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a b s t r a c t Vaccines can cause adverse reactions (AR), i.e. adverse events following immunization (AEFIs) due to the vaccine, such as local reactions or fever. In addition, live attenuated vaccines which replicate in vaccinees can cause disease-speciﬁc AR, e.g. measles-like rash following measles vaccination. However, nonlive vaccines because they are inactivated and they do not replicate in vaccinees, are not likely to cause disease-speciﬁc AR. The aim of the study was to assess whether safety signals could be generated by an undescribed bias in spontaneous reporting of disease-speciﬁc AEFIs with nonlive vaccines. All AEFIs of Sanoﬁ Pasteur MSD vaccines spontaneously reported in France from January 2000 to June 2010, coded according to MedDRA terms and collected in the company’s pharmacovigilance database were analyzed. Vaccine-event pairs of interest were selected a priori. The disproportionality reporting rate methodology was used, comparing the proportion of a given event reported following a given vaccine to its proportion reported following all other studied vaccines. The Reporting Odds Ratio (ROR) was used for signals detection for each vaccine-event pair selected. A total of 33,275 AEFIs were analyzed. The calculated ROR showed a statistically disproportionate reporting rate and generated false safety signals for almost all the pairs tested. Three nonlive vaccine pairs were striking: gynaecological symptoms and the quadrivalent human papillomavirus (qHPV) vaccine; trismus and tetanus vaccines; hepatobiliary disorders and hepatitis B vaccines. In conclusion we have identiﬁed a new vaccine AE spontaneous reporting bias: “disease-speciﬁc adverse events following nonlive vaccines”, showing that vaccinees and healthcare professionals tend to report preferentially the symptoms of the disease against which the nonlive vaccine was administered. We suggest that bias is subordinate to a paradoxical placebo effect and/or a nocebo phenomenon. © 2011 Elsevier Ltd. All rights reserved.



1. Introduction Since the inception of vaccination, it has been recognized that adverse events following immunization (AEFIs) will occur. Adverse reactions (ARs) are AEFIs causally related to the vaccines. Most ARs following vaccination tend to be minor, are predictable and are not speciﬁc to a given vaccine. They are linked to the inﬂammatory response at the injection site, sore arm, redness or minor swelling, and involve low-grade fever, headache and dizziness at the systemic level [1]. In addition, speciﬁc ARs following particular vaccines can occur in relation to either the antigen or the nonantigen components. Allergic reactions due to nonantigen components are the most frequent vaccine-speciﬁc ARs, such as the allergic reaction due to the gelatin used as stabilizer in diphtheria–tetanus–pertussis and MMR vaccines in Japan
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[2]. Disease-speciﬁc ARs following live attenuated vaccines can also occur, e.g. measles-like rash following measles immunization. These ARs are disease-speciﬁc because they are indistinguishable (except, perhaps, in severity) from the symptoms of the disease against which the vaccine is being administered and are due to the replication and residual pathogenicity of the attenuated live microorganism [3,4]. On the other hand, the antigens contained in nonlive vaccines which are proteins, sugars, toxoids or killed whole microorganisms are inactivated and do not replicate in vaccinees. Excluding antigen inactivation failures, these antigens are thus unlikely to cause the symptoms of the disease for which the vaccine is being administered, i.e. disease-speciﬁc ARs. Most vaccine postlicensure surveillance systems are based on the passive spontaneous reporting to health authorities and/or vaccine manufacturers of AEFIs suspected by health care professionals of being vaccine reactions [5]. The primary objective of spontaneous AEFIs reporting is to provide early warning of hazards, “signals”, that were not recognized prior to the marketing of the vaccine because of intrinsic limitations in clinical trials. To identify such
