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ABSTRACT
Patients with autoimmune inflammatory rheumatic diseases (AIIRDs) are at increased risk
of infections. This risk has been further increased by the introduction of biologic agents
over the past two decades. One of the most effective strategies to prevent infection is
vaccination. However, patients with an AIIRD have a compromised immune system, which
is further impaired by medication. Another important issue is the possibility of triggering
a broad nonspecific response by vaccination, potentially resulting in increased activity of
the underlying autoimmune disease. In this Review, we provide an analysis of data on
vaccination of patients with an AIIRD. Both the efficacy and the safety of vaccination are
addressed, together with the epidemiology of vaccine-preventable infectious diseases
in different subgroups of adults with AIIRDs. Special attention is given to vaccination of
patients who are treated with biologic agents.

KEY POINTS
·· As patients with an autoimmune inflammatory rheumatic disease (AIIRD) are at
increased risk of infection, vaccination could be of paramount importance
·· Vaccination of patients with an AIIRD is complicated by possible decreased efficacy of
the vaccine and the risk of exacerbating underlying disease
·· Most vaccinations of patients with an AIIRD seem to be effective; however, efficacy is
dependent on the vaccine used, the type of AIIRD and the medication regimen
·· Although some vaccines have been reported to induce autoimmune disorders,
disease activity was not increased after vaccination in studies evaluating vaccination
of patients with an AIIRD
·· More research on vaccination of patients with an AIIRD is needed, in particular regarding
infections, adverse effects of vaccination and the influence of immunomodulatory
therapies on vaccination efficacy
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INTRODUCTION
Infectious diseases are a serious threat to health and are one of the leading causes of
morbidity and mortality. Vaccination is one of the most effective measures to prevent
these diseases and associated mortality as well as to reduce morbidity [1,2]. Most vaccines
confer protection by eliciting B-cell responses and the production of antibodies that are
specific for toxic agents, but neutralizing immune effector responses can also be T-cell
mediated. An adequately functioning immune system is required for protective immunity
after vaccination. Therefore, patients with a compromised immune system might have
insufficient protection, although, paradoxically, these patients are most in need of
preventive measures such as vaccination because they are at risk of vaccine-preventable
infections and of these infections being severe.
In patients with an autoimmune inflammatory rheumatic disease (AIIRD), the immune
response might be impaired, and commonly used immunosuppressive or biologic
agents that target specific parts of the immune system can exacerbate the problem.
Furthermore, in patients with an AIIRD, antigenic stimulation by vaccination might trigger
a nonspecific response, potentially resulting in increased activity of the underlying disease.
The importance of safe vaccination of these patients is recognized and has resulted in an
increase in the number of research papers and reviews dealing with the subject [3,4]. This
Review addresses the most important aspects of vaccination of patients with an AIIRD,
such as epidemiology of infections and the efficacy and safety of vaccination [4,5].
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EPIDEMIOLOGY
In patients with an AIIRD, a high risk of infection contributes to morbidity and mortality
and is associated with immunological changes, lifestyle factors and treatment. Premature
‘ageing’ of the immune system in patients with immune-mediated diseases might be
responsible for deterioration of important immune functions, and therefore a reduced
protection from infections [6]. Also, cigarette smoking, which is a known risk factor for
rheumatoid arthritis (RA), has been described to skew immune responses to promote
infections [7].
The risk of infections associated with treatment varies according to the drug type. In
patients with RA, the combination of anti-TNF therapy and corticosteroids is associated
with the highest risk of infection, whereas DMARDs alone are comparatively safe [8,9]. In
systemic A/pus erythematosus (SLE), treating patients with prednisone, even at moderate
doses (median 7.5 mg per day), increases the risk of infection, whereas chloroquinebased antimalarial drugs have a protective effect [10].
The risk of pulmonary infection is particularly high for patients with an AIIRD. In
a study of 3152 predominantly male US veterans aged 60 ± 10 years, the highest rate of
hospitalization for infection was due to pneumonia (37%) [11]. Vaccines are available for
influenza, Streptococcus pneumoniae and Haemophilus influenzae type b (Hib), infections
that cause the majority of pulmonary infections in the general population. Although
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these infections should also affect patients with AIIRDs, studies to identify causative
microorganisms in patients with an AIIRD hospitalized due to infection are rare [12].

VACCINE-PREVENTABLE INFECTIONS
Morbidity and mortality from infection are higher in patients with an AIIRD than in
the general population. Although the incidence varies between the different types of
AIIRD, influenza, pneumococcal, herpes zoster and human papillomavirus (HPV) infection
all occur more often in patients with an AIIRD. Most immunosuppressive therapies and
biologic agents exacerbate the incidence. For other vaccine-preventable infections,
incidence data from patients with an AIIRD are lacking.

Influenza
Although the incidence of influenza in patients with an AIIRD is unknown, the risk of
hospital admission for pneumonia or influenza is higher in elderly patients (≥65 years)
with rheumatic diseases or vasculitis, compared with senior citizens with no underlying
medical condition [13,14]. The increased risk of influenza and its complications in patients
with RA was confirmed by a retrospective cohort study of 46,030 patients and a matching
number of healthy individuals who were followed over a period of 8 years (2000–2007)
[15]. The incidence of influenza was higher in the patients than in the healthy individuals
(409.33 versus 306.12 cases per 100,000 patient-years), as was the incidence of influenza
complications (2.75-fold higher) [15].

