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Introduction

Unravelling the nature of herpes zoster and its relationship with varicella is the result of
many years of research. The varicella-zoster virus (VZV) causes two clinically different forms
of disease: varicella (chickenpox) and herpes zoster (shingles). After varicella, the primary
VZV infection, the virus remains latently present for life in the dorsal root ganglia. Herpes
zoster occurs when the latently present virus is able to reactivate and spreads to the skin.
In the first half of the nineteenth century, it was recognized that the segmental
distribution of herpes zoster rash implies involvement of sensory nerves and ganglia.
This was later proven at autopsy of herpes zoster patients, demonstrating damage at
the expected places [1]. In 1888, the Hungarian paediatrician Von Bókay noticed that
children without a history of varicella acquired varicella after contact with a herpes
zoster patient. Although at the time many people found it hard to believe that varicella
and zoster were caused by the same agent, the relationship between the two diseases
was confirmed when children that were inoculated with zoster vesicle fluid developed
contagious varicella. In persons with a history of varicella, inoculation did not result
in disease [1,2].
VZV was isolated in cell culture from vesicular fluid from both varicella and herpes
zoster vesicles by Weller et al. in 1954 [3]. Hope-Simpson, a general practitioner from
England, in 1965 provided important epidemiologic data that supported the theory that
herpes zoster is due to reactivation of the same virus that remained dormant in the body
since the original varicella attack [1]. The first evidence of VZV latency in neurons was
provided by Gilden et al. in 1983, who used in situ hybridization to detect VZV genomes
in the ganglia of humans without recent exposure to VZV [4].

1

THE VARICELLA-ZOSTER VIRUS (VZV)
VZV is a DNA α-herpesvirus and is also known as human herpesvirus 3. Other well-known
herpesviruses include herpes simplex 1 and 2, cytomegalovirus and Epstein-Barr virus [5].
Figure 1 depicts the structure of a VZV particle, with a linear VZV genome in an
icosahedral nucleocapsid core in the centre [6]. A tegument layer surrounds the capsid and
is made up of proteins with regulatory functions that are necessary to initiate replication
when the particle is uncoated after entering the target cell [7]. A lipid-containing envelope
forms the outer layer, containing glycoproteins that are important in the pathogenesis
of the virus [5,6]. The VZV genome consists of approximately 125.000 base pairs and
contains 71 open reading frames (ORF) which are known or suspected to correspond with
genes [8,9]. The sequential expression of these genes leads to production of proteins with
different functions during infection [5].

PATHOGENESIS
VZV spreads via droplets and aerosols in the air. Time between infection and first
symptoms usually lies between 13 and 18 days. From one to two days before onset of
rash, infectious droplets and aerosols from the nasopharynx of a recently infected person
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Figure 1. Structure of varicella-zoster virus. From: Heininger U, Seward JF. Varicella. Lancet
2006;368:1365-76. Reprint permission granted.

can pass on the disease. Between the onset of rash until crusts have formed (usually 5-7
days later), high concentrations of infectious virus can be found in both varicella and
herpes zoster lesions, further enabling transmission to susceptible others [5].
VZV enters the susceptible host via the respiratory route. It proliferates in the oral pharynx
(Waldeyer’s ring) where it infects T cells. The infected T cells that enter the circulation
migrate to the skin where VZV leads to appearance of generalized skin lesions, which
are characteristic for varicella [5,7]. Sensory neurons in the dorsal root ganglia become
latently infected during varicella-associated viraemia. Retrograde transport of the virus
along the sensory neurons is suggested to occur, but the exact mechanism is unclear [10].
Viral gene transcription products are necessary in the establishment and maintenance
of latency, but host factors, especially T cell immunity, are important to keep the latently
present VZV in check. When VZV is able to reactivate, the virus is transported along
sensory axons to the skin [9]. It causes damage to neurons and satellite cells. Necrosis of
ganglion cells and demyelination of the affected sensory nerve occurs. Rash appears within
the dermatome innervated by a single sensory nerve [11] (Figure 2). Histopathologically,
ballooning of keratinocytes, necrotic or multinucleated keratinocytes and acantholysis
can be observed. The inflammatory infiltrate consists mainly of lymphocytes [12].
The histological changes in the skin lesions are similar to those in varicella [9]. Bacterial
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superinfections of the damaged skin can complicate both varicella and herpes zoster and
on occasion, can lead to meningitis or septicaemia [13,14].
Distribution of herpes zoster is not always limited to one sensory nerve. The infection
may be disseminated, and can also extend centrally or affect motor neurons in spinal
cord and brainstem. Consequently, meningeal inflammation, motor neuropathies and
transverse myelitis can occur. Zoster encephalitis is a serious complication [15,16]. When
a VZV reactivation occurs within the trigeminal ganglion, herpes zoster ophthalmicus
can occur, a condition that can lead to vision loss [17]. Herpes zoster oticus (Ramsay
Hunt syndrome), leading to auditory and vestibular disorders, is thought to be caused by
VZV reactivation within the geniculate ganglion, after which the inflammation spreads to
include the vestibulocochlear nerve [18]. VZV infection can also lead to stroke, secondary
to infection of cerebral arteries [19].
Prolonged neuralgia following herpes zoster (postherpetic neuralgia; lasting more than
three months after onset of rash) is thought to be caused by over-sensitive nociceptors
resulting from peripheral nerve damage, or degradation of the nociceptors leading to
central sensitization [14].

1

IMMUNE RESPONSE
The immune response to VZV consists of both an innate and an adaptive component,
while the latter can be subdivided into a humoral and a cellular response [9,20]. The initial
innate immune response is mediated by type 1 interferon (IFNα/β). IFNα is released locally
and IFN-signalling molecules are activated. Circulating levels of type 1 interferon rise
during acute infection and decline at the time infection resolves [20]. The importance of
IFN in the initial response to VZV is confirmed by the clinical observation that exogenous
IFNα can limit the severity of both herpes zoster and varicella in cancer patients [21]. Also
natural killer (NK) cells, dendritic cells and monocytes contribute to the innate immune
response to VZV. Especially NK cells are thought to be of importance in the response to
VZV, as herpesviruses are able to down-regulate MHC class I expression on infected cells
whereby they are able to evade cytotoxic T cell killing [20].
Humoral immunity, part of adaptive immunity, is responsible for the neutralization
of cell-free virus. Humoral immunity is not necessary for recovery from varicella, as
demonstrated by the uncomplicated course of varicella in children with a congenital
absence of immunoglobulins. Furthermore, diseases that are associated with defects in
antibody synthesis are not associated with an increased herpes zoster incidence [9].
The cellular adaptive immune response is essential in the immune response to VZV. Both
varicella and herpes zoster are more severe in patients with defects in cellular immunity
[9,20]. Herpes zoster is also more frequent in these patients [9]. Cellular immunity wanes
with advancing age, a major risk factor for herpes zoster [22]. Especially CD4+ T cells are
thought to be of importance. Inverse correlations between CD4+ T cell responses have
been shown both with severity of disease and with the magnitude of viraemia [20,23,24].
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During infection, CD4+ T cells release IFNγ, which stimulates CD8+ T cells (cytotoxic T
cells) and up-regulates the expression of MHC class II on cells that normally do not express
this. Because of this up-regulation, CD4+ T cells are able to lyse infected cells. Latently
infected cells do not show this increase in MHC II [9].

EPIDEMIOLOGY
Although varicella-zoster virus infections occur worldwide, a higher percentage of
the population in temperate countries experienced varicella by the age of 16 than in
tropical countries. In temperate countries, including The Netherlands, about 90% of
the population is suggested to be immune before adolescence, which rises to 99% at
the age of 40 [5,14]. This leaves almost the whole population at risk for reactivation of
the virus later in life, causing herpes zoster. Although varicella usually has a benign course
in children, in 2014 the World Health Organization (WHO) estimated that approximately
4.2 million severe complications leading to hospitalization and 4200 deaths occur around
the world annually due to varicella [25]. Furthermore, varicella has a large economic
burden due to the need for parents to take care of their children, who are at the time of
disease frequently not able to attend school or day care. Duration can be up to two weeks
in uncomplicated cases and the number of cases is high [26].
Lifetime risk of developing herpes zoster is approximately 25-30%, which increases
with advancing age to approximately 50% in persons ≥80 years [16,27]. Incidence in
the general population is about 3.4-4.8 per 1000 person years and more than 11 per
1000 person years in those aged at least 80 years [27]. Postherpetic neuralgia, occurring
in 8-27% of herpes zoster patients, and skin superinfections are the most common
complications [13,14,28].

Figure 2. Life cycle of varicella-zoster virus. From: Zerboni L, Sen N, Oliver SL, Arvin AM. Molecular
mechanisms of varicella zoster virus pathogenesis. Nat.Rev.Microbiol. 2014;12:197-210. Reprint
permission granted.
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As can be expected because of the importance of the host’s cellular immune
response, immunocompromised individuals are at increased risk of developing herpes
zoster [29-31]. The rate of complications other than pain is also higher in those who
are immunocompromised. A large part of the approximately 3% of patients with herpes
zoster requiring hospitalization suffer from one or more conditions that are associated
with an immunosuppressed state [32].

1

CLINICAL MANIFESTATIONS
As mentioned before, VZV causes two clinically different forms of disease. Varicella is
the primary infection, after which the virus establishes latency in dorsal root ganglia. VZV
causes herpes zoster upon reactivation.
Varicella occurs mostly in children. Symptoms include fever, malaise, fatigue and
a typical diffuse vesicular rash (Figure 3A). Usually it is self-limiting and uncomplicated,
but it can result in severe disease, especially in risk groups such as immunocompromised
individuals [5]. Also, varicella is usually more severe in adults than in children [33].
Herpes zoster presents as an acute neurocutaneous disease. It is characterized by
neuralgia and vesicular rash in a dermatomal distribution (Figure 3B), although rash can
be absent (zoster sine herpete) [9,34]. In most patients pain gradually resolves within one
to two months. However, postherpetic neuralgia, pain lasting more than three months
after the onset of rash, can last even for years [11,28]. Neuralgia caused by herpes zoster
can interfere with quality of life of a patient. In a study by Drolet et al. the majority
of herpes zoster patients reported major interferences in areas of sleep, enjoyment of

Figure 3. Diffuse vesicular varicella rash in an 8-month old infant (A), and vesicular herpes zoster
rash in dermatomal distribution on the chest of an adult male patient (B). Figure 3A: from:
Heininger U, Seward JF. Varicella. Lancet 2006;368:1365-76. Reprint permission granted. Figure
3B: from: Mekkes JR. Herpes zoster (gordelroos). Huidziekten.nl. Last updated August 2012,
accessed September 2017. Accessible via http://www.huidziekten.nl/zakboek/dermatosen/htxt/
HerpesZoster.htm.
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life and general activities. A high proportion of the patients suffering from postherpetic
neuralgia reported symptoms of anxiety or depression [35].
In case of complicated herpes zoster, or involvement of cranial nerves, clinical
manifestations can be serious and disease can even have a lethal course [16].

