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ORIGINAL ARTICLE

The ﬁrst steps towards the era of personalised vaccinology:
predicting adverse reactions
P Pellegrino1, FS Falvella1, V Perrone1, C Carnovale1, T Brusadelli1, M Pozzi2, S Antoniazzi3, S Cheli1, C Perrotta1, E Clementi2,4 and
S Radice1
Until now, the occurrence of adverse reactions among individuals inoculated with identical vaccines has been ascribed to
unpredictable stochastic processes. Recent advances in pharmacogenomics indicate that some features of host response to
immunisation are inﬂuenced by genetic traits, henceforth predictable. The ability to predict the adverse reaction to vaccination
would represent an important step towards the development of personalised vaccinology and could enhance public conﬁdence in
the safety of vaccines. Herein, we have reviewed all the available information on the association between genetic variants and the
risk for healthy subjects to develop adverse reactions.
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INTRODUCTION
Adverse reactions following vaccinations represent a signiﬁcant
source of concerns among health authorities, physicians and the
general population.1–3 Those concerns are driven by the risks of
adverse reactions, rare but in some cases severe, and lead to the
risk of failure of immunisation programmes owing to unmotivated
alarms on vaccine safety.4
Until now, the occurrence of adverse reactions among
individuals inoculated with identical vaccines has been ascribed
to unpredictable stochastic processes.5–7 Recently, new genetic
technologies and twin studies indicated that some features of
host response to infection or immunisation are inﬂuenced by
genetic traits, henceforth predictable.6,7
One of the ﬁrst observations on the variable susceptibility to
post vaccine adverse reaction was made by Black et al. in 1971.8
They observed that febrile reactions to measles vaccine were more
frequent among American Indians than Caucasian children,8
suggesting the presence of genetic basis for that difference.
Subsequent studies highlighted that different levels of cytokines
were related to adverse reaction onset.9,10 Although attractive,
analyses of cytokine levels are difﬁcult to implement owing to
often suboptimal sampling times and difﬁculty to establish
appropriate ranges making them an unpractical predictive
factor.6
Pharmacogenomics holds a promise for advancing personalised
medicine and bringing advances in genomics to the clinical arena,
and when genetic associations are found these may radically
eliminate adverse reactions. For instance, testing for HLA-B*5701
before initiating abacavir has eliminated hypersensitivity reactions
to the drug.11
The ability to predict adverse reactions to vaccination would
represent an important step towards the development of
personalised vaccinology and could enhance public conﬁdence

in the safety of vaccines, which is of a paramount importance for
the success of ongoing immunisation programmes.
Herein, we have reviewed all the available information on the
association between genetic variants and the risk for healthy
subjects to develop adverse reactions and provide an up to date
deﬁnition of the recognised genetic risk factors. These data
provide also an indication towards further research directions.
MATERIALS AND METHODS
We carried out a PubMed search up to 2014 using the terms ‘Vaccine’ OR
‘Vaccination’ OR ‘Vaccinology’ AND ‘Personalised’ OR ‘Genetic’ OR
‘Pharmacogenetic’ OR ‘Sex’ OR ‘HLA’. We considered studies that included
case reports and series, case–control studies, post-marketing surveillance
programmes and published analyses by the VAERS (Vaccine Adverse Event
Reporting System), a US-based national vaccine safety surveillance programme. We carried out an initial screening by reading each abstract to
identify the articles meeting the inclusion criteria, which were conclusively
assessed after a thorough analysis of their content. The retrieved studies
were then read in their entirety to assess their appropriateness. Citations
from each of the included articles were examined in order to identify any
other published study potentially meeting the inclusion criteria. We limited
the research to articles written in English.

