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ABSTRACT
Since 2006, some Italian Regions introduced the active offer of measles, mumps, rubella, and varicella
(MMRV) vaccine for all newborns during the second years of life. In 2011, Italian Drug Authority (AIFA)
recommended the discontinuation of the MMRV use for an increased risk of febrile seizures following
vaccination; furthermore, some Regions (such as Apulia, that introduced MMRV offer in 2009) chose to
continue the use of MMRV and Ministry of Health recommended to guarantee supplemental monitoring
of safety of the vaccine. In Italy, the surveillance of Adverse Events following immunization (AEFIs) is
currently carried out by AIFA and Regional Health Authorities; this paper aims to summarize the results
of MMRV-vaccine surveillance of AEFIs program carried out in Apulia. From the AIFA database, we
selected MMRV AEFIs that occurred in Apulia (about 4,000,000 inhabitants) from 2009 to 2017. For
serious AEFIs, we applied the WHO causality assessment algorithm, using for cases hospitalized informa-
tion from individual medical records. In the 8 years of observation, 155 MMRV-AEFIs (reporting rate:
37.9×100,000 doses) occurred of which 26 were classified as serious (6.3×100,000 doses) and 22 led to
hospitalization. Performing causality assessment, for 10 the classification was “consistent causal associa-
tion to immunization” (reporting rate: 2.4×100000 doses), for 2 indeterminate, for 13 “inconsistent causal
association to immunization” and for 1 not-classifiable. No case of febrile seizure resulted consistent to
vaccination. All consistent serious AEFIs were completely resolved at subsequent follow-up.
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Introduction

Immunization is probably the most successful and cost-effective
public health intervention; however, due to the advanced control
of several vaccine preventable diseases, the topic of vaccine safety
has become as important as the efficacy.1

Adverse events following immunization (AEFIs) are medical
occurrences following immunization, and they do not necessarily
have a causal relationship with the vaccine. Adverse eventsmay be
unfavorable or unintended markings, an abnormal laboratory
finding, a symptom or a disease: benefits of vaccines are signifi-
cantly higher than the risks because AEFIs are absolutely rare.1,2

Indeed, vaccines are held to a higher standard of control than
other medical products, both through pre-licensure safety eva-
luations and post-marketing surveillance activities.3 In the post-
marketing life of the vaccines, National and International Drug
Authorities (such as FDA or for Italy AIFA) monitor the safety
by the collection and analysis of spontaneous reports of adverse
events carried out by health-care workers and patients or by ad
hoc active surveillance studies.4

AEFIs surveillance, reporting, and communication are essen-
tial parts of the pharmacovigilance process which is defined as
a public health activity aimed at the identification, quantification,
evaluation, and prevention of risks associated with the use of

marketed drugs and vaccines.5 This activity is crucial in the actual
scenario, in which a resurgence of anti-vaccination movements
and a diffuse “vaccine hesitancy” has been noted. For “anti-vax”
and “vaccine sceptic” the vaccine safety is the topicmost discussed
when doubts about vaccination strategies are proposed.6

Although international guidelines recommended that all
adverse events must be detected and reported to improve product
safety and management, the passive surveillance system adopted
by national authorities is affected by an high risk of AEFIs under-
reporting, especially for not serious events.7 For this reason,
recently active surveillance and supplemental strategies are being
incorporated into vaccine safety programs: these include active
screening for targeted conditions of interest (e.g., hospitalization),
monitoring of new data sources and real-time methodologies to
detect changes in vaccine safety data in these sources.8–10

Several criteria are relevant to define the association between
a vaccine and a single adverse event: temporal relationship (vacci-
nation must precede adverse event), alternative etiological expla-
nations, proof association, biological plausibility (the association
should be compatible with existing theory and knowledge related
to how the vaccine works), prior evidence or population-based
evidence, and de-challenge or re-challenge.8,11,12

Since 2005, WHO recommends the systematic evaluation
of causal link between vaccinations and serious AEFI;
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according to the European law in pharmacovigilance, causal-
ity assessment must be generally part of the routine work in
the pharmacovigilance centers, both in individual cases and in
aggregate cases (signal detection). Some studies about the use
of causality assessment in the evaluation of safety profile of
vaccines have been carried out in Italy but the systematic use
of this evaluation is mandatory only since 2017.13,14