TREATMENT AND PREVENTION
In healthy children, treatment of varicella usually consists of supportive care only. When
complications are present or in adolescents, adults or immunocompromised persons
antiviral therapy (acyclovir or analogue) is frequently used [36,37].
Also herpes zoster can be treated with antiviral therapy. Antivirals are thought to
be most effective when initiated within 72 hours after onset of symptoms. They are
suggested to hasten recovery of skin lesions and acute neuritis. All immunocompromised
persons should be treated with antiviral therapy when they present with herpes zoster,
also when symptoms are present for more than 72 hours. Whether antiviral therapy
prevents postherpetic neuralgia is not clear [38]. Postherpetic neuralgia is often difficult
to treat. Tricyclic antidepressants, gabapentin and pregabalin are frequently used [39,40].
Vaccination can prevent varicella and herpes zoster. The most frequently used varicella
vaccine, intended to prevent primary varicella in children, is a live attenuated vaccine,
prepared from the Oka strain of VZV [41,42]. Varicella-zoster virus from the vaccine
strain is able to establish latency and therefore has the potential to reactivate, causing
herpes zoster [43]. Both because of health risks and economic burden, at the end of 2014
varicella vaccination was recommended in 33 countries, however not in The Netherlands.
In the United States, one of the first countries to routinely implement varicella vaccination,
hospitalization rate dropped from 30.9 to 14.5 per 100.000 cases and mortality rate
from 0.41 to 0.05 per million population [44,45]. Although it was suspected that routine
varicella vaccination would lead to an increased herpes zoster incidence, as contact with
varicella-infected children is thought to boost immunity to VZV in adults, contradicting
results are reported by studies reporting herpes zoster incidence after implementation of
routine vaccination [26,46].
A live attenuated vaccine to prevent herpes zoster in older adults was licensed in 2006,
and to date is the only licensed zoster vaccine. The vaccine is thought to boost waning
immunity to VZV in persons that experienced varicella earlier in life, thereby preventing
herpes zoster [47]. This vaccine contains the same Oka virus strain as the varicella
vaccine, but is at least 14 times more potent [41]. It has been shown to reduce the risk
of herpes zoster by 51% and of postherpetic neuralgia by 67%, and to be most costeffective in people aged 60-69 years. The efficacy of the vaccine decreases with age [47].
Furthermore, a clinically relevant decrease in efficacy has been demonstrated 3-11 years
post-vaccination [48-50].
A non-live vaccine, designed to prevent herpes zoster in VZV seropositive persons,
that combines recombinant glycoprotein E (a VZV envelope protein) with the AS01
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adjuvant system, has recently been shown to be safe and more efficacious than the live
attenuated zoster vaccine in adults above the age of 50 and 70 years. This subunit
vaccine is not yet licensed [41,51,52]. In various age groups from 50 to more than 80
years, efficacy of the vaccine was 89-98% in reducing herpes zoster risk. Vaccine efficacy
against postherpetic neuralgia was 89% [52,53]. Interestingly, although both cellular and
humoral immunity were shown to decrease by 20-25% from year 3, responses 6 years
after vaccination were still higher than pre-vaccination levels [54]. No severe adverse
events were reported [52,53].

1

TOPICS ADDRESSED IN THIS THESIS
As the currently only available zoster vaccine contains live attenuated virus and, therefore,
can lead to disease in rare cases, it is essentially contraindicated in immunocompromised
persons. The Advisory Committee on Immunization Practices (ACIP) in 2008 formulated
guidelines that stated in which cases persons could be considered too immunosuppressed
to receive the vaccine, but that were based on expert opinion only [32].
Serious adverse events of live attenuated VZV vaccines have been reported to occur
rarely, mainly in immunocompromised patients. In the 10 years after the licensure of
the varicella vaccine intended for use in seronegative persons, disseminated varicella of
the vaccine strain was described in 6 immunocompromised (seronegative) children and one
adult, shortly following vaccination. It is unsure whether the death of one of these children,
who received the measles-mumps-rubella vaccine concomitantly, was due to varicella
vaccination. Also neurologic adverse events (such as encephalitis, aseptic meningitis and
cerebellar ataxia) have been described, but in none of the cases the vaccine strain of virus
was identified in the cerebrospinal fluid [55]. Another report describes the lethal course of
herpes zoster after varicella vaccination in a 47-year old man diagnosed with diffuse large
B-cell lymphoma. This patient, who was treated with chemotherapy and an autologous
stem cell transplantation 4 years prior to vaccination, experienced varicella in childhood
[56]. To our knowledge, no further reports of disseminated varicella or herpes zoster
following zoster vaccination in VZV seropositive persons exist.
Although serious adverse events thus may rarely occur in immunocompromised
persons, an effective method for the prevention of herpes zoster is of special importance
in this group, because of increased herpes zoster incidence. In this thesis two distinct
groups of immunosuppressed patients are discussed. The first consists of patients with an
auto-immune inflammatory rheumatic disease (AIIRD), while renal disease patients form
the second group.

AIIRD discussed in this thesis, including herpes zoster risk and vaccination in this group
Patients with an AIIRD are at increased risk of infections including herpes zoster, as a result
of the immunosuppressive effect of the disease and/or the use of immunomodulatory
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medication [57-59]. Four types of AIIRD are discussed in this thesis: systemic lupus
erythematosus (SLE), granulomatosis with polyangiitis (GPA), giant cell arteritis (GCA)
and the closely related polymyalgia rheumatica (PMR).
SLE is a multifactorial disease, which is strongly associated with defects in apoptotic
clearance and is characterized by the presence of autoantibodies and recurrent disease
flares. Skin, joints and kidneys are frequently affected, but the disease can affect every
organ and clinical presentation can be diverse. Disease incidence (and prevalence) show
geographical variability and is reported to be between 2.9-5.1 per 100.000 per year (26.252.2 per 100.000), which can be substantially higher in some ethnic populations. SLE
mainly affects women of childbearing age. Treatment is dependent on individual disease
characteristics, and may vary from hydroxychloroquine and non-steroidal inflammatory
drugs (NSAIDs) in case of mild disease activity to (combinations of) immunosuppressive
medication as glucocorticoids, methotrexate, azathioprine, mycophenolate mofetil,
cyclophosphamide or B-cell depletion in case of moderate to severe flare [60].
GPA (previously known as Wegener’s granulomatosis) is a form of vasculitis that
affects the small vessels. Granulomatous inflammation of the upper and lower respiratory
tract is characteristic. Renal involvement is common. The disease is associated with
the presence of anti-neutrophil cytoplasmic antibodies (ANCA), that can have specificity
for myeloperoxidase (MPO) or proteinase-3 (PR3). Disease onset between 50-75 years of
age is most common. Incidence varies from 2.5-10 per million and seems to be higher
in northern than in southern Europe. Current induction therapy usually consists of high
doses of glucocorticoids in combination with cyclophosphamide, while B-cell depletion is
an alternative to cyclophosphamide. Azathioprine is most frequently used for maintenance
of remission. Relapses occur in at least 50% of patients during long-term follow-up [61].
Like GPA, also GCA is a type of vasculitis, but affects large-size vessels, mainly the extracranial branches of carotid arteries and aorta. Most symptoms, including headache and
visual loss, are caused by luminal occlusion. PMR is characterized by stiffness and pain
of the shoulders, neck and pelvic girdle, as a consequence of inflammation at the site of
shoulder and hip joints. Bursae surrounding the joints are inflamed, and also mild synovitis
is present [62]. GCA and PMR frequently overlap, and both occur almost exclusively in
older people. Treatment to date consists mainly of glucocorticoids, with gradual dose
tapering. Initial dose is higher in GCA than in PMR patients [63]. VZV has been suggested
to trigger the immunopathology of GCA [64].
Herpes zoster incidence in SLE is estimated to be 15-91 cases per 1000 person
years and 45 cases per 1000 person years in GPA patients. As incidence in the general
population is around 3.4-4.8 per 1000 person years, incidence in both diseases is at least
3-20 times higher than in the general population [14,65,66]. Risk of herpes zoster in GCA
patients did not seem to be increased compared to an age matched control group in a for
an epidemiological study relatively small, retrospective study investigated the incidence of
herpes zoster in GCA patients (with 21 and 38 cases of herpes zoster in 204 GCA patients
and 407 controls, respectively) [67]. However, with an incidence of over 11 per 1000
16

person years, herpes zoster risk was found to be high in GCA patients [67]. The finding
of a similar herpes zoster risk in GCA patients and age-matched controls seems to be in
contradiction to several other large studies showing an increased herpes zoster risk zoster
in persons on glucocorticoid treatment [30,68-72].
To date little evidence exists on efficacy and safety of the currently only licensed, live
attenuated vaccine designed to prevent herpes zoster in patients with AIIRD. There are no
data from large prospective trials sufficiently powered for assessing safety. Existing evidence
mainly comes from a large retrospective database study among patients over 60 years
of age with an AIIRD (including patients with rheumatoid arthritis, spondyloarthropathy,
psoriasis and inflammatory bowel diseases) that reported that the vaccine was associated
with a reduced incidence of herpes zoster. This effect was present regardless of medication
use, including biologics. Also within 42 days after vaccination a reduced incidence of
herpes zoster was seen in vaccinated patients (a safety concern). No cases of hospitalized
meningitis or encephalitis were identified in this period [69]. The vaccine furthermore
seemed to be immunogenic and safe in a small sample of 10 SLE patients and controls
[73], and in corticosteroid-treated persons (mostly 5-10 mg daily, small number of patients
>10-20 mg daily). However, in the latter study only the humoral response to the vaccine
was evaluated [74]. Safety and efficacy of the novel subunit zoster vaccine have not yet
been investigated in AIIRD patients.

1

Groups of immunocompromised renal disease patients discussed in this
thesis, including herpes zoster risk and -vaccination in these groups
Next to AIIRD patients, also patients in need for long-term renal replacement therapy
and renal transplant patients are discussed in this thesis. The first group is considered to
be immunosuppressed because of uraemia, a consequence of renal failure, leading to
disturbances in both innate and adaptive immunity. The immunocompromised state of
renal transplant recipients is caused by the intensive immunosuppressive medication they
receive [75-78].
Herpes zoster risk is increased in both groups, with the highest risk in transplant
recipients. Incidence is estimated to be 16.7-21.3 per 1000 person years in patients
treated with haemodialysis, 31.1-36.6 per 1000 person years in those treated with
peritoneal dialysis and 37.0 per 1000 person years in renal transplant recipients [78,79].
Although a retrospective study of live attenuated zoster vaccine in dialysis patients ≥60
years showed a 50% reduction in vaccinated patients, with an incidence of over 11 per
1000 person years in vaccinated patients, the risk was still higher than in unvaccinated
persons over 80 years of age who do not receive renal replacement therapy. Safety was
not assessed in this study [79].
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AIMS AND OUTLINE OF THE THESIS
Aim of the first part of this thesis was to increase knowledge on VZV immunity in
immunocompromised patient groups that are at increased risk of herpes zoster. As
stated, herpes zoster vaccination is essentially contraindicated in these patients,
while effective prevention is especially important because of increased herpes zoster
incidence. Knowledge on the mechanism underlying the increased herpes zoster risk
may lead to improvement of herpes zoster prevention and treatment in these patient
groups. Dependent on the mechanism, vaccination may or may not be an effective
measure to prevent herpes zoster in these patients. Considering the potential risk
of a live attenuated virus in immunocompromised patients, balancing pros and
cons of vaccination and the timing of vaccination is of special importance in these
patients. We therefore determined the immune status to VZV in different groups of
immunocompromised patients.

AIIRD
In chapter 2 we determined humoral and cellular immunity to VZV cross-sectionally in
a cohort of patients with autoimmune inflammatory rheumatic diseases SLE and GPA,
and in matched healthy control subjects. Humoral immunity was assessed by measuring
VZV-IgG and VZV-IgM levels. Cellular immunity to VZV was assessed using an interferon-γ
enzyme-linked immunosorbent spot (ELISpot) assay and T cell proliferation assay. We
found the VZV-specific IgG level to be increased in SLE compared to healthy controls,
while VZV-specific cellular immunity was decreased in SLE patients.
The cause of the increased humoral immunity to VZV in these patients is studied in
further detail in chapter 3. We hypothesized that VZV reactivations without overt clinical
symptoms, potentiated by immunosuppressive medication use or stress because of lupus
disease activity, could be the underlying cause of increased VZV-IgG levels. Antibody levels
to VZV (IgG, IgA and IgM) and presence of VZV-DNA were longitudinally determined in
a cohort of SLE patients, to be able to identify VZV reactivations. An association between
reactivations of VZV, VZV-specific humoral immunity, lupus disease activity and medication
use was sought.
Chapter 4 focuses on the immunity to VZV in patients with GCA, which has been
suggested to be triggered by VZV, and closely related disease PMR. Cellular immunity to
VZV was cross-sectionally determined in GCA patients, PMR patients and healthy controls
using an ELISpot assay and flowcytometric analysis of T cell cytokine production. Humoral
immunity to VZV (VZV-IgG) was assessed in the same groups. VZV-IgG levels in patients
were determined both at time of diagnosis and at different time points during follow-up.