Streptococcus pneumoniae
Retrospective cohort studies have shown that people with an AIIRD are more likely than
the general population to be admitted to hospital for pneumococcal disease [16]. Rate
ratios were 2.47 for RA (95% CI 2.4–2.5), 4.2 for scleroderma (95% CI 3.8–4.7), 3.2 for
Sjögren syndrome (95% CI 2.9–3.5) and 5.0 for SLE (95% CI 4.6–5.4) [17-20].

Herpes zoster
Prospective cohort studies of patients with RA have found a wide range in the incidence
of herpes zoster (0.55–12.1 cases per 1000 patient-years) [21-29]. RA is a risk factor
for herpes zoster (HR 1.65–1.91, compared with healthy individuals) [25]. Treatment
with immunosuppressive drugs, except etanercept and methotrexate, increases this risk
(Figure 1). A systematic literature review could not exclude an increased risk of herpes
zoster in patients with RA who were treated with TNF inhibitors, compared with patients
treated with nonbiologic DMARDs [30].
The risk of patients with SLE contracting herpes zoster is also increased (5-fold to
16-fold), compared with the general population [31-33]. In these patients, the incidence
of herpes zoster ranges from 12.0–91.5 cases per 1000 patient-years [31-38], and
the percentage of patients with SLE who develop herpes zoster ranges from 3.2% to
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Figure 1. RR/HR is shown for development of herpes zoster infection in patients with RA who
were treated with cyclophosphamide only [27], TNF inhibitors plus corticosteroids [25,151], TNF
inhibitors only [22,24,25,151], corticosteroids plus an unspecified DMARD [25], corticosteroids
alone [22,24,25,27,29,151], azathioprine [24,27], leflunomide [24,27], or with unspecified DMARDs
alone [25,27]. Error bars are standard error of the mean. The absence of error bars indicates that <3
studies were analysed. Abbreviations: HR, hazard ratio; RR, relative risk.
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46.6% [31,33,36-45]. The risk of herpes zoster infection is associated with the use of
immunosuppressive drugs [31,33-35]; the risk is lower for mycophenolic acid than for
cyclophosphamide (relative risk [RR] 0.36) [46]. In one study, 15.4% of patients with
SLE who were treated with rituximab and immunosuppressive drugs, including steroids,
developed herpes zoster, compared with 8% in the placebo groups during a follow-up of
52 weeks [47]. The incidence of herpes zoster has not been shown to be increased during
flares of SLE [35].
In patients with granulomatosis with polyangiitis (GPA) treated with standard
immunosuppressive drugs, the incidence of herpes zoster was higher than in the general
population (45.0 versus 1.2–4.8 cases per 1000 patient-years), in particular in those with
decreased renal function, as having a serum creatinine level ≥1.5 mg/dl increased the RR
of developing herpes zoster by 6.3 (95% CI 2.0–19.8) [48]. Patients with polymyositis
or dermatomyositis also have a higher incidence of herpes zoster (27.2 cases per 1000
patient-years) than the general population [36].

Human papillomavirus
The occurrence of HPV infection is higher in patients with SLE than in healthy individuals
(24.6% versus 10.4%) [49]; these data include the high-risk subtype, HPV-16 (4.7–53.0%
versus 1.2–6.7%, respectively) [49-51]. The cumulative prevalence rises from 12.5% at
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study entry (11.1% high-risk subtype) to 25.0% (20.8% high-risk subtype) after 3 years.
Only 14.7% of all incident infections are cleared in this time frame [52]. For patients with
SLE, the risk factors for HPV infection are those applicable to the general population as
well as the presence of anti-nuclear antibodies (ANAs) at a titration >1:320 [49,51,52].

EFFICACY OF VACCINATION
At least some vaccine-preventable infections are more common in patients with an AIIRD
than in the general population; therefore, efficacy of vaccination in these patients should
be addressed. The aim of vaccination is to reduce morbidity and mortality that is directly
or indirectly provoked by infection. Studies evaluating the efficacy of vaccination should
use clinical endpoints, but few vaccination studies of patients with an AIIRD have been
published using such endpoints [53-55]. Most studies have investigated the efficacy
of vaccines by measuring humoral or cell-mediated immune responses, although for
many vaccine-preventable infections a correlate of protection is lacking. For influenza,
an antibody titre, measured by haemagglutination inhibition (HI), of ≥40 is considered
protective in healthy adults [56]. However, this titre is also used to define seroprotection
in most influenza vaccination studies of patients with an AIIRD, despite a lack of evidence
of actual protection for these patients. Correlates of protection for pneumococcal,
herpes zoster and HPV vaccination are also not known. Therefore, a rise in the HI titre
after vaccination for these infections is predominantly used to measure the efficacy of
the treatment.

