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ABSTRACT 

Background: An increasing number of reports indicates that vaccines against influenza may 

interact with specific drugs via drug metabolism. To date, actual impact of vaccine-drug 

interactions observed in the real world clinical practice has not been investigated. 

Research design and methods: From VAERS and VigiBase, we collected Adverse Event 

Following Immunization (AEFI) reports for individuals receiving vaccines against influenza 

recorded as suspect and selected cases where predictable toxicity was recorded with oral 

anticoagulants, antiepileptics and statins (i.e., hemorrhages, overdosage and rhabdomyolysis, 

respectively). We applied AEFI and Drug Interaction Probability Scale (DIPS) Algorithms to assess 

causality of drug-vaccine interactions. 

Results: 116 AEFI reports submitted to VAERS and 83 from Vigibase were included in our 

analysis; antiepileptics and statins were related to the highest number of indeterminate/consistent 

(93.7%; 65.3%) and possible/probable (50%; 57.7%) cases according to the AEFI and DIPS, 

respectively. The majority of cases occurred within the first week after vaccine administration (5-7 

days). 

Conclusions: The relative paucity of detected interactions does not impact on the benefit of the 

vaccination against influenza, which remains strongly recommended; this does not exclude that 

closer monitoring for selected patients exposed to concomitant chronic pharmacological therapies 

and affected by predisposing factors may be useful.  

 

Keywords: Adverse Event Following Immunization, antiepileptic toxicity, haemorrages, 

rhabdomyolysis, spontaneous reporting system database, vaccine-drug interactions, influenza 

vaccination 
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1.Introduction 

Annual vaccination against influenza virus is the primary means of preventing influenza and its 

complications in high-risk patients i.e. children, pregnant women, elderly and patients with chronic 

disorders. Safe and effective vaccines are available and have been used for more than 60 years 

[1,2]. 

Nonetheless, potential interactions between influenza vaccines and drugs have been described. To 

date, information reported in the summary of product characteristics (SPCs) regards the possible 

decreased vaccine efficacy in the presence of immunosuppressive, antimetabolites and cytotoxic 

drugs [3]. An increasing number of clinical observations, however, indicate that vaccines against 

influenza may influence drug metabolism, in a small number of susceptible patients, leading to 

significant changes in serum concentrations of drugs [4-8,12, 16-27]. These studies, however are 

still limited to specific drugs or on small sample sizes [8,12, 16-27]; in addition, published evidence 

on potential interactions between influenza vaccines and drugs are conflicting (vitamin K 

anticoagulants) [7-17], scant/uncertain (statins [18-22] and antiepileptics [23-27]) or not available 

(direct oral anticoagulants). 

Also in view of the increased therapy for chronic illnesses and polytherapy, especially in the 

elderly, understanding how and whether a given vaccine affects pre-existing therapies is thus of 

great importance. We have investigated this issue relying on postmarketing surveillance data since 

they represent a real-world source of data through spontaneous reporting of AEs [28]. We used two 

major international databases collecting data on vaccine-related AEs: the vaccine adverse event 

reporting system (VAERS) database, a United States of America (USA) nationwide spontaneous 

reporting system, and the WHO-Vigibase, recording worldwide reports on drug-related adverse 

events, including vaccines. The analysis was undertaken for three classes of drugs used by large 

numbers of patients in a chronic fashion, namely antiepileptic drugs, anticoagulants, and statins.  
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The reason for this choice is three-fold. None of vaccine-drug interactions involving chronic 

therapies mentioned above is included in the influenza vaccine SPC, and drug-drug interactions 

(DDIs) reports in Micromedex® (a daily updated database used to identify DDIs) are limited only to 

those of vaccine against influenza and antiepileptic drugs and warfarin therapy [29,30]. 

Antiepileptics and statins are used in a large population and chronically, a condition for which 

frequent monitoring of interactions with vaccination is not likely to be feasible in the clinical 

practice. Finally, the impact and the AEs characteristics of vaccine-drug interactions observed in the 

real world clinical practice have not been investigated. 

2.Patients and methods 

2.1 Data source 

VAERS is a national spontaneous reporting system, established in 1990 to fulfill a requirement of 

the National Childhood Vaccine Injury Act of 1986 [31]. It is co-sponsored by the Centers for 

Disease Control and Prevention (CDC) and FDA and collects reports of AEs following 

immunisation (AEFI) for vaccines licensed in the US [32].  

AEFI may be any unfavourable or unintended sign, abnormal laboratory finding, symptom or 

disease that occurs following or during administration of a vaccine. The AEs are temporally 

associated events that may be either caused by a vaccine or coincidental to it, i.e. not related to 

vaccination [33]. VAERS receives annually approximately 28,000 reports of AEFI following 

administration of a licensed vaccine in the USA. The value of VAERS is that it may be used to 

detect unexpected or unusual patterns of AEFI, especially rare AEFI, unlikely to arise in pre-

licensure clinical trials because of the limited number of patients involved [34]. 

Anyone can report an adverse event to VAERS, including health-care professionals, vaccine 

manufacturers, patients, parents and caregivers, and others. Reports are submitted voluntarily either 

directly from individual reporters, who may be reporting for them-selves or others, or secondarily 

from vaccine manufacturers, which also receive spontaneous reports and in turn submit them to 

VAERS.  
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A report may be classified as serious based on the Code of Federal Regulations if one or more of 

the following are reported: death, life-threatening illness, hospitalisation, prolongation of 

hospitalization, or permanent disability [35]. Signs and symptoms of AEs are coded using the 

standardised Medical Dictionary for Regulatory Activities (MedDRA) terminology [36]. Each 

report may be assigned to one or more MedDRA Preferred Terms (PTs). Notably, each report may 

be also characterised by a free text description of AEs, including patient demographic information, 

medical history, information on the reporter, detailed description of the AE, health outcomes, date 

of vaccination, type of vaccine, onset of AE symptoms (and time-to-onset, TTO), recovery status, 

laboratory data and current illness, if available (known as narratives), which may be used to further 

assess causality (see below).  

VigiBase is the largest and most comprehensive pharmacovigilance database, maintained by the 

Uppsala Monitoring Centre (UMC) in Sweden [37,38]; it contains the so-called Individual Case 

Safety Reports (ICSR) from 110 countries over the five continents. Those National 

Pharmacovigilance Centres (NPCs) which are also members of the WHO Programme for 

International Drug Monitoring submit their spontaneous reports of adverse drug reactions (ADRs) 

to VigiBase. 

Data originate from a variety of sources, i.e. health care professionals, pharmaceutical companies 

and patients, and are evaluated by the relevant NPCs prior to submission and registration in 

VigiBase. Over 10 million ICSRs are currently recorded in VigiBase, and about 1 million ICSRs 

are added each year. The reports usually contain reporter information, patient characteristics (age, 

gender), ADR, seriousness, outcome, drug exposures with dates, dosages, and indications. The 

MedDRA are used to code ADRs [36]. Drugs are coded according to the WHO Drug Dictionary 

Enhanced and classified using the Anatomical Therapeutic Chemical (ATC) classification [39]. 