Immunocompromised renal disease patients
In chapter 5 immunity to VZV in patients in need of long-term renal replacement
therapy is evaluated cross-sectionally, in comparison with a matched healthy control
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group. Although these patients are known to be at risk of herpes zoster, the mechanism
underlying this increased risk is unclear. VZV-IgG levels were determined in order to
study humoral immunity to VZV, while ELISpot and flowcytometric analysis of T cell
cytokine production were used to assess VZV-specific cellular immunity. Using multiple
linear regression, we tried to identify risk factors for decreased VZV-specific immunity in
dialysis patients.
As transplant recipients are known to be at high risk of herpes zoster, but are
generally considered too severely immunosuppressed to receive the live attenuated
zoster vaccine, vaccination prior to transplantation may aid in preventing herpes zoster
in these patients. Chapter 6 evaluates changes in VZV-specific immunity before and
after renal transplantation, to assess influence of intensive use of immunosuppressive
medication surrounding renal transplantation on VZV-specific immunity. In patients
immediately before and 2-3 years after renal transplantation, VZV-IgG levels are measured
and both ELISpot assays and flowcytometric analyses of T cell cytokine production are
performed. Furthermore, presence of immune checkpoint proteins PD-1 (programmed
cell death protein 1) and CTLA-4 (cytotoxic T-lymphocyte-associated protein 4) on T cells
is determined to assess functional state of these cells.
Part two of the thesis focuses on vaccination, including herpes zoster vaccination,
in patients with autoimmune rheumatic diseases. Chapter 7 summarizes the current
evidence on this topic in a systematic literature review. Efficacy and safety of vaccination
in AIIRD are addressed, as well as the epidemiology of vaccine-preventable diseases in
subgroups of AIIRD. In chapter 8 a proposal for updated recommendations on vaccination
in patients with an AIIRD is presented.
Finally, the results of this thesis are summarized and discussed in chapter 9.

Introduction

1

19

REFERENCES
1.

Hope-Simpson RE. The Nature of Herpes Zoster: a Long-Term Study and a New Hypothesis.
Proc R Soc Med 1965;58:9-20.

2.

Evans B. Varicella-zoster virus infections. Perspectives in Medical Virology. 1st ed.:
Elsevier; 2003. p. 545-546.

3.

Weller TH, Coons AH. Fluorescent antibody studies with agents of varicella and herpes zoster
propagated in vitro. Proc.Soc.Exp.Biol.Med. 1954;86:789-94.

4.

Gilden DH, Vafai A, Shtram Y, Becker Y, Devlin M, Wellish M. Varicella-zoster virus DNA in
human sensory ganglia. Nature 1983;306:478-80.

5.

Heininger U, Seward JF. Varicella. Lancet 2006;368:1365-76.

6.

Zerboni L, Sen N, Oliver SL, Arvin AM. Molecular mechanisms of varicella zoster virus
pathogenesis. Nat Rev Microbiol 2014;12:197-210.

7.

Arvin AM, Moffat JF, Sommer M, Oliver S, Che X, Vleck S, et al. Varicella-zoster virus T cell
tropism and the pathogenesis of skin infection. Curr Top Microbiol Immunol 2010;342:189-209.

8.

Davison AJ, Scott JE. The complete DNA sequence of varicella-zoster virus. J Gen Virol 1986;67
(Pt 9):1759-816.

9.

Gershon AA, Gershon MD, Breuer J, Levin MJ, Oaklander AL, Griffiths PD. Advances in
the understanding of the pathogenesis and epidemiology of herpes zoster. J Clin Virol 2010;48
Suppl 1:S2-7.

10. Gershon AA, Breuer J, Cohen JI, Cohrs RJ, Gershon MD, Gilden D, et al. Varicella zoster virus
infection. Nat Rev Dis Primers 2015;1:15016.
11. Kimberlin DW, Whitley RJ. Varicella-zoster vaccine for the prevention of herpes zoster. N Engl
J Med 2007;356:1338-43.
12. Leinweber B, Kerl H, Cerroni L. Histopathologic features of cutaneous herpes virus infections
(herpes simplex, herpes varicella/zoster): a broad spectrum of presentations with common
pseudolymphomatous aspects. Am J Surg Pathol 2006;30:50-8.
13. Galil K, Choo PW, Donahue JG, Platt R. The sequelae of herpes zoster. Arch Intern
Med 1997;157:1209-13.
14. Bond D, Mooney J. A literature review regarding the management of varicella-zoster virus.
Musculoskeletal Care 2010;8:118-22.
15. Albrecht MA. Clinical manifestations of varicella-zoster virus infection: Herpes zoster.
2016;
Available
at:
https://www.uptodate.com/contents/clinical-manifestations-ofvaricella-zoster-virus-infection-herpes-zoster?source=search_result&search=zoster%20
encephalitis&selectedTitle=1~150. Accessed 9/2, 2017.
16. Yawn BP, Saddier P, Wollan PC, St. Sauver JL, Kurland MJ, Sy LS. A Population-Based Study of
the Incidence and Complication Rates of Herpes Zoster Before Zoster Vaccine Introduction.
Mayo Clin Proc 2007;82:1341-9.
17. Pavan-Langston D. Herpes zoster ophthalmicus. Neurology 1995;45:S50-1.
18. Furuta Y, Takasu T, Fukuda S, Sato-Matsumura KC, Inuyama Y, Hondo R, et al. Detection of
varicella-zoster virus DNA in human geniculate ganglia by polymerase chain reaction. J Infect
Dis 1992;166:1157-9.
19. Nagel MA, Gilden D. The relationship between herpes zoster and stroke. Curr Neurol Neurosci
Rep 2015;15:16,015-0534-4.

20

20. Duncan CJ, Hambleton S. Varicella zoster virus immunity: A primer. J Infect 2015;71
Suppl 1:S47-53.
21. Merigan TC, Rand KH, Pollard RB, Abdallah PS, Jordan GW, Fried RP. Human leukocyte interferon
for the treatment of herpes zoster in patients with cancer. N Engl J Med 1978;298:981-7.

1

22. Tang H, Moriishi E, Okamoto S, Okuno Y, Iso H, Asada H, et al. A community-based survey
of varicella-zoster virus-specific immune responses in the elderly. J Clin Virol 2012;55:46-50.
23. Malavige GN, Jones L, Black AP, Ogg GS. Varicella zoster virus glycoprotein E-specific
CD4+ T cells show evidence of recent activation and effector differentiation, consistent
with frequent exposure to replicative cycle antigens in healthy immune donors. Clin Exp
Immunol 2008;152:522-31.
24. Ku CC, Zerboni L, Ito H, Graham BS, Wallace M, Arvin AM. Varicella-zoster virus transfer to
skin by T Cells and modulation of viral replication by epidermal cell interferon-alpha. J Exp
Med 2004;200:917-25.
25. World Health Organization (WHO). Varicella and herpes zoster vaccines: WHO position paper,
June 2014. Wkly Epidemiol Rec 2014;89:265-87.
26. Wutzler P, Bonanni P, Burgess M, Gershon A, Safadi MA, Casabona G. Varicella vaccination the global experience. Expert Rev Vaccines 2017;16:833-43.
27. Johnson RW, Alvarez-Pasquin MJ, Bijl M, Franco E, Gaillat J, Clara JG, et al. Herpes zoster
epidemiology, management, and disease and economic burden in Europe: a multidisciplinary
perspective. Ther Adv Vaccines 2015;3:109-20.
28. Drolet M, Levin MJ, Schmader KE, Johnson R, Oxman MN, Patrick D, et al. Employment
related productivity loss associated with herpes zoster and postherpetic neuralgia: a 6-month
prospective study. Vaccine 2012;30:2047-50.
29. Hata A, Kuniyoshi M, Ohkusa Y. Risk of Herpes zoster in patients with underlying diseases:
a retrospective hospital-based cohort study. Infection 2011;39:537-44.
30. Westra J, Rondaan C, van Assen S, Bijl M. Vaccination of patients with autoimmune
inflammatory rheumatic diseases. Nat Rev Rheumatol 2014 (Chapter 7).
31. Schroder C, Enders D, Schink T, Riedel O. Incidence of herpes zoster amongst adults varies by
severity of immunosuppression. J Infect 2017;75:207-15.
32. Harpaz R, Ortega-Sanchez IR, Seward JF, Advisory Committee on Immunization Practices
(ACIP) Centers for Disease Control and Prevention (CDC). Prevention of herpes zoster:
recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR
Recomm Rep 2008;57:1,30; quiz CE2-4.
33. Marin M, Watson TL, Chaves SS, Civen R, Watson BM, Zhang JX, et al. Varicella among adults:
data from an active surveillance project, 1995-2005. J Infect Dis 2008;197 Suppl 2:S94-S100.
34. Delaney A, Colvin LA, Fallon MT, Dalziel RG, Mitchell R, Fleetwood-Walker SM. Postherpetic
neuralgia: from preclinical models to the clinic. Neurotherapeutics 2009;6:630-7.
35. Drolet M, Brisson M, Schmader KE, Levin MJ, Johnson R, Oxman MN, et al. The impact of
herpes zoster and postherpetic neuralgia on health-related quality of life: a prospective study.
CMAJ 2010;182:1731-6.
36. Albrecht MA. Treatment of varicella (chickenpox) infection. 2017; Available at: https://
www.uptodate.com/contents/treatment-of-varicella-chickenpox-infection?source=search_
result&search=varicella&selectedTitle=2~150. Accessed 9/19, 2017.

Introduction

21

37. Verheij TJM. Waterpokken. Farmacotherapeutische richtlijn Nederlands Huisartsen
Genootschap. 2004; Available at: http://download.nhg.org/FTP_NHG/standaarden/FTR/
Waterpokken_text.html. Accessed 9/19, 2017.
38. Albrecht MA. Treatment of herpes zoster in the immunocompetent host. 2016; Available at:
https://www.uptodate.com/contents/treatment-of-herpes-zoster-in-the-immunocompetenthost. Accessed 9/19, 2017.
39. Bajwa ZH OE. Postherpetic neuralgia. 2017; Available at: https://www.uptodate.com/contents/
postherpetic-neuralgia?source=see_link. Accessed 9/19, 2017.
40. De Jong L, Janssen PGH, Keizer D, Köke AJA, Schiere S, Van Bommel M, Van Coevorden RS,
Van de Vusse A, Van den Donk M, Van Es A, Veldhoven CMM, Verduijn MM. Nederlands
Huisartsen Genootschap (NHG)-Standaard Pijn. 2015; Available at: https://www.nhg.org/
standaarden/volledig/nhg-standaard-pijn. Accessed 9/19, 2017.
41. Wang L, Zhu L, Zhu H. Efficacy of varicella (VZV) vaccination: an update for the clinician. Ther
Adv Vaccines 2016;4:20-31.
42. Takahashi M, Otsuka T, Okuno Y, Asano Y, Yazaki T. Live vaccine used to prevent the spread of
varicella in children in hospital. Lancet 1974;2:1288-90.
43. Tseng HF, Smith N, Marcy SM, Sy LS, Jacobsen SJ. Incidence of herpes zoster among children
vaccinated with varicella vaccine in a prepaid health care plan in the United States, 2002-2008.
Pediatr Infect Dis J 2009;28:1069-72.
44. Shah SS, Wood SM, Luan X, Ratner AJ. Decline in varicella-related ambulatory visits and
hospitalizations in the United States since routine immunization against varicella. Pediatr Infect
Dis J 2010;29:199-204.
45. Marin M, Zhang JX, Seward JF. Near elimination of varicella deaths in the US after implementation
of the vaccination program. Pediatrics 2011;128:214-20.
46. Ogunjimi B, Van Damme P, Beutels P. Herpes Zoster Risk Reduction through Exposure to
Chickenpox Patients: A Systematic Multidisciplinary Review. PLoS One 2013;8:e66485.
47. Oxman MN, Levin MJ, Johnson GR, Schmader KE, Straus SE, Gelb LD, et al. A vaccine to prevent
herpes zoster and postherpetic neuralgia in older adults. N Engl J Med 2005;352:2271-84.
48. Cook SJ, Flaherty DK. Review of the Persistence of Herpes Zoster Vaccine Efficacy in Clinical
Trials. Clin Ther 2015;37:2388-97.
49. Schmader KE, Oxman MN, Levin MJ, Johnson G, Zhang JH, Betts R, et al. Persistence of
the Efficacy of Zoster Vaccine in the Shingles Prevention Study and the Short-Term Persistence
Substudy. Clin Infect Dis 2012;55:1320-8.
50. Morrison VA, Johnson GR, Schmader KE, Levin MJ, Zhang JH, Looney DJ, et al. Long-term
persistence of zoster vaccine efficacy. Clin Infect Dis 2015;60:900-9.
51. Lal H, Cunningham AL, Godeaux O, Chlibek R, Diez-Domingo J, Hwang SJ, et al. Efficacy of
an adjuvanted herpes zoster subunit vaccine in older adults. N Engl J Med 2015;372:2087-96.
52. Cunningham AL, Lal H, Kovac M, Chlibek R, Hwang SJ, Diez-Domingo J, et al. Efficacy
of the Herpes Zoster Subunit Vaccine in Adults 70 Years of Age or Older. N Engl J
Med 2016;375:1019-32.
53. Lal H, Cunningham AL, Godeaux O, Chlibek R, Diez-Domingo J, Hwang SJ, et al. Efficacy of
an adjuvanted herpes zoster subunit vaccine in older adults. N Engl J Med 2015;372:2087-96.