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signals, various data mining strategies in large databases of spontaneous AEFI reports are used, based on the disproportionality of the reporting rate of a given event with a given vaccine compared to other events and other vaccines [6]. Postlicensure safety evaluation of vaccines is critical and speciﬁc in comparison with other medical interventions, as vaccines are administered to healthy people. Because of this “healthy effect”, the question of a causal relationship with the vaccine is automatically raised when an individual experiences an AEFI. We hypothesized that, for psychological reasons, vaccinees and healthcare providers might overreport the symptoms of the diseases against which nonlive vaccines are being administered. Therefore, the objective of our study was to assess whether safety signals could be generated as a result of a bias in the spontaneous reporting of disease-speciﬁc AEFIs with nonlive vaccines. 2. Methods 2.1. Pharmacovigilance database All AEFIs of Sanoﬁ Pasteur MSD vaccines spontaneously reported from January 2000 to June 2010 by healthcare professionals and collected in the Sanoﬁ Pasteur MSD pharmacovigilance database in accordance with regulatory requirements were used. Reported AEFIs were coded according to MedDRA terms organized into ﬁve levels, including System Organ Class (SOC), High Level Group Terms (HLGTs), High Level Terms (HLTs), Preferred Terms (PTs), and Low Level Terms (LLTs). A spontaneous report could result in one or more AEFIs. Vaccine-AEFI pairs of interest were selected a priori, e.g. hepatobiliary disorders or increased transaminases and hepatitis B vaccine. 2.2. Study design All spontaneous, serious and nonserious, AEFIs reported from 2000 to 2010 in France in both males and females of all ages were included. Vaccine failures, local reactions and AEFIs reported in the literature or in the clinical trials were excluded. Vaccine failure was deﬁned according to the details provided by the health professional who reported the AEFIs. Vaccines were pooled according to the antigen contained, e.g. noncombined hepatitis A vaccine and hepatitis A + typhoid combination vaccine. Speciﬁc SOCs, PTs or LLTs describing similar adverse events (AEs) to the infections/diseases which the inactivated vaccines are intended to prevent were selected. Pairs of interest were (Table 1): (i) hepatitis A and B vaccines/hepatobiliary disorders and increased transaminases; (ii) qHPV vaccine/reproductive system and breast disorders; (iii) meningococcal vaccine/nervous system disorders and meningeal syndrome; (iv) inﬂuenza vaccines/respiratory, thoracic and mediastinal disorders; (v) pneumococcal vaccine/respiratory, thoracic and mediastinal disorders; (vi) typhoid vaccine/gastrointestinal disorders; (vii) tetanus vaccines/musculoskeletal and connective tissue disorders and trismus/jaw pain; (viii) inactivated poliomyelitis vaccine (IPV)/musculoskeletal and connective tissue disorders and (ix) rabies vaccine/nervous system disorders. The role of the brand name of the noncombined and combination vaccines was also assessed for tetanus toxoid and IPV. Two positive controls were tested: (i) the MMR and varicella vaccines/skin and subcutaneous tissue disorders (rashes) pairs, given that these live attenuated vaccines are known to induce these disease-speciﬁc AEFIs [4,7]; (ii) the hepatitis B vaccine/nervous system disorders pair to detect the bias