For each vaccine/drug, the characterization of the vaccine/drug role indicated by the primary 

reporter (i.e. the original source of the information) includes three categories: Suspect, Concomitant 

and Interacting. All spontaneous reports should have at least one suspect vaccine/drug; i.e. involved 
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presumably in the occurrence of AEFI. If the reporter indicates a suspected interaction, all 

interacting vaccines/drugs are considered to be suspect vaccines/drugs. Concomitant therapy 

indicates drugs not involved in the insurgence of AEFI reported by the reporter. 

2.2 Data extraction  

The sequences of the steps involved in data extraction were the following:  

I) we collected reports for individuals receiving all available types of vaccines against the influenza 

virus (J07BB) involved as a suspect in the AEFI submitted to VAERS (from July 1990 to April, 

2016) and VigiBase (from December 2009 to August 2016).  

II) We extracted those reports in which patients were concomitantly exposed to influenza vaccines 

and lipid modifying agents (ATC code C10AA) or antiepileptics (ATC code N03) or 

antithrombotic agents (ATC code B01A), indicated both as suspected/interacting agents (in 

VigiBase) or concomitant or suspected/interacting drugs (in VAERS). 

III) Final dataset included in our analysis comprised reports in which patients concomitantly 

exposed to vaccines and drugs of interest (mentioned before) manifested at least an outcome of 

interest (i.e. AEFI related to a suspect increased toxicity of interacting drugs).  

Specifically, with the aim of increasing sensitivity of the search strategy, for antithrombotic agents 

and lipid modifying agents, the outcomes of interested were detected through Standardised 

MedDRA Queries (SMQs) for haemorrhages (excluded laboratory terms; code 20000039) and 

rhabdomyolysis/myopathy (code 20000002) applying a narrow search for specificity of case 

retrieval [40]. 

Since the SMQs for the increased toxicity of antiepileptic drugs is not available to date, outcomes of 

interest related to the suspect increased toxicity of antiepileptics in patients taking influenza 

vaccines were searched using pre-specified PTs representing a list of signs and symptoms related to 

antiepileptic overdose [41-43]: ataxia, altered conscious state, blurred vision, hallucinations, 

drowsiness, coma, convulsions, nystagmus, seizures, mydriasis, dysarthria, nausea, vomiting, 
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hypotension, arrhythmias, respiratory depression. AEFI reports describing a detectable increase of 

drug serum level were also searched and included in the analysis.  

Of importance, we identified and excluded from the analysis all duplicate reports in the VAERS and 

VigiBase;  however, AEFI reports in the VAERS and VigiBase databases may have overlapped in 

some instances. 

2.3 Causality assessment and Evaluation of Drug-Drug Interaction  

To investigate potential interactions we performed a case-by-case analysis, which allows a better 

evaluation of reports in terms of a causality assessment (especially considering peculiarities of the 

administration of vaccines), compared to a disproportionality approach. 

Causality assessment and evaluation of drug-vaccine interaction were performed through a 

multistep process. In the preliminary step we classified the causality of reports using WHO AEFI 

criteria [44]; next, among cases we assessed the probability of a drug-vaccine interaction using 

DIPS [45]. 

The causality assessment of AEFI is critical in terms of clinical and public health implications. We 

applied established criteria for AEFI causality, as recommended by the WHO [44]. The following 

items were considered: temporal relationship, alternate explanations, proof of association, prior 

evidence, population-based evidence and biological plausibility [44]. 

Cases without adequate information were classified as unclassifiable; cases with adequate 

information were categorised as i) "consistent with a causal relationship" when the available 

evidence supported a causal relationship between the vaccine and the AEFI in the individual but it 

did not rule out the possibility that the AEFI may have been caused by a factor other than the 

vaccine, ii) "inconsistent with a causal association" when the available evidence did not support a 

causal relationship between vaccine administration and the reported AEFI in the individual, iii) 
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"indeterminate" when the temporal relationship was consistent but the available evidence 

insufficient to support or rule out a causal relationship in the individual.  

To assess the likelihood of interaction, we used a published and validated algorithm to assess drug-

drug interactions (DDIs), known as Drug Interaction Probability Scale (DIPS), a 10-item tool 

specifically developed to assess the likelihood of DDIs [45]. A vaccine was considered as the 

potential “precipitant drug” (acute administration), whereas any concomitant agent was the “object 

drug” (chronic use). To avoid over-emphasis on the role of vaccine, the answers to the second 

question were always “unknown” (knowledge on the mechanism of the interaction is hypothesised 

and literature data are very scarce/uncertain); in addition, questions n. 5, 6, 10 were not 

assessable/applicable (dechallenge, rechallenge, and dose adjustments are unfeasible for vaccines 

considering the peculiarities of their administration). Therefore, the final summary score can reach 

10 points. Higher total scores correspond to higher likelihood of drug-vaccine interaction (i.e., >8 = 

Highly Probable; 5-8 = Probable; 2-4 = Possible; <2 = Doubtful) [42]. Considering that metabolic 

interference is postulated to be the underlying mechanism of the interaction, a time to onset (TTO) 

between 3 and 21 days was considered  compatible with the hypothesis of vaccine-drug interaction. 

Because we are aware that this individual inspection of cases may be subjective, a multidisciplinary 

team of experts cross-checked the data: the adapted DIPS algorithm was applied first by the 

Bologna Team (comprising clinical pharmacologists) and verified by the Milan Team (comprising 

toxicologists and experts in pharmacovigilance). Disagreements were solved by a consensus with a 

third reviewer (Ugo Moretti, Verona Team) with expertise in vaccine safety.  

The DIPS was not apply to reports with inconsistent causal association according to AEFI 

Algorithm.   
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3. Results 

3.1 Analysis of AEFI reports extracted from VAERS 

525,791 AEFI reports were submitted to VAERS from 1990 to 2016; of these 124,095 (23.6%) 

were related to vaccinations against influenza. 

3.1.1 Antiepileptic drugs 

In 289 AEFI reports (0.2%), patients were concomitantly exposed to vaccines against influenza and 

phenytoin and/or carbamazepine and/or phenobarbital. Of these, 16 case reports (5.6%) described 

one or more events that could also be related to an increased antiepileptic drug toxicity: phenytoin 

use was recorded in 6 reports (37.5%), 5 reports (31.2%) were related to carbamazepine and 5 

reports (31.2%) to phenobarbital use.  

According to AEFI causality assessment, we categorised the reports as follows: 13 cases as 

indeterminate (81.2%), 2 (12.5%) as consistent and 1 report was defined unclassifiable (6.3%). The 

application of DIPS algorithm led to the classification of the reports as probable (1 report; 6.2%), 

possible (7 reports; 43.8%) and doubtful (8 reports; 50%).  

In terms of outcome, 6 patients recovered, 5 patients were hospitalised,  and in 5 cases the outcome 

was undefined. The median age of patients was 59.2, with a male predominance (68.7%). We 

detected an average TTO of 7.4 days; 8 reports of antiepileptic drug toxicity were serious (Figure 

1). Table 1 shows the detailed case description of serious reports.  No data related to types of 

influenza virus vaccines (adjuvanted, live virus vaccines, split virus vaccines) were reported. 

3.1.2 Warfarin and DOACs 

The use of SMQ for haemorrhages retained 9,810 reports, of which 2,398 related to influenza 

vaccines administration (28.3%).  

In 751 AEFI reports, patients were concomitantly exposed to warfarin or/and DOACs (0.6%). Of 

these, 74 (9.8%) manifested at least one AEFI related to SMQ for haemorrhages, resulting in 3.1% 

of similar AEFI reports involving influenza vaccines (i.e. 2398) (Figure 1). 
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In all these cases, warfarin was the only concomitant drug involved. No reports related to 

haemorrhages involving DOACs and influenza vaccines were identified. 

