 
events following immunization (AEFIs) is a priority for 4CMenB. 

This cross-sectional prospective study aims at investigating 4CMenB’s safety profile. The study population is 
represented by infants under twelve months of age vaccinated with 4CMenB in selected ambulatories in Apulia, a 
region in South-Eastern Italy, from October 1st, 2020, to March 31st, 2023. Parents were provided with a post- 
vaccination diary covering up to seven days after immunization and were contacted one week after the vacci-
nation day. Information about AEFIs was collected, and reactions were classified following World Health Or-
ganization guidelines. For serious AEFIs, causality assessment was carried out. AEFI risk determinants were 
investigated via logistic regression. 

A total of 4,773 diaries were completed, with 78.13 % of them (3,729/4,773) containing one or more AEFI 
reports. Systemic reactions such as malaise, drowsiness/insomnia and fatigue were the most common ones, 
followed by fever and local pain, tenderness, redness and swelling. 

Twenty-three cases of serious AEFIs were reported. Following causality assessment, 78.26 % of serious adverse 
events (18/23) were deemed to have a consistent causal association with the administration of 4CMenB 
(reporting rate: 0.38 %). Three infants were hospitalized following vaccination, but no cases of death or per-
manent/severe impairment were reported. Prophylactic paracetamol administration showed a significant pro-
tective effect against the risk of manifesting fever within the first 24 h after administration (OR: 0.75; p < 0.005). 

Our data confirms existing evidence regarding the safety of 4CMenB vaccination in babies under 2 years of 
age, but also highlight a significant risk of fever after vaccination. Prophylactic paracetamol administration could 
represent a protective factor against fever, especially during the first 24 h after vaccination.   

1. Introduction 

Two vaccines are currently available for the prevention of diseases 
associated with Neisseria meningitidis’ B serogroup (meningococcus B) in 
the European Union. The first one to be approved for marketing by the 
European Medicines Agency (EMA) was a four-component recombinant- 
DNA vaccine (4CMenB), which was released in 2013 [1]. A second, two- 
component product based on meningococcus B factor H binding protein 

(fHbp-MenB) was approved in 2017 by EMA [2,3]. 
Italy’s Vaccination Schedule for Life strongly recommends anti- 

meningococcus B (anti-menB) vaccination for all newborns since 
2017. The schedule may vary between three and four doses according to 
the first administration’s timing, but in both cases the vaccine should be 
administered during the subject’s first year. Subjects with a high risk of 
meningococcus B infection, such as patients with asplenia or other forms 
of immune depression/suppression, laboratory workers handling 
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meningococcal specimens and healthcare providers working with in-
fants and/or critical patients, are also targeted by anti-menB vaccina-
tion, although with different schedules based on their age [4–8]. All 
target categories are offered 4CMenB actively and free-of-charge. 

Since the start of the post-marketing life of 4CMenB, special attention 
has been requested about the safety profile of this vaccine, because pre- 
marketing evidence seemed to suggest a high incidence of adverse 
events following immunization [9–11]. The expression “adverse event 
following immunization” (AEFI) refers to any untoward medical 
occurrence which happens after immunization. Therefore, AEFIs are not 
necessarily causally related with the administered vaccine. Surveillance 
of AEFIs is strongly recommended by the World Health Organization 
(WHO), as part of the pre-licensure trials but also in the post-marketing 
life of vaccines, as this practice allows to thoroughly investigate new 
products’ safety profile as well as to increase the public’s thrust towards 
vaccination itself [12]. In Italy, AEFI reporting is mandatory for any 
healthcare professional witnessing one, and nationwide surveillance of 
AEFIs is managed by the Italian Drug Authority’s National Pharmaco-
vigilance Network (NPN) [13]. 

As of now, 4CMenB safety profile has been investigated only via 
passive surveillance. A study highlighted a reporting rate about 26.5 
AEFIs per 100,000 vaccine administrations in Apulia, a Region in South- 
Eastern Italy, from 2014 to 2019, a number much lower than the AEFI 
risk reported in pre-marketing experimentation. Data reported in this 
study, if compared with pre-marketing published data [9,10], seem to 
suggest a significant impact of under-reporting, especially in consider-
ation of the recent release of the vaccine, thus calling for more intense 
safety investigation [14]. 