INFLUENZA VACCINE
Studies have found that influenza-vaccinated patients with RA or SLE have less pneumonitis,
acute bronchitis or viral infection than unvaccinated patients [53,54]. On the basis of
achievement of seroprotection, the efficacy of seasonal influenza vaccination of patients
with RA (summarized in Box 1) and healthy individuals has been shown to be similar. In
most studies, neither DMARDs nor TNF inhibitors hampered humoral immune responses
to influenza vaccination [57-68]. Only two studies reported a modestly impaired humoral
response in those treated with anti-TNF drugs, with no reduction in the percentage of
patients who reached seroprotection [61,69]. In one study, the percentage of patients
with RA (50.5%) reaching more than fourfold increases in the serum titres of ≥2 of 3
influenza antigens 4 weeks after vaccination, during the loading phase of certolizumab
pegol treatment, was not impaired compared to placebo treated patients (54.1%) [70].
When patients with RA, in a different study, were vaccinated 3 weeks after administration
of infliximab, a trend towards a lower humoral immune response measured by HI
titre was observed as compared with those vaccinated on the day of infliximab
administration [71].
In contrast to DMARDs and TNF inhibitors, rituximab severely inhibits immune responses
after influenza vaccination, in particular during the first 8 weeks after administration
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Corticosteroids
Corticosteroids have no significant influence on influenza vaccination. Humoral responses
are good (increases in titres to the vaccine) in the majority of studies [57,58,60]. One study
reported a reduced antibody response to one of three influenza strains in patients treated
with a mean prednisolone dose of 10 mg per day [62].
Methotrexate
Methotrexate has no significant influence on influenza vaccination. Seroprotection was
reached in the majority of patients treated with methotrexate [58,60,67,74].
TNF inhibitor
Anti-TNF therapy has no significant influence on influenza vaccination, in most studies.
Although responses were reduced compared with healthy individuals, antibody titres were
considered to be protective in most patients and not affected by the use of anti-TNF therapy
[60,63-65,70,74]. Some studies have reported a lower response rate in patients with
rheumatoid arthritis treated with anti-TNF therapy than in patients not treated with these
drugs [61,69,74].
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Methotrexate plus TNF inhibitor
Methotrexate plus a TNF inhibitor can cause a reduced immune response to influenza
vaccination, although this finding is not clinically relevant. Fewer patients treated with
both methotrexate and anti-TNF agents, than with methotrexate alone, were responders to
vaccination. Although responses were reduced compared with healthy controls, resultant
antibody titres were considered to be protective [63,69,70,74].
Anti-CD20 antibody
Anti-CD20 antibody therapy can reduce the immune response to influenza vaccination.
Humoral response rates in rituximab treated patients with RA were suboptimal [75]
or substantially reduced, particularly in the first 3 months after B-cell depleting therapy
[67,72,74,99]. Of note, cellular immunity was reported to be similar for rituximab-treated
and DMARD-treated patients [99].
Anti-IL-6-receptor antibody
Anti-IL-6 receptor therapy has no significant influence on vaccination. Tocilizumab-treated
patients responded satisfactorily to influenza vaccination [74,77].
Abatacept
Abatacept can cause a reduced immune response to vaccination. Abatacept-treated patients
had a substantially reduced antibody response compared with other treatment groups, but
the study was small [74,78].

Box 1. Influence of medication on efficacy of influenza vaccination in RA. Abbreviation: RA,
rheumatoid arthritis.
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[67,72-75]. Disease activity has been shown to have no effect on the humoral immune
responses to vaccination of patients with RA [60,75,76].
Tocilizumab treatment does not suppress antibody responses to influenza vaccination
in patients with RA. In a study including 194 patients with RA, those patients treated with
tocilizumab had similar or even higher rates of seroprotection after trivalent influenza
vaccination in comparison with patients treated with tocilizumab plus methotrexate or
methotrexate alone [77].
In one study, the effect of abatacept treatment on influenza vaccination was
evaluated in 11 patients with RA (concomitantly treated with ≥1 of glucocorticoids (n =
9), methotrexate (n = 6), leflunomide (n = 4), chloroquine (n = 3), or other unspecified
DMARDs (n = 2) [78]. Results were compared with healthy individuals and with patients
with RA who were treated with methotrexate only after vaccination; seroprotection
was significantly reduced in the abatacept group, compared with the methotrexate
(9% versus 58%; P = 0.006) and healthy groups (9% versus 69%; P ≤0.001). Similar
results, confirming the hampered response to influenza vaccination in patients with
RA treated with abatacept, have been published from other studies, but with very few
patients (n = 5) [73].
In patients with SLE, the response to the influenza subunit vaccine (summarized in
Box 2) is modestly reduced [79-82] or comparable to the response of healthy individuals
[62,83-86], and there is no influence of immunosuppressive drugs on vaccination response
[79,81,83,86]. However, a low response to vaccination in patients with SLE treated
with either azathioprine [80,87], steroids [62,88] or hydroxychloroquine [82] has been
reported. Disease activity does not affect humoral responses to influenza vaccination
in most studies [66,80,81,83,87,89]; only two studies have reported a diminished HI
response after vaccination of patients with SLE compared with healthy individuals. WiesikSzewczyk et al.[82] reported an HI titre rise of 3.9-fold in patients with SLE and a 7.7-fold
rise in healthy individuals, whereas Ristow et al.[86] reported that half of patients with
SLE did not reach a fourfold rise in HI titre. Healthy individuals and patients with GPA
have similar humoral immune responses to influenza vaccination. In patients with GPA no
effect of immunosuppressive drugs was detected [90,91]. Also, in patients with systemic
sclerosis, influenza vaccination is effective [92].
In the spring of 2009, a novel influenza virus, A/H1N1 (A/California 7/2009), was
detected in Mexico. Within a short time, a vaccine for the virus was developed; a nonadjuvant vaccine, as well as an AS03-adjuvant and an MF59-adjuvant vaccine, have now
been approved. Because almost no immunity to this influenza strain was pre-existing,
vaccine studies for the novel virus in patients with an AIIRD have been particularly
informative, generally and in terms of understanding vaccine responses in these patients.
In an open-label study of 199 patients with AIIRDs (including systemic necrotizing
vasculitis syndromes, progressive systemic sclerosis, SLE and Sjögren syndrome), 65% of
participants achieved seroprotection [55]. Two studies, including a total of 1834 patients
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DMARDs
Many studies of SLE include patients treated with a combination of DMARDs, or include
a low number of patients being treated with a specific DMARD, preventing firm conclusions.
DMARD therapy, in general, has no influence on the humoral immune response to vaccination
in patients with SLE. In a number of studies, significant differences were not found between
patients and healthy individuals [62,83,84,86]. In some other studies, although the humoral
immune response was lower in patients than in healthy individuals, antibody responses
nevertheless increased substantially in most patients with SLE [80-82,87]. Only cell-mediated
immune responses to influenza vaccination were lower in patients with SLE than in healthy
individuals [100].
Corticosteroids
Corticosteroids have a varying outcome in terms of immune response to vaccination.
Some studies reported no influence on humoral responses [62,85], whereas others found
a diminished response in patients with SLE who were treated with corticosteroids [79,88].
Corticosteroids doses of >10–20 mg/day was associated with a reduced antibody response
[79,87], but this was not reproduced in another study [88]. Cellular immune responses to
influenza vaccination were found to be reduced in patients with SLE [85].
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Azathioprine
Azathioprine can reduce the immune response to vaccination. A significantly reduced
humoral response was only found for one viral antigen in one study [80]. In another study,
only a trend towards a reduced response was found in azathioprine-treated patients [87].