The most frequently reported PTs were: contusion (26 reports), injection site haematoma (8 

reports), ecchymosis (7 reports), injection site haemorrhage (3 reports). The detailed case 

description of serious reports (14; 19%) is shown in Table 3. 

According to AEFI algorithm, we categorised the reports as follows: 45 (60.8%) as indeterminate, 

24 (32.4%) as inconsistent and 5 (6.7%) as unclassifiable. In terms of DIPS, reports were defined as 

possible (41 reports; 55.4%) and doubtful (9 reports; 12.1%). In 24 cases (32.4) DIPS was not 

applicable (i.e. AEFI Algorithm revealed a inconsistent causal correlation with immunisation). 

In terms of outcome, 23 patients recovered, 9 patients were hospitalised; we identified 3 reports of 

death; in 39 cases the outcome was undefined. The median age of patients was 73.6. Female and 

male predominance was 55.4% and 41.9%, respectively; data were not provided in 2.7% of the 

reports. We detected an average TTO of 3.4 days; 19% (14) of reports were serious: in all cases of 

the SMQ for haemorrhages. Table 2 shows the detailed case description of serious reports. Types of 

vaccine mostly reported were: inactivated split virus vaccine (58; 78.3%). Data were not provided 

in 16 cases (21.6%). No adjuvanted, live virus vaccines were reported.  

3.1.3 Statins  

Statins were recorded as concomitant medications in patients taking the influenza vaccine in 4,840 

AEFI reports submitted to VAERS (3.9%). The use of SMQ for rhabdomyolysis/myopathy (10 

PTs) retained 688 reports, of which 209 related to administration of an influenza vaccine (30.3%). 

Of these, 26 cases (12.4%) occurred in patients reporting treatment with statins (0.5% of total AEFI 

reports related to the concomitant exposure of influenza vaccines and statins therapy) (Figure 1).  

The most frequently reported statin was simvastatin (18 reports), followed by atorvastatin (5 

reports), lovastatin, rosuvastatin, cerivastatin (1 report each).  
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PT mostly reported were rhabdomyolysis (13), blood creatine phosphokinase increased (12), 

myositis (8), myalgia  (7), muscular weakness (7), pain (6), myopathy (6), asthenia (6), pain in 

extremity (5). 

According to AEFI causality assessment, we categorised the reports as follows: 17 cases as 

indeterminate (65.3%), 8 (30.7%) as inconsistent and 1 case as unclassifiable (3.8%). 

Based on the adapted DIPS algorithm, we categorised the reports as follows: possible (15 reports; 

57.7%) and doubtful (3 reports;13 %) and 8 not applicable (30.7%). 

In terms of outcome, eight patients recovered, ten were hospitalised, two suffered permanent 

disability, and one died; in 5 reports outcome was not provided. 

There was a male predominance (61.5%) with a median age of 66.2. TTO was 8.4 and 77% of 

reports were serious (Figure 1). The most frequent types of vaccine were inactivated split virus 

vaccine (10; 38.4%). Data were not provided in 16 cases (61.5%). No adjuvanted, live virus 

vaccines were reported.  

3.2 Analysis of ICSR extracted from VigiBase 

3.2.1 Antiepileptic drugs 

Concomitant vaccines (ATC code J07) and antiepileptics (ATC code N03) exposure were retrieved 

in 239 reports. In 26 cases (11%) patients were exposed to an influenza vaccine and carbamazepine, 

phenobarbital or phenytoin and in 12 reports (46.1%) patients manifested signs and symptoms 

related to the increased antiepileptic drug toxicity (Figure 2). 

In 5 reports (41.6%) patients were exposed only to an influenza vaccine and 

carbamazepine/phenobarbital/phenytoin; in 7 reports (58.3%) other concomitant drugs were 

involved, namely gabapentin (5), acetylsalicylic acid (5) and  levetiracetam (3).  

Reports were mainly submitted by USA (38.4%), followed by Australia (19.2%), France (11.5%), 

New Zealand (7.6%), Germany (7.6%), United Kingdom (3.8%), Switzerland (3.8%), the 

Netherlands (3.8%) and Japan (3.8%). There was a 58.3% of female predominance, with a median 
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age of 46.4 years; 66.6% (8) of reports were serious. Table 4 lists the detailed case description of 

reports on serious ADRs related to antiepileptics in patients taking influenza vaccine. 

3.2.2 Warfarin and DOACs 

In 296 ICSRs patients were described as been exposed to both vaccines and antithrombotic agents 

(ATC code B01A); in 58 (19.58 %) of these, an influenza vaccine and warfarin/DOACs were 

involved as suspected or interacting agents. In 42 reports (72.4%), warfarin and an influenza 

vaccine were involved in the onset of haemorrhages-related symptoms and signs (Figure 2).  

Female predominance was 69.5%, with a median age of 69.5 years; 19% (8) of reports were serious. 

Table 4 lists the detailed case description of serious reports related to DOACs/warfarin in patients 

taking influenza vaccines. 

No reports involving DOACs were detected.  

Concomitant drugs mostly reported in reports categorizes as possible according to DIPS, were 

acetylsalicylic acid (8), clopidogrel (4), lisinopril (4), levothyroxine (4), hydrochlorothiazide (4), 

digoxin (3), simvastatin (3).  

Among the reporter countries, United Kingdom ranked first (42.8%), followed by USA (16.6%), 

Australia (16.6%), Italy (12%), Sweden (3.4%), France (3.4%) and New Zealand (2.3%).  

3.2.3 Statins 

The ICSRs in which the patients had been exposed both to a vaccine (ATC code J07) and a lipid 

modifying agents (ATC code C10) were 268. In 108 (40.2%) of these, statins (ATC code C10AA) 

were recorded as suspected or interacting agents. In 29 ICSRs (26.8%) statins and influenza 

vaccines (ATC code J07BB) were involved in the onset of myopathy/rhabdomyolysis (Figure 2). 

Figure 2 shows the overview of AEFI reports submitted to Vigibase related to statins, in patients 

taking influenza vaccines; the median age, the sex predominance, the completeness score and the 

reporter qualification are also reported.   
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Simvastatin was more frequently reported (17 reports; 58.6%), followed by atorvastatin (8 reports; 

27.5%), rosuvastatin (1 report; 3.4%), cerivastatin (1 report; 3.4%), lovastatin (1 report; 3.4%) and 

pravastatin (1 report; 3.4%). 

In six cases (20.6%), statins and an influenza vaccine were the only agents reported in the onset of 

myopathy/rhabdomyolysis; in 23 reports (79%) other concomitant drugs were reported  i.e. 

furosemide (9; 31%), acetylsalicylic acid (7; 24.1%) and warfarin (6; 20.6%). There was a 65.5% of 

female predominance, with a median age of 68.2 years; 72.4% (21) of the reports were serious 

(Table 4).  

The United Kingdom and the USA ranked first among the reporter countries (24.1%), followed by 

Germany (20.6%), Australia (10.3%), France (10.3%), Israel (3.4%), Italy (3.4%) and Sweden 

(3.4%). 