Since fever and hyperpyrexia have been described among the most 
frequent AEFIs detected among 4CMenB immunized infants [9–11,14], 
special attention has been dedicated to the interaction of prophylactic 
paracetamol administration after vaccination with 4CMenB in order to 
prevent fever and the vaccine’s safety and immunogenicity profile. In 
fact, 4CMen B is associated with a significant risk of fever during the first 
24–72 h after immunization [15]. 

Paracetamol given shortly before vaccination and subsequently at 
4–6 and 8–12 h after the product’s administration has been proven to 
significantly lower the risk of fever in infants, while not impacting on 
4CMenB’s immunogenicity [10,16]. No shared guidelines exist 
regarding prophylactic paracetamol administration before or shortly 
after 4CMenB vaccination, although the United Kingdom’s Health Se-
curity Agency and the South Australia Government currently recom-
mend administering paracetamol to infants under two years of age 
shortly after or before the vaccine [17,18]. 

This study investigates the real-life safety profile of 4CMenB via an 
active surveillance program. Our aim is to verify whether the real-world 
characteristics of this product is aligned with those identified by pre- 
registration clinical trials, while also testing the impact of prophylac-
tic paracetamol administration on the vaccine’s safety. 

2. Materials and methods 

This is a cross-sectional prospective study, carried out in Apulia 
Region, South-East of Italy (around 4 million inhabitants) [19]. 

The study population was made up of infants born in Apulia who 
received the first dose of anti-MenB vaccine with 4CMenB in one of the 
ambulatories taking part to the study. 

As already mentioned, all infants born after 2017 are routinely 
offered 4CMenB in Italy; during the study period, two different sched-
ules for 4CMenB have been employed. The first one, enforced until the 
end of 2021, provided for:  

• Four vaccine doses for infants starting vaccination before six months 
of age, with the second dose one month after the first one, the third 
one after an additional two months and the fourth one at fifteen 
months of age;  

• Three vaccine doses for infants starting vaccination after the sixth 
month of life, with two doses during the first year of life with a one- 
month interval and the third dose at fifteen months of age [4]. 

The second schedule, employed since 2022, provided for three doses 
for all infants, with two doses during the first year of life at a two-month 
interval and the third dose during the second year of life. 

The enrollment lasted from October 1st, 2020, to March 31st, 2023. 
Regional Health Service in Apulia is organized in 6 health trusts, one 

for each district. In each trust, Public Health Department cared the offer 
of vaccines for newborns, infants and adolescents and there is almost 
one vaccination clinic for town. Sixteen ambulatories were selected in 
Apulia, covering both large city centers and small towns and equally 
distributed across the region’s territory. These ambulatories collectively 
serve an estimated 993,869 people according to the most recent Italian 
Statistics Institute’s survey, and are representative of the whole Apulian 
territory [19]. 

The enrollment phase was planned at the time of the first dose of 
4CMenB vaccine, routinely at 76 days of life. The infant’s parents and/or 
legal tutors were asked to provide written consent both to vaccination 
and to the infant’s participation to the study. The consent form included 
the infant’s personal data and their parents’. 

All infants aged less than twelve months who had received the first 
dose of 4CMenB and whose parents had given their consent to have the 
infant participate to the study were included. Exclusion criteria were:  

a) Not the target age for active and free vaccination offered for the first 
dose of the 4CMenB vaccine;  

b) Contraindications (conditions in a recipient that increase the risk for 
a serious adverse reaction) and precautions to vaccination. 

Information about the infant’s paediatrician, pathological anamnesis 
and history of drug administration was also gathered, as well as details 
related to the anti-MenB vaccination such as the product’s batch and 
expiration date, the date of administration and injection site. 

Appropriate informative for the treatment of personal data was given 
to the parents of infants enrolled by authorized personnel. 

