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Abstract

Introduction Hepatitis B (HB) vaccination programs were

set up worldwide in the early 1990s. Despite their major

focus on reducing the burden of HB infection, they have

seldom achieved the targeted population coverage in most

countries, including the USA, with around 24.5% of adults

being vaccinated against HB. Among proposed reasons for

this is the persisting doubt about a possible link between

HB vaccination and the occurrence of cases of multiple

sclerosis (MS).

Objective Our objective was to evaluate a potential safety

signal between MS and HB vaccination. We conducted a

disproportionality analysis (DPA) using the cases reported

to the Vaccine Adverse Event Reporting System (VAERS).

Methods We calculated the proportional reporting rate

(PRR) and reporting odds ratio (ROR) of MS having

occurred within the 120 days following HB immunization

in adults aged 19–49 years when compared with other

vaccines using the reports recorded in the VAERS data-

base. Both ratios were estimated globally and then

according to the origin of reports (USA vs. non-USA). We

then performed a sensitivity analysis using a broader cat-

egory of demyelinating events.

Findings MS cases following HB vaccination were more

likely to originate from outside the USA and to be reported

before 2000 than those associated with other immuniza-

tions. All computed ratios were found to be statistically

significant, with PRRs ranging from 3.48 to 5.56 and RORs

ranging from 3.48 to 5.62. When considering the geo-

graphical origin, similar RORs were obtained for both US

and non-US cases.

Conclusion In VAERS, MS cases were up to five times

more likely to be reported after an HB vaccination than

after any other vaccination. Since DPA is mainly suited for

hypothesis generation, further studies evaluating the nature

of the link between MS and HB vaccination would be of

considerable importance.

Key Points

Multiple sclerosis (MS) cases were up to five times

more likely to be reported after a hepatitis B (HB)

vaccination than after any other vaccination.

Origin of the cases (USA or non-USA) did not

influence these findings.

Further studies evaluating the nature of the link

between MS and HB vaccination would be of

considerable importance.

1 Introduction

Infection by the hepatitis B (HB) virus can lead to serious

lifelong liver damage such as acute, chronic, and fulminant

hepatitis or hepatocellular carcinoma, for which HB virus
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is the established leading cause worldwide [1]. Vaccines to

prevent HB virus infection have been developed since 1976

[2], with the first approved in the USA in 1981 [3]; 10 years

later, the World Health Organization encouraged universal

mass vaccination campaigns tailored according to the

prevalence of HB antigen carriers in the geographical zone

considered. Therefore, several vaccination strategies were

proposed (targeting infants, children, adolescents, or high-

risk adults), possibly combined for greater efficiency [4].