Box 2. Influence of medication on efficacy of influenza vaccination in SLE. Abbreviation: SLE,
systemic lupus erythematosus.

with an AIIRD, measured a reduction in seroprotection for patients compared with healthy
individuals after vaccination with a non-adjuvant A/H1N1v vaccine, in particular in patients
with RA, SLE, ankylosing spondylitis, psoriatic arthritis or dermatomyositis [93,94]. This
vaccine protection was also a feature of other studies with the A/H1N1 vaccine, with and
without adjuvants, in patients with RA [76,95] or SLE [96]. One study of patients with SLE
did not find significant differences, between patients and healthy individuals, in response
to this vaccination [97]. In a study including patients with primary Sjögren syndrome,
similar proportions of seroconversion and seroprotection were achieved by patients
and healthy individuals [98]. Biologic agents, B-cell depletion, treatment with DMARDs
(except chloroquine-based antimalarial drugs and sulphasalazine) and lymphocytopenia
negatively influenced humoral immune responses [76,94-96]. Interestingly, a booster
3–4 weeks after initial vaccination overcame the suppressed responses to the first dose
[94,96], as has been shown for seasonal influenza vaccination in patients with SLE who
were not previously vaccinated [89].
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The cellular immune responses of patients with an AIIRD to influenza vaccination
have also been measured by a small number of studies, with patients having similar
or decreased cellular responses, compared with healthy individuals [99,100]. The exact
contribution of cell-mediated immunity to protection against influenza after vaccination
is unknown.

Hib and pneumococcal vaccines
One study has shown that most patients with SLE (88%) develop a protective antibody
titre in response to the Hib vaccine [101]. Owing to the lack of generally accepted response
criteria, however, the efficacy of pneumococcal vaccination is difficult to measure.
Moreover, the two available vaccine types (polysaccharide and conjugate vaccines) differ in
the number of antigens and pneumococcal serotypes and in the immunological responses
they induce (T-cell independent and T-cell dependent, respectively). Most studies of
patients with an AIIRD have used only the polysaccharide pneumococcal vaccine.
One retrospective study of methotrexate treatment of 152 patients with RA calculated
that patients not vaccinated with the 23-valent pneumococcal vaccine (PPV23) have a RR
of 9.7 for developing pneumonia, compared with those who were vaccinated [102].
Compared with healthy individuals, for patients with RA, similar [61,63,103,104] as
well as lower [104-107] humoral responses to pneumococcal vaccine have been shown,
depending on the medication used.
Anti-TNF treatment alone does not reduce the efficacy of pneumococcal vaccination
[61,63,103,104,108], with the exception of one study that showed a reduced humoral
response [103]. However, methotrexate and a combination of methotrexate with a TNF
inhibitor negatively influenced vaccine responses [61,104] irrespective of the type of
pneumococcal vaccine [108,109]. Treatment with rituximab reduced the response
to the pneumococcal polysaccharide vaccine [105]. Responses to the conjugated
pneumococcal vaccine in patients with RA who are treated with rituximab are also
impaired [73].
Tocilizumab therapy does not significantly attenuate humoral responses to PPV23.
A Japanese study of patients with RA who were treated with tocilizumab (n = 50),
methotrexate (n = 62) or tocilizumab plus methotrexate (n = 54) and an RA control group
(treated with bucillamine or salazosulfapyridine; n = 24) found that, 4–6 weeks after
vaccination, IgG concentrations of pneumococcal serotypes 6B and 23F were increased
in all treatment groups. A positive antibody response was defined as a twofold or more
increase in IgG concentration (post-vaccination to pre-vaccination ratios). The antibody
response rates in the tocilizumab group were comparable to those of the RA control
group for each serotype [110].
In a study of 91 patients with RA with inadequate responses or intolerance to one or
more TNF inhibitors, patients were randomly assigned (2:1) to either 8 mg/kg intravenous
tocilizumab every 4 weeks plus methotrexate or to methotrexate alone. 8 weeks after
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vaccination with pneumococcal vaccine, 60.0% of the tocilizumab plus methotrexate
group and 70.8% of the methotrexate-only group responded to ≥6 of 12 PPV23 serotypes
[111]. In patients with RA, disease activity does not have an effect on the efficacy of
pneumococcal vaccination [103,104,106,107].
In comparison with healthy individuals, similar [18,112,113] as well as reduced or
low responses to pneumococcal vaccination [101,106,114-116] were detected in
patients with SLE, with no influence of immunosuppressive drugs [106,113,114,116].
Also, disease activity did not influence the efficacy of vaccination [18,106,114].
Box 3 summarizes the efficacy of pneumococcal vaccination in patients with RA, and
its relation to concomitant treatment with immunosuppressive and biologic agents
during vaccination.
In a study of patients with psoriatic arthritis (n = 184) or ankylosing spondylitis
(n = 5), anti-TNF therapy did not alter responses to pneumococcal vaccination [117,118].
In 15 of 18 patients with systemic sclerosis, pneumococcal vaccination resulted in an antipneumococcal antibody titre considered protective for ≥3 of 4 tested serotypes [119].