RESULTS
Genetic variability and vaccine safety
In Table 1 we summarise the most important studies suggesting a
genetic predisposition to the onset of adverse reaction after
vaccination. One of the ﬁrst studies aimed at assessing this
correlation was conducted by Mitchell et al.,12 which examined
the HLA-DR Class II associations with Rubella vaccine-induced joint
manifestations. They conducted the analysis on 283 white women
receiving either the RA27/3 rubella vaccine or placebo to determine
a possible correlation between speciﬁc HLA-DR haplotype and the
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Table 1.

Genetic association studies reporting positive ﬁndings

Study

Year

No of patients

Age

Mitchell et al.12

1998

283

18–41 years

Stanley et al.

13

2007

346

43 years
(s.d. = 14)

Race/ethnicity

Vaccine

AEFI

Gene

European (58%);
Oriental (24%);
Indian (12%);
other (6%)

Live
attenuated
RA27/3

Joint
manifestations

HLA-DR1–
10

White (95%);
other (5%)

Smallpox

Fever

IL1R1
IL18

2008

85

23.2 years
(s.d. = 3.9)

White (99%);
other (1%)

Smallpox

Systemic AE

OR; 95% CI

DR2
DR5

4.8; 1.2–18.8
7.5; 1.5–37.5

Haplotype 1b
Haplotype 3b

0.62a
1.7a

Haplotype 7b
Haplotype 8b

4.87a
4.83a

Haplotype 10b

1.47a

Haplotype 1b
Haplotype 9b
Haplotype 10b

0.59a
1.83a
5.53a

1801133

2.3; 1.1–5.2

9282736
839

3.2; 1.1–9.8
3.2; 1.1–9.8

Haplotype TCAc

2.4; 1.0–5.7

1801133

4.1; 1.4–11.4

9282736
839

3.0; 1.1–8.3
3.0; 1.1–8.3

Haplotype TCAc

3.8; 1.0–14.4

IL1A

IL1B

Reif et al.14
(ﬁrst cohort)

Variant

MTHFR
IRF1
IL4

14

Reif et al.
(second cohort)

2008

46

24.2 years
(s.d. = 3.8)

White (96%);
other (4%)

Smallpox

Systemic AE

MTHFR
IRF1
IL4

Abbreviations: AE, adverse event; AEFI, adverse event following immunisation; CI, conﬁdence interval; HLA, human leukocyte antigen; IL, interleukin; IRF1,
interferon regulatory factor 1; OR, odds ratio. aAdjusted odds ratio. bSee text. cIL4 risk haplotype includes rs2070874, rs2243268 and rs2243290.

onset of vaccine-induced arthralgia. The authors observed a higher
frequency of DR2 and DR5 in rubella vaccine recipients with
arthropathy. They concluded that certain DR2 and DR5 alleles could
inﬂuence susceptibility to the development of joint manifestations
following administration of the RA27/3 rubella vaccine. Notably,
they also observed that the presence of DR4 along with DR1 or DR6
in an individual’s immunogenic background appears to predispose
to the development of post-partum arthropathy, suggesting that
alleles within these DR groups inﬂuence the expression of transient
autoimmunity, which might be aggravated by administration of the
rubella vaccine.12
Stanley et al.13 assessed markers predictive of the development
of fever after smallpox vaccination. They identiﬁed singlenucleotide polymorphisms (SNPs) in 19 candidate genes in 346
individuals previously assessed for clinical responses to vaccination of which 176 were vaccine naïve. Subjects with a documented
temperature 437.7 °C within 3–15 days after smallpox vaccination
represented a case group, whereas those without documented
fever after smallpox vaccination served as the control group.
The authors identiﬁed eight haplotypes in the four genes IL1A,
IL1B, IL1R1 and IL18 that were associated with an incremented or
decremented risk for the development of fever after smallpox
vaccination (Table 1).13 These haplotypes were predictive in both
naïve and non-naïve subjects, whereas SNPs in IL1R1 and IRF1
(interferon regulatory factor 1) genes were predictive of fever only
in non-naïve subjects. They also identiﬁed a haplotype in IL4 that
signiﬁcantly correlated with a reduced susceptibility to fever after
vaccination in the vaccine-naive individuals only.13
The genetic bases of the development of systemic or local
adverse reaction after smallpox vaccination was evaluated also by
© 2015 Macmillan Publishers Limited