In 2018, WHO published the last update of systematic and
standardized causality assessment algorithm for serious AEFI to
be used by the staff of national immunization programs, regula-
tory authorities, and pharmacovigilance or surveillance
departments.8 According to theWHO algorithm, the association
between vaccine and AEFI can be considered not-classifiable
when the forms lack of essential data (e.g., the name of the
vaccine administered); consistent casual association or inconsis-
tent causal association in presence or absence of a defined causal
relationship between adverse event and immunization; indeter-
minate if there isn’t clear evidence for a causal link, or conflicting
trends, or inconsistency with causal association to immunization
(this is a potential signal and needs to be considered for further
investigation; reviewing factors result in conflicting trends of
consistency and inconsistency with causal association to immu-
nization, i.e., it may be vaccine-associated as well as coincidental
and it is not possible clearly to favor one or the other).8,15,16

Post-marketing surveillance is crucial to study the safety of
vaccines recently marketed, for which the safety pattern could
be not clear defined in the registration studies.

In 2005, Food and Drug Administration and European
licensed the quadrivalent measles, mumps, rubella, and var-
icella (MMRV) vaccine for use among children aged 12
months–12 years and Advisory Committee on Immunization
Practices (ACIP) recommends a 2-dose vaccine schedule in
childhood, with the first dose administered at age 12–15
months and the second dose at 4–6 years.17,18 MMRV vaccine
was authorized in Europe for the first time in 2006.19

Some post-licensure studies on MMRV reported an increased
risk for febrile seizures 5–12 days after vaccination among chil-
dren aged 12–23 months who had received the first dose of the
vaccine compared to children of the same age who had received
the first dose of MMR vaccine and varicella vaccine administered
as separate injections at the same visit.20,21

This topic has been debated in the literature; other studies
suggested that the occurrence of febrile seizures did not
increase the risk of death, brain damage, or leaning disorders.
However, parents generally consider febrile seizure a severe
adverse event very important and this event is related to
a negative impact on vaccination coverage.22

In 2009, ACIP adopted new recommendations regarding
the use of MMRV vaccine and identifying a personal or family
(i.e., sibling or parent) history of seizure as a precaution for
use of MMRV vaccine. ACIP considered that post-marketing
studies are still needed in order to evaluate the real risk and
prognosis of serious AEFIs (above all febrile seizures) after the
MMRV vaccine.23–25

In last update fact sheet, the WHO reported that in 2018
MMRV vaccine was adopted by five countries in Europe and
two countries in America.26

Since 2006, MMRV vaccine is marketed in Italy and some
Regions (such as Apulia, in 2009) recommended its use into

Universal Vaccination Mass strategies for the elimination of
measles and rubella and for the control of varicella.27

In 2011, Italian Drug Authority (AIFA) and Ministry of
Health discouraged the continuation of the use of MMRV
vaccine, in particular, for the first dose administered to children
aged 12–23 months, for the risk of febrile seizure; Regions that
choose to continue the use of MMRV have to guarantee sup-
plemental surveillance of the safety of the vaccine.28,29

Puglia is a Region in the south of Italy (4,000,000 of inhabi-
tants) in which the Universal Mass Vaccination using the
MMRV vaccine started in 2009. The vaccine is offered actively
and free of charge for children of the second years of life (first
dose) and the second dose is administered at 5–6 years.27 The
vaccine is also used for catch up strategies. Since 2017, vaccina-
tion against measles, mumps, rubella, and varicella is mandatory
in Italy.30 The coverage achieved in the 2009–2015 target cohorts
ranged from 81.7% (2012 cohort) and 91.1% (2010 cohort) for
the first dose while for the second dose, the maximum coverage
was achieved in 2010 cohort (85.5%) and the minimum in 2004
cohort (45.6%)31,32

Since 2013, in Puglia supplemental activities to improve the
sensitivity of the surveillance of AEFIs have been adopted and
systematic causality assessment of AEFIs has been carried out.

This paper summarizes the MMRV AEFIS scenario in
Puglia in 2009/2017.

Methods

In Apulia, vaccination strategies for children and adolescents
are cared by Vaccination Services, that are established in each
town. The surveillance of AEFIs is carried out both by health-
care workers of Vaccination Services both by Family
Pediatricians and Hospital physicians who have to notify
every cases of AEFIs noted in their patients. The notification
could also be carried out directly by the parents of children.