Table 5 presents the number of patients in whom potential AEs following influenza vaccination 

have been reported for the three drug categories in the I) published literature, II) VAERS, and III) 

VigiBase.   

4. Discussion 

As previously reported vaccines against influenza virus elicits an immune response that mimics the 

response to the natural disease in order to provide protection against subsequent challenges, 

including the production of cytokines such as interferon-(INF) [46]. INF, along with pro-

inflammatory cytokines such as IL-10, has been reported to reduce the activity of several CYPs 

relevant to drug metabolism both in vivo and in vitro [47-52]. This support the notion that vaccines 

against influenza may influence drug metabolism, in a small number of susceptible patients, leading 

to significant changes in serum concentrations of drugs [4-8,12,16-27]. 

This is the first study investigating the potential interactions between influenza vaccines and drugs 

used for chronic diseases in clinical practice, by assessing spontaneous reports submitted to VAERS 

and Vigibase, the largest archives on post-marketing vaccines safety. Notwithstanding the inherent 

limitations of the analysis, which are discussed below, four major findings emerged: 1) the total 
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number of reports included in our analysis is extremely low when compared to the number of doses 

of influenza virus vaccines administered worldwide each year, suggesting that this occurrence is in 

line with spontaneous events that are found in normal population [53]. However vaccines against 

influenza may influence drug metabolism only in a small number of patients susceptible to the 

effect of the vaccine on CYP 450. Moreover, the effect observed as a result of interaction is typical 

of the drugs toxicity involved in the analysis (eg myopathy for statins or haemorrhage for 

anticoagulants); it is therefore more difficult to correlate these effects with influenza vaccination 

and not just with drugs. All these factors are likely to contribute to the underreporting; 2) the 

application of standardised AEFI algorithm revealed that, in 63.8% of total reports, causality 

assessment was indeterminate (in the remaining cases was inconsistent or unclassifiable; only two 

cases revealed a consistent correlation) suggesting that the vaccine is not directly involved in the 

occurrence of AEs; 3) the application of the DIPS algorithm revealed that in just over half of total 

reports the interaction was possibile.  

In these cases, the AEs occurred within the first week after vaccine administration, i.e. the estimated 

time interval within which the vaccine may induce dysregulation of inflammatory cytokines 

(including IFNc, IL-6, IL-10) on CYPP450 regulation [4-7,26]. In cases with no causal correlation 

there was no plausible temporal relationship and/or patients had taken other drugs or had 

comorbidities (e.g., diabetes, renal impairment) potentially involved in the events of interest; 4) 

although current seasonal influenza virus vaccines possess very low reactogenicity and systemic 

effects, the inactivated, split-virus vaccine was the type of influenza virus vaccines mostly reported 

in our analysis (68 reports; 58.6%; data not provided in (41.3%), in line with literature data 

[5,8,18,19,23-25].  We discuss these aspects for each of the three classes of drugs investigated.  

4.1 Antiepileptic drugs 

The possibility of an interaction between influenza vaccine and antiepileptic drugs was previously 

suspected in a case of carbamazepine toxicity 13 days after immunisation [23]. The patient 

developed nausea, vomiting, ataxia and lethargy with an increased serum carbamazepine level. 
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Other studies carried out to clarify the risk of interaction between influenza vaccines and 

antiepileptic drugs have shown conflicting results in significant changes in serum concentrations of 

antiepileptic drugs [23-27]. Significant increases in mean serum phenytoin concentrations on days 7 

and 14 following the vaccination were not observed by Levine et al. [26]. In a subsequent study 

after seven days from vaccination, mean serum concentrations of phenytoin and phenobarbital were 

instead significantly higher than baseline [25].  

In our analysis, suspected adverse events associated with antiepileptics and influenza vaccination 

[43-45] were observed within a few days in 5.6% of AEFI reports submitted to VAERS (in which 

patients were concomitantly exsposed to antiepileptics and influenza vaccine).  

Only a minority of AEFI reports suggests however a plausible causal correlation (12.5%). The 

number of unclassified reports (6.3%), although small, suggests that making a definitive diagnosis 

was challenging and the quality of the data might have been suboptimal. Both indicate a need to 

improve the quality of reporting. A possible understimation may occur considering that a specific 

SMQ for search strategy is not available, to date. 

According to DIPS algorithm, more than half of our validated AEFI reports were categorised as 

probable (1 report, 6.2%) and possible (7 reports, 43.8%), suggesting the hypothesis of a possible 

causal relationship between the occurrence of specific AEFI related to signs and symptoms of 

antiepileptics toxicity and vaccine-drugs interaction. The TTO (7.4 days) is in line with 

aforementioned studies [23-27].  

The case-by-case analysis detected a broad spectrum of signs and symptoms related to antiepileptic 

drugs toxicity [41-43], namely nausea, vomiting, dizziness, disorientation, breathing difficulty, 

diplopia, photophobia, sweating and headache. A reduction in the absorption of vitamin D, a 

recognised dose-dependent adverse effect related to antiepileptic therapy (above all for 

carbamazepine, phenobarbital, phenytoin) was also detected in a serious report with probable 

causation for a potential drug-vaccine interaction (Table 1) [54].  



16 
 

Past vaccination against influenza in these patients had already been associated with these reactions, 

in the absence of alternative causes for these events (question 7 of the DIPS). In the analysed 

reports, there was no mention of recent therapy variation (or there was an explicit statement about 

the absence of variations); thus the immunisation represents the only likely precipitating event to 

the toxic effect of antiepileptic drugs.  

The possible interference of influenza vaccines with antiepileptic drugs metabolism was also 

supposed in a minority of reports submitted to the VigiBase in which patients manifested 

antiepileptics toxicity-related symptoms and signs (12 reports; 46.1% of total reports in which 

patients were concomitantly exsposed to antiepileptics and influenza vaccines). In all these cases, 

the reporter (clinicians in 41.6% of reports) had indicated as suspected and/or interacting both the 

influenza vaccine and the antiepileptic drugs.  

In this context it is important to point out some epidemiological aspects. Epilepsy is the commonest 

serious brain disorder in the world [55]; its prevalence is estimated in about 50 million people 

worldwide [56] and the antiepileptic drugs still represent the mainstay therapy [57]. Furthermore, a 

high number of vaccine recipients are exposed yearly to influenza vaccination. Therefore, 

considering the large cohort of patients potentially involved in our analysis, the number of reports 

we detected is very low (assuming a very low annual vaccination rate of only 1% in this cohort of 

individuals with epilepsy, the reporting rate would be of 0.00289%).  

Moreover, seasonal influenza virus infection has been associated with various neurological 

complications [58]. Infections may also interfere with drug pharmacokinetic, leading to changes in 

drug concentrations; these may be misinterpreted as a direct consequence of vaccination in patients 

in which an unreported infection would occur closely to vaccination. Based on this observation, in 

our study we considered only those cases in which there was no mention, or in which there was an 

explicit statement, about the absence of recent infections or concomitant drug changes.  

According to sporadic cross over studies and case reports [23-27] and to our analysis, it appears 

indeed reasonable to assume that the increased antiepileptic drugs toxicity as result of anti-influenza 
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vaccination represent an unlikely possibility, which does not impact on clinical practice. Further 

analyses are however needed, especially in view of the marketing of new anticonvulsivant drugs 

[59]. 