22

54. Chlibek R, Pauksens K, Rombo L, van Rijckevorsel G, Richardus JH, Plassmann G, et al.
Long-term immunogenicity and safety of an investigational herpes zoster subunit vaccine in
older adults. Vaccine 2016;34:863-8.
55. Galea SA, Sweet A, Beninger P, Steinberg SP, Larussa PS, Gershon AA, et al. The safety profile
of varicella vaccine: a 10-year review. J Infect Dis 2008;197 Suppl 2:S165-9.

1

56. Bhalla P, Forrest GN, Gershon M, Zhou Y, Chen J, LaRussa P, et al. Disseminated, persistent, and
fatal infection due to the vaccine strain of varicella-zoster virus in an adult following stem cell
transplantation. Clin Infect Dis 2015;60:1068-74.
57. van Assen S, Agmon-Levin N, Elkayam O, Cervera R, Doran MF, Dougados M, et al. EULAR
recommendations for vaccination in adult patients with autoimmune inflammatory rheumatic
diseases. Ann Rheum Dis 2011;70:414-22.
58. Rahier JF, Moutschen M, Van Gompel A, Van Ranst M, Louis E, Segaert S, et al. Vaccinations in
patients with immune-mediated inflammatory diseases. Rheumatology (Oxford) 2010;49:1815-27.
59. Doria A, Zampieri S, Sarzi-Puttini P. Exploring the complex relationships between infections and
autoimmunity. Autoimmun Rev 2008;8:89-91.
60. Lisnevskaia L, Murphy G, Isenberg D. Systemic lupus erythematosus. Lancet 2014;384:1878-88.
61. Weiner M, Segelmark M. The clinical presentation and therapy of diseases related to antineutrophil cytoplasmic antibodies (ANCA). Autoimmun Rev 2016;15:978-82.
62. Gonzalez-Gay MA, Matteson EL, Castaneda S. Polymyalgia rheumatica. Lancet 2017.
63. Dejaco C, Duftner C, Buttgereit F, Matteson EL, Dasgupta B. The spectrum of giant cell
arteritis and polymyalgia rheumatica: revisiting the concept of the disease. Rheumatology
(Oxford) 2017;56:506-15.
64. Gilden D, Nagel MA. Varicella zoster virus triggers the immunopathology of giant cell arteritis.
Curr Opin Rheumatol 2016;28:376-82.
65. Cush JJ, Calabrese L, Kavanaugh A. ACR Hotline. Herpes Zoster (Shingles) Vaccine Guidelines for
Immunosuppressed Patients. 2008; Available at: http://www.rheumatology.org/publications/
hotline/2008_08_01_shingles.asp. Accessed 12/21, 2012.
66. Chen HH, Chen YM, Chen TJ, Lan JL, Lin CH, Chen DY. Risk of herpes zoster in patients with
systemic lupus erythematosus: a three-year follow-up study using a nationwide populationbased cohort. Clinics (Sao Paulo) 2011;66:1177-82.
67. Schafer VS, Kermani TA, Crowson CS, Hunder GG, Gabriel SE, Ytterberg SR, et al. Incidence
of herpes zoster in patients with giant cell arteritis: a population-based cohort study.
Rheumatology (Oxford) 2010;49:2104-8.
68. Pappas DA, Hooper MM, Kremer JM, Reed G, Shan Y, Wenkert D, et al. Herpes Zoster
Reactivation in Patients With Rheumatoid Arthritis: Analysis of Disease Characteristics and
Disease-Modifying Antirheumatic Drugs. Arthritis Care Res (Hoboken) 2015;67:1671-8.
69. Zhang J, Xie F, Delzell E, Chen L, Winthrop KL, Lewis JD, et al. Association between vaccination
for herpes zoster and risk of herpes zoster infection among older patients with selected
immune-mediated diseases. JAMA 2012;308:43-9.
70. Smitten AL, Choi HK, Hochberg MC, Suissa S, Simon TA, Testa MA, et al. The risk of herpes
zoster in patients with rheumatoid arthritis in the United States and the United Kingdom.
Arthritis Rheum 2007;57:1431-8.

Introduction

23

71. Strangfeld A, Listing J, Herzer P, Liebhaber A, Rockwitz K, Richter C, et al. Risk of herpes zoster in
patients with rheumatoid arthritis treated with anti-TNF-alpha agents. JAMA 2009;301:737-44.
72. Winthrop KL, Baddley JW, Chen L, Liu L, Grijalva CG, Delzell E, et al. Association
between the initiation of anti-tumor necrosis factor therapy and the risk of herpes zoster.
JAMA 2013;309:887-95.
73. Guthridge JM, Cogman A, Merrill JT, Macwana S, Bean KM, Powe T, et al. Herpes zoster
vaccination in SLE: a pilot study of immunogenicity. J Rheumatol 2013;40:1875-80.
74. Russell AF, Parrino J, Fisher CL,Jr, Spieler W, Stek JE, Coll KE, et al. Safety, tolerability, and
immunogenicity of zoster vaccine in subjects on chronic/maintenance corticosteroids.
Vaccine 2015;33:3129-34.
75. Betjes MG. Immune cell dysfunction and inflammation in end-stage renal disease. Nat Rev
Nephrol 2013;9:255-65.
76. Eleftheriadis T, Antoniadi G, Liakopoulos V, Kartsios C, Stefanidis I. Disturbances of acquired
immunity in hemodialysis patients. Semin Dial 2007;20:440-51.
77. Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, et al. Aspects of
immune dysfunction in end-stage renal disease. Clin J Am Soc Nephrol 2008;3:1526-33.
78. Lin SY, Liu JH, Lin CL, Tsai IJ, Chen PC, Chung CJ, et al. A comparison of herpes zoster incidence across
the spectrum of chronic kidney disease, dialysis and transplantation. Am J Nephrol 2012;36:27-33.
79. Tseng HF, Luo Y, Shi J, Sy LS, Tartof SY, Sim JJ, et al. Effectiveness of Herpes Zoster Vaccine
in Patients 60 Years and Older With End-stage Renal Disease. Clin Infect Dis 2016;62:462-7.

24

IMMUNITY TO VARICELLA-ZOSTER VIRUS
IN IMMUNOCOMPROMISED
PATIENT GROUPS

Altered cellular and humoral immunity
to varicella-zoster virus in patients with
autoimmune diseases
Christien Rondaan, Aalzen de Haan, Gerda Horst,
J. Cordelia Hempel, Coretta C. van Leer, Nicolaas A. Bos,
Sander van Assen, Marc Bijl, Johanna Westra

Arthritis & Rheumatology 2014;66:3122-8.

ABSTRACT
Objective
Patients with autoimmune diseases such as systemic lupus erythematosus (SLE) and
granulomatosis with polyangiitis (Wegener’s) (GPA) have a 3–20-fold increased risk
of herpes zoster compared to the general population. The aim of this study was to
evaluate if susceptibility is due to decreased levels of cellular and/or humoral immunity to
the varicella-zoster virus (VZV).

Methods
A cross-sectional study of VZV-specific immunity was performed in 38 SLE patients, 33
GPA patients, and 51 healthy controls. Levels of IgG and IgM antibodies to VZV were
measured using an in-house glycoprotein enzyme-linked immunosorbent assay (ELISA).
Cellular responses to VZV were determined by interferon-γ (IFNγ) enzyme-linked
immunospot (ELISpot) assay and carboxyfluorescein succinimidyl ester (CFSE) dye dilution
proliferation assay.

Results
Levels of IgG antibodies to VZV were increased in SLE patients as compared to healthy
controls, but levels of IgM antibodies to VZV were not. Antibody levels in GPA patients
did not differ significantly from levels in healthy controls. In response to stimulation with
VZV, decreased numbers of IFNγ spot-forming cells were found among SLE patients
(although not GPA patients) as compared to healthy controls. Proliferation of CD4+ T cells
in response to stimulation with VZV was decreased in SLE patients but not GPA patients.

Conclusion
SLE patients have increased levels of IgG antibodies against VZV, while cellular immunity
is decreased. In GPA patients, antibody levels as well as cellular responses to VZV were
comparable to those in healthy controls. These data suggest that increased prevalence
of herpes zoster in SLE patients is due to a poor cellular response. Vaccination strategies
should aim to boost cellular immunity against VZV.
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INTRODUCTION
Herpes zoster (shingles) is caused by reactivation of the varicella-zoster virus (VZV) [1,2].
It presents as an acute neurocutaneous disease characterized by severe pain and rash in
a dermatomal distribution [3]. Postherpetic neuralgia, defined as pain lasting >90 days
after onset of rash, is the most common complication of herpes zoster and is estimated
to occur in 8–27% of patients [4-7]. Herpes zoster and postherpetic neuralgia can have
a major impact on quality of life and productivity of a patient [4,5]. In particular, elderly
individuals and individuals with compromised immune systems are at increased risk of
developing herpes zoster and, accordingly, postherpetic neuralgia [3,6].
Systemic lupus erythematosus (SLE) and granulomatosis with polyangiitis (Wegener’s)
(GPA) both are autoimmune inflammatory rheumatic diseases. Patients with an
autoimmune inflammatory rheumatic disease are at increased risk of infections including
herpes zoster, as a result of the immunosuppressive effect of the disease and/or the use
of immunomodulatory medication [8-10]. Herpes zoster is found in 15–91 cases per
1000 patient-years among SLE patients and 45 cases per 1000 patient-years among
GPA patients [3,11,12]. Since the incidence of herpes zoster in developed countries is
estimated at 3–5 per 1000 person-years in the general population [11], there is at least
a 3–20-fold increase in risk among these patient groups.
In the US, a vaccine to prevent herpes zoster was licensed in 2006 for use in older
immunocompetent adults [13]. It was proven to be safe and effective in preventing
herpes zoster and postherpetic neuralgia in this group [6]. A prospective study of
varicella vaccination in children and adolescents with SLE who were previously exposed
to VZV showed a lower incidence of herpes zoster in the vaccinated SLE group, while
the frequency of flares and Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)
score [14] were similar [15]. Although the Advisory Committee on Immunization Practices
(ACIP) stated in 2008 that the zoster vaccine should not be administered to persons with
primary or acquired immunodeficiency [16], the short-term risk of herpes zoster did not
appear to be increased in vaccinated patients. In fact, vaccination against herpes zoster
was retrospectively associated with a lower incidence of herpes zoster in patients with
inflammatory and autoimmune diseases, including patients receiving immunosuppressive
medication [17,18].
Despite these promising results, it remains unclear if vaccination against herpes zoster
is safe and effective in patients with an autoimmune inflammatory rheumatic disease [19].
The American College of Rheumatology (ACR) recommended vaccination against herpes
zoster in patients with rheumatoid arthritis even during treatment with disease-modifying
antirheumatic drugs (DMARDs) [20]. The European League Against Rheumatism (EULAR)
stated that vaccination against herpes zoster may be considered in patients with an
autoimmune inflammatory rheumatic disease, but only among those with less severe
immunosuppression [8]. However, the level of evidence for both the ACR and EULAR
recommendations was classified as C, the lowest level of evidence [20].
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Before immunization against herpes zoster among patients with autoimmune
inflammatory rheumatic diseases can be considered and to understand the increased
susceptibility of these patients to herpes zoster, more knowledge regarding basic immunity
against VZV is necessary. Therefore, we evaluated VZV-specific immunity to determine if
the increased susceptibility to herpes zoster among patients with SLE and GPA is due to
decreased levels of humoral and/or cell-mediated responses to VZV.