From National Pharmacovigilance Network cared by
AIFA, we selected MMRV AEFIs reported in Apulia from
01 June 2009 to 31 May 2017 while from the regional immu-
nization database (GIAVA) the number of MMRV vaccines
administered per year was obtained. To compare the safety
profile of MMRV vs. MMR, we also selected from the same
sources of information MMR AEFIs and number of doses of
MMR administered, for the same period; in fact, also after the
MMRV introduction in the Regional Immunization Schedule,
MMR was available in the Vaccination Services and used for
subjects immune for varicella for natural infection or accord-
ing to official recommendations (e.g., subjects with a personal
or family history of seizures).

For every subject who have reported an adverse event follow-
ingMMRVvaccine, a specific formwas built, including informa-
tion on date of birth, gender, date of the vaccine administration,
other vaccines administered in the same visit (in Apulian region
the first dose of MMRV-immunization is scheduled in the same
visit of first anti-hepatitis A vaccination) and information about
the AEFI (date of onset and date of computing in National
Pharmacovigilance Network, characteristics of the adverse
events, case description, duration and treatment, hospitalization
or emergency room access, final outcome). For serious AEFIs,
the causality assessment was carried out according to WHO

2 P. STEFANIZZI ET AL.



guidelines by two independent physicians, an expert in vaccinol-
ogy; in case of disagreement, a third physician reviewed the
evaluation. Information on causality assessment evaluation was
added in the form.

Compiled forms were putted in a database created by Excel
spreadsheet.

The total reporting rate was calculated as the total number
of AEFIs/number of MMRV doses administered while the
annual reporting rate was calculated using in the numerator
the number of AEFIs occurred in the year and in the denomi-
nator the number MMRV doses administered in the same year.

WHO guidelines have been used to classify AEFIs as “ser-
ious” or “not serious”.8 An AEFI is considered serious, if: it
results in death; it is life-threatening; it requires in-patient
hospitalization or prolongation of existing hospitalization; it
results in persistent or significant disability/incapacity; it is
a congenital anomaly/birth defect, or requires intervention to
prevent permanent impairment or damage. Additionally, in
2016, AIFA published a list of particular health conditions
that must be considered as serious AEFIs, if happened after
vaccination. This list is the Italian edition of EMA IME list.33,34

For serious AEFIs, we retrospectively applied theWHO caus-
ality assessment algorithm to classify AEFI as ‘consistent causal
association’, ‘inconsistent causal association’, indeterminate’ or
‘not-classifiable’.8,16 For serious AEFIs, 1 month after notifica-
tion, a follow up was been carried out in order to guarantee
a supplemental surveillance of vaccine safety.

Only for AEFIs that required hospitalization, we requested
and obtained medical records; then we repeated the causality
assessment using additional data from the medical record.

A summary for each serious AEFIs and results of causality
assessment is presented in the results section. AEFIs are
described by date of onset.

Results

Since June 2009 to May 2017, 409929 doses of MMRV vaccine
were administered in Apulia to people identified as a target of
immunization strategies in Regional Immunization Schedules.

In this period, 155 AEFIs after MMRV-immunization
(rate: 37.8 × 100000 doses) were notified of which 26/155
(16.7%) were classified as serious (reporting rate: 6.3 ×

100000 doses); 22/26 serious AEFIs (84.6% of serious AEFIs)
led to hospitalization.

The reporting rate of MMRV-adverse events resulted
higher than Italian ratio as indicated in 2017 in AIFA report
(11.1 × 100000 doses), while the proportion of serious AEFIs
was similar (16.7% vs. 16.0% in AIFA report).14

In graph 1, the number of AEFIs occurred and annual
reporting rate was described: from June 2012 to May 2013
the highest number of adverse events post-MMRV-
immunization (58/155) and reporting rate (108,4 × 100000
doses) were registered.

Performing causality assessment based on AEFIs report, for
10 serious AEFIs the classification was “consistent causal asso-
ciation to immunization”, for 2 indeterminate, for 13 “incon-
sistent causal association to immunization” and for 1 not-
classifiable [Table 1]. Reporting rate of consistent AEFIs resulted
in 2.4 × 100000 doses or 2.9 × 100000 doses if we consider both
consistent both indeterminate AEFIs.

24/26 serious AEFIs (92.3%) regarded the first MMRV
dose, while 2/26 (7.7%) involves the second dose. 14/26
(58.3%) serious AEFIs occurred in male child, while 12/26
(41.7%) in female. The median age at the time of AEFI onset
resulted in 22.0 ± 15.3 months.