After vaccination, the parents consenting to the study were given a 
post-vaccination diary for AEFI surveillance. This diary covered the 
seven days after the vaccine’s administration and included a compre-
hensive list of AEFIs. Parents were also instructed to note if and when 
drugs were required to control the AEFIs, if paracetamol was adminis-
tered within two hours after vaccination and if hospitalization or 
emergency room access were needed. Prophylactic paracetamol 
administration was suggested, but ultimately left to the parents’ 
decision. 

After the first seven days following immunization, parents were 
contacted via phone call by operators of the Local Pharmacovigilance 
Service. Staff members recorded information contained in the post- 
vaccination diaries and entered it into an informatized database. In 
case parents reported symptoms/signs not to have resolved by the end of 
the week, a second phone contact occurred 30 days after vaccination in 
order to verify that all symptoms/signs had undergone resolution. 

All AEFIs were thereafter signaled by entering them into the Italian 
Pharmacovigilance Network (RNF), as per Italian regulation. 

AEFIs were classified as “serious” or “non-serious” according to their 
clinical features, following WHO definition. In particular, the “serious” 
label was used for adverse events resulting in death or in a life- 
threatening condition, requiring in-patient hospitalization or prolon-
gation of existing hospitalization, resulting in persistent and/or signifi-
cant disability/incapacity, or consisting in a congenital anomaly or birth 
defect [12,20]. In addition to this, AEFIs included in the EMA important 
medical events list were defined as serious events [21]. In case of access 
to the structures of the National Health Service, the health documen-
tation was acquired (hospital discharge card, laboratory, and/or 
instrumental test reports, specialist consultations, etc.). The data were 
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stored in accordance with Italian privacy regulation [22]. 
For serious AEFIs, 1 month after notification, a follow up has been 

carried out in order to guarantee a supplemental surveillance of vaccine 
safety. For these patients, a close-up surveillance protocol was activated 
for the second vaccine dose administration. 

All serious AEFIs underwent causality assessment, which was per-
formed independently by two physicians with specific expertise in 
vaccine safety and with the support of a multidisciplinary team of spe-
cialists with various fields of expertise (paediatrics, neurology, immu-
nology, etc.). Causality assessment is the systematic review of data about 
AEFI cases, aiming at determining the likelihood of a causal association 
between the event and the vaccination, and is recommended by WHO. 
For AEFIs that required hospitalization, we reviewed the causality 
assessment using additional data from the medical record [20]. 

The algorithm we employed for causality assessment was the 2019 
version; each AEFI report was evaluated separately by two clinicians 
with specific expertise in vaccinology, and differences in causality as-
sessment’s outcomes were resolved via consensus [23,24]. For serious 
AEFIs, the WHO causality assessment algorithm was applied to classify 
AEFI as ‘consistent causal association’, ‘inconsistent causal association’, 
‘indeterminate’, or ‘not-classifiable’. 

The adverse events reported were grouped into the following 
categories:  

• Local reactions (pain, redness, swelling, induration at the injection 
site)  

• Allergic reaction (anaphylaxis, allergic/urticarial reaction)  
• Gastrointestinal symptoms (vomiting, diarrhea) 
• Systemic reaction (malaise, drowsiness/insomnia, skin rash, anom-

alous crying, irritability/nervousness, convulsions)  
• Fever/hyperpyrexia. 

Reporting rates of AEFIs was calculated as: 

Reportingrate =
AEFIreports

Totalnumberofadministeredvaccinedoses
× 100patients 

A multivariate logistic regression model was fitted to investigate the 
effect of various potential determinants on the risk of AEFIs. In partic-
ular, we studied the impact of age, sex, chronic diseases, anti-rotavirus 
vaccine simultaneous administration and paracetamol administration 
within two hours. A two-sided p-value < 0.05 was identified as an in-
dicator of statistical significance. All data was entered into a database 
built with software Microsoft Excel®. Statistical analysis was conducted 
via software STATA MP17®. 

The research conducted for this study was carried out in accordance 
with the Helsinki Declaration and was approved by the Ethical Com-
mittee in charge for study protocols for Apulia Region. 

The project was conceived and coordinated by Apulia’s Regional 
Administration and approved and funded by the Italian Drug Authority. 