Reif et al.14 Their analysis was carried out in volunteers recruited
from two independent clinical trials of the smallpox vaccine,
which enrolled 85 and 45 healthy, vaccine-naïve adults, respectively.14,15 They chose a two-stage design for the identiﬁcation
and replication of SNPs associated with adverse reactions:
signiﬁcant SNPs associated in the ﬁrst study were tested on the
second group of patients, who acted as the validation sample.
Subjects were evaluated at regular intervals and local and
systemic adverse reactions, including oral temperature 438.3 °C,
skin eruptions and enlarged or tender regional lymph nodes, were
recorded. Thirty-six SNPs within 26 genes were found associated
with systemic adverse events (P ⩽ 0.05) in the ﬁrst study, an
association conﬁrmed, however, for only three of these SNPs in a
replication study.14 As highlighted in Table 1, these three SNPs
included one non-synonymous SNP in the MTHFR (methylenetetrahydrofolate reductase) and two SNPs in the IRF1 gene.
Interesting, Reif et al.14 found a signiﬁcant correlation between
three SNPs in the IL4 gene and adverse reactions in the ﬁrst study;
as this association was not conﬁrmed in a second study (P = 0.06)
the authors indicated the necessity for further conﬁrmatory
studies. Indeed they observed that there was high intragenic LD
(r240.9) between the tested SNPs within IRF1 and IL4, suggesting
the existence of additional factors that may contribute to the risk
for adverse reactions.
In a subsequent analysis, Reif et al.14 modelled the adverse
reaction risk using 1442 genetic variables (SNPs) and 108
proteomic variables (serum cytokine concentrations) as variables
using a random forest method.16 This method represents a robust
strategy suited to integrated analysis, as it represents a natural
approach for studying gene–gene, gene–protein and protein–
The Pharmacogenomics Journal (2015), 284 – 287
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protein interactions. The ﬁnal model included the cytokines
intercellular adhesion molecule-1, interleukin-10,17 colonystimulating factor-3 and interleukin-4.16 The authors concluded
from their model that adverse reactions after smallpox vaccination
result from hyper activation of inﬂammatory signals, leading to
excess recruitment and stimulation of monocytes in peripheral
tissues.16
In a recent elegant analysis, Miller et al.18 tried to determine the
speciﬁc genetic risk factors that might have predisposed a child to
develop wheezing after vaccination. The development of wheezing was associated with several common genetic variants, none of
which, however, reaching the widely accepted genome-wide
signiﬁcance threshold.18 Further analyses are required to conﬁrm
these results.
DISCUSSION
The correlation between genetic factors and adverse reactions to
vaccines has been investigated less than the one between the
therapeutic responses to vaccines, for which several factors have
been identiﬁed. Umlauf et al.19 showed a clear association
between measles-speciﬁc immune responses with gender and
race, and the association between several SNPs and measles
vaccine response has also been demonstrated.20 Age, concomitant drugs and genetic variability have also been proposed to
inﬂuence vaccine response.21–23 Of importance, mechanisms at
the basis of the response to vaccines may also participate in the
molecular genesis of speciﬁc adverse reactions,9,24,25 and a better
understanding of vaccine response genetics may thus allow a
better comprehension also of their adverse effects.
Clarifying these aspects is relevant also because in developed
countries the fears of real or supposed adverse reactions still
represent one of the major reasons for the failure of immunisation
programmes.2,26 These fears are fuelled by real cases in which a
serious illness, whether related to the vaccine or not, occurs
closely to vaccination in healthy individuals.4,27–36
Cases when bouts of fears of vaccination led to the recrudescence of infections were not conﬁned to the 19th century37,38
but extend also to recent times. In Japan in 1975 the government
suspended the pertussis immunisation programme due to the
death of two infants within 24 h from vaccination.39 Four years
later Japan faced the re-emergence of whopping cough and 41
persons died because of this disease.39 Where these programmes
went on unhindered, the pertussis toxin vaccine was proven to be
safe.40
Recently, the hypothesis of correlation between the Hepatitis B
vaccine and MS was brought forward.41,42 This hypothesis,
supported by the reports of temporal association between vaccine
shot and MS onset, was sufﬁcient to fuel major vaccine-safety
controversies. Despite two decades of studies not ﬁnding
signiﬁcant evidence of a correlation between this vaccine and
MS onset, the conﬁdence in the safety of the Hepatitis B vaccine
was lost. Particularly because of this controversy, the Hepatitis B
immunisation programme in France largely failed and vaccine
coverage remains below 25%.41,42
The identiﬁcation of individuals who are at risk of developing a
serious reaction before the vaccination would represent an
impressive step forward as it would assure an increase in the
safety of immunisation programmes and a decrease of the impact
of vaccine refusal movement.
This result has already been seen with pharmacogenetic tests
for drugs.43 According to a study on a variant in the kinesin-like
protein 6 (KIF6) gene for statins therapy, tested patients were
signiﬁcantly more compliant regardless of the results.43,44 A similar
collateral effect in vaccine acceptances would be of great
importance for public health, as it would enhance coverage and
reduce the weight of anti-vaccine movement theories.
The Pharmacogenomics Journal (2015), 284 – 287