Despite their major focus on reducing the burden of HB

infection and its complications, notably hepatocellular

carcinoma, they have not achieved the targeted population

coverage in most developed countries, including the USA,

where the vaccination coverage has tended to stagnate at

around 24.5% in adults [5]. Among the reasons proposed

for this is the persisting doubt about a possible link

between this vaccination and the occurrence of cases of

central demyelinating diseases, notably multiple sclerosis

(MS). MS is an autoimmune central demyelinating disease

generally appearing after the age of 15 years with an

incidence peak at 30 years. It is clearly more prevalent in

women and in highly developed Northern European

countries [6]. According to a report from the Multiple

Sclerosis International Federation, the worldwide preva-

lence of MS is increasing and was estimated to be 33 per

1,00,000 inhabitants in 2013 [7], with large geographical

variations (North America and Europe exceeding 100 per

100,000 inhabitants) [8]. The possibility of either a coin-

cidental or causal association between HB vaccine and

reports of MS was raised in the early 1990s, mainly after

massive exposure of the French adult population to the

vaccine [9]. A total of 53 million doses of HB vaccine were

sold in France for a total population of 60 million inhabi-

tants between 1994 and 1996, with 21.6 million to vacci-

nees aged 20–44 years. This unprecedented exposure of an

adult population at an age prone to developing demyeli-

nating diseases led to a pharmacovigilance alert, with 636

cases reported until 31 December 1999 [10]. In addition,

cases of central and peripheral demyelination were repor-

ted worldwide in a close temporal relationship following

the administration of HB vaccine [11–25]. In 2002, the US

Immunization Safety Review Committee acknowledged

there was weak evidence for biological mechanisms by

which HB vaccination could possibly influence an indi-

vidual’s risk of the central or peripheral nervous system

disorders of MS, first episode of central demyelinating

diseases, acute disseminated encephalomyelitis (ADEM),

optic neuritis, transverse myelitis, Guillain-Barré Syn-

drome (GBS), or brachial neuritis [26]. To our knowledge,

12 epidemiological studies have been conducted so far to

evaluate the potential risk of central demyelination fol-

lowing immunization against HB [27–38]. Most were

inconclusive, except one nested case–control study

conducted within the General Practice Research Database

(GPRD), which reported a significant odds ratio (OR) of

3.1 (95% confidence interval [CI] 1.5–6.3) for MS fol-

lowing anti-HB vaccination within 3 years preceding the

index date compared with no vaccination [30]. In a recent

nested case–control study using the Kaiser Permanente

Southern California (KPSC) database [32], vaccination of

any type (either HB vaccine or human papillomavirus

vaccination) was associated with an increased risk of

acquired central nervous system demyelinating syndromes

within the first 30 days after vaccination only in individuals

aged \50 years (OR 2.32; 95% CI 1.18–4.57). Unfortu-

nately, this study was insufficiently powered to detect a

potential risk with HB vaccination only. The exposure of

adults to vaccination was rather infrequent, with only 3.3%

of controls and 4.0% of cases receiving any HB-containing

vaccine in the 3 years before the index date or symptom

onset. To evaluate a potential safety signal between MS

and HB vaccination, we conducted a disproportionality

analysis (DPA) using the cases reported in the Vaccine

Adverse Event Reporting System (VAERS) database.

2 Methods

2.1 Data Source

VAERS is a national vaccine safety surveillance program

that collects information about adverse events having

occurred after the administration of vaccines licensed for

use in the USA. It provides a nationwide mechanism by

which adverse events following immunization may be

reported, analysed, and made available to the public.

VAERS has demonstrated its public health importance by

providing health scientists with signals about possible

adverse events following immunization. For instance,

VAERS enabled the detection of intussusception exceeding

what would be expected to occur by chance alone after the

launch of the first US licensed rotavirus vaccine (Ro-

taShield; Wyeth Laboratories, Madison, NJ, USA) in 1998

[39]. Epidemiologic studies thereafter confirmed this

increased risk [40, 41], and these data contributed to

removal of the product from the US market. In another

example, the analysis of VAERS data indicated there might

be a small increase in the risk of GBS after the meningo-

coccal (groups A, C, Y, and W-135) polysaccharide diph-

theria toxoid 4 conjugate vaccine (Menactra; Sanofi

Pasteur Inc., Swiftwater, PA, USA) [42]. Because of this

finding, a history of GBS became a contraindication to the

vaccine, and further controlled studies researching this

issue are ongoing [43, 44]. VAERS receives around 30,000

reports annually, with 13% classified as serious (i.e.,

associated with disability, hospitalization, life-threatening
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illness, or death). Since 1990, VAERS has received over

2,00,000 reports, most consisting of non-serious symptoms,

such as fever [33]. For the present study, the period from

VAERS inception (i.e., cases occurring before 1980) to 26

August 2017 (last date of data extraction) was considered

for analysis.

2.2 Study Objectives

The primary objective of the present study was to estimate

the proportional reporting rate (PRR) and reporting odds

ratio (ROR) of MS having occurred within the 120 days

following HB vaccination for adults aged 19–49 years

when compared with other vaccines using the reports

recorded in the VAERS database.