PATIENTS AND METHODS
Study population
Consecutive patients with SLE and GPA, most of them with quiescent disease, were
recruited from the University Medical Centre Groningen outpatient clinic, and healthy
controls were matched for age and sex. SLE patients eligible for the study fulfilled
the ACR criteria for SLE [21]. GPA patients eligible for the study fulfilled the ACR criteria
for GPA [22]. Pregnancy was an exclusion criterion for both patients and controls. Disease
characteristics, including use of immunosuppressive medication, were recorded. The study
was approved by the institutional medical ethics committee, and informed consent was
obtained from all participants.
Serum was stored at −20°C, and peripheral blood mononuclear cells (PBMCs) were
stored in liquid nitrogen until use. Only PBMCs with a minimum cell viability of >90% after
thawing, as evaluated by trypan blue staining, were used in enzyme-linked immunospot
(ELISpot) assays and proliferation assays.

Antibody response to VZV and diphtheria
For quantitative detection of IgG VZV antibodies, an in-house glycoprotein enzyme-linked
immunosorbent assay (ELISA) was developed. VZV purified glycoproteins (EastCoastBio)
were used as antigen, and a pooled serum with known levels of anti–glycoprotein VZV
was used as standard. The in-house IgG glycoprotein ELISA was validated by comparing
and statistically evaluating results of a quantitative Serion classic Varicella-Zoster Virus
IgG ELISA (Institut Virion\Serion) and results of a VIDAS assay, the institution’s standard
diagnostic test for VZV serology.
VZV IgM antibodies were measured using the same methods. The in-house IgM
glycoprotein ELISA was validated using a Serion classic VZV IgM ELISA (Institut Virion\
Serion). Because there is evidence of polyclonal hypergammaglobulinemia in SLE patients
[23], as a control, IgG antibody responses to diphtheria were measured using a commercial
kit according to the instructions of the manufacturer (IBL International). Diphtheria was
chosen because it is nonendemic in The Netherlands.

Interferon-γ (IFNγ) ELISpot assay
MultiScreen Filter Plates (Merck Millipore) were coated overnight with 50 μl of antihuman IFNγ (Mabtech) at 4°C. Frozen PBMCs were thawed and incubated overnight in
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culture medium (RPMI 1640 with 10% fetal calf serum [FCS]) to allow the cells to rest.
Subsequently, 2 × 105 PBMCs per well were added to 200 μl of medium and stimulated
with 1.5 μl of ultraviolet (UV)–inactivated varicella vaccine (Provarivax; Sanofi Pasteur)
in duplicate. PBMCs stimulated with concanavalin A (5 μg/ml) were used as a positive
control, and PBMCs in culture medium alone were used (in duplicate) as a negative control.
After 48 hours, plates were washed, and 50 μl of 1 μg/ml biotinylated anti-human IFNγ
was added per well. Subsequently, 50 μl of streptavidin–alkaline phosphatase (1:1,000;
Mabtech) was added. Plates were stained with BCIP/ nitroblue tetrazolium substrate. After
washing and drying, spots were counted using an automated reader (ELISpot Reader;
A.EL.VIS). The mean number of spots in the negative control sample was subtracted
from the mean number of spots in the VZV-stimulated wells. Results are referred to as
the number of IFNγ spot-forming cells.

2

T cell proliferation assay
Thawed PBMCs were stained with carboxyfluorescein succinimidyl ester (CFSE; Molecular
Probes/LifeTechnologies) at a final concentration of 6.25 μg/ml and incubated for 10
minutes in the dark at 37°C. The reaction was stopped by adding RPMI plus 10% FCS.
Next, 96-well U-bottomed plates (Greiner Bio-One) were filled with 1.0 × 105 CFSEstained PBMCs, which were stimulated with 1.5 μl UV-inactivated varicella vaccine. As
a positive control, cells were stimulated with CD3-specific and CD28-specific antibodies
(obtained from a hybridoma culture supernatant). Cells were incubated for 7 days at
37°C in an atmosphere containing 5% CO2. Subsequently, cells were harvested and 5 μl
of allophycocyanin-conjugated mouse anti-human CD3 and 5 μl of peridinin chlorophyll
protein–conjugated mouse anti-human CD8 (both from BD PharMingen/BD Biosciences)
were added to the tubes. Cells were washed and analyzed on a Calibur flow cytometer
using CellQuest Pro Software (both from BD Biosciences).
Using ModFit software (Verity Software House), CD4+ and CD8+ T cell populations
were gated as CD3+CD8− and CD3+CD8+, respectively. Proliferation indices (sum of
the cells in all generations divided by the calculated number of original parent cells)
were determined.

Statistical analysis
Data were analyzed using SPSS 20 (IBM). For correlations, Spearman’s rho was used.
Analysis of age, which was normally distributed, was performed using Student’s t-test.
For analysis of all other variables, Mann-Whitney U test and Fisher’s exact test were used
as appropriate.
Levels of antibodies against VZV and proliferation indices of the positive control
samples were logarithmically transformed, and ELISpot data (number of IFNγ spotforming cells in response to VZV) were square root transformed, in order to use linear
regression to assess the influence of different immunosuppressive drugs and the SLEDAI
score on humoral and cellular immunity outcome measures.
Immunity to VZV in patients with autoimmune diseases
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To test the influence of immunosuppressive medication in GPA patients, outcome
variables were compared between GPA patients who were taking immunosuppressive
medications and GPA patients who were not taking these drugs. P values less than 0.05
(2-sided) were considered significant.

RESULTS
Characteristics of the patients and healthy controls
Characteristics of the patients and healthy controls are shown in Table 1. There were
no significant differences in age and sex between the patient groups and the healthy
control group.

Validation of the in-house glycoprotein ELISA
Validation of the in-house IgG glycoprotein ELISA was performed by comparing results
of 127 samples with the results of both a Serion ELISA and a Vidas assay. The results
of the in-house IgG glycoprotein ELISA showed a highly significant correlation with
the results of the Serion ELISA, which is also glycoprotein based (ρ = 0.79, P < 0.0001).
In addition, a strongly significant correlation was shown between results of the in-house
IgG glycoprotein ELISA and results of the Vidas assay (ρ = 0.68, P < 0.0001).

Table 1. Characteristics of patients and healthy controls

Sex, males, n (%)
Age, mean (± SD), in years
Patients not using immunosuppressives, n (%)
Prednisone, n (%)
In users, median (range) mg/daya
Azathioprine, n (%)
In users, median (range) mg/daya
Hydroxychloroquine, n (%)
In users, median (range) mg/daya
Other immunosuppressive drugs, n (%)
Disease duration, (± SD), in months
SLEDAI/BVAS, median (range)

HC (n=51)

SLE (n=38)

GPA (n=33)

16 (31)
45.1 (10.4)
NA
NA

9 (24)
43.3 (10.3)
5 (13)
16 (42)
5,0 (2,5-10)
13 (34)
125 (50-200)
22 (58)
400 (200-800)
5 (13)b
111.8 (82.1)
2 (0-7)d

12 (36)
48.0 (8.9)
18 (55)
11 (33)
5 (2,5-10)
14 (42)
87.5 (14.3-150)
NA

NA
NA
NA
NA
NA

3 (9)c
117.2 (91.4)
0 (0-6)e

NA=not applicable; HC=healthy controls; SLE=systemic lupus erythematosus; GPA=granulomatosis
with polyangiitis; SD=standard deviation; SLEDAI=systemic lupus erythematosus disease activity index;
BVAS=Birmingham vasculitis activity score.
a
Among patients receiving the treatment
b
Five patients received methotrexate (15 mg/week in 4 patients 7,5 mg/week in 1 patient).
c
One patient received mycophenolate mofetil (2 g/day), 1 patient received cyclosporine (150 mg/day), and 1
patient received prednisolone eye drops and prednisolone eye ointment,
d
Two patients had a SLEDAI score of >4.
e
One patient had a BVAS of >0. This patient had a score of 6.
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VZV and diphtheria antibody levels
SLE patients had significantly increased IgG VZV antibody levels (median 1300 IU/ml
[range 210–10,950]) compared to healthy controls (median 670 IU/ml [range 70–6,340]),
as measured with the in-house glycoprotein ELISA (P = 0.0051). Among GPA patients,
VZV antibody levels (median 750 IU/ml [range 20–11,540]) did not differ significantly
from VZV antibody levels in healthy controls (P = 0.4309) (Figure 1A). In contrast to
IgG VZV antibody levels, diphtheria antibody levels in both SLE and GPA patients were
significantly lower than in healthy controls (P = 0.0004 and P = 0.0288, respectively)
(Figure 1B). No significant differences were found in IgM VZV antibody levels between
patients and controls (Figure 1C).

2

IFNγ ELISpot
The median number of IFNγ spot-forming cells per 2 × 105 PBMCs in response to VZV
stimulation was 19.5 (range 0–74) among healthy controls, 8.5 (range 0–61) among
SLE patients, and 12.8 (range 0–66.8) among GPA patients. The number of IFNγ spotforming cells in response to VZV was significantly lower among SLE patients as compared
to healthy controls (P = 0.033). No significant difference was found between GPA patients
and healthy controls (Figure 2).

CD4+ T cell proliferation
CD4+ T cell proliferation indices in the positive control samples from the SLE patients
(median 3.18 [range 1.22–10.84]) and positive control samples from the GPA patients
(median 3.40 [range 1.35–12.00]) were lower than proliferation indices in the positive
control samples from the healthy control subjects (median 4.19 [range 1.32–9.65]) (both
P = 0.023) (Figure 3A). The median proliferation index in the VZV-stimulated CD4+ T cells
was 1.07 (range 1.00–2.86) in SLE patients, 1.08 (range 1.00–3.84) in GPA patients, and
1.17 (range 1.00–4.36) in healthy controls. The proliferation index in VZV-stimulated
CD4+ T cells from SLE patients was significantly lower than that in cells from healthy
controls (P = 0.034), whereas the decrease in the index in cells from GPA patients was not
significant (Figure 3B).

CD8+ T cell proliferation
The CD8+ T cell proliferation index in the positive control samples from SLE patients
(median 2.64 [range 1.27–5.54]) was significantly lower than that in positive control
samples from the healthy control subjects (median 3.97 [range 1.4–7.78]) (P = 0.002).
Among GPA patients (median 2.79 [range 1.53–11.18]), there was a trend toward a lower
proliferation index compared to healthy controls (P = 0.063) (Figure 3C).
There was no statistically significant difference between the proliferation index in
VZV-stimulated CD8+ T cells from either patient group and cells from the healthy control
group. However, a trend toward a lower proliferation index among SLE patients versus
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Figure 1. Levels of antibodies against varicella-zoster virus (VZV) (A and C) and diphtheria (B)
among 38 systemic lupus erythematosus (SLE) patients, 33 granulomatosis with polyangiitis
(Wegener’s) (GPA) patients, and 51 matched healthy control (HC) subjects. Bars show the median
and interquartile range. gp = glycoprotein.

healthy controls was observed (P = 0.071). The median proliferation index was 1.05
(range 1.00–2.02) in SLE patients, 1.13 (range 1.00–3.15) in healthy controls, and 1.11
(range 1.00–2.79) in GPA patients (Figure 3D).