Intriguingly, some of these studies focalised on fever and
arthralgia, two relevant post-vaccination phenomena that were
also included as major clinical criteria in the recently deﬁned
autoimmune/inﬂammatory syndrome induced by adjuvants.31,35
Further analyses aimed at deﬁning the relationship between
genetic variants and this syndrome are of interest as they may
help a better deﬁning of such clinical entities.4 They may also
open new perspectives on the role of genetics in the response to
adjuvants. This aspect is gaining relevance after the observation
that the increased risk of narcolepsy after AS03-adjuvated H1N1
vaccination was most likely due to the AS03 adjuvant acting as an
environmental trigger in HLA-DQB1*06:02 positive people.45
As reported in Table 1, most of the studies were carried out
considering the smallpox vaccine,6,9,14 for which adverse reactions such as fever are common (ranging between 15–20% of
vaccinated children). The incidence of adverse reactions among
vaccinated subjects represents an important limitation that should
be addressed and considered in the design of these pharmacogenomics studies. Indeed, it would be difﬁcult for most of the
researchers to identify a number of cases of rare adverse vaccine
reactions suitable for a large genetic analysis. As an example, we
estimated recently the incidence of post-HPV vaccine ADEM to be
of 0.26/106 vaccinations (CI 95%: 0.16/106–0.37/106).27 Even
assuming a 10-fold higher incidence because of biases such
under-reporting to the surveillance databases,28 still the retrieving
of a number of case large enough would require a large scale,
national or international study.
A possible solution for this problem was proposed by Davis in a
recent paper on the Vaccine Journal.46 He proposed to take
advantage of the VAERS to build a repository of bio-specimens for
genetic studies of vaccine adverse events. Alongside the VAERS
database, other safety surveillance databases could be used
for this purpose. These databases could include international
databases such as the European Database of suspected adverse
drug reaction reports (http://www.adrreports.eu/EN/search.html#)
or nationwide active surveillance programmes on speciﬁc
populations.47
On the basis of the data reviewed above we feel that that a
correlation between vaccine adverse reactions and genetics exists
and deserves further studies.
The idea of identifying the genetic variants predictive for
vaccine adverse events and suitable for the introduction in clinical
practice is, in our opinion, feasible as the cost of genotyping is
falling rapidly and large-scale genotyping at birth is not too far off
the horizon (www.aaas.org/spp/PM/ppts/Collins.pdf).
CONFLICT OF INTEREST
The authors declares no conﬂict of interest.