3. Results 

3.1. Descriptive statistical analysis 

During the study period, an estimated 22,500 infants received 
4CMenB vaccine in the selected ambulatories. 23.45 % of parents (5,277 
enrolled subjects/22,500 children) accepted to have their infant 
participate to the study. Out of these subjects, 4,773 answered the seven- 
day phone contact attempt (response rate: 90.45 %), each accounting for 
one completed post-vaccination diary. Males were slightly more 
numerous than females, adding up to 52.19 % of the sample (2,491/ 
4,773). Females represented therefore 47.81 % (2,282/4,773). The 
study population’s mean age at vaccination time was 106.73 (±31.60) 
days. 

Only 0.40 % of all vaccinated infants were affected by one or more 
chronic illnesses (19/4,773). 4CMenB was administered with anti- 

rotavirus vaccine to 14.58 % (696/4,773) of infants. Paracetamol was 
administered shortly before vaccination or within two hours after 
vaccination to 27.72 % (1,323/4,773) of subjects. 

After post-vaccination diary examination, 78.13 % (3,729/4,773) of 
infants were reported to have manifested one or more AEFIs. Informa-
tion about adverse event starting and resolution times is provided in 
Table 1. 

It is apparent that in 95.01 % of cases (3,543/3,729), infants expe-
riencing one or more AEFIs started manifesting them within the first 24 
h after 4CMenB administration. On the other hand, the distribution of 
adverse events’ ending times is more uniform throughout the follow-up 
period. It is also relevant to notice that 17.24 % (643/3,729) of all AEFIs 
had not undergone full resolution by the seventh follow-up day. How-
ever, during the 30-day phone contact, it was possible to ascertain that 
all symptoms had spontaneously met resolution before that time. 

Table 2 describes the prevalence of adverse events in the study 
population by type, while Graph 1 highlights their distribution over 
time. Systemic reactions were the most common ones (reporting rate: 
54.43 %), followed by fever (reporting rate: 52.46 %) and local reactions 
of pain, redness, swelling and induration (reporting rate: 45.15 %). 
Gastrointestinal manifestations (reporting rate: 12.57 %) and allergic 
reactions (reporting rate: 0.15 %) were much less frequent. 

In 38 cases (0.80 %), parents reported that the infant required 
paediatrician evaluation due to one or more AEFIs, and 23 cases of 
serious AEFIs were reported (reporting rate: 0.48 /100 administered 
doses). Following causality assessment, 78.26 % of serious adverse 
events (18/23) were deemed to have a consistent causal association with 
the administration of 4CMenB (reporting rate: 0.38 %). The remaining 5 
AEFIs, on the other hand, were considered not to have consistent causal 
association with the vaccine. Four infants accessed the emergency room 
within the first seven days after vaccination, and 3 of these infants were 
subsequently hospitalized. 

The eighteen adverse reaction episodes which were deemed consis-
tently causally associated with 4CMenB administration occurred in 7 
female (38.89 %) and 11 male infants (61.11 %). They occurred on 
average in infants with an age of 109.67 ± 24.80 days (range: 79–171 
days), and 27.78 % of them (5/18) was observed in infants who had 
received prophylactic paracetamol either shortly before or within two 
hours after vaccination. All of these cases were characterized by fever, 
with 16 cases of hyperpyrexia (highest body temperature above 39 ◦C). 
Of the two remaining infants, one had fever at 38.5 ◦C and muco- 
hematic diarrhea, the other had fever at 38.4 ◦C and febrile seizure. In 
eight instances, parents called for a paediatrician to provide assistance, 
and one of the subjects accessed the emergency room and was hospi-
talized due to persisting hyperpyrexia. 

Only one out of the 23 infants was not administered the 2nd dose of 
4CMenB vaccine, whereas the remaining 22 kept following the vacci-
nation cycle. 

A more in-depth description of the three hospitalization cases is 

Table 1 
Time of beginning and ending of symptoms or signs reported after 4CMenB 
administration.  