2.3 Study Population

Cases were defined as reports of MS following immu-

nization with vaccines containing an HB antigen and reg-

istered in the VAERS database since the implementation of

vaccination programs against HB.

Non-cases were defined as reports of any event other

than MS following immunization with vaccines containing

an HB antigen and registered in the VAERS database.

The reference group included ‘‘other vaccines cases’’

(i.e., reports of MS following immunization with any

vaccine other than HB vaccine) and ‘‘other vaccines non-

cases’’ (i.e. reports of any event different to MS following

immunization with any vaccine other than HB vaccine).

Only cases and non-cases aged between 19 and 49 years

at the date of the event occurrence were considered. This

age category was retained as it represents the life period at

risk for developing MS according to, among others, the US

National MS Society [45].

2.4 Vaccine Exposure

Six different categories, including five multivalent vacci-

nes, were found in VAERS for vaccines containing an HB

antigen (see Table 1 in the Electronic Supplementary

Material [ESM]). Only events occurring within 120 days

after injection of one dose were considered. HB vaccines

induce specific humoral antibodies against HB surface

antigens protective against the HB infection (anti-HBs titer

[10 IU/l) within 1 month after injection and then HB

vaccine-induced antibody levels wane over time [46].

Focusing on this short period (0–120 days) allowed us to

‘‘maximize’’ the chance of observing a true pharmacovig-

ilance signal by considering the period at the highest risk.

In addition, considering events that occurred several years

after vaccine administration makes the causal relationship

questionable. As information contained in the VAERS

database did not allow an extensive control for potential

confounders (other vaccines or drug exposures, medical

history, etc.), we decided to focus on events occurring

within a short time window after vaccine exposure.

2.5 Outcomes of Interest

Primary outcomes included the following events: MS,

progressive MS, progressive-relapsing MS, and relapsing-

remitting MS. As diagnosis of MS requires at least one

attack (often two considered) and one magnetic resonance

imaging (MRI)-detectable clinical lesion [47], it requires a

significant duration of observation to be valid. Conse-

quently, a sensitivity analysis was performed by excluding

cases diagnosed within 9 days after the injection. In addi-

tion, a sensitivity analysis was performed using a broader

category of demyelinating diseases, including ADEM,

demyelination, clinically isolated syndrome (CIS), MS,

myelitis transverse, neuromyelitis optica (NMO), NMO

spectrum disorder, progressive MS, progressive-relapsing

MS, relapsing-remitting MS, nervous system disorder,

neurological examination abnormal, and neurological

symptom.

MS relapse was excluded from the events of interest,

given that the present analysis focused on the occurrence of

a first episode of MS or central demyelination. Corre-

sponding codes used in VAERS are detailed in Table 2 in

the ESM.

2.6 Data Analysis

We first conducted a descriptive analysis of MS cases per

vaccination type (HB vs. any other vaccines) before cal-

culating any ratios (PRR or ROR). The distribution of cases

per the following age categories (18–29, 30–39, and

40–49 years) and per sex was documented. The geo-

graphical location of cases, either American, non-US, or

unknown, was also described. VAERS also receives reports

from US manufacturers that are transmitted by their foreign

subsidiaries. Indeed, US FDA regulations require any

manufacturer notified of a foreign case report related to an

event that is both serious and unexpected to submit it to

VAERS. Time to onset between immunization and the

event of interest, in addition to the year of vaccination,

were also detailed. To conduct such analyses, VAERS data

extracts were obtained through the CDC WONDER (Wide-

ranging Online Data for Epidemiologic Research), which is

an easy-to-use, menu-driven system requiring no computer

expertise or special software. ‘N-1’ Chi-squared tests were

used to compare proportions for each descriptive variable

per group (i.e., MS cases following HB vaccination vs.

those following any other vaccination).
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As DPA represents the primary class of analytic meth-

ods for analyzing data from spontaneous reporting systems

(SRSs) from a drug safety surveillance perspective [48], we

conducted such an analysis using a two-by-two contin-

gency table. The latter was populated with the ‘‘HB cases’’