ACKNOWLEDGMENTS
This work was supported by grants from the Italian Medicines Agency (Agenzia
Italiana del Farmaco) and the Ministry of Health (Ricerca Corrente 2014) to EC.

REFERENCES
1 Loughlin AM, Marchant CD, Adams W, Barnett E, Baxter R, Black S et al. Causality
assessment of adverse events reported to the Vaccine Adverse Event Reporting
System (VAERS). Vaccine 2012; 30: 7253–7259.
2 Poland GA, Jacobson RM. The age-old struggle against the antivaccinationists.
N Engl J Med 2011; 364: 97–99.
3 Pellegrino P, Carnovale C, Perrone V, Salvati D, Gentili M, Brusadelli T et al. Epidemiological analysis on two decades of hospitalisations for meningitis in the
United States. Eur J Clin Microbiol Infect Dis 2014; 33: 1519–1524.
4 Pellegrino P, Carnovale C, Pozzi M, Antoniazzi S, Perrone V, Salvati D et al. On the
relationship between human papilloma virus vaccine and autoimmune diseases.
Autoimmun Rev 2014; 13: 736–741.

© 2015 Macmillan Publishers Limited

The ﬁrst steps towards the era of personalised vaccinology
P Pellegrino et al

287
5 Poland GA, Kennedy RB, Ovsyannikova IG. Vaccinomics and personalized vaccinology: is science leading us toward a new path of directed vaccine development
and discovery? PLoS Pathog 2011; 7: e1002344.
6 Crowe JE Jr. Genetic predisposition for adverse events after vaccination. J Infect
Dis 2007; 196: 176–177.
7 Jacobson RM, Ovsyannikova IG, Targonski PV, Poland GA. Studies of twins in
vaccinology. Vaccine 2007; 25: 3160–3164.
8 Black FL, Hierholzer W, Woodall JP, Pinhiero F. Intensiﬁed reactions to measles
vaccine in unexposed populations of American Indians. J Infect Dis 1971; 124:
306–317.
9 Rock MT, Yoder SM, Talbot TR, Edwards KM, Crowe JE Jr. Adverse events after
smallpox immunizations are associated with alterations in systemic
cytokine levels. J Infect Dis 2004; 189: 1401–1410.
10 McKinney BA, Reif DM, Rock MT, Edwards KM, Kingsmore SF, Moore JH et al.
Cytokine expression patterns associated with systemic adverse events following
smallpox immunization. J Infect Dis 2006; 194: 444–453.
11 Mallal S, Phillips E, Carosi G, Molina JM, Workman C, Tomazic J et al. HLA-B*5701
screening for hypersensitivity to abacavir. N Engl J Med 2008; 358: 568–579.
12 Mitchell LA, Tingle AJ, MacWilliam L, Horne C, Keown P, Gaur LK et al. HLA-DR
class II associations with rubella vaccine-induced joint manifestations. J Infect Dis
1998; 177: 5–12.
13 Stanley SL Jr, Frey SE, Taillon-Miller P, Guo J, Miller RD, Koboldt DC et al. The
immunogenetics of smallpox vaccination. J Infect Dis 2007; 196: 212–219.