In the same period, 674.474 doses ofMMRwere administered
in Apulia and 31 AEFIs were notified (rate 4.6 × 100000 doses) of
which 4 were serious (0.59×100000 doses). All serious MMR
AEFIs regarded cases of seizure; for 1 a consistent causal associa-
tion to immunization was established (rate 0.15 × 100000).

Case 1

The first case involved a 23-months male. Few minutes after the
vaccination, the child presented a vagal reaction with dizziness
and loss of consciousness for which he was admitted to the
hospital. After 48 h, he was discharged for the complete remis-
sion of symptoms. Performing the Causality Assessment, the
relation was “consistent causal association to immunization”.35

Case 2

The second case regarded a 15-months-old female who simul-
taneously received MMRV and anti-HAV vaccine: 6 days after
immunization, she presented fever and hyperpyrexia (39.5°C–
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40.0°C). For the persistence of symptoms, she was hospita-
lized: after medical examinations, Kawasaki Syndrome was
diagnosed. Through the application of the WHO algorithm
for AEFI causality assessment, the cause–effect relationship
between vaccination and adverse events should be considered
as indeterminate.36

Case 3

The third case involved a 17-months-old male who received the
MMRV and anti-HAV vaccines simultaneous administration.
Right after vaccination, he presented an immediate allergic
reaction with skin manifestations (urticaria, angioedema with
face swelling, itching), respiratory manifestations (cough, diffi-
culty breathing) and a reduction in blood pressure (weakness,
transient loss of consciousness). He was immediately admitted
to the emergency room where allergic reaction resolved com-
pletely a few hours later. Applying the algorithm for Causality
Assessment, the cause–effect relationship is consistent.37

Case 4

The fourth case regarded a female child aged 12 months who
received MMRV and anti-HAV vaccine in the same visit.
After a week, she presented fever (T = 38°C) and erythema
on the face, trunk, and limbs. For these symptoms, she was
admitted to the hospital with a resolution after 2 days.
Applying the Causality Assessment algorithm, the cause/effect
relationship is consistent.

Case 5

The fifth case involved a 28-months male who received MMRV
and anti-HAV vaccines simultaneously administered. A few
hours after vaccination, he presented fever and hyperpyrexia

that needed hospitalization. Applying the AEFI Causality
Assessment algorithm, the association with the MMRV-vaccine
is inconsistent because the time from vaccination to adverse
reaction onset is too brief for a live-attenuated vaccine.

Case 6

The sixth case involved a 14-months-old female vaccinated
with MMRV and anti-HAV vaccine at the same time.
Eighteen days after the vaccinations, she presented bruising
and petechiae. She was hospitalized and, after medical exam-
inations, diagnosis of immune thrombocytopenic purpura has
been formulated (PLT = 19000/mmc). Applying the Causality
Assessment algorithm, cause/effect relationship between vac-
cination and adverse events is consistent: there is a biological
plausibility even if it is a very rare adverse event (2,6 case of
insurgence of thrombocytopenia (ITP)/100000 MMR doses)
and alternative causes are not found.38

Case 7

The seventh case involved a 17-months-old male child. Five
days after MMRV vaccination, he presented fever (T = 38°C),
dizziness and erythema on the face, trunk, and limbs. For
these symptoms, he was admitted to the hospital. The resolu-
tion of symptoms after a week was noted. Applying the
Causality Assessment algorithm, the cause/effect relationship
between vaccination and adverse events is consistent.

Case 8

The eighth case involved a 13-months-old male vaccinated with
MMRV and anti-HAV vaccines at the same time. After a week,
he presented fever and hyperpyrexia (T = 39,8°C); the child
needed hospitalization. Applying the Causality Assessment

Table 1. Serious AEFIs after MMRV vaccine. Apulia Regio (Italy), 2009–2017.