(i.e., reports of MS following immunization with any

vaccine containing an HB antigen), the HB non-cases (i.e.,

reports of any event other than MS following immunization

with any vaccine containing an HB antigen), the ‘‘other

vaccines cases’’ (i.e., reports of MS following immuniza-

tion with any vaccines other than HB vaccine), and the

‘‘other vaccines non-cases’’ (i.e., reports of any event dif-

ferent to MS following immunization with any vaccines

other than HB vaccine). Results were expressed as PRR

and ROR according to the following formulas:

PRR ¼ a=e� c=f and ROR ¼ ad=bc;

where a is the number of MS cases following HB vacci-

nation, b is the number of non-MS cases following HB

vaccination, c is the number of MS cases following other

vaccination (non-HB), d is the number of non-MS cases

following other vaccination (non-HB), e is the total of

cases (MS and non-MS) following HB vaccination, and f is

the total of cases (MS and non-MS) following other vac-

cination (non-HB).

These ratios were provided with their 95% CIs. Both

measures (PRR and ROR) have been shown to be impor-

tant for assessing potential signals in SRSs [49]. Ratios

were estimated globally and then by region (USA vs. non-

USA). Events associated with an ‘‘unknown’’ vaccine were

excluded from the present analysis. As recommended by

Evans et al. [50], Chi-squared tests with Yates’s correction

were estimated for PRR. In addition, sensitivity analyses

using a broader category of demyelinating events (e.g.,

ADEM, NMO, etc.) or excluding cases occuring within

0–9 days after vaccine injection were conducted. A sensi-

tivity analysis per vaccine type (multivalent vs. single HB

vaccine) was planned.

3 Results

3.1 Descriptive Overview of Cases

No significant difference was observed between MS cases

following HB vaccination and those following another

vaccination, except for the geographical origin and the

years of vaccination. MS cases following HB vaccination

were more likely to originate from outside of the USA and

less likely to be American cases than MS cases following

any other immunization. In addition, MS cases following

HB vaccination were more likely to be reported before

2000, whereas MS cases following any other vaccination

were more frequently reported after 2000. For further

details, refer to Table 1.

3.2 Disproportionality Analysis

All computed ratios (both PRR and ROR) were above the

classic cut-off value of 2 (routinely used to identify signals

[50, 51]) and were found to be statistically significant.

ROR ranged from 3.48 to 5.62, with 95% CIs not over-

lapping 1; PRR gave very similar estimates (ranging from

3.48 to 5.56), with Chi-squared tests[4. Both ratios were

concordant. It should also be noted that ratios were similar

regardless of their geographical origin (USA or non-USA)

(Table 2). The sensitivity analysis that excluded the MS

cases occurring within 9 days after injection of one dose

led to higher ratios, with ROR 7.02 (95% CI 5.33–9.25)

and PRR 7.01 (p\0.05) for all regions combined (USA,

non-USA, and unknown).

Sensitivity analyses using a broader category of

demyelinating events found different patterns (Table 3).

When considering all regions (USA, non-USA, and

unknown), lower but still statistically significant estimates

were observed for both PRR and ROR. Moreover, both

estimates remained above the threshold of 2 considered for

a signal generation. However, when considering each

region separately, PRR and ROR for cases of foreign origin

were still above this cut-off of 2, whereas the ROR and

PRR for US cases remained under this threshold. In other

words, the frequency of the reports seemed lower for these

less specific events than for MS after an anti-HB immu-

nization, at least for cases originating from USA.

No sensitivity analysis per vaccine type (multivalent vs.

single HB vaccine) was carried out as most cases (n = 163

[90.6%]) were reported after a monovalent HB vaccine.