14 Reif DM, McKinney BA, Motsinger AA, Chanock SJ, Edwards KM, Rock MT et al.
Genetic basis for adverse events after smallpox vaccination. J Infect Dis 2008; 198:
16–22.
15 Shaklee JF, Talbot TR, Muldowney JA 3rd, Vaughan DE, Butler J, House F et al.
Smallpox vaccination does not elevate systemic levels of prothrombotic proteins
associated with ischemic cardiac events. J Infect Dis 2005; 191: 724–730.
16 Reif DM, Motsinger-Reif AA, McKinney BA, Rock MT, Crowe JE Jr., Moore JH.
Integrated analysis of genetic and proteomic data identiﬁes biomarkers associated with adverse events following smallpox vaccination. Genes Immun 2009;
10: 112–119.
17 Chen CC, Schwender H, Keith J, Nunkesser R, Mengersen K, Macrossan P. Methods
for identifying SNP interactions: a review on variations of Logic Regression,
Random Forest and Bayesian logistic regression. IEEE/ACM Trans Comput Biol
Bioinform 2011; 8: 1580–1591.
18 Miller EK, Dumitrescu L, Cupp C, Dorris S, Taylor S, Sparks R et al. Atopy history
and the genomics of wheezing after inﬂuenza vaccination in children 6-59
months of age. Vaccine 2011; 29: 3431–3437.
19 Umlauf BJ, Haralambieva IH, Ovsyannikova IG, Kennedy RB, Pankratz VS, Jacobson
RM et al. Associations between demographic variables and multiple measlesspeciﬁc innate and cell-mediated immune responses after measles vaccination.
Viral Immunol 2012; 25: 29–36.
20 Haralambieva IH, Ovsyannikova IG, Kennedy RB, Vierkant RA, Pankratz VS,
Jacobson RM et al. Associations between single nucleotide polymorphisms and
haplotypes in cytokine and cytokine receptor genes and immunity to measles
vaccination. Vaccine 2011; 29: 7883–7895.
21 Pellegrino P, Carnovale C, Perrone V, Pozzi M, Antoniazzi S, Radice S et al. Efﬁcacy
of vaccination against inﬂuenza in patients with multiple sclerosis: the role of
concomitant therapies. Vaccine 2014; 32: 4730–4735.
22 Klein SL, Poland GA. Personalized vaccinology: one size and dose might not ﬁt
both sexes. Vaccine 2013; 31: 2599–2600.
23 Pondo T, Rose CE Jr, Martin SW, Keitel WA, Keyserling HL, Babcock J et al.
Evaluation of sex, race, body mass index and pre-vaccination serum progesterone
levels and post-vaccination serum anti-anthrax protective immunoglobulin G on
injection site adverse events following anthrax vaccine adsorbed (AVA) in the
CDC AVA human clinical trial. Vaccine 2014; 32: 3548–3554.
24 Pellegrino P, Carnovale C, Borsadoli C, Danini T, Speziali A, Perrone V et al.
Two cases of hallucination in elderly patients due to a probable interaction
between ﬂu immunization and tramadol. Eur J Clin Pharmacol 2013; 69:
1615–1616.