4.2 Anticoagulant drugs 

The large majority of available data on vaccines-anticoagulants interaction regards warfarin, 

although most of the published studies are not adequately powered from a statistical viewpoint [12-

14,24]. The most recent prospective case-control studies carried out to clarify the risk of interaction 

between vaccines and warfarin anticoagulation have reported conflicting results: significant 

differences in INRs and bleeding events (Table 5) [7-17]. As far as DOACs are concerned, no data 

are yet available. 

Our analysis of the VAERS database identified 74 cases of haemorrhages-related symptoms and 

signs mainly occurring in patients older than 65 years, all under warfarin treatment (corresponding 

to 3% of total hemorrhage related to influenza vaccines). The majority of ADRs were not clinically 

relevant events such as contusion, injection site haematoma and ecchymosis (only 19% of total 

reports were categorised as serious). In less than half of cases, DIPS application yielded a possible 

vaccine-drug interaction; however, in most cases it was very difficult to evaluate the crucial and 

exclusive role for the vaccine, because of patients were exposed to other concomitant medications 

including acetylsalicylic acid, lisinopril, levothyroxine, hydrochlorothiazide, clopidogrel. These 

findings make it difficult to corroborate the hypothesis of a possible interference of the influenza 

vaccines with warfarin metabolism [8,11].  

As detected in VAERS database, the haemorrhages-related symptoms and signs reported in 

Vigibase in patients exposed to warfarin and influenza vaccine (72.4%), were not clinically 

relevant; only 8 reports were categorised as serious. All events we detected are commonly reported 

by patients taking warfarin exsposed to immunisation [60] and it is most likely not a vaccine 

interaction that causes bleeding, but the vaccination itself.  
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 In 45.2% of these cases, the physician indicated as suspected or interacting both the influenza 

vaccine and warfarin; however no noteworthy event suggesting a likely vaccine-warfarin was 

detected in our analysis, i.e. significant changes in INR and or relevant bleeding events.  

Our results extend previous evidence of an unlikely interaction between the vaccination against 

influenza and warfarin (Table 5). The impact of immunisation on warfarin metabolism is difficult to 

assess because confounding factors that may lead to warfarin haemorrhages independently of 

vaccination are not detailed in the reports of VAERS and VigiBase. These range from diet, 

nutritional status to genetic factors (i.e. polymorphisms in the warfarin metabolising enzyme 

CYP2C9 and its target Vitamin K epoxide reductase) [61].  

The strength and the amount of evidence gathered, although of great mechanistic relevance, should 

not be used to alert clinicians on a potential increase in haemorrhage-related adverse events in 

patients following influenza vaccination. 

As far as direct anticoagulant drugs are concerned, we did not identify reports of haemorrhages-

related ADRs submitted to VAERs and VigiBase.  

4.3 Statins 

Minor events as myalgias or arthralgia are also commonly related to influenza vaccines use; 

however, rhabdomyolysis has not been attributed to anti-influenza vaccination in patients who had 

not been on drugs therapy. Evidence of severe muscle damage following treatment with statins and 

possibly triggered by influenza vaccination has been previously reported in sporadic case reports 

(Table 5). Of importance, the involved mechanism has not been clearly established [18-22].  

In our analysis of 209 cases of rhabdomyolysis/myopathy submitted to VAERS and related to anti-

influenza immunisation, 26 (12.4%) occurred in patients exposed to statin therapy with TTO of 8.4 

days; of these 5, cases were reported in the literature [18-22]. TTO is in line with previous studies 

reporting the occurrence of rhabdomyolysis in patients under treatment with statins within a median 

onset of 6.5 days  after vaccination [18-22]. In these cases, although the authors found no clinical or 

laboratory evidence that influenza vaccine caused myopathy, they concluded that vaccine acted as a 
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trigger for rhabdomyolysis on a background of statin therapy [18-22]. Interestingly, in 65.3% of 

cases extracted by our search, DIPS detected a possible a vaccine-statins interaction, suggesting that 

immunisation may indeed affect statins metabolism.  

Although the recorded patient history may not be fully representative of all potential sources of 

CYP interference (because of the inherent limits of spontaneous reporting system), the case-by-case 

analysis of these validated reports reported no changes having occurred in the therapy of the 

patients. These likely exclude alternative contributing causes, as patients suffered from chronic 

disorders and were exposed to stabilised therapy; this leaves the anti-influenza vaccination as the 

only known precipitating event to rhabdomyolysis.  

It must be acknowledged however that in 12 reports (46.1%), the concomitant therapy may have 

impacted on the occurrence of serious cases of rhabdomyolysis via 

pharmacokinetics/pharmacodynamics interactions; likewise predisposing conditions, such as renal 

failure and diabetes mellitus, may have increased patients’ susceptibility to vaccine-drug interaction 

(see Table 3). Moreover, several risk factors that may predispose patients to develop statin-induced 

rhabdomyolysis, including older age, hypothyroidism, hypertension and polypharmacy, were 

detected [62]. 

The association between anti influenza vaccination and rhabdomyolysis/myopathy in statin-treated 

patients is reported  in  twenty-nine reports of rhabdomyolysis/myopathy (i.e. 26.8% of total reports 

related to statins and influenza vaccination exposure) indicated statins and anti-influenza 

vaccination as the suspected or interacting agent (in 51.7%, reporters were physicians). 

Of all statins, simvastatin was the most frequently reported in cases of rhabdomyolysis/myopathy in 

both databases, in line with previous studies [18,21,22]. The mechanistic basis may be multifaceted. 

First,  simvastatin per se is generally associated with a higher incidence of muscular toxicity than 

other statins. Simvastatin is more lipophilic than other statins and thus more likely to penetrate 

muscle and induce myotoxicity [63-66]. 
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In addition, simvastatin is metabolised via CYP3A4, which may be influenced by the influenza 

vaccine, resulting in  increased statins levels, thus potentiating its muscular toxicity. 

Moreover, both IFN-γ and TNF-alpha production are strongly associated with the influenza 

vaccines. These cytokines impair the expression of the influx and efflux drug transporters (OATP) 

2B1, OATP1B1, and OATP1B3, which are important determinants of the liver detoxification 

pathway of statins [67-70]. 

In addition, inter-individual pharmacokinetic variability has been associated with OATP-1B1 

genetic polymorphisms in patients taking statins; this would explain why the toxicity discussed 

above is no systematically detected in all patients concomitantly exposed to statins and influenza 

immunisation [71]. 

Also in this context, a population perspective is needed. 

Statins are among the most popular and best-selling drugs in the USA [72]. Rhabdomyolysis, the 

most severe form of myotoxicity, can occur with all statins, either in monotherapy or in 

combination therapy, although the exact mechanism of this link is still unknown. The incidence of 

rhabdomyolysis from all causes is 1.6 per 100,000 person-years; based on FAERS data, the 

reporting rates of statin-induced rhabdomyolysis is 0.3–13.5 cases per 1,000,000 statin prescriptions 

[73]. In light of all these aspects, including sporadic case reports from the literature, the reported 

number of our validated cases is not surprising and very low considering all the individuals taking 

statins and exposed to influenza vaccines. Although data may have been underestimated and further 

studies are needed, our finding does not support the likelihood of a relevant increased toxicity of 

statin drugs in patients exposed to anti-influenza vaccination.  