4 Discussion

The main finding of this DPA in the VAERS database is

that cases of MS were reported significantly more after HB

vaccination than after any other vaccination. As recom-

mended by the European Medicines Agency (EMA) in

their guideline on statistical signal-detection methods [51],

PRRs with more than three individual cases, being C 2, and

having a Chi-squared test C 4 should be considered a

potential signal. For ROR, a cut-off value of 2 with a lower

bound of the CI at 95% CI[1 is routinely used to identify

signals [50, 51]. Although DPA is mainly suited for

hypothesis generation and not for causal inference, all our

ratios met these requirements, and the sensitivity analysis

did not alter the global conclusion. Surprisingly, the mag-

nitude of ROR and PRR was congruent across US and non-

US cases, at least for the primary analysis. This would
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mean that the disproportionality was still significant

regardless of the geographic origin of cases, in conflict with

the common belief that a putative link between HB and MS

is solely a European, if not French, debate. As the safety

profile of a vaccine may differ substantially within the

target population, estimates of disproportionality in our

Table 1 Descriptive analysis of MS cases reported to VAERS per vaccination type (HB versus any other vaccine)

MS cases following HB vaccination MS cases following any vaccination (except HB) p value

N % N %

Symptoms Multiple sclerosis 180 100.0% 180 99.4% 0.2986

Relapsing-remitting multiple

sclerosis

0 0.0% 1 0.6%

Gender Female 134 74.4% 125 69.1% 0.3442

Male 45 25.0% 55 30.4% 0.5515

Unknown 1 0.6% 1 0.6%

Age 18–29 68 37.8% 79 43.6% 0.4773

30–39 68 37.8% 71 39.2% 0.8658

40–49 44 24.4% 31 17.1% 0.4507

Onset Interval 0–9 days 66 36.7% 90 49.7% 0.1074

10–14 days 8 4.4% 15 8.3% 0.7318

15–30 days 28 15.6% 23 12.7% 0.7706

31–60 days 30 16.7% 27 14.9% 0.8539

61–120 days 48 26.7% 26 14.4% 0.2287

Origin of cases US 53 29.4% 97 53.6% 0.0045

Unknown 6 3.3% 13 7.2% 0.7454

Foreign 121 67.2% 71 39.2% 0.0002

Year of

vaccination

Range 1987–2015 Range 1968–2016

1987–2000 128 71.1% 1968–2000 57 31.5% < 0.0001

2001–2017 52 28.9% 2001–2017 124 68.5% < 0.0001

Vaccine Type Hepatitis B

Hepatitis A and B vaccine

163

17

90.6%

0.4%

Influenza vaccine 61 27.5% NA

Human papillomavirus vaccine 38 17.1%

Anthrax vaccine 15 6.8%

Hepatitis a 13 5.9%

Typhoid vaccine 13 5.9%

Poliovirus vaccine 9 4.1%

Rabies virus vaccine 9 4.1%

Tetanus toxoid 6 2.7%

Meningococcal vaccine 5 2.3%

Pneumococcal vaccine 5 2.3%

Varivax-varicella virus live 5 2.3%

Yellow fever vaccine 3 1.4%

Lyme vaccine 2 0.9%

Bacillus Calmette-Guerin

vaccine

1 0.5%

Cholera vaccine 1 0.5%

Mumps virus vaccine 1 0.5%

Plague vaccine 1 0.5%

Smallpox vaccine 1 0.5%

Tick-borne encephalitis vaccine 1 0.5%

Combined vaccines 32 14.4%

HB Hepatitis B, MS multiple sclerosis, VAERS vaccine adverse event reporting system
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study were restricted to reports in the adult population (i.e.,

18–49 years), allowing a comparison across groups that

have a similar age-specific background risk for illness, as

recommended by the EMA in the guideline on good

pharmacovigilance practices [52].

To our knowledge, this DPA is the only up-to-date VAERS

analysis for MS cases following HB vaccination. A paper

published in 2005 reported concordant findings [53]. In that

study, adults receiving HB vaccine had a significant increased

OR for MS (5.2; 95% CI 1.9–20; p\0.0003) unlike the

tetanus-containing vaccine-exposed group. In addition, we

chose to estimate two different ratios (PRR and ROR). The

fact that both ratios provided very similar results reinforces the

confidence regarding the robustness of our conclusions.