© 2015 Macmillan Publishers Limited

25 Pellegrino P, Clementi E, Radice S. Infections, vaccinations, drugs and interactions.
Eur J Clin Pharmacol 2014; 70: 891–892.
26 Jacobson RM, Targonski PV, Poland GA. A taxonomy of reasoning ﬂaws in the
anti-vaccine movement. Vaccine 2007; 25: 3146–3152.
27 Pellegrino P, Carnovale C, Perrone V, Antoniazzi S, Pozzi M, Clementi E et al. Can
HPV immunisation cause ADEM? Two case reports and literature review. Mult Scler
2014; 20: 762–763.
28 Pellegrino P, Carnovale C, Perrone V, Pozzi M, Antoniazzi S, Clementi E et al. Acute
disseminated encephalomyelitis onset: evaluation based on vaccine adverse
events reporting systems. PloS one 2013; 8: e77766.
29 Pellegrino P, Carnovale C, Perrone V, Salvati D, Gentili M, Brusadelli T et al. On the
possible interaction between vaccines and drugs. Eur J Clin Pharmacol 2014; 70:
369–371.
30 Pellegrino P, Carnovale C, Radice S, Clementi E. Inﬂuenza-like illness after yellow
fever vaccination. J Clin Virol 2014; 60: 181.
31 Shoenfeld Y, Agmon-Levin N. 'ASIA' - autoimmune/inﬂammatory syndrome
induced by adjuvants. J Autoimmun 2011; 36: 4–8.
32 Zafrir Y, Agmon-Levin N, Paz Z, Shilton T, Shoenfeld Y. Autoimmunity following
hepatitis B vaccine as part of the spectrum of 'Autoimmune (Auto-inﬂammatory)
Syndrome induced by Adjuvants' (ASIA): analysis of 93 cases. Lupus 2012; 21:
146–152.
33 Pellegrino P, Carnovale C, Perrone V, Salvati D, Gentili M, Antoniazzi S et al.
Human papillomavirus vaccine in patients with systemic lupus erythematosus.
Epidemiology 2014; 25: 155–156.
34 Pellegrino P, Carnovale C, Perrone V, Salvati D, Gentili M, Brusadelli T et al. On the
association between human papillomavirus vaccine and primary ovarian failure.
Am J Reprod Immunol 2014; 71: 293–294.
35 Perricone C, Colafrancesco S, Mazor RD, Soriano A, Agmon-Levin N, Shoenfeld Y.
Autoimmune/inﬂammatory syndrome induced by adjuvants (ASIA) 2013:
Unveiling the pathogenic, clinical and diagnostic aspects. J Autoimmun 2013; 47:
1–16.
36 Perricone C, Shoenfeld Y. Hepatitis B vaccination and undifferentiated connective
tissue disease: another brick in the wall of the autoimmune/inﬂammatory syndrome induced by adjuvants (Asia). J Clin Rheumatol 2013; 19: 231–233.
37 Albert MR, Ostheimer KG, Breman JG. The last smallpox epidemic in Boston and
the vaccination controversy, 1901-1903. N Engl J Med 2001; 344: 375–379.
38 Wolfe RM, Sharp LK. Anti-vaccinationists past and present. BMJ 2002; 325:
430–432.
39 Watanabe M, Nagai M. Acellular pertussis vaccines in Japan: past, present
and future. Expert Rev Vaccines 2005; 4: 173–184.
40 Amirthalingam G, Gupta S, Campbell H. Pertussis immunisation and control in
England and Wales, 1957 to 2012: a historical review. Euro Surveill 2013; 18:
pii: 20587.
41 Hauben M, Sakaguchi M, Patadia V, Gerrits CM. Hepatitis B vaccination and
multiple sclerosis: a data mining perspective. Pharmacoepidemiol Drug Saf 2007;
16: 943–945.
42 Destefano F, Weintraub ES, Chen RT. Hepatitis B vaccine and risk of multiple
sclerosis. Pharmacoepidemiol Drug Saf 2007; 16: 705–707.
43 Dolgin E. Pharmacogenetic tests yield bonus beneﬁt: better drug adherence. Nat
Med 2013; 19: 1354–1355.
44 Charland SL, Agatep BC, Herrera V, Schrader B, Frueh FW, Ryvkin M et al. Providing
patients with pharmacogenetic test results affects adherence to statin therapy:
results of the Additional KIF6 Risk Offers Better Adherence to Statins
(AKROBATS) trial. Pharmacogenomics J 2013; 14: 272–280.
45 Partinen M, Kornum BR, Plazzi G, Jennum P, Julkunen I, Vaarala O. Narcolepsy as
an autoimmune disease: the role of H1N1 infection and vaccination. Lancet Neurol
2014; 13: 600–613.
46 Davis RL. The vaccine adverse event reporting system and vaccine safety research
in the genomics era. Vaccine 2012; 30: 1162–1164.
47 Pellegrino P, Carnovale C, Cattaneo D, Perrone V, Antoniazzi S, Pozzi M et al.
Pharmacovigilance knowledge in family paediatricians. Health Policy 2013; 113:
216–220.

The Pharmacogenomics Journal (2015), 284 – 287