Case number Diagnosis* Interval vaccination-symptoms Causality assessment

1 Vagal reaction with dizziness and loss of consciousness Few minutes Consistent
2 Kawasaky Syndrome 6 days Indeterminate
3 Allergic reaction Few minutes Consistent
4 Fever and erythema on the face, trunk and limbs 7 days Consistent
5 Fever and hyperpyrexia Few hours Not consistent
6 Immune thrombocytopenic purpura 18 days Consistent
7 Fever, dizziness and erythema on the face, trunk and limbs 5 days Consistent
8 Fever and hyperpyrexia 7 days Consistent
9 Hyporesponsive episode in patient with vomiting and metabolic acidosis 7 days Not consistent
10 Hypotonic-hyporesponsive episode 12 days Not consistent
11 Iridocyclitis Not reported Not-classifiable
12 Thrombocytopenia in Parvovirus B19 infection 20 days Not consistent
13 Febrile seizure caused by viral pharyngotonsillitis 9 days Not consisten
14 Immune thrombocytopenic purpura 15 days Consistent
15 Exanthema post-MMRV vaccine 7 days Consistent
16 Sepsis and hypertransaminasemia 3 days Not consistent
17 Immune thrombocytopenic purpura 25 days Consistent
18 Hypotonic-hyporesponsive episode 24 days Not consistent
19 Hyperpyrexia and strabismus 10 days Not consistent
20 Vagal reaction with transient loss of consciousness Few minutes Consistent
21 Bronchiolitis caused by Human respiratory syncytial virus (RSV) Few hours Not consistent
22 Autism spectrum disorders 1 day Not consistent
23 Hyperpyrexia with an episode of febrile seizure Few hours Not consistent
24 Immune thrombocytopenic purpura 25 days Indeterminate
25 Atypical uremic hemolytic syndrome 2 days Not consistent
26 Hyperpyrexia and erythema Few hours Not consistent

*All serious AEFIs with a consistent causal association to MMRV vaccine were spontaneously resolved without sequelae.

4 P. STEFANIZZI ET AL.



algorithm, the cause/effect relationship between vaccination and
adverse events is consistent.

Case 9

The ninth case involved a 12-months-old female. A week after the
vaccination, she presented a sudden loss of consciousness with
staring eyes, hypertonic for about 10min, modest hypersalivation.
She was hospitalized and, after medical examination, she was
discharged with the diagnosis of hyporesponsive episode in patient
with vomiting and metabolic acidosis. Applying the Causality
Assessment algorithm, cause/effect relationship between vaccina-
tion and adverse events is inconsistent, because an alternative
cause (gastrointestinal infectious disease) has been recognized.

Case 10

The 10th case regarded a 25-months-old female vaccinated
with MMRV and anti-HAV vaccines at the same time. Twelve
days after vaccination, she was affected by a hypotonic-
hyporesponsive episode with sudden onset of hypotonia, pallor,
and cyanosis, reduced stress reactivity. Applying the Causality
Assessment algorithm, the cause/effect relationship between vac-
cination and adverse events is inconsistent, because hypotonic-
hyporesponsive episodes are very rare AEFIs that can occur
within 48 h after the vaccine administration.39

Case 11

The 11th case involved a 69-months-old female vaccinated with
MMRV (second dose) and anti-dTap vaccine at the same time.
Iridocyclitis is the adverse event detected and AEFI caused
severe and permanent disability. Applying the AEFI Causality
Assessment algorithm, the association with the MMRV-vaccine
is not-classifiable because of the lack of information about the
date of vaccine administration and case definition (medical
examination, therapy after adverse event onset).

Case 12

The 12th case regarded a 17-months-old female: 20 days after
vaccination, she presented bruising and petechiae on the face,
trunk and limbs, and hospitalization were needed.

After medical examination, thrombocytopenia was diag-
nosed and Parvovirus B19 infection was recognized as deter-
mining causal event. Applying the Causality Assessment
algorithm, the cause/effect relationship between vaccination
and adverse events is inconsistent because of the presence of
an alternative explanation of AEFI.

Case 13

The 13th case regarded a 15-months-old male. Nine days after
vaccination, he reported hyperpyrexia and febrile seizure asso-
ciated with eyes rolling, limbs twitchings, and loss of con-
sciousness. This episode ended after a few minutes: for these
symptoms, he was admitted to the hospital and discharged
after 3 days for the complete AEFI resolution.

During hospitalization he presented fever but he did not
report another episode of febrile seizures. After medical exam-
ination, a final diagnosis of febrile seizure caused by viral
pharyngotonsillitis was formulated.

Applying the Causality Assessment algorithm, the cause/
effect relationship between vaccination and adverse events is
inconsistent for the presence of an alternative disease (viral
pharyngotonsillitis).

Case 14

The 14th case involved a 13-months-old male immunized with
MMRV and anti-HAV vaccines at the same time. Fifteen days
after the vaccination he presented fever, bruising and petechiae
on the face, trunk, and limbs, who needs hospitalization. After
medical examinations, the diagnosis of immune thrombocytope-
nic purpura has been formulated (PLT = 25000/mmc); other
infectious diseases were not detected.