7

Hepatitis B virus vaccine
Hepatitis B virus (HBV) vaccination of patients with RA [106], SLE [120], ankylosing
spondylitis and Behçet disease [121] has been studied. Irrespective of the underlying
AIIRD and the use of steroids or DMARDs, a response to vaccination could be shown in
the majority of these patients. However, low patient numbers and the lack of appropriately
controlled studies make firm conclusions impossible.

Tetanus toxoid vaccine
Tetanus toxoid (TT) vaccination seems to be efficacious in patients with RA [59,122],
with no influence of steroids or DMARDs, as patients treated with these drugs also
had adequate immune responses to vaccination [105]. Rituximab, when administered
24 weeks before TT vaccination, also did not reduce humoral responses [105]. Disease
activity did not affect the efficacy of a tetanus booster vaccination in patients with RA
[122]. In an open-label study of patients with RA with an insufficient response to, or
intolerance of, TNF-blocking drugs, two of three patients treated with methotrexate and
tocilizumab, who did not have seroprotective titers at baseline, reached seroprotection 8
weeks after TT vaccination [111].
Responses to TT vaccination are similar in patients with SLE and healthy individuals
in most studies [122-124]. Only one small study (n = 9) showed a reduced response
that could not be attributed to steroids or DMARD therapy [125]. Active disease might
affect the efficacy of TT vaccination of patients with SLE [101,123], although the data are
conflicting [122,124].
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Corticosteroids

Corticosteroids have no significant influence on pneumococcal vaccination.
Low-dose corticosteroid use was not found to be significantly associated with antibody
responses [106].
Methotrexate
Methotrexate can cause a reduced immune response to vaccination. Methotrexate was
reported to have a negative impact on vaccine efficacy in most studies [103,104,108-110],
although sufficient responses have been found [105].
TNF inhibitor
TNF inhibitors have no significant influence on the immune response to vaccination. In
patients with RA treated with anti-TNF drugs, results were not significantly different to
those in healthy individuals [63,104,108,109]. In one study, treatment with an anti-TNF drug
did not impair the mean antibody response to pneumococcal vaccination, although a larger
proportion of patients with RA did not respond adequately to vaccination once treated with
anti-TNF drugs [107].
Methotrexate plus a TNF inhibitor
Methotrexate and TNF inhibitor therapy can reduce the immune response to vaccination. In
multiple studies, reduced responses to vaccination during treatment with methotrexate plus
anti-TNF drugs were seen; seemingly due to methotrexate treatment, regardless of anti-TNF
treatment [103,104,108,109].
Anti-CD20 antibody
Anti-CD20 therapy can cause a reduced immune response to vaccination [105].
Anti-IL‑6-receptor antibody
Anti-IL‑6-receptor therapy has no significant influence on the immune response to vaccination
[110]. Only a slightly attenuated immune response to the PPV23 after tocilizumab plus
methotrexate treatment was found compared with methotrexate alone [111].

Box 3. Influence of medication on efficacy of pneumococcal vaccination in RA. Abbreviations:
PPV23, 23‑valent pneumococcal polysaccharide vaccine; RA, rheumatoid arthritis.

Hepatitis A vaccine
In an open-label study, two doses of hepatitis A vaccine, 6 months apart, were administered
to patients with RA who were treated with methotrexate (n = 17), a TNF inhibitor (either
etanercept, infliximab or adalimumab; n = 15) or a TNF inhibitor plus methotrexate
(n = 21). 1 month and 6 months after the first dose of vaccine, 10% and 33% of patients
(difference between patient groups was not significantly different), respectively, had
gained seroprotection, predefined as an anti-hepatitis A virus antibody concentration
130

≥20 mIU/ml. 1 and 6 months after the second dose, 83% and 72% were protected,
respectively, and at month 24, 86% of the vaccinated patients had protective antibody
titres. Although significant differences between treatments groups could not be detected,
in the group treated with anti-TNF therapy alone, 73% attained seroprotection after one
vaccine dose, whereas in the TNF inhibitor plus methotrexate group and the methotrexate
alone group, only 15% and 6% were protected after 1 month, respectively [126].