4.4 Limits and Strengths 

We acknowledge inherent limitations of both the type and source of data [74]. VAERS and 

Vigibase may be subject to reporting bias, including both underreporting of AEs, especially those 

which are common or mild and stimulated reporting, which is the elevated reporting that might 
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occur in response to intense media attention and increased public awareness [75]. Therefore, both 

underestimation and overestimation may have occurred in our analysis. These were minimised in 

our analysis through a comprehensive approach by applying, where feasible, specific SMQs for 

haemorrhages and rhabdomyolysis, and in the largest databases available (VAERS and VigiBase). 

Moreover, we do not expect major distortion in reporting frequencies due to specific events.  

A strength is that from Vigibase we extracted all reports in which both influenza vaccines and drugs 

are indicated as suspected or interacting agents; thus we analysed all cases in which a likely 

vaccine-drug interaction was suspected by the reporter. A critical review of these reports, including 

the application of algorithms, however, was not carried out due to the lack of information related to 

medical history, laboratory data and current illness, which are used to assess causality.  

Quality and completeness of VAERS reports are variable and many reports lack valid medical 

diagnoses. Although the lack of complete clinical data did not allow us to assess causality with 

certainty, in the majority of reports we were unable to identify clear confounders. Moreover, 

because VAERS data do not include an unvaccinated comparison group, it is not possible to 

calculate and compare rates of adverse events in vaccinated versus unvaccinated individuals and 

determine if a vaccination is associated with an increased risk of an adverse event. Additionally 

since VAERS collects information about AEFI that occur after the administration of vaccines, it is 

not designed to evaluate adverse drug reactions triggered by immunisations. Additionally, the role 

(i.e. suspect, concomitant or interacting) of drugs reported in the Medications section is not 

provided.  

However, VAERS reports often include detailed information on vaccines given, characteristics of 

the individual vaccinated, and the adverse event itself. Because of the large and diverse population 

available to report, VAERS allows for the rapid detection of possible safety problems of newly 

licensed vaccines leading to identification of potential risk factors for particular types of AEs and 

issuing of new recommendations for existing vaccines and rare AEs [76].  
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We recognise that DIPS was not specifically developed to assess drug-vaccine interaction, thus 

complicating the final causality assessment. 

5. Conclusion 

The relative paucity of detected interactions does not impact on the benefit of the vaccination 

against influenza, which is thus to be recommended; this does not exclude that closer monitoring for 

selected patients exposed to concomitant chronic pharmacological therapies and affected by 

predisposing factors may be useful.  

6. Key issues 

• An increasing number of clinical observations indicates that vaccines against influenza may 

influence drug metabolism, leading to significant changes in serum concentrations of drugs. 

Further analyses are required to fully elucidate the clinical impact of this phenomenon. 

• The published evidence on potential interactions between influenza vaccines and drugs are 

conflicting (vitamin K anticoagulants), scant/uncertain (statins and antiepileptics) or not 

available (direct oral anticoagulants). 

• The application of standardised AEFI algorithm revealed that, in 64.6% of reports, the 

causality assessment was indeterminate suggesting that the vaccine is not directly involved 

in the occurrence of AEs. The application of the DIPS algorithm revealed that in just over 

half of total reports the interaction was possibile. 

• The relative paucity of detected interactions does not impact on the benefit of the 

vaccination against influenza, which remains strongly recommended; this does not exclude 

that closer monitoring for selected patients exposed to concomitant chronic pharmacological 

therapies and affected by predisposing factors may be useful.  

 



23 
 

Funding 

This study was supported by the Centre of Pharmacovigilance of Regione Lombardia (MEAP 

project, Monitoraggio degli Eventi Avversi nelle Popolazioni a Rischio, to EC) and by the Italian 

Ministry of Health (RC 2017 to EC). 

Declaration of interest  

The authors have no relevant affiliations or financial involvement with any organization or entity 

with a financial interest in or financial conflict with the subject matter or materials discussed in the 

manuscript. This includes employment, consultancies, honoraria, stock ownership or options, expert 

testimony, grants or patents received or pending, or royalties. Peer reviewers on this manuscript 

have no relevant financial or other relationships to disclose.  

 

Author contributions 

Carla Carnovale conceptualized and designed the study, carried out the analyses, drafted the 

manuscript, revised and approved the final manuscript as submitted. Emanuel Raschi 

conceptualized and designed the study, interpreted the data, revised the manuscript and approved 

the final manuscript as submitted. Luca Leonardi participated in the conceptualization and design of 

the study, participated in the analysis and interpretation of the data, revised the article, and approved 

the final article as submitted. Ugo Moretti participated in the conceptualization and design of the 

study, participated in the analysis and interpretation of the data, revised the article, and approved the 

final article as submitted. Fabrizio De Ponti participated in the conceptualization and design of the 

study, participated in the analysis and interpretation of the data, revised the article, and approved the 

final article as submitted. Marta Gentili participated in the analysis and interpretation of the data, 

revised the article, and approved the final article as submitted. Marco Pozzi participated in the 

analysis and interpretation of the data, revised the article, and approved the final article as 

submitted. 



24 
 

Emilio Clementi participated in the conceptualization and design of the study, participated in the 

analysis and interpretation of the data, revised the article, and approved the final article as 

submitted. Elisabetta Poluzzi conceptualization and design of the study, participated in the analysis 

and interpretation of the data, coordinated and supervised data collection, critically reviewed the 

manuscript and approved the final manuscript as submitted. Sonia Radice conceptualized and 

designed the study, participated in the analysis and interpretation of the data, coordinated and 

supervised data collection, critically reviewed the manuscript and approved the final manuscript as 

submitted.  

 

 

 



25 
 

References 

Reference annotations 

* Of interest 

** Of considerable interest 

1. http://www.who.int/mediacentre/factsheets/fs211/en/ [Accessed 2017 Mar 17]. 

2.http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6207a1.htm?s_cid=rr6207a1_w#PersonsAtRisk

MedicalComplicationsAttributableSevereInfluenza. [Accessed 2017 Mar 17]. 

3.https://www.fda.gov/downloads/biologicsbloodvaccines/vaccines/approvedproducts/ucm123694.

pdf [Accessed 2017 Sep 28]. 

4**. Pellegrino P, Perrotta C, Clementi E, et al. Vaccine-Drug Interactions: Cytokines, 

Cytochromes, and Molecular Mechanisms. Drug Saf. 2015;38:781-7. *The review explores the 

current evidence about vaccine–drug interactions and the genetic background of these events, 

suggesting that the mechanisms behind such interactions involve the effect of a number of 

inflammatory cytokines that are released after vaccination. 

5. Pellegrino P, Carnovale C, Borsadoli C, et al. Two cases of hallucination in elderly patients due 

to a probable interaction between flu immunization and tramadol. Eur J Clin Pharmacol. 

2013;69:1615-6. 

6. Pellegrino P, Clementi E, Capuano A, et al. Can vaccines interact with drug metabolism? 

Pharmacol Res. 2015;92:13-7 

7. Pellegrino P, Carnovale C, Perrone V, et al. On the possible interaction between vaccines and 

drugs. Eur J Clin Pharmacol. 2014;70:369-71. 

8. Paliani U, Filippucci E, Gresele P. Significant potentiation of anticoagulation by flu-vaccine 

during the season 2001–2002. Haematologica. 2003;599–0. 

9. Jackson ML, Nelson JC, Chen RT, et al. Vaccines and changes in coagulation parameters in 

adults on chronic warfarin therapy: a cohort study. Pharmacoepidemiol Drug Saf. 2007; 790–6. 