Applying the Causality Assessment algorithm, cause/effect
relationship between vaccination and adverse events is con-
sistent: there is a biological plausibility even if purpura is
a very rare adverse event (2,6 case of ITP/100000 MMR
doses) and alternative causes are not found.

Case 15

The 15th case regarded a male child aged 14 months vacci-
nated with MMRV and anti-HAV vaccines at the same time.
After a week, he developed erythema on the face, trunk, and
limbs and he accessed to the emergency room, where
exanthema post-MMRV vaccine was diagnosed. Applying
the Causality Assessment algorithm, the cause/effect relation-
ship between vaccination and adverse events is classifiable as
consistent.

Case 16

The 16th case involved a 23-months-old female vaccinated
with MMRV and anti-HAV vaccines at the same time. Three
days after immunization, she presented fever and hyperpyr-
exia and needed hospitalization. After a medical examination
and antibiotic therapy, she was discharged with the diagnosis
of sepsis and hypertransaminasemia. Applying the Causality
Assessment algorithm, the cause/effect relationship between
MMRV-vaccination and adverse events is inconsistent,
because of the lack of biological and temporal plausibility.

Case 17

The 17th case involved a 16-months-old male: 25 days after
immunization he presented bruising and petechiae on the
face, trunk, and limbs. He was hospitalized and, after medical
examination, diagnosis of immune thrombocytopenic purpura
has been formulated (PLT = 20000/mmc) and other infectious
diseases were ruled out. Applying the Causality Assessment
algorithm, the cause/effect relationship between MMRV-
vaccination and adverse events is consistent.
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Case 18

The 18th case regarded a 21-months-old male vaccinated with
MMRV and anti-HAV vaccines at the same time. Twenty-
four days after immunization, he reported a hypotonic-
hyporesponsive episode and short-term memory loss: for
these symptoms he need hospitalization. Applying the
Causality Assessment algorithm, cause/effect relationship
between vaccination and adverse events is inconsistent,
because hypotonic-hyporesponsive episodes are very rare
AEFIs that occur within 48 h after the vaccine administration.

Case 19

The 19th case involved a 15-months-old female vaccinated
with MMRV and anti-HAV vaccines. Ten days after immu-
nization, she developed fever and hyperpyrexia and strabis-
mus, which was classified as serious and permanent invalidity.
Applying the Causality Assessment algorithm, the cause/effect
relationship between vaccination and adverse events is not
consistent, because of the absence of biological plausibility
between strabismus and vaccine administration.

Case 20

The 20th case regarded a 67-months-old female vaccinated
with MMRV and anti-dTap vaccines. A few minutes after the
immunization, she presented a vagal reaction with transient
loss of consciousness for which she was admitted to the
emergency room; she was not hospitalized and after few
hours she was discharged for the complete remission of
symptoms. According to Causality Assessment, the relation
is found to be consistent.

Case 21

The 21st case regarded a 14-months-old male: few hours after
vaccination, he presented fever and dyspnea. For these symp-
toms, he was admitted to the hospital and discharged after 3
days with the diagnosis of bronchiolitis caused by the Human
respiratory syncytial virus (RSV). Applying the Causality
Assessment algorithm, the cause/effect relationship between
vaccination and adverse events is not consistent, because of
the evidence of an alternative cause (RSV infection).

Case 22

The 22nd case involves a 12-months-old female: since the day
after the vaccination, her mother reported the occurrence of
increasing and permanent disorder in child neurologic devel-
opment with deficits in social communication and social
interaction, mutism, and language problems (signs and symp-
toms of autism spectrum disorders). Applying the Causality
Assessment algorithm, the cause/effect relationship between
vaccination and adverse events is inconsistent, because of the
absence of biological plausibility between MMRV vaccination
and the AEFI reported. Several studies and reviews excluded
the casual link between vaccine and autism supposed in this
AEFI report.40

Case 23

The 23rd case involves a male child aged 30 months: few
hours after vaccination, he developed hyperpyrexia with an
episode of febrile seizure. He was hospitalized and symptoms
persisted for 9 days. Applying the Causality Assessment algo-
rithm, the cause/effect relationship between vaccination and
adverse events is classifiable as inconsistent: even the biologi-
cal plausibility of AEFI, the time window between vaccination
and adverse reactions (hyperpyrexia and febrile seizure) is not
compatible (too short).