Human papillomavirus vaccine
In a Chinese study, the HPV vaccine was administered to 50 patients with SLE with stable
disease and to 50 healthy individuals [127]. 12 months later, the seroconversion rates of
anti-HPV-6, anti-HPV-11, anti-HPV-16 and anti-HPV-18 antibodies were 82%, 89%, 95%
and 76% respectively for the HPV group and 98%, 98%, 98% and 80%, respectively,
for the control group (but only anti-HPV-6 antibody data were statistically significant, P
= 0.02). In another study, in which 20 patients with SLE were vaccinated, seropositivity 7
months after vaccination was 94.4%, 100%, 100% and 94.4% for anti-HPV-6, anti-HPV11, anti-HPV-16 and anti-HPV-18 antibodies, respectively [128]. Of note, one patient, in
this study, treated with rituximab between vaccinations had reduced antibody responses.
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Herpes zoster vaccine
As the current herpes zoster vaccine (Zostavax®, Merck, USA) contains live attenuated virus,
debate about safety is ongoing and its use is controversial. The EULAR recommendations
on vaccination state that, given the prevalence of virus reactivation in patients with an
AIIRD, herpes zoster vaccination could be considered in selected patients [129], whereas
for patients with RA, the ACR recommendations restrict administration of the vaccine to
patients before initiating (combination) DMARD therapy [130]. In a retrospective cohort
study of US Medicare beneficiaries diagnosed with RA, psoriasis, ankylosing spondylitis or
inflammatory bowel disease, and treated with biologic or nonbiologic DMARDs, herpes
zoster vaccination was associated with a lower incidence of herpes zoster over a median
2 years of follow-up [131]. In a prospective pilot study of 10 patients with SLE and 10
healthy individuals, excluding patients with an SLE disease activity index (SLEDAI) score >4
and those treated with mycophenolic acid, cyclophosphamide, biologic agents or >10 mg
per day prednisone, herpes zoster vaccination was associated with a measurable cellular
immune response (measured by varicella zoster virus-specific IFN-γ-producing enzymelinked immunospot), comparable with the response of healthy individuals; humoral
responses, however, were defective in patients with SLE [132].

Overall trends
In conclusion, high-quality trials investigating the efficacy of vaccination on clinical
endpoints are lacking. In terms of humoral immune responses, the efficacy of influenza
and pneumococcal vaccination is normal in patients with RA, with the exception of those
Vaccination of patients with autoimmune inflammatory rheumatic diseases
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who are treated with methotrexate (alone or with TNF inhibitors) or rituximab. With
these vaccines, patients with SLE have normal to modestly reduced humoral responses.
A second booster influenza vaccination can be of benefit to patients with an AIIRD to
prevent infection with new influenza strains. HBV vaccination might be less effective in
patients treated with TNF inhibitors. For other vaccines, the few available data do not
indicate a clearly reduced efficacy in patients with an AIIRD.