Influence of immunosuppressive medication
Among SLE patients, no influence of immunosuppressive medication on antibody levels
was evident (data not shown). A trend toward a higher anti-VZV antibody level was found
among GPA patients taking immunosuppressive medication (n = 15) as compared to GPA
patients who were not taking immunosuppressive medication (n = 16) (P = 0.086). For
both ELISpot and proliferation tests, no influence of immunosuppressive medication or
disease activity on outcomes could be found in either patient group (data not shown).
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Figure 2. Levels of interferon-γ (IFNγ) spot-forming cells in response to varicella-zoster virus (VZV)
stimulation. Numbers of IFNγ spot-forming cells per 2 × 105 peripheral blood mononuclear cells in
systemic lupus erythematosus (SLE) patients (n = 34), granulomatosis with polyangiitis (Wegener’s)
(GPA) patients (n = 28), and healthy control (HC) subjects (n = 45) in response to VZV stimulation
were determined. Bars show the median and interquartile range.





  



  



 

 
















  



  




















 

 



  












  









  
  








Figure 3. Proliferation indices of CD4+ and CD8+ T cells in response to CD3/CD28 and varicellazoster virus (VZV) stimulation. Proliferation of CD4+ T cells in response to CD3 and CD28 stimulation
(positive control) (A) and in response to VZV stimulation (B) in samples from systemic lupus
erythematosus (SLE) patients (n = 38), granulomatosis with polyangiitis (Wegener’s) (GPA) patients
(n = 33), and healthy control (HC) subjects (n = 51) is shown. CD8+ T cell proliferation in response
to CD3 and CD28 stimulation (positive control) (C) and in response to VZV stimulation (D) in SLE
patients (n = 23), GPA patients (n = 25), and healthy control subjects (n = 35) is also shown. Bars
show the median and interquartile range.
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DISCUSSION
In this study, antibody levels and cellular immune responses to VZV were evaluated in
SLE patients and GPA patients and compared to those in healthy controls. We found that
IgG VZV antibody levels were higher among SLE patients than among healthy controls.
In contrast, we demonstrated decreased cellular immune responses in general and to
VZV in particular among SLE patients as compared to healthy controls. GPA patients also
were found to have generally decreased cellular immune responses, although there were
no differences in antibody levels and cellular immune responses to VZV compared to
healthy controls. No significant differences were found in IgM antibody levels between
patients and controls. Furthermore, no influence of immunosuppressive medication could
be determined in either patient group.
Many patients with SLE, especially those with active disease, have increased numbers
of antibody-forming cells of the IgG class [24]. The observation that SLE patients have
increased levels of antibodies against VZV has been previously reported [25]. In addition,
increased levels of antibodies to other viruses have been found among SLE patients
[26,27]. Because we observed decreased levels of diphtheria IgG antibodies in both
patient groups, we believe that polyclonal hypergammaglobulinemia is not a satisfactory
explanation of this phenomenon. Data on herpes zoster episodes among the patients
and controls who were included in this study were not available, so whether prior herpes
zoster episodes are causative could not be tested. Nagasawa et al reported that SLE
patients without a history of herpes zoster had increased antibody levels as well [25].
Since stress can induce subclinical virus reactivation in the absence of clinical disease
[28-30], we speculate that SLE flares may give rise to subclinical virus reactivations leading
to increased VZV antibody levels. Further research is needed to clarify this.
CD4+ and CD8+ T cell responses to CD3-specific and CD28-specific antibodies (i.e.,
polyclonal activation) were decreased in both patient groups as compared to controls.
This seems to indicate that T cells in these patient groups have a lower capacity for
proliferating. Since no influence of immunosuppressive medication was found, this could
be intrinsic to these diseases. The finding of a lower T cell proliferating capacity among
SLE and GPA patients seems to be consistent with the higher prevalence of infections in
patients with autoimmune inflammatory rheumatic diseases. Infections are a common
cause of morbidity and mortality in these patients. The reason for this has not been
fully elucidated, but the immune dysregulation that is characteristic of these diseases
is thought to contribute at least in part to higher vulnerability [10]. The generally lower
capacity for T cell proliferation could mean that the observed lower response to VZV
among SLE patients is not VZV-specific, but a reflection of the lower proliferating capacity
of T cells in SLE patients in general. However, this is still compatible with the hypothesis
that the increased frequency of herpes zoster in these patients is caused by a decreased
cellular immune response.
In this study, we found no influence of immunosuppressive medication on immunity
to VZV. Furthermore, no influence of disease activity on cellular immunity could
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be determined. It is possible that this is due to the large proportion of patients with
quiescent disease. Medication use in both patient groups was restricted to a small
number of agents and limited dosages. In a retrospective study by Sayeeda et al. [31],
SLE patients with herpes zoster were more likely to be receiving cyclophosphamide,
intravenous methylprednisolone pulse therapy, or mycophenolate mofetil than were SLE
patients without herpes zoster. These types of immunosuppressive medication were not
used by patients participating in the present study. Inclusion of patients who were taking
medication that resulted in stronger immunosuppression would possibly have yielded an
even larger difference between SLE patients and healthy control subjects with regard to
immunity to VZV.
A limitation of this study is that results based upon our group of GPA patients may yield
a distorted image of immunity against VZV among these patients. Patients in our GPA
group were relatively young, and the group included a higher percentage of women than
is typical of GPA. Furthermore, our numbers are relatively small. Therefore, a decrease in
cell-mediated response to VZV among GPA patients, which might explain the increased
incidence of herpes zoster in these patients, could have been missed.
Despite the limitations, this study has contributed to our knowledge about humoral
and cellular immune responses to VZV in patients with autoimmune diseases; this
information is necessary before considering herpes zoster vaccination in these patients.
Increased IgG VZV antibody levels were found in SLE patients, while cellular immunity
against VZV was found to be decreased in these patients compared to healthy controls.
Since SLE patients are known to have an increased risk of herpes zoster [3,11,32,33],
we can conclude that vaccination strategies in these patients should aim to boost
cellular immunity.
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ABSTRACT
Introduction
Systemic Lupus Erythematosus (SLE) patients are at high risk of herpes zoster. Previously,
we found increased IgG-levels against varicella-zoster virus (VZV) in SLE patients compared
to controls, while antibody levels against diphtheria and cellular immunity to VZV were
decreased. We aimed to test our hypothesis that increased VZV-IgG levels in SLE result
from subclinical VZV reactivations, caused by stress because of lupus disease activity or
immunosuppressive drug use.

Methods
Antibody levels to VZV (IgG, IgA, IgM), total IgG and VZV-DNA were longitudinally
determined in serum of 34 SLE patients, using ELISA and PCR. Clinical data were retrieved
from medical records. Reactivation of VZV was defined as at least five-fold rise in VZV-IgG
or presence of VZV-IgM or VZV-DNA. Generalized estimating equations (GEE) was used
to longitudinally analyse associations between antibody levels, lupus disease activity
and medication use. SLE disease activity index (SLEDAI), anti-double stranded DNA and
complement levels were used as indicators of lupus disease activity.

Results
A VZV reactivation was determined in 11 patients (33%). In at least 5 of them, herpes
zoster was clinically overt. No association between SLE disease activity or medication use
and VZV-specific antibody levels was found. There was a weak association between total
IgG and VZV-IgG.

Conclusion
Our results indicate that increased VZV-IgG levels in SLE do not result from frequent
subclinical VZV reactivations, and are not associated with lupus disease activity. Increased
VZV-IgG can only partially be explained by hypergammaglobulinaemia.
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INTRODUCTION
Infectious diseases are an important cause of morbidity and mortality in patients with
Systemic Lupus Erythematosus (SLE), an autoimmune disease that is characterized by
the presence of autoantibodies and recurrent disease flares [1]. Herpes zoster (HZ),
characterized by severe pain and rash in a dermatomal distribution, is one of the infectious
diseases frequently affecting SLE patients. The incidence of HZ is reported to be 5 to 16
times higher in SLE patients than in the general population, and is associated with the use
of immunosuppressive medication [2-5].
HZ is caused by reactivation of the varicella-zoster virus (VZV). After primary infection,
known as varicella or chickenpox, VZV establishes latency in the sensory nerve ganglia
[6-8]. Since almost the entire population of temperate countries has experienced a primary
VZV infection in childhood, almost the entire adult population is at risk of HZ, occurring
when cellular immunity to VZV wanes [9].
Previously, we found increased VZV-specific antibody levels of the immunoglobulin
(Ig) G class in SLE patients compared to age-matched healthy controls, while cellular
immunity to VZV was found to be decreased. This phenomenon could not be explained
by polyclonal hypergammaglobulinaemia alone, which is often observed in SLE, because
for diphtheria lower antibody levels were found in SLE patients than in age-matched
healthy controls [10].
Also for other human herpes viruses that can establish latency such as Epstein-Barr
virus (EBV) and cytomegalovirus (CMV), increased antibody levels have been described in
SLE [11]. Antibody levels to several other infectious agents were shown not to differ or
even be lower in SLE patients, compared to healthy controls [12]. Human herpes viruses,
in particular EBV, have been implicated to play a role in development and relapsing course
of SLE [13].
Over the years, different research groups have suggested that reactivation of VZV
without overt clinical manifestations may play a role in the increased VZV-IgG level in
SLE patients [10,14,15]. Indeed, it is known that a clinically evident reactivation of VZV,
herpes zoster, leads to long-lasting rises in VZV-specific IgG levels [16,17]. Subclinical
reactivations of VZV have been described in immunocompromised patients [18], and are
known to occur under stressful circumstances, even in otherwise healthy persons [19,20].
In the present study antibody levels to VZV and presence of VZV-DNA were determined
longitudinally in a retrospective cohort of SLE patients. We expected to find frequent
subclinical VZV reactivations in SLE patients, able to account for their increased VZV
antibody levels. We hypothesized that VZV reactivations in SLE patients would be
potentiated by stress because of SLE disease activity or immunosuppressive drug use, and
aimed to investigate the association between VZV reactivation, VZV antibody levels, lupus
disease activity and immunosuppressive drug use.

Longitudinal analysis of VZV-Ig in SLE
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MATERIALS AND METHODS
Study population
Serum samples, present in our biobank, from randomly selected SLE patients were
used. Patients could be included in the study when they fulfilled American College of
Rheumatology (ACR) criteria for SLE [21] and had a minimum age of 18 years at time of
first serum sample. At least 5 samples per patient had to be present, with a minimum of
1 year between first and last sample. The study has been carried out in accordance with
the principles of the Declaration of Helsinki. Approval by the medical ethics committee
of the University Medical Centre Groningen was obtained and all patients gave
informed consent.

Definition of VZV reactivation
In line with the definition of Ljungman et al.[18], a subclinical reactivation was defined as
an at least fivefold increase in VZV specific IgG antibody level or the occurrence of specific
IgM (unless explained by presence of rheumatoid factor) without clinical signs of varicella
or zoster. Moreover, we added the occurrence of VZV-DNA in serum to the existing
definition. The definition of a clinical reactivation was the same as that of a subclinical
one, but in the presence of clinical symptoms of herpes zoster. As VZV-specific IgA
has been suggested to have some value in the diagnosis of herpes zoster,[16] we also
analysed the course of antibodies of this isotype, but did not include it in the definition of
a VZV reactivation.

VZV-specific antibody levels
For determining VZV-specific IgG, IgA and IgM levels, an in-house glycoprotein ELISA was
performed, which was validated previously [10]. VZV purified glycoproteins (EastCoastBio,
North Berwick, USA) were used as antigen, and pooled human serum with known levels
of anti–glycoprotein VZV was used as standard. Threshold for positivity was set at 100
mIU/ml for VZV-specific IgG levels, at 50 U/ml for VZV-specific IgA levels and at 15 U/ml
for VZV-specific IgM levels, according to recommendations of a commercial kit used for
validating the in-house ELISA’s (Institut Virion\Serion).

Detection of VZV-DNA
DNA was extracted from whole blood samples by the MagnaPure 96 system, using
the MagnaPure 96 DNA and viral DNA small volume kit (Roche Applied Bioscience,
Mannheim, Germany) according to the manufacturer’s instructions. Detection of VZV-DNA
was performed using a previously described protocol [22].

Total IgG antibody levels
Total IgG antibody levels were determined using a commercial kit (Thermo Fisher Scientific,
Waltham, USA), following the manufacturer’s instructions.
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Symptoms of herpes zoster
Medical records from included patients were checked for a history of herpes zoster during
follow-up period and at least 2 years before first sample, when possible.