26 
 

10. Iorio AM, Camilloni B, Basileo M, et al. Influenza vaccination in patients on long-term 

anticoagulant therapy. Vaccine. 2006; 6624–8. 

11. Poli D, Chiarugi L, Capanni M, et al. Need of more frequent international normalized ratio 

monitoring in elderly patients on long-term anticoagulant therapy after influenza vaccination. Blood 

Coagul Fibrinolysis. 2002;13:297-0. 

12. Weibert RT, Lorentz SM, Norcross WA, et al. Effect of influenza vaccine in patients receiving 

long-term warfarin therapy. Clin Pharm.1986;5:499–503. 

13. Arnold WS, Mehta MK, Roberts JS. Influenza vaccine and anticoagulation con-trol in patients 

receiving warfarin. Br J Clin Pract. 1990;44:136–9. 

14. Raj G, Kumar R, McKinney WP. Safety of intramuscular influenza immunization among 

patients receiving long-term warfarin anticoagulation therapy. Arch Intern Med. 1995; 155:1529–

31. 

15. MacCallum P, Madhani M, Mt-Isa S, et al. Lack of effect of influenza immunisation on 

anticoagulant control in patients on long-term warfarin. Pharmacoepidemiol Drug Saf. 

2007;16:786-9. 

16. Carroll DN, Carroll DG. Fatal intracranial bleed potentially due to a warfarin and influenza 

vaccine interaction. Ann Pharmacother. 2009;43:754-60. 

17. Bussey HI, Saklad JJ. Effect of influenza vaccine on chronic warfarin therapy. Drug Intell Clin 

Pharm 1988;22:198–01.  

18. Raman KS, Chandrasekar T, Reeve RS, et al. Influenza vaccine induced rhabdomyolysis 

leading to acute renal transplant dysfunction. Nephrol Dial Transplant. 2006;21:530-1. 

19. Hamarat H, Yorulmaz G, Gönüllü EÖ, et al. Rhabdomyolysis probably induced by influenza 

vaccine and fibrate therapy. Eur J Rheumatol. 2015;2:169.  

20**. Plotkin E, Bernheim J, Ben-Chetrit S, et al. Influenza vaccine--a possible trigger of 

rhabdomyolysis induced acute renal failure due to the combined use of cerivastatin and bezafibrate. 

Nephrol Dial Transplant. 2000;15:740-1. **The Authors reported for the first time a case of 



27 
 

rhabdomyolysis due to the combined use of cerivastatin and bezafibrate in a patient concomitantly 

exposed to Influenza vaccine, suggesting that the vaccine may have acted as a trigger. 

21. Shah SV, Reddy K. Rhabdomyolysis with acute renal failure triggered by the seasonal flu 

vaccination in a patient taking simvastatin. BMJ Case Rep. 2010;pii: bcr1120092485. 

22. Callado RB, Carneiro TG, Parahyba CC, et al. Rhabdomyolysis secondary to influenza A H1N1 

vaccine resulting in acute kidney injury. Travel Med Infect Dis. 2013;130–3. 

23. Robertson W.C. Carbamazepine toxicity after influenza vaccination Pediatr Neurol. 2002;61–3. 

24. Meredith CG, Christian CD, Johnson RF, et al. Schenker Effects of influenza virus vaccine on 

hepatic drug metabolism Clin Pharmacol Ther. 1985; 396–1. 

25. Jann MW, Fidone GS. Effect of influenza vaccine on serum anticonvulsant concentrations Clin 

Pharm. 1986;817–0. 

26*. Levine M, Jones MW, Gribble M. Increased serum phenytoin concentration following 

influenza vaccination. Clin Pharm. 1984;505–9. *The Authors analysed for the first time the 

changes in phenytoin serum concentration after vaccination, strengthening the hypothesis of a likely 

interaction. 

27. Sawchuk RJ, Rector TS, Fordice JJ, et al. Effect of influenza vaccination on plasma phenytoin 

concentrations. Ther Drug Monit. 1979;285–8. 

28. Woodcock J, Behrman RE, Dal Pan GJ. Role of postmarketing surveillance in contemporary 

medicine. Annu Rev Med. 2011;62:1-10. 

29.http://www.micromedexsolutions.com/micromedex2/librarian/PFDefaultActionId/evidencexpert.

ShowDrugInteractionsResults [Accessed 2017 Mar 17]. 

30.http://www.micromedexsolutions.com/micromedex2/librarian/PFDefaultActionId/evidencexpert.

ShowDrugInteractionsResults [Accessed 2017 Mar 17]. 

31. Centers for Disease Control and Prevention. Vaccine Adverse Event Reporting System – United 

States. MMWR Morb Mortal Wkly Rep. 1990;39:730–3. 



28 
 

32. Shimabukuro TT, Nguyen M, Martin D, et al. Safety monitoring in the Vaccine Adverse Event 

Reporting System (VAERS). Vaccine. 2015; 4398-05. 

33. http://www.who.int/vaccine_safety/publications/aevi_manual.pdf [Accessed 2017 Mar 17]. 

34. Singleton JA, Lloyd JC, Mootrey GT, et al. An overview of the vaccine adverse event reporting 

system (VAERS) as a surveillance system. Vaccine. 1999;17:2908-17.  

35. Food, Drug Administration, 21CFR Part 600.80. Postmarketing reporting of adverse 

experiences. Fed Reg.1997; 52252-3. 

36. Medical Dictionary for Regulatory Activities. http://www.meddramsso.com. 

37. Lindquist M. VigiBase, the WHO global ICSR database system: basic facts. Drug Inf J. 

2008;42:409–19. 

38. Lindquist M, Edwards IR. The WHO programme for international drug monitoring, its database, 

and the technical support of the Uppsala monitoring center. J Rheumatol. 2001;28:1180–7. 

39. Guidelines for ATC Classification and DDD Assignment 2011. Oslo, Norway, WHO 

Collaborating Centre for Drug Statistics Methodology, 2010. 

40. https://www.meddra.org/standardised-meddra-queries [Accessed 2017 Mar 17]. 

41. http://www.rch.org.au/clinicalguide/guideline_index/Anticonvulsant_Poisoning/ [Accessed 

2017 Mar 17]. 

42. Spiller HA, Bosse GM. Management of Acute Anticonvulsant Overdose. CNS Drugs. 1996;6: 

113. 

43. https://www.pharma.us.novartis.com/sites/www.pharma.us.novartis.com/files/tegretol.pdf 

[Accessed 2017 Mar 17]. 

44. http://www.who.int/vaccine_safety/publications/aevi_manual.pdf. [Accessed 2017 Mar 17]. 

45. Horn JR, Hansten PD, Chan LN. Proposal for a new tool to evaluate drug interaction cases. Ann 

Pharmacother. 2007;41:674-80. 

46. Bernstein ED, Gardner EM, Abrutyn E, Gross P, Murasko DM. Cytokine production after 

influenza vaccination in a healthy elderly population. Vaccine 1998;16:1722–31. 



29 
 

47. Gorski JC, Hall SD, Becker P, Affrime MB, Cutler DL, Haehner-Daniels B. In vivo effects of 

interleukin-10 on human cytochrome P450 activity. Clin Pharmacol Ther 2000;67:32–43.  