SAFETY OF VACCINATION
Safety of vaccination is of great importance in general, as many people, most of them
healthy, are vaccinated to prevent diseases that are not likely to occur even in the absence
of vaccination. The occurrence of adverse effects of vaccination is an issue that has
drawn further attention by the introduction of the term ASIA (autoimmune/inflammatory
syndrome induced by adjuvants) [133,134]. This syndrome covers clinical conditions that
are induced by the exposure to a substance that acts to accelerate, prolong or enhance
antigen-specific immune responses; among these substances are vaccines [135].
In a review by Colafrancesco et al.[134], case reports were summarized in which
Sjögren syndrome developed after vaccination. Hepatitis B vaccination, bacillus Calmette–
Guérin (BCG) immunotherapy and H1N1 vaccination preceded development of symptoms
in these cases. Amongst other autoimmune diseases, reactive arthritis, RA, SLE, vasculitis,
polymyositis and dermatomyositis were reported to be associated with several vaccines
[134]. HBV vaccination, particularly, is reported to be associated with many autoimmune
diseases [135]. The frequency of vaccine-induced autoimmunity, however, is low and
available data suggest that the risk-to-benefit ratio is still overwhelmingly in favour of
vaccination [136].
A Swedish population-based epidemiological study identified 1998 incident cases of
RA and included 2252 randomly selected individuals matched for age, sex and residency.
The risk of RA after immunization was not increased overall or for any specific vaccination
[137]. The issue of vaccination and the onset of SLE was addressed in a French case–
control study [138]. In this study, 105 patients with SLE (89 definite and 16 probable) and
712 individuals matched for age, sex and residency were included, but the development
of SLE and vaccination were not associated. 22 of the 105 cases (21.0%), and 181 of
the 712 controls (25.4%), were vaccinated at least once within the 24 months before
the index date (adjusted OR 0.9, 95% CI 0.5–1.5).
Safe vaccination is particularly important for patients with an AIIRD, as vaccineinduced antigenic stimulation might exacerbate the underlying autoimmune disease.
Few randomized trials have addressed the safety of vaccinating these patients. However,
several studies have compared disease activity before and after vaccination in patients
with an AIIRD, using each patient as their own control.
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Influenza vaccine
Although several studies have found that autoantibody titres increase in some patients
with an AIIRD after influenza vaccination [87,97,98,139], other studies could not confirm
these findings [140], and in the majority of cases this increase in autoantibody titre
was not associated with clinical disease activity [57,58]. In most of the latest studies of
the efficacy of influenza vaccination in patients with RA, safety is considered and yet no
significant influence of vaccination on disease activity has been reported [77,141,142].
Also, in pre–post studies after influenza vaccination, patients with RA did not experience
increased disease activity [60,61,63,67,71,75].
After influenza vaccination, patients with SLE, from a number of studies, did not
develop more disease flares than unvaccinated patients with SLE [53,58,87]. Other studies
of patients with SLE found either no flares [80,81] or mild flares (up to 35%) [62,83]. Only
one severe disease manifestations (renal flares with glomerulonephritis) occurred in 1 of
29 patients with SLE [86]; however, this study did not include a control of unvaccinated
patients with SLE, and these data should therefore be interpreted with caution. In general,
influenza vaccination is safe for patients with SLE and inactive disease [4,5].
In patients with GPA who were vaccinated for influenza, no increase in disease flares
was found, compared with patients with GPA who were not vaccinated [90,91,143].
Furthermore, influenza-vaccination-induced disease flares did not occur in any of 46
patients with systemic sclerosis who were vaccinated with a virosomal vaccine [92].
Adverse effects of the 2009 pandemic A/H1N1 strain (A/California 7/2009) influenza
vaccine have also been studied. In a population of patients with diverse AIIRDs,
the inactivated influenza vaccine seemed to be safe [76,93,94,96,97,140]. Flares of SLE
occurred as often after vaccination (11.5%) as in an unvaccinated control group (10.5%)
[140], and disease activity scores did not increase after vaccination [76,93,96,97]. This
finding was true for both nonadjuvant-based and adjuvant-based influenza vaccines,
with or without a booster vaccination. Moreover, autoantibody titres were unchanged
after one or two vaccinations [94,96,97,140].
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Pneumococcal vaccine
In patients with RA, only pre–post vaccination studies have been undertaken to test
the effect of pneumococcal vaccination; these studies found no increase in disease activity
after vaccination [61,63,105-107]. Case series have also shown that disease activity of
patients with SLE [18,101,106,112-116] psoriatic arthritis [118] or Sjögren syndrome
[144] is unaffected by pneumococcal vaccination.

Hepatitis B vaccine
In a controlled study, HBV vaccination did not lead to an increase in disease activity in
patients with RA [106]. One uncontrolled study of 28 patients with SLE found no change
in the SLEDAI score after each HBV vaccination [120]. In an uncontrolled study of HBV
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vaccination of 13 patients with Behçet disease, disease activity was not increased, with
the exception of the development of oral aphthae in three patients [121].

Human papillomavirus vaccine
A French case–control study including 211 patients with incident cases of autoimmune
disease and 875 matched healthy individuals did not show an association between HPV
vaccination (with Gardasil®, Merck, USA) and development of autoimmune disease
[145]. Although anecdotal evidence exists of the incidence and relapse of SLE after HPV
vaccination [146,147], in a study that recruited 50 patients with SLE with low disease
activity (median SLEDAI = 4), no increase in disease flares was observed after Gardasil®
vaccination in comparison with 50 unvaccinated matched patients with SLE (0.22 versus
0.20 flares per patient per year). Furthermore, in patients with SLE, titres of anti-doublestranded-DNA, complement and anti-C1q antibodies were not increased up to 12 months
after vaccination [127]. One study of 20 patients with SLE even reported a significant
reduction in mean SLEDAI score from 6.14 before vaccination to 4.49 7 months after
vaccination (P = 0.010) [148].

Herpes zoster vaccine
In a large cohort study (n = 44,115) to evaluate the herpes zoster vaccine Zostavax® in
patients with at least one of RA, psoriasis, psoriatic arthritis, ankylosing spondylitis or
inflammatory bowel diseases, 551 patients received the vaccine and 761 patients developed
herpes zoster. However, incidence rates of herpes zoster were similar in vaccinated and
unvaccinated patients, even among those treated with immunosuppressive (including
biologic) agents at the time of vaccination [149]. Similar results were found in an even
larger study of Medicare beneficiaries (n = 463,541) [131].
Together, with regard to the safety of vaccination of the other discussed vaccines,
these studies show a lack of power to adequately predict the likelihood of adverse effects
in patients with an AIIRD. However, the available data from studies comparing adverse
effects in vaccinated and unvaccinated individuals, and from pre–post vaccination studies,
using patients as their own control, do not demonstrate an increase in disease activity
of the underlying AIIRD. Therefore, a markedly increased incidence of disease flares after
vaccination of patients with an AIIRD is unlikely.