Statistics
Generalized estimating equations (GEE) was used to explore parameters associated with
antibody levels over time. The exchangeable correlation matrix was used to take into
account the within-patient correlations. In case residuals were non-normally distributed,
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dependent variable was log-transformed before entered into the analysis. Tested
parameters included disease activity and immunosuppressive medication use over time.
SLE disease activity index (SLEDAI, continuous and ≥5 for active disease), anti-double
stranded (ds)DNA and complement levels (C3, C4) were used as indicators of lupus
disease activity. Medication use was tested overall (use of any immunosuppressive drugs)
and for different drugs separately when used by at least 5 patients. Lastly, longitudinal
associations between VZV-IgG and total IgG was investigated.
To be able to compare results from this study with results from studies using a crosssectional sample, also statistical analyses were done when including the first available
patient samples only. Associations between antibody levels (VZV-specific IgG and IgA,
and total IgG), patient characteristics, medication use and disease activity parameters
were explored by determining Spearman’s correlations coefficients in case of continuous
variables and using Mann-Whitney U test to compare differences between groups.
Statistical analysis was performed using IBM SPSS Statistics 23 (SPSS, Chicago, IL,
USA). Figures were made using GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA,
USA). P-values ≤0.05 were considered significant.

RESULTS
Patient characteristics
Thirty-four SLE patients were eligible based on the inclusion criteria. One of these patients
was found to be VZV seronegative and was therefore excluded from further analysis.
Characteristics of the remaining 33 SLE patients are summarized in Table 1, including an
overview of immunosuppressive medication use.

Longitudinal measurement of total IgG antibodies and VZV-specific
antibodies
There was considerable variation in levels of VZV-specific IgG and total IgG between
patients. Twenty-eight of 33 patients exceeded the normal upper limit of 16.0 g/l of
total IgG at one or multiple times during follow-up. A total of 17 (52%) SLE patients had
positive VZV-specific IgA levels (≥50 U/ml) at one or multiple time points during follow-up
(data not shown). In two (6%) patients, levels of VZV-specific IgM above the threshold for
Longitudinal analysis of VZV-Ig in SLE
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Table 1. Patient characteristics
Total n=33
Female gender, no. (%)
Age at baseline (years), median (range)
Disease duration at baseline (months), median (range)
Follow-up duration (months), median (range)
Serum samples per patient, median (range)
Patients with active disease (SLEDAI ≥5 at any point during follow-up), no. (%)
Number of periods with SLEDAI score ≥5 in patients with active disease,
median (range)
Immunosuppressive medication use at any time during follow-up, no. (%) |
newly started or dose increase during follow-up, no. (%)

a

29 (88)
39.2 (18.2-75.6)
71.3 (0-272.2)
41.4 (14.5-58.2)
11 (5-17)
23 (70)
1 (1-4)

Overall

33 (100)

Prednisone

26 (79) | 20 (61)

Hydroxychloroquine

22 (67) | 11 (33)

Azathioprine

17 (52) | 9 (27)

Mycophenolate mofetil

10 (30) | 7 (21)

Cyclophosphamide

5 (15) | 5 (15)

Methotrexate

3 (9) | 1 (3)

Cyclosporin

1 (3) | 0 (0)

Ocrelizumaba

1 (3) | 1 (3)

Used in a study setting. SLEDAI = systemic lupus erythematosus disease activity index

positivity (15 U/ml) were found that could not be explained by presence of rheumatoid
factor (data not shown).

Reactivations of VZV
A total of 11 patients (33%) had a VZV reactivation during follow-up, according to
the predefined definition (see methods) (Table 2). There were no patients with multiple
VZV reactivations during the follow-up period. Patient characteristics, including disease
activity and medication use, from patients that experienced a VZV reactivation did not
differ from those who did not (data not shown). When reviewing medical records from all
patients, clinically overt herpes zoster episodes were found in 5 patients, all of which met
the predefined definition of reactivation (Table 2).
In three patients (SLE3, SLE17 and SLE26) VZV reactivation was closely related to
a change in medication (Table 2).
Supplementary figures of antibody levels, presence of VZV-DNA and anti-dsDNA
(as a measure of lupus disease activity) for all patients with a VZV reactivation are
available online.
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Drop in
VZV-IgG

ü

ü

ü
ü

ü
ü
ü

ü

ü

ü
ü

VZV-IgA
positive

Alterations in medication use prior
to reactivation

10 months prior: Start of azathioprine
3 months prior: Start of ocrelizumab and
mycophenolate mofetil, increase in prednisone dose
from 2.5 to 15 mg daily
Stable for 18 months
ü
No medication use at time of VZV-IgM positivity
No medication use prior to HZ
ü
Two months prior: restart prednisolone
Stable for over 1 year
Unsure. At time of SLE flare. 1 month prior: Start of mycophenolate mofetil,
increase in prednisone dose
Stable for at least 2 years
Stable
Stable
ü
ü
ü

HZ complaints noted in
medical records

VZV = varicella-zoster virus; SLEDAI = systemic lupus erythematosus disease activity index; HZ = herpes zoster

SLE27
SLE33
SLE34

ü

ü

ü

SLE5
SLE6
SLE15
SLE17
SLE23
SLE26

ü

ü
ü

ü
ü

SLE2
SLE3

ü

VZV-DNA
present

≥5-fold rise
VZV-IgM
Patient ID VZV-IgG level positive

Table 2. Summary of findings in patients with a VZV-reactivation

3
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Rises in VZV-specific IgG antibody level
Six patients had a ≥5-fold rise in VZV-specific IgG level (Table 2). Total IgG levels were
stable at the time of VZV-specific IgG rises, indicating that large rises in VZV-specific IgG
levels were not a consequence of rises in total IgG levels (data not shown).
In four of six patients with VZV-IgG rise, clinical complaints matching herpes zoster
were evident when reviewing medical records. For a fifth patient (SLE26), the VZV-IgG
rise occurred during a severe SLE flare including skin manifestations and herpes
zoster-like complaints could not be distinguished with certainty from the medical
records retrospectively.
Figure 1 shows the last sample before ≥5-fold VZV-specific IgG rise and course
thereafter. Interestingly, VZV-specific IgG levels remained at increased levels for a long
time and had not returned to original level after one year.

Presence of VZV-DNA in serum
VZV-DNA was detected in serum of 5 patients. In two of those patients (SLE2 and
SLE3) also a ≥5-fold VZV-specific IgG level rise was seen and had clinically evident
herpes zoster. In another patient (SLE34) a drop of VZV-specific IgG was seen at time of
VZV-DNA presence.

Presence of VZV-specific IgM antibodies
In two patients positive VZV-specific IgM levels were found. Patient SLE23 had a very high
VZV-specific IgM value of 479 U/ml at one time point, rapidly decreasing at succeeding
time points. Patient SLE6 had positive but decreasing VZV-specific IgM levels at the start of
follow-up that lasted for over one year. At the same time VZV-specific IgG levels gradually
decreased. No clinical signs of a VZV reactivation were present in these patients.

  





















    



Figure 1. Last sample before ≥5-fold rise and the VZV-specific IgG course thereafter in 5 SLE
patients, presented on a log-scale. Because the VZV-IgG rise in patient SLE5 occurred in the last
sample, this patient is not included in the graph.
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Presence of VZV-specific IgA antibodies
Levels of VZV-IgA above the threshold for positivity were found in 17 patients. The five
patients with clinically evident herpes zoster all were VZV-IgA positive at that time. A rise
in VZV-IgG usually co-occurred with a rise in VZV-IgA (Table 2).

Longitudinal analysis of VZV-specific antibody levels
VZV-IgG levels were stable following SLE disease flare (including 11 patients with
a minimum difference in SLEDAI of 4 points between intervals) (Figure 2).
Moreover, GEE analysis showed no significant associations between VZV-specific IgG
levels and parameters of disease activity, including SLEDAI (continuous and ≥5 for active
disease), levels of anti-dsDNA, and C3 and C4 levels (Table 3). After excluding patients
with a ≥5-fold rise in VZV-IgG level (n=6), eliminating the possibly distorting effects of
such a large rise to be able to assess the association between smaller variations in VZV-IgG
and total IgG levels, a weak but statistically significant association was seen (B 0.008,
95% confidence interval 0.001 – 0.016, p=0.025).
Significant but very weak associations were revealed between VZV-specific IgA levels
and anti-dsDNA levels or VZV-specific IgG levels using GEE (data not shown).

3

Parameters associated with total IgG levels over time
GEE analysis of variables of influence on total IgG levels was performed as a large
variation was observed in total IgG levels between patients and also within patients over
time, and a weak association between VZV-IgG and total IgG levels seemed to be present.
This analysis revealed that overall medication use was inversely associated with total IgG
levels. A negative association was shown for the use of prednisone, mycophenolate
mofetil and cyclophosphamide.

  







 

 

 

Figure 2. Stable course of VZV-IgG surrounding SLE disease flare in 11 patients with a minimum
difference in Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) of 4 points
between intervals.
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C3 and C4 were also negatively associated with total IgG levels. As C3 and C4 are
known to indicate active disease when decreased, this inverse association indicates that
patients with active disease have higher total IgG levels. This is in line with the positive
association between total IgG levels and other measures of disease activity: SLEDAI
(continuous and score ≥5 for active disease) and anti-dsDNA levels (Table 4).

Table 3. GEE analysis exploring the relationship of disease activity and medication use with VZV-IgG
levels (log-transformed) over time in all patients and in patients without ≥5-fold rise in VZV-IgG
B (95% CI)

p

-0.010 (-0.031 – 0.010)
-0.031 (-0.116-0.053)
9.45x10-5 (-1.92x10-4 – 3.81x10-4)
0.123 (-0.241 – 0.486)
0.033 (-0.972-1.038)

0.315
0.468
0.518
0.509
0.949

Overall (use vs. no use)

-0.001 (-0.108 - 0.107)

0.992

Prednisone (dose in mg/day)

-0.003 (-0.007 – 0.002)

0.240

Hydroxychloroquine (use vs. no use)

-0.036 (-0.120-0.049)

0.411

Azathioprine (dose in mg/day)

-0.001 (-0.002 – 0.001)

0.442

Mycophenolate mofetil (use vs. no use)

0.227 (-0.086 – 0.539)

0.155

-0.244 (-0.545 – 0.057)
0.006 (-0.003 – 0.015)

0.113
0.216

SLEDAI
Active disease (SLEDAI ≥ 5)
Anti-dsDNA
C3
C4
Medication use

Cyclophosphamide (use vs. no use)
Total IgG levels

GEE = generalized estimating equations; CI = confidence interval; SLEDAI = systemic lupus erythematosus
disease activity index; dsDNA = double stranded DNA.