Nevertheless, several limitations should be acknowl-

edged. First, VAERS is a SRS, allowing anyone (e.g.,

vaccine providers, other healthcare givers, vaccine recipi-

ents and relatives of recipients, vaccine manufacturers,

attorneys, and other interested parties) to report adverse

events [54]. However, as the virulent debate about this

potential link was mainly publicized in Europe, a notorious

bias seems rather unlikely in the USA. This is supported by

the fact that reporting ratios found in this study were of the

same order regardless of their geographical origin. Further-

more, the lack of standardization of diagnoses may hamper

the validity of reported events. In 2002, Ball et al. [54]

highlighted the limited information in many reports. Indeed,

after an independent review of VAERS reports by three

neurologists, 32% of reviewed cases of MS showed insuffi-

cient data to confirm the disease diagnosis. This pleads for

the need for supplemental collection of follow-up data and

indicates that VAERS reports should be interpreted

Table 2 Reporting ratios for multiple sclerosis per region considered

MS* Other events ROR

(95%CI)

PRR

(Yates’ chi-square; p value)

Global (US 1 non-US 1 unknown)

HB vaccine 180 76,740 5.62

(4.57–6.91)

5.56

(335.16;\0.0001)Other vaccines (except HB) 181 429,951

US only (1 unknown)

HB vaccine 59 61,203 3.48

(2.54–4.78)

3.48

(66.03;\0.0001)Other vaccines (except HB) 110 397,331

Non-US only

HB vaccine 121 15,537 3.58

(2.67–4.80)

3.56

(81.22;\0.0001)Other vaccines (except HB) 71 32,620

PRR proportional reporting ratio, ROR reporting odds ratio

*Symptoms included for MS: multiple sclerosis, progressive multiple sclerosis, progressive relapsing multiple sclerosis, relapsing-remitting

multiple sclerosis

Table 3 Sensitivity analyses using a broader category of events

Cases* Other events ROR

(95%CI)

PRR

(Yates’ chi-square; p value)

Global (US 1 non-US 1 unknown)

HB vaccine 342 76,578 2.88

(2.53–3.29)

2.88

(273.79;\0.0001)Other vaccines (except HB) 665 429,467

US only (1 unknown)

HB vaccine 102 61,160 1.52

(1.22–1.88)

1.52

(14.14;\0.0001)Other vaccines (except HB) 436 397,005

Non-US only

HB vaccine 240 15,418 2.21

(1.84–2.65)

2.19

(75.48;\0.0001)Other vaccines (except HB) 229 32,462

PRR proportional reporting ratio, ROR reporting odds ratio

*Symptoms included for MS: acute disseminated encephalomyelitis (ADEM), demyelination, clinically isolated syndrome (CIS), multiple

sclerosis, myelitis transverse, neuromyelitis optica (NMO), NMO spectrum disorder, progressive multiple sclerosis, progressive relapsing

multiple sclerosis, relapsing-remitting multiple sclerosis, nervous system disorder, neurological examination abnormal and neurological

symptom
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cautiously. However, we anticipate that this potential mis-

classification bias should not be differential between the HB

vaccine-exposed group and the reference group.

5 Conclusion

The present study found a significant disproportionality of

MS frequency in HB-exposed subjects, with MS cases

being up to five times more likely to be reported after an

HB vaccination than those exposed to any other vaccina-

tion. Geographical area (USA vs. non-USA) was not found

to play a major role. Despite results being above the classic

threshold of 2 for signal detection, DPA is not suitable for

hypothesis validation, so a statistical association does not

in any way establish a causal relationship between the

administration of the vaccine and the occurrence of adverse

events. In light of the present work, further study evalu-

ating the potential link between MS and HB would be of

considerable importance.
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