CONCLUSIONS
In this Review, we have overviewed the epidemiology of vaccine-preventable infectious
diseases, and both the efficacy and safety of vaccination to prevent these diseases in
patients with an AIIRD. Influenza, pneumococcal disease, herpes zoster and HPV infection
are all more common in patients with an AIIRD or cause complications more frequently
in these patients than in the general population. Most of the vaccines we have discussed
are effective in preventing disease in patients with an AIIRD, even those patients who
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are treated with immunomodulatory therapies. However, treatment with rituximab, and
probably abatacept, can suppress immune responses after vaccination.
Studies comparing adverse effects between vaccinated and unvaccinated patients, and
from pre–post vaccination studies, do not seem to indicate that vaccination exacerbates
underlying AIIRDs. However, serious vaccine-attributable conditions are rare; therefore,
the clinical studies that have been done are too small to yield sufficient safety data [131].
Some studies included patients with moderate or severe disease activity [84,86,91]; these
studies did not show more frequent adverse effects or disease flares, or decreased efficacy,
in patients with an AIIRD compared with healthy individuals. However, the number of
patients in these studies was too small to conclude that vaccination during active disease
is safe and efficacious. On the basis of available data, a EULAR task force, reaching a high
level of agreement, has formulated 13 recommendations, specifically for vaccination of
adults with an AIIRD (Box 4; also, the most important recommendations are presented in
Figure 2) [129].

··

Vaccination status should be assessed in the initial work-up of patients

··

Vaccine should ideally be administered to patients with an AIIRD during stable disease

··

Live attenuated vaccines should be avoided whenever possible

··

Vaccine can be administered to patients being treated with DMARDs and TNF inhibitors,
but vaccine should be administered before starting B‑cell-depleting biologic therapy

··

Influenza vaccination should be strongly considered

··

PPV23 should be considered

··

Patients with an AIIRD should have TT vaccination in accordance with
the recommendations for the general population; in case of major or contaminated
wounds in patients who received rituximab within 24 weeks, tetanus immunoglobulin
instead of TT vaccine should be administered

··

Herpes zoster vaccination can be considered

··

HPV vaccination should be considered for selected patients

··

For hyposplenic or asplenic patients, influenza, pneumococcal and H. influenzae type b
and meningococcal C vaccinations are recommended

··

Hepatitis A and hepatitis B vaccination are only recommended for patients with an AIIRD
who are ‘at risk’ (i.e., intravenous drug abuse, multiple sex partners in the previous 6
months, or health care personnel)

··

Patients who plan to travel are recommended to have vaccinations according to general
rules, except for live-attenuated vaccines, which should be avoided whenever possible
by immunosuppressed patients

··

BCG vaccination is not recommended

7

Box 4. EULAR recommendations for vaccination of adults with an AIIRD [129]. Adapted with
permission obtained from BMJ, van Assen, S. Ann. Rheum. Dis. doi:10.1136/ard.2010.137216.
Abbreviations: AIIRD, autoimmune inflammatory rheumatic disease; BCG, Bacillus Calmette–Guérin;
PPV23, 23‑valent polysaccharide pneumococcal vaccine; TT, tetanus toxoid.
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Figure 2. Recommended vaccinations for patients with an AIIRD. Vaccination recommendations
for patients with an AIIRD are not different to the recommendations for the general population.
*Hepatitis B vaccination for patients ‘at risk’, that is intravenous drug abuse, multiple sex partners
in the previous 6 months or health care personnel [130]. ‡Human papillomavirus vaccination is
recommended for homosexual and bisexual men, and for people aged ≤26 years with compromised
immune systems, if they were not fully vaccinated previously [152,153]. Abbreviations: AIIRD,
autoimmune rheumatic disease; PPV23, 23‑valent pneumococcal vaccine.

In daily practice, vaccination status should be addressed in the initial work-up of
patients with an AIIRD. Ideally, influenza, pneumococcal and HBV vaccination should
be administered, using the same indications as for healthy individuals, as the vaccines
for these diseases are inactivated. Also, HPV and herpes zoster vaccination might be
considered in select subgroups of patients with an AIIRD. Evaluation of the risk of infection
in individual patients needs to be on a case-by-case basis, according to their disease
activity and regimen of immunosuppressive therapy. Low-dose corticosteroids (up to 40
mg per day), and DMARDs such as methotrexate and azathioprine, are not necessarily
a contraindication for vaccination. Caution is, however, required for those patients who
are highly immunosuppressed, and for those patients treated with biologic agents [150].
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Although the topic of vaccination of patients with an AIIRD has drawn much attention,
more research is needed, in particular regarding microorganisms that might cause vaccinepreventable infections, the adverse effects of vaccination and the influence of new and
established immunomodulatory therapies on vaccine efficacy.

REVIEW CRITERIA
We searched MEDLINE via PubMed from 1966 to May 2014. Search terms alone and
in combination were “systemic”, “lupus erythematosus”, “arthritis, rheumatoid”,
“scleroderma”, “Sjogren’s syndrome”, “mixed connective tissue disease”, “Takayasu
arteritis”, “polyarteritis nodosa”, “microscopic polyangiitis”, “granulomatosis with
polyangiitis”, “Churg-Strauss syndrome”, “Behçet syndrome”,“polymyositis”,
“dermatomyositis”, “spondylarthropathies”, “BCG”, “cholera”, “diphtheria”,
“vaccines”, “haemophilus influenzae type b”, “papillomavirus”, “influenza”, “pertussis”,
“pneumococcal”, “toxoid”, “herpes zoster”, “yellow fever”, “tuberculosis”, “hepatitis
A”, “hepatitis B”, “papillomavirus”, “human”, “Bordetella”, “pneumococcal infections”,
“tetanus” and “typhoid fever”. Only articles in English and concerning patients older
than 16 years of age were included. Reference lists of identified papers were searched for
further leads. Case reports and case series (≤5 patients) were not included.
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