Time after 
vaccination 

N. of diaries reporting 
beginning of symptomatology 

N. of diaries reporting 
symptomatology resolution 

Day 0, within 6 
h 

2,437 177 

Day 0, 6 to 12 h 935 530 
Day 0, 12 to 24 

h 
171 571 

Day 1 157 642 
Day 2 19 449 
Day 3 4 279 
Day 4 3 159 
Day 5 0 92 
Day 6 1 97 
Day 7 2 90  
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provided in the following paragraphs. 
Case 1 
Four-point-one months old baby boy who received paracetamol 

three hours after vaccination. Between six and twelve hours after 
4CMenB administration, the infant started manifesting significant 
crying and fever reaching up to 39 ◦C and unresponsive to further 
paracetamol administration. The infant was therefore brought to the 
emergency room and hospitalized due to the diagnosis of “hyperpyrexia 
during acute pharyngitis”. Slight meningeal signs were identified by 
clinicians, likely due to high body temperature, and the infant was 
treated with antibiotics (amoxicillin/clavulanic acid) and antipyretics 
(paracetamol). The subject was discharged after three days without any 
residual signs/symptoms. Causality assessment did not highlight a 
consistent causal association. 

Case 2 
Two-point-eight months old baby girl who did not receive paracet-

amol after vaccination. Within the first six hours after immunization, the 
infant started manifesting pain, reddening and swelling near the injec-
tion site and irritability, due to which the parents administered her with 
paracetamol nearly 24 h after vaccine administration. During the first 
day after vaccination, the infant started presenting vomit and muscle 
stiffness of the left side of the body, and was therefore brought to the 
emergency room. She was subsequently hospitalized with diagnosis of 
“suspected sepsis, torticollis” and treated with antibiotics (amoxicillin/ 
clavulanic acid). She was discharged after two days without any residual 
signs/symptoms. Causality assessment did not highlight a consistent 
causal association. 

Case 3 
Four-point-two months old baby girl who did not receive paraceta-

mol after vaccination. Approximately ten hours after the vaccine’s 
administration, the infant manifested an episode with sudden and un-
justified crying, followed by hypotonia-hyporesponsiveness with 
cyanosis and pallor. No loss of conscience occurred, and the episode 
resolved after tactile stimulation in a short time. 

Due to this crisis, the infant was carried shortly after to the emer-
gency room of Bari’s “Giovanni XXIII” Paediatric Hospital and thereafter 
admitted to the Paediatrics’ ward of the same hospital. While entering 
the ward, the infant was in good general conditions, with neither sen-
sory anomalies nor fever and with normal, pink skin color. Cardio- 
respiratory function was normal, the abdomen was flat and treatable 
in all quadrants. Routine blood exams highlighted increased white blood 
cell count (30,510/mm3) with 67.2 % neutrophils. During hospital stay, 
the following exams were carried out: trans-fontanel echography, which 
did not highlight any morphological alterations; electrocardiogram, 
within normal limits. 

For the whole duration of her hospital stay, the patient was in good 
clinical conditions, with neither desaturation episodes nor further crises. 
She was discharged four days after admission and finally diagnosed with 
Brief Resolved Unexplained Events (BRUE). The adverse event was 
classified as “undetermined” following causality assessment, as the 
increased white blood cell count may indicate an infectious origin of the 
episode, despite no microorganism having been identified in the infant. 
The parents refused the infant to be administered with the second 
4CMenB dose following this event. 

3.2. Inferential statistical analysis 

The multivariate logistic regression model fitted to study the impact 
of age, sex, chronic diseases, anti-rotavirus vaccine simultaneous 
administration and paracetamol administration within two hours on the 
risk of adverse events highlighted no significant impact of any of the 
independent variables (p > 0.05) (Table 3). 

On the other hand, when only fever within the first 24 h after 
administration was taken into consideration as the dependent variable, a 
significant protective effect was shown for paracetamol administration 

Table 2 
Prevalence of AEFIs, by type.  