Case 24

The 24th case involves a 13-months-old male: 25 days after
immunization, he presented bruising and petechiae on the
face, trunk, and limbs. He was hospitalized and, after medical
examination, the diagnosis of immune thrombocytopenic pur-
pura has been formulated (PLT = 25000/mmc). The ana-
mnesis reported a recent human herpes virus 6 infection
that is a confounding element. Applying the Causality
Assessment algorithm, the cause/effect relationship between
vaccination and adverse events is indeterminate, because all
alternative causes can not be completely ruled out.41

Case 25

The 25th case involves a 13-months-old female: 2 days after
vaccination she presented fever, vomiting, and jaundice. She
was hospitalized and, after medical examinations, diagnosis of
the atypical uremic hemolytic syndrome was formulated.
Applying the Causality Assessment algorithm, the cause/effect
relationship between vaccination and adverse events is incon-
sistent, because of the absence of biological plausibility.
However, the time window between vaccination and AEFI is
not compatible with a causal association.

Case 26

The case 26th regards a 43-months old female: few hours after
vaccination, she developed hyperpyrexia (T = 40°C) and
erythema. Hospitalization was not necessary. Applying the
Causality Assessment algorithm, the cause/effect relationship
between vaccination and adverse events is classifiable as
inconsistent because of the absence of temporal plausibility
between MMRV vaccination and adverse events.

Discussion and conclusion

In our study, we tested the use of last updated WHO algo-
rithm of causality assessment to verify the casual association
between MMRV and detected AEFIs: our analysis provides
a picture of vaccine safety, even if limited by data from
spontaneous reporting (e.g., missing or incomplete data).7,16

Using the AIFA database, all serious adverse events follow-
ing MMRV vaccination notified in the Apulia region since
vaccine authorization were analyzed: only for 10/26 (38.4% of
serious AEFIs) a casual association was noted and all serious
adverse events were already known; therefore no emerging
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signals were detected.42 The number and the rate of AEFIs
increased over time and a peak in the fourth is noted that
could be related with a higher number of MMRV doses
administered and an improvement of the sensitivity of the
surveillance system, that has been noted also for other
vaccines.14

Follow-up procedures demonstrated that all serious
adverse events judged consistent with immunization (10/10)
were completely and spontaneously resolved without sequelae.

Fever and hyperpyrexia are the adverse events most fre-
quently detected in serious AEFI reports (4/10, 40.0%) classi-
fied as consistent with immunization. Likewise,
thrombocytopenic signs were notified in 3/10 consistent
AEFI-reports (30.0%) and erythema – rush were reported in
3/10 (30.0%) while vaso-vagal event were described in 2/10
(20.0%) consistent AEFI reports.

The ITP after MMR and MMRV vaccines has been analyzed
in a 2010 review of 12 studies.37 Authors estimated an incidence
of MMR-associated ITP from 0.087 to 4 (median 2.6) cases per
100000 vaccine doses. In our study, the general incidence of ITP
MMRV is 0.98 x 100000, that begins 0.73 × 100000 if we
considered only AEFIs with a consistent causal association to
immunization; this difference could be related to the under-
reporting. Review shows that severe bleeding manifestations
were rare, and MMR-associated thrombocytopenia resolved
within 6 months from diagnosis in 93% of the children and
also patients of our samples did not report sequelae.

None case of febrile seizure resulted in consistent causal
relation with vaccination: e.g., the 13th case regards a possible
case of febrile seizure after the MMRV vaccine, but medical
records do not support this hypothesis and final diagnosis of
febrile seizure caused by viral pharyngotonsillitis was formu-
lated. We have also to consider that seizure is a common
event in children aged <3 years also before MMRV vaccine
introduction, as shown in an article by Gabutti et al., that
reports an hospitalization rate of 618 × 100000.43

As discussed, during the study period 674.474 doses of
MMR were administered in Apulia with an AEFIs rate of
4.6 × 100000 doses; MMR was used for subjects with
a natural history of varicella (in particular, for immunization
of susceptible adolescents and adults, such as Health-Care
Workers) or showing contraindication for MMRV use (e.g.,
personal or family history of seizures). The difference between
MMR and MMRV AEFIs rates (4.6 vs. 37.8 × 100.000 doses)
could be partially explained by the difference in the attitude of
AEFIs notification between Family Pediatricians (who cared
infants receiving MMRV) and General Practitioners (who
cared adolescents and adults receiving MMR). This difference
is yet noted for other vaccines, as in AIFA reports.14

The MMR AEFIs rate for serious events with a consistent
causal association seemed lower than MMRV (0.15 x 100000
vs. 2.4 × 100000) but we have to underline that the only
febrile seizure with a consistent causal association recognized
was detected after MMR immunization. The lack of cases of
febrile seizures after MMRV in an 8-year period is probably
related to the low number of reports (high under-reporting).