48. Abdel-Razzak Z, Loyer P, Fautrel A, Gautier JC, Corcos L, Turlin B, et al. Cytokines down-

regulate expression of major cytochrome P-450 enzymes in adult human hepatocytes in primary 

culture. Mol Pharmacol 1993;44: 707–15. 

49. Abdel-Razzak Z, Corcos L, Fautrel A, Campion JP, Guillouzo A. Transforming growth factor-

beta 1 down-regulates basal and polycyclic aromatic hydrocarbon-induced cytochromes P-450 1A1 

and 1A2 in adult human hepatocytes in primary culture. Mol Pharmacol 1994;46:1100–10 

50. Clark MA, Bing BA, Gottschall PE, Williams JF. Differential effect of cytokines on the 

phenobarbital or 3-methylcholanthrene induction of P450 mediated monooxygenase activity in 

cultured rat hepatocytes. Biochem Pharmacol 1995;49:97–104.  

51. Renton KW. Regulation of drug metabolism and disposition during inflammation and infection. 

Expert Opin Drug Metab Toxicol 2005;1:629–40. 

52.Hayney MS, Muller D. Effect of influenza immunization on CYP3A4 activity in vivo. J Clin 

Pharmacol. 2003;43(12): 1377–81. 

53. Palache A, Oriol-Mathieu V, Fino M, et al. Influenza Vaccine Supply task force (IFPMA IVS). 

Seasonal influenza vaccine dose distribution in 195 countries (2004-2013): Little progress in 

estimated global vaccination coverage. Vaccine. 2015;33:5598-05. 

54. Pack AM. The association between antiepileptic drugs and bone disease. Epilepsy Curr. 2003; 

3: 91–5. 

55. Sarco DP, Bourgeois BF. The safety and tolerability of newer antiepileptic drugs in children and 

adolescents. CNS Drugs. 2010;24:399-0.  

56. World Health Organization. Mental health [online]. Available from URL: 

http://www.who.int/mental_health/neurology/epilepsy/en/ [Accessed 2017 Sep 28]. 

57. Tsiropoulos I, Gichangi A, Andersen M, et al. Trends in utilization of antiepileptic drugs in 

Denmark. Acta Neurol Scand. 2006;113:405-11. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarco%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=20192278
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bourgeois%20BF%5BAuthor%5D&cauthor=true&cauthor_uid=20192278
https://www.ncbi.nlm.nih.gov/pubmed/20192278
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsiropoulos%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16674607
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gichangi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16674607
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16674607
https://www.ncbi.nlm.nih.gov/pubmed/16674607


30 
 

58. Maricich SM, Neul JL, Lotze TE, et al. Neurologic complications associated with influenza A in 

children during the 2003-2004 influenza season in. Pediatrics. 2004;114:626–33 

59. V. Franco, F. Crema, A. Iudice, et al. Novel treatment options for epilepsy: focus on perampanel 

Pharmacol Res; 2013, 70:35-40. 

60. 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/635921/Inactivated_i

nfluenza_vaccine_information_for_healthcare_practitioners.pdf. [Accessed 2017 Sep 28]. 

61. Aithal GP, Day CP, Kesteven PJ, et al. Association of polymorphisms in thecytochrome P450 

CYP2C9 with warfarin dose requirement and risk of bleedingcomplications. Lancet. 1999;353:717–

9. 

62. Antons KA, Williams CD, Baker SK, et al. Clinical perspectives of statin-induced 

rhabdomyolysis. Am J Med. 2006;119:400–9. 

63*. Dalakas MC. Toxic and drug-induced myopathies. J Neurol Neurosurg Psychiatry. 

2009;80:832-8. *This review provides an update on the drugs with well-documented myocytoxicity 

and highlights the clinical features and pathomechanisms of drug-induced muscle disease; 

moreover, it offers guidance on how best to treat and distinguish toxic myopathies from other 

acquired or hereditary muscle disorders. 

64. Joshi HN. Differentiation of 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors by 

their relative lipophilicity. Pharm. Pharmacol. Commun. 1999;5:269-271. 

65*. Thompson PD, Clarkson P, Karas RH. Statin-associated myopathy; JAMA. 2003;289:1681–

90; 56. Baer AN, Wortmann RL. Myotoxicity associated with lipid-lowering drugs. Curr Opin 

Rheumatol. 2007;19:67–73. * This review provides a clinical summary of statin-associated 

myopathy and discuss possible underlying mechanisms. 

66. Backes JM, Howard PA, Ruisinger JF, et al. Does simvastatin cause more myotoxicity 

compared with other statins? Ann Pharmacother. 2009;43:2012-20. 



31 
 

67*. Le Vee M, Jouan E, Moreau A, et al. Regulation of drug transporter mRNA expression by 

interferon-γ in primary human hepatocytes. Fundam Clin Pharmacol. 2011;25:99-103. *The study 

analyzed the effects of IFN-c on expression of both solute carrier (SLC) and ATP-binding cassette 

(ABC) drug transporters in primary human hepatocytes, indicating that exposure to IFN-c 

downregulates mRNA expression of most of human hepatic drug transporters, which may 

contribute to impaired pharmacokinetics of drugs administrated to patients suffering from 

inflammation or viral infections associated with increased secretion of IFN- c. 

68. Le Vee M. Regulation of drug transporter expression in human hepatocytes exposed to the 

proinflammatory cytokines tumor necrosis factor-alpha or interleukin-6. Drug Metab Dispos. 

2009;37:685-93. 

69. Lopez-Ramirez MA, Kingsley Male D, Wang C, et al. Cytokine-induced changes in the gene 

expression profile of a human cerebral microvascular endothelial cell-line, hCMEC/D3. Fluids and 

Barriers of the CNS. 2013;10:27. 

70. Grube M, Köck K, Oswald S, et al. Organic anion transporting polypeptide 2B1 is a high-

affinity transporter for atorvastatin and is expressed in the human heart. Clin Pharmacol Ther. 2006; 

607-20. 

71. Romaine SPR, Bailey KM, Hall AS, et al. The influence of SLCO1B1 (OATP1B1) gene 

polymorphisms on response to statin therapy. The Pharmacogenomics Journal. 2010;10:1–11. 

72. Craig W. Lindsley. The Top Prescription Drugs of 2011 in the United States: Antipsychotics 

and Antidepressants Once Again Lead CNS Therapeutics. ACS Chem Neurosci. 2012; 3: 630–1.  

73. Davidson MH, Clark JA, Glass LM, et al. Statin safety: an appraisal from the adverse event 

reporting system. Am J Cardiol. 2006 ; 97:32-43. 

74. Iskander JK, Miller ER, Chen RT. The role of the Vaccine Adverse Event Reporting system 

(VAERS) in monitoring vaccine safety. Pediatr Ann. 2004;33:599-06. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindsley%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=22896807
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3419448/


32 
 

75. Vellozzi C, Broder KR, Haber P, et al. Adverse events following influenza A (H1N1) 2009 

monovalent vaccines reported to the Vaccine Adverse Event Reporting System, United States, 

October 1,2009–January 31, 2010. Vaccine. 2010;28:7248-55. 

76. Singleton JA, Lloyd JC, Mootrey GT, et al. An overview of the vaccine adverse event reporting 

system (VAERS) as a surveillance system. VAERS Working Group. Vaccine 1999;17:2908-17. 