of notoriety associated with the multiple sclerosis and hepatitis B vaccine scare in France. Actually this fear has lasted since 1994 despite the absence of evidence of a causal relationship between hepatitis B vaccination and multiple sclerosis [8]. Latency of spontaneously reported “reproductive system and breast disorder” AEFIs of qHPV vaccine was described.



2.3. Statistical analysis The Reporting Odds Ratio (ROR) was used [6,9]. The proportion of the disease-speciﬁc AEFI for a given vaccine-AEFI pair was compared with the proportion of that AEFI reported after all other studied vaccines using Fischer’s exact test. For AEFIs reported with the qHPV vaccine and the control groups, the analysis was restricted to AEFIs reported for girls aged 14–23 years according to the French recommendations of immunization [10]. The strength of the association and its statistical signiﬁcance were assessed using odds ratio (OR) and 95% conﬁdence intervals (CIs). All statistical analyses were performed using R software (version 2.11.1).



3. Results A total of 33,275 AEFIs from France collected in the Sanoﬁ Pasteur MSD database from January 2000 to June 2010 were analyzed. According to the International Conference on Harmonisation E2A guideline (ICH E2A, Clinical safety data management: deﬁnitions of standards for safety reporting, section 2B), 67% of cases were nonserious, 33% were serious. The overall AEFIs reporting rate was 2.0 per 10,000 doses distributed for the vaccines studied, ranging from 0.7 (ﬂu vaccine) to 20.9 (rabies vaccine). The proportions of AEFIs of interest for each vaccine are presented in Table 1. Musculoskeletal and connective tissue disorders, nervous system disorders and skin and subcutaneous disorders were the most commonly reported symptoms. The proportions of hepatobiliary disorders, increased transaminases and trismus and jaw pain were equal to or less than 1% for all vaccines. Gastrointestinal disorders were reported with a same range of magnitude for all vaccines (from 3.3% to 10.4%). Musculoskeletal and connective tissue disorders were more frequently reported following hepatitis B, hepatitis A, typhoid, IPV and noncombined tetanus vaccines. Meningeal syndromes were essentially reported following meningococcal vaccinate, and nervous system disorders following hepatitis B vaccine. Respiratory, thoracic and mediastinal disorders were more frequently reported following inﬂuenza and pneumococcal vaccines, and skin disorders or rashes following MMR and varicella vaccines. Only 4 AEFIs (0.2%) of reproductive system and breast disorders were reported following non qHPV vaccines whereas 86 (2.8%) were reported following qHPV vaccine. Comparison of speciﬁc AEFI rates per vaccine with those of all other vaccines shows a statistically disproportionate reporting for almost all the pairs tested (Table 2). The control pairs provided the expected results. Skin and subcutaneous disorders and skin rashes were signiﬁcantly associated with varicella vaccine (OR = 5.3; 95%CI [3.5–7.8]) and MMR vaccines (OR = 3.6 (95%CI [2.9–4.3]). Nervous system disorders were signiﬁcantly more reported following hepatitis B vaccines compared to all other vaccines (OR = 2.8; 95%CI [2.6–3.0]), for France but not for other European countries. Indeed, the comparison of this disproportionality reporting between France and all other European countries revealed an OR equal to 1.4 (95%CI [1.3–1.6]).
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Table 1 Distribution of the proportion of disease-speciﬁc AEFIs reported per tested vaccine groups. Reported adverse events



Vaccines Hepatitis Bb N = 5344



Hepatitis Ab N = 352



Meningococcal N = 562



Pneumococcal N = 1023



Inﬂuenzab N = 4405



Typhoid N = 1001



Rabies N = 288



qHPVc N = 3521



16 (4.5) 4 (1.1) 3 (0.9) 56 (15.9) 43 (12.2) 16 (4.5) 0 3 (0.9) 17 (4.8) 3 (0.9) 0



38 (6.8) 2 (0.4) 0 57 (10.1) 95 (16.9) 77 (13.7) 0 11 (2.0) 44 (7.8) 10 (1.8) 0



34 (3.3) 1 (0.1) 0 94 (9.2) 54 (5.3) 38 (3.7) 1 (0.1) 43 (4.2) 72 (7.0) 12 (1.2) 0



224 (5.1) 18 (0.4) 7 (0.2) 429 (9.7) 535 (12.1) 239 (5.4) 2 (< 0.1) 180 (4.1) 393 (8.9) 72 (1.6) 0



71 (7.1) 8 (0.8) 7 (0.7) 155 (15.5) 148 (14.8) 65 (6.5) 0 9 (0.9) 57 (5.7) 9 (0.9) 0



30 (10.4) 4 (1.4) 3 (1.0) 32 (11.1) 38 (13.2) 34 (11.8) 0 8 (2.8) 21 (7.3) 8 (2.8) 0



243 (6.9) 20 (0.6) 5 (0.1) 263 (7.5) 461 (13.1) 226 (6.4) 2 (0.1) 75 (2.1) 292 (8.3) 50 (1.4) 86 (2.8)



N (%) Gastrointestinal disorders Hepatobiliary disorders Increased transaminases Musculoskeletal and connective tissue disorders Nervous system disorders Meningeal syndrome Trismus and jaw pain Respiratory, thoracic and mediastinal disorders Skin and subcutaneous tissue disorders Rashes Reproductive system and breast disordersa Reported adverse events



239 (4.5) 36 (0.7) 20 (0.4) 950 (17.8) 1551 (29.0) 189 (3.6) 1 (< 0.1) 70 (1.3) 332 (6.2) 80 (1.5) 1 (0.2) Vaccines Tetanusd N = 1015



Tetanusb N = 14,957



IPVe , d N = 157



IPVe , b N = 13,931



Varicella N = 283



MMRb N = 1858



Totalf N = 33,275



667 (4.5) 36 (0.2) 19 (0.1) 1428 (9.5) 2082 (13.9) 706 (4.7) 11 (0.1) 310 (2.1) 1728 (11.6) 381 (2.5) 1 (0.1)



8 (5.1) 0 0 32 (20.4) 23 (14.6) 10 (6.4) 0 5 (3.2) 17 (10.8) 1 (0.6) 0



625 (4.5) 31 (0.2) 17 (0.1) 1204 (8.6) 1952 (14.0) 670 (4.8) 6 ( 
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