Type of adverse event N. Reporting rate (per 100 
subjects) 

% 
(/3,729) 

Systemic reaction 2,598  54.43  69.67 % 
Fever 2,504  52.46  67.15 % 
Local reaction 2,155  45.15  57.79 % 
Gastrointestinal 

symptoms 
600  12.57  16.09 % 

Allergic reaction 7  0.15  0.19 %  

Graph 1. Distribution during the study period of AEFIs, by type and time of insurgence.  
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within the first two hours after vaccination (OR: 0.75; 95CI: 0.66–0.86; 
p < 0.001). None of the other independent variables was shown to 
significantly impact the risk of developing a fever during the first 24 h (p 
> 0.05) (Table 4). Further details about the logistic regression models 
fitted for AEFIs in general and fever during the first 24 h are provided in 
Table 5 and Table 6, respectively. 

4. Discussion 

During the study period, 4,773 post-vaccination diaries were 
completed after administration of 4CMenB to infants. The reporting rate 
of AEFIs was 78.13 % with 3,729 diaries out of 4,773 containing one or 
more adverse event reports. The most commonly reported symptoms 
were systemic reactions, fever and injection-site reactions of pain, 
redness, swelling and induration. Only a small amount of all AEFIs were 
identified as serious (23/3,729), with 4 emergency room accesses and 3 
infants requiring hospitalization due to clinical manifestations occurring 
after vaccination. 

Our data are coherent with pre-marketing and post-marketing evi-
dence, which identified systemic manifestations, injection site reactions, 
and fever as common AEFIs, occurring in >10.00 % of paediatric pa-
tients administered with 4CMenB. They also confirmed the limited risk 
of allergic adverse events following vaccination. It should however be 
taken into consideration that the quoted document generally refers to 
infants “up to 10 years of age”, and can therefore investigate symptoms 
which are difficult to observe in infants under 2, such as headache and 
eating disorder [25–27]. 

The significant risk of fever after 4CMenB administration is well- 
known. A comprehensive review of safety data coming from both clin-
ical studies and real-world observations has highlighted the fact that 
injection site tenderness and erythema, fever and irritability were the 
most common AEFIs observed in infants younger than two after this 
vaccine’s administration, and that co-administration of 4CMenB with 
other vaccines significantly increased the risk of fever compared with 
vaccination with the other product alone [28]. 

As already stated, the prophylactic use of antipyretics shortly after 
vaccination has already been investigated, proving that paracetamol 
does not interfere with 4CMenB immunogenicity while significantly 
reducing the risk of fever [15,16,29,30]. Our study confirms the value of 
prophylactic antipyretics, as we observed a significant association of 
paracetamol administration within two hours after vaccination and a 
lower risk of fever (OR: 0.75; 95CI: 0.66–0.86; p < 0.001). 

A single hypotonic-hyporesponsive episode was notified: in line with 
the previously published literature regarding the benignity of the epi-
sodes, it resolved briefly and the infant returned to the prevaccination 
status with no alteration in neuropsychomotor development. Therefore 
parents refused the infant to be administered with the second 4CMenB 
dose following this event [31]. 

Interestingly, data from the aforementioned post-marketing 

surveillance study in Apulia carried out by our research group high-
lighted a much lower reporting rate (26.5 AEFIs per 100,000 doses), 
with a much higher percentage of serious adverse events (27.1 %) [14]. 
This phenomenon is likely related to the different surveillance method 
employed, as the present study performed an active surveillance of 
adverse events. The former, on the contrary, used passive surveillance, 
which is known to be associated with under-reporting and with an 
alteration of the serious-to-non-serious adverse reaction ratio [32–34]. 

The main strengths of our study are the large population size we 
addressed, which covers a large part of infants vaccinated against 
serogroup B N. meningitidis, and the active surveillance method. We also 
gathered information regarding paracetamol administration, which 
allowed us to infer the effect of this practice on the risk of fever. Finally, 
the use of causality assessment provides additional information and is 
able to further increase the precision of a surveillance system [35]. 

On the other hand, a few limitations are to be acknowledged. First of 
all, we contacted parents seven days after vaccination, which might 
account for at least some degree of recall bias. However, our data is in 
line with available evidence, suggesting that no significant distortion of 
data has been caused. Secondly, although numerous, our population is 
below 10,000 subjects, therefore making us unable to detect very rare 
adverse events occurring in less than one case in ten thousand. Further 
investigation is required, possibly expanding the study population. 