We have also to consider that the recommendations from
AIFA24 could influence the level of attention of health-care

workers to the MMRV vaccine, and this could partially
explain the different rate.

In a recent study published by Cocchio et al., fever was the
most common systematic reaction after the MMRV vaccine and
the incidence of febrile seizure was 0.2%. This study was based
on active surveillance (than, the reporting rate was expected as
higher) but causality assessment was not carried out, than we
cannot evaluate the link between vaccine and AEFIs.44

In a 2014 study on 3112 children, 10 febrile seizures were
reported following MMRV administered alone or with other
vaccines (rate: 3.21 × 1000 doses). Three of the seizures were
reported by the investigator as related to vaccination (rate 1/
1000 doses) and seven were reported as probably or definitely
not related to vaccination: also, in this case, the authors did not use
the WHO algorithm and it makes difficult to compare the
results.25

Our results suggested that, considering the low rate of
AEFI, the passive surveillance system would be useful to
detect safety emerging signals which are expected following
changes in the immunization program, but specific active
post-marketing surveillance programs would be implemented
to gain a complete figure of vaccine safety.15,45

Data confirmed that MMRV vaccine is safe and the choice
of Apulia Region of continuing its use was right: consulting
the 2017 AIFA report, the incidence of MMRV AEFIs was no
higher than among children of the same age who received the
first dose of MMR vaccine and varicella vaccine administered
as separate injections at the same visit.14

The use of the Causality Assessment algorithm must be
implemented in the view of accountability of the National
Health System, because of the importance of continuous updat-
ing of vaccines safety profiles, performed also by the analysis of
post-marketing surveillance data. This good practice could also
support Public Health Authority decisions, in order to avoid
vaccines retraction from the market decided only for temporal
coincidence, without a complete assessment.46

According to this observation, AIFA in 2017 “Vaccine
report”, for the first time, published the result of causality
assessment evaluation in order to avoid an inappropriate
image of vaccine safety.14

It is crucial to improve the quality of the notifications, because
some AEFI reports lacked of essential information, such as date
of vaccine administration or the clinical characteristics of the
disease signalized after the vaccination (case 11 and case 13),
while, in the case of hospital admission, clinical documentation
could be always added to AEFI report because it represents
a fundamental element of causal link evaluation protocol.47

Themain strength of our pilot study is the systematic use of the
causality assessment and the analysis ofmedical records for serious
AEFIs.MMRV-vaccine is an exceptional case study, because of the
relatively recent introduction in a restricted target population
(1–12 years aged people). We have also to consider that recom-
mendations of AIFA and the Ministry of Health increased the
attention of physicians and parents about the safety profile of this
vaccine.27,28

The main goal of spontaneous reporting systems is to
identify signals, serious/unknown AEs, or any unexpected
increase of known reactions, but this model of surveillance
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is highly affected by an important risk of under-reporting.
The data presented in our study show a high variation of the
reporting rate in different years (10-fold increase in year IV in
comparison to I, II, and VI), suggesting a very high level of
under-reporting in the Apulia region.

In general, the number of serious AEFIs examined is low and
this is an important limitation; so it would be important to set up
multicentric studies to improve the level of evidence about the
post-marketing safety profile of MMRV vaccine. Finally, in
almost all serious cases, the MMRV vaccine is administered
together with the HAV vaccine, leading to a more difficult
evaluation of causality for many events.

Future studies have to focus the theme of the reliability of
causality assessment and the importance of adequate and
updated evaluation protocols; in this scenario, an alliance
between physician, parents, an expert in vaccine-vigilance and
institutions (such as National Drug Authority) is crucial in the
view of increasing the accountability of vaccination system.

Highlights

● MMRV AEFIs surveillance is a Public Health issue for
the increased risk of seizure

● None case of febrile seizure resulted consistent to
vaccination

● Performing WHO causality assessment, <50% of
MMRV serious AEFIs could be related to vaccine
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