An additional bias might be related to prophylactic paracetamol 
administration being left to the parents to decide. In fact, families with 
one or more healthcare professionals and/or in closer contact with their 
infant’s paediatrician might have been more prone to use pharmaco-
logical prophylaxis to prevent symptoms. Finally, it should be consid-
ered that the years 2020 and 2021 were characterized by the 
Coronavirus Disease-2019 (COVID-19) pandemic, which according to 
WHO significantly hindered routine vaccination activities in most 
countries worldwide. This might have contributed to a reduction in the 
numerosity of our population, possibly lowering our study’s power [36]. 

In conclusion, our data confirms existing evidence regarding the 
safety of 4CMenB vaccination in babies under 2 years of age. The only 
two hospitalization cases were then identified by causality assessment as 
not having a consistent causal association with vaccination, consoli-
dating the identity of this product as safe for use even in young infants. It 
is important to stress this aspect when confronting parents’ worries 
regarding their sons and daughters’ safety and well-being, in order to 
tackle vaccination hesitancy and increase compliance to vaccination 
practice [37–39]. Finally, the strategic role of HCW in counselling and 
post-immunization follow up should be encouraged and included in 
routine activities. In futurea common vaccination schedule should be 
implemented both country-wide and at the European level in order to 
increase the sense of coherent policies, thus encouraging adhesion to 
vaccination programs [40–43]. 

Table 3 
Characteristics of subjects who did and did not experience AEFIs.   

Mean age (days, ±SD) Sex Paracetamol dministration Chronic illnesses Anti-rotavirus vaccinecoadministration 

Male Female Yes No Yes No Yes No 

AEFI reports Yes 105.20 ± 28.69 1,966 1,763 1,032 2,697 16 3,713 524 3,205 
No 112.18 ± 39.85 525 519 291 753 3 1,041 172 872  

Table 4 
Characteristics of subjects who did and did not experience fever during the first 24 h after vaccination.   

Mean age (days, ±SD) Sex Paracetamol administration Chronic illnesses Anti-rotavirus vaccinecoadministration 

Male Female Yes No Yes No Yes No 

Fever Yes 104.56 ± 25.44 1,310 1,170 609 1,871 9 2,471 324 2,156 
No 109.07 ± 36.99 1,181 1,112 714 1,579 10 2,283 372 1,921  
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[30] De Serres G, Billard MN, Gariépy MC, et al. Short-term safety of 4CMenB vaccine 
during a mass meningococcal B vaccination campaign in Quebec, Canada. Vaccine 
2018;36(52):8039–46. https://doi.org/10.1016/j.vaccine.2018.10.095. 

[31] Vigo A, Costagliola G, Ferrero E, Noce S. Hypotonic-hyporesponsive episodes after 
administration of hexavalent DTP-based combination vaccine: a description of 12 
cases. Hum Vaccin Immunother 2017;13(6):1375–8. https://doi.org/10.1080/ 
21645515.2017.1287642. PMID: 28301267. 

[32] Stefanizzi P, De Nitto S, Spinelli G, Lattanzio S, Stella P, Ancona D, et al. Post- 
marketing active surveillance of adverse reactions following influenza cell-based 
quadrivalent vaccine: an Italian prospective observational study. Vaccines 2021;9 
(5):456. https://doi.org/10.3390/vaccines9050456. 

[33] Tandon VR, Mahajan V, Khajuria V, Gillani Z. Under-reporting of adverse drug 
reactions: a challenge for pharmacovigilance in India. Indian J Pharmacol 2015;47 
(1):65–71. https://doi.org/10.4103/0253-7613.150344. 

[34] Stefanizzi P, Stella P, Ancona D, et al. Adverse events following measles-mumps- 
rubella-varicella vaccination and the case of seizures: a post marketing active 
surveillance in Puglia Italian Region, 2017–2018. Vaccines (Basel) 2019;7(4):140. 
https://doi.org/10.3390/vaccines7040140. 

[35] Lee H, Kang H-Y, Cho S, Park S, Kim A-Y, Jung S-Y, et al. Causality assessment 
guidelines for adverse events following immunization with a focus on Guillain- 
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