Table 4. GEE analysis exploring the relationship of disease activity and medication use with total IgG
levels in all patients
B (95% CI)

p

0.389 (0.070 – 0.707)
2.182 (0.323 – 4.04)
0.005 (0.001 – 0.009)
-6.872 (-9.923 – -3.821)
-19.830 (-32.661 – -6.998)

0.017
0.021
0.011
<0.0005
0.002

Overall (use vs. no use)

-3.779 (-5.763 – -1.795)

<0.0005

Prednisone (dose in mg/day)

-0.236 (-0.302 – -0.170)

<0.0005

Hydroxychloroquine (use vs. no use)

-0.210 (-2.178 – 1.759)

0.835

Azathioprine (dose in mg/day)

-0.502 (-2.940 – 1.937)

0.687

Mycophenolate mofetil (use vs. no use)

-4.922 (-8.046 – -1.799)

0.002

Cyclophosphamide (use vs. no use)

-4.529 (-5.343 – -3.714)

<0.0005

SLEDAI
Active disease (SLEDAI ≥ 5)
Anti-dsDNA
C3
C4
Medication use

GEE = generalized estimating equations; CI = confidence interval; SLEDAI = systemic lupus erythematosus
disease activity index; dsDNA = double stranded DNA. Significant associations are presented in bold.
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Cross-sectional analysis using first available samples
To be able to compare our results with previous studies that used a cross-sectional
approach, we analyzed the first included samples per patient in a cross-sectional manner.
In this analysis, a significant correlation between VZV-specific IgG and IgA levels was
found (rho=0.404), but not between VZV-IgG and total IgG. Another significant, but
inverse correlation was determined between VZV-specific IgG levels and C4 levels (rho=0.360). No significant correlations between other parameters and VZV-IgG levels were
found. For VZV-IgA levels, no significant correlations were noted with parameters other
than VZV-IgG. Significant negative correlations were demonstrated between total IgG
levels and prednisone dose (rho=-0.612) and C3 levels (rho=-0.459)

3

DISCUSSION
The present study was initiated to clarify the cause of the elevated VZV-specific IgG
levels in SLE patients. During longitudinal observation, in which 33 VZV-seropositive SLE
patients were followed for a median duration of 41.4 months, 1 substantial (≥5 fold)
VZV-IgG rise was observed without clinical symptoms of herpes zoster. It therefore seems
unlikely that subclinical VZV reactivations play an important causative role in the origin
of increased VZV-IgG levels in SLE. Furthermore, longitudinal analysis using GEE did not
reveal an association between lupus disease activity or medication use and VZV-specific
antibody levels.
In three patients we found a subclinical reactivation (1 positive VZV-IgM, 2 presence
of VZV-DNA) while VZV-IgG remained stable. Substantial rises in VZV-specific IgG level
were shown in 6 patients, almost all coinciding with clinical symptoms matching herpes
zoster, as assessed retrospectively by reviewing medical records. The increased VZV-IgG
levels were shown to be long-lasting, with high levels even after a year of follow-up. Also
in healthy persons, VZV-specific IgG is known to remain increased for months and even 1
year after herpes zoster [16,17].
Medication use was found not to be associated with VZV-specific IgG levels over time,
but was clearly shown to be negatively associated with total IgG levels. Although in three
patients a close temporal relationship was seen between the start of a new drug and
a VZV-reactivation, numbers are too low to draw firm conclusions.
When patients with a large rise in VZV-specific IgG values were excluded from
the analysis, a weak association between VZV-specific IgG and total IgG levels was
revealed, that was not found in the cross-sectional analysis. This suggests that there can
be some influence of general increased B cell activity on the height of VZV-IgG values,
but that this association is insufficient to completely explain the increased height of VZVspecific IgG values in SLE patients.
Our findings add valuable information to the debate on the role of human herpes
viruses in the development and relapsing course of SLE. Especially EBV has been implicated
to be involved [13]. Increased antibody levels and impaired cellular immunity to EBV in SLE
patients [23,24] were found, similar to our previous findings for VZV [10]. The elevated
Longitudinal analysis of VZV-Ig in SLE

53

level of antibodies directed against lytic cycle antigens and an elevated level of EBV-DNA
are suggested to indicate frequent EBV reactivations, and to contribute to the occurrence
of SLE disease flares [23]. However, there is no direct evidence of this proposed link.
The lack of an association between SLE disease activity and VZV-reactivations in our study
suggest that there is no etiologic role of VZV reactivations in the relapsing disease course
of SLE. Further research is needed to investigate whether this also holds true for other
human herpes viruses.
Although herpes zoster is usually diagnosed based on clinical symptoms, the diagnosis
can be challenging in cases when rash is absent (e.g. zoster sine herpete, VZV encephalitis).
Elevated levels of VZV-specific IgA have been proposed to be of some diagnostic value
in these cases [16,25]. VZV-specific IgA positivity was found in 17 out of 33 SLE patients
at one or multiple time points during follow-up in our study, while only 5 patients were
found to have clinically evident herpes zoster. Value of VZV-IgA in diagnosing herpes
zoster therefore is questionable in SLE patients. VZV-specific IgM was shown to lack
sensitivity when assessing its value in the diagnosis of herpes zoster in SLE patients.
This study has some limitations. Most importantly, caused by the retrospective study
design, clinical data regarding herpes zoster complaints could be missing from medical
records as herpes zoster infections do not necessarily come under attention of the treating
specialist. Also, the study population consisted of patients with established disease, which
made it impossible to study possible alterations in VZV-specific humoral immunity earlier
in the disease course. Furthermore, the definition of a subclinical reactivation is arbitrary
and intervals between measurements were not standardized. We believe to have used
a broad definition, based upon the study of Ljungman et al.[18], including ≥5-fold VZV-IgG
rises, positivity of IgM and the addition VZV-DNA. A strength of the study is the use of
GEE analysis in looking for associations between VZV antibody levels, disease activity
and medication use. The GEE analysis was independent from the arbitrary definition of
subclinical reactivation and this type of analysis is suitable for analyses of data with nonstandardized intervals.
Concluding, our study results do not support the hypothesis that the increased
VZV-specific antibody levels in SLE patients are caused by subclinical VZV reactivations
or are related to SLE disease activity or medication use during established disease.
Although generally increased B cell activity seems to influence the height of VZV-IgG
values, this association is insufficient to completely explain the increased height of VZVspecific IgG values. Our findings might suggest an origin earlier in the disease process.
Despite the limitation of a retrospective design, this study adds to the understanding of
the humoral response to VZV in this patient group at increased risk of herpes zoster.
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Supplementary figures. Antibody levels, presence of VZV-DNA and anti-dsDNA (as a
measure of lupus disease activity) for all patients with a VZV reactivation.
belonging to ‘Longitudinal analysis of varicella-zoster virus specific antibodies in Systemic Lupus
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ABSTRACT
Introduction
Herpes zoster, which can have a major impact on quality of life, results from reactivation
of a latent varicella-zoster virus (VZV) infection. We hypothesized that giant cell arteritis
(GCA) patients are at increased risk of herpes zoster because of treatment with high-dose
glucocorticoids and advanced age. Aim of the study, therefore, was to determine cellmediated and humoral immunity to VZV in patients with GCA, patients with closely related
disease polymyalgia rheumatica (PMR; treated with lower doses of glucocorticoids) and
healthy controls.

Methods
Cell-mediated immunity to VZV was determined by performing interferon-γ (IFNγ)
enzyme-linked immunospot (ELISpot) and intracellular cytokine flow cytometry
measurements in 11 GCA and 15 PMR patients, and in 26 age/sex-matched healthy
controls. Immunoglobulin G antibodies to VZV glycoprotein (VZV-IgG) were measured in
serum samples of 35 GCA and 26 PMR patients at different times of follow-up, and in 58
age and sex matched healthy controls by an enzyme-linked immunosorbent assay (ELISA).

Results
The number of VZV-specific IFNγ spot-forming cells was significantly lower in GCA
patients on treatment, than in age-matched healthy controls (p=0.029), but was not
different in PMR patients on treatment. Similar levels of VZV-IgG were found in GCA and
PMR patients at baseline, compared to healthy controls.

Conclusion
The finding of a decreased cell-mediated immunity to VZV, known to be of great importance
in defense to the virus, indicates an increased herpes zoster risk in GCA patients compared
to an already at-risk elderly population. Herpes zoster vaccination is, therefore, of special
importance in GCA patients, and would ideally be administered at time of diagnosis.
Interestingly, as VZV was suggested to be the trigger in GCA pathogenesis, similar levels
of VZV-IgG were found in GCA patients at time of diagnosis and age matched healthy
controls, indicating that GCA patients did not experience herpes zoster substantially more
often in the months preceding diagnosis than controls.
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INTRODUCTION
Herpes zoster is caused by reactivation of a latent varicella-zoster virus (VZV) infection
[1]. Almost the whole adult population of temperate countries has experienced a primary
VZV infection in childhood (known as varicella or chickenpox) and is, therefore, at risk
of herpes zoster [2]. Postherpetic neuralgia (pain lasting >90 days after onset of rash) is
the most common complication of herpes zoster occuring in 8–27% of patients [3-6].
Impact on quality of life of herpes zoster and postherpetic neuralgia can be major [3,4].
With advancing age, a rise in the incidence of herpes zoster occurs concomitantly with
a decline in VZV-specific cell-mediated immunity. The estimated incidence of HZ is about
3.4–4.82 per 1000 person years in the general population which increases to more than
11 per 1000 person years in those above 80 years of age [7].
Giant cell arteritis (GCA) and the closely related polymyalgia rheumatica (PMR) are
inflammatory rheumatic disorders that occur almost exclusively in older adults [8]. In
our hospital, GCA patients usually start on 40-60 mg of prednisolone daily, while PMR
patients start at a lower dose of 15-20 mg prednisolone daily. In both patient groups,
the prednisolone dose is slowly tapered. Use of glucocorticoids is associated with a higher
herpes zoster risk [9-14]. Both because of advanced age and high-dose glucocorticoid
use, especially GCA patients could be expected to have an increased herpes zoster risk.
A live attenuated herpes zoster vaccine was licensed in the US in 2006 for use in
immunocompetent persons above 60 years of age [15]. In this group it was shown to be
safe and effective in preventing herpes zoster and postherpetic neuralgia [6]. The Advisory
Committee on Immunization Practices (ACIP) recommends the zoster vaccine for all
persons aged ≥60 years [16]. Like immunocompetent older persons, GCA and PMR
patients may benefit from zoster vaccination.
The ACIP in 2008, however, also stated that the vaccine should not be administered to
persons on immunosuppressive therapy, including high-dose glucocorticoids (≥20 mg/day
of prednisone or equivalent) lasting two or more weeks, although this recommendation
was based on expert opinion only [16]. The 2010 European League Against Rheumatism
(EULAR) recommendations for vaccination in patients with rheumatic diseases are
inconclusive, stating that zoster vaccination may be considered in patients with rheumatic
diseases [17].
Since the time of ACIP and EULAR recommendations, a large retrospective cohort
study in patients with immune-mediated diseases, including patients using oral
glucocorticoids and even biologicals, has shown that zoster vaccination is associated with
a reduced incidence of herpes zoster, also within 42 days of vaccination (a safety concern,
as the vaccine is life-attenuated) [10]. A randomized controlled trial in patients using
glucocorticoids (with a limited number of included patients using more than 10 mg daily
equivalent of prednisone), comparing live attenuated zoster vaccine to placebo vaccine,
demonstrated that zoster vaccination was well tolerated [18].
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When balancing pros and cons of zoster vaccination in GCA patients, information on
the pre-existing cellular and humoral immunity to VZV is essential. The aim of this study,
therefore, was to determine both cell-mediated immunity (most important in the defense
to the virus) and humoral immunity to VZV in patients with GCA, the closely related PMR
and age/sex-matched healthy controls.

MATERIALS AND METHODS
Study population and procedures
Prospectively collected serum samples and peripheral blood mononuclear cells (PBMCs)
from patients with GCA and PMR, and matched healthy controls were used. Study
procedures have been described previously [19,20].
GCA patients either had a positive temporal artery biopsy and/or positive
18
F-fluorodeoxyglucose-positron emission tomography-computed tomography (FDG
PET-CT). PMR patients fulfilled the Chuang/Hunder criteria, or had a FDG PET-CT positive
scan for PMR [21].
Serum was stored at -20°C, and peripheral blood mononuclear cells (PBMCs)
were stored in liquid nitrogen until use. After evaluating cell viability by trypan blue
staining, PBMCs were used in enzyme-linked immunospot (ELISpot) assays and flow
cytometry analyses.
Samples for humoral analyses were randomly selected, and samples from patients
at different times of follow-up were used: T = 0, T ≤ 2 months, T = approximately 6
months, T = approximately 1 year and T = approximately 2 years, or more. At T = 0,
patients had not yet received treatment with prednisolone (or other immunosuppressive
drugs). At T ≤ 2 months, patients were within 2 months of follow-up and had all started
prednisolone treatment.
Medical records from both patients and healthy controls were checked for a history of
herpes zoster within 2 years before disease onset or sample collection. In The Netherlands,
zoster vaccination is not advised and costs are not compensated in the national health
care system. Since all patients were Dutch it could safely be presumed that none of
the study subjects had been vaccinated against herpes zoster.
The study was approved by the institutional review board of the University Medical
Centre Groningen (METc2012/375 for healthy controls and METc2010/222 for GCA and
PMR patients), and written informed consent was obtained from all study participants.

Interferon-γ (IFNγ) ELISpot assay
Interferon-γ (IFNγ) ELISpot assay was performed as described previously [22]. PBMCs were
stimulated for 48 hours with ultraviolet (UV)–inactivated varicella vaccine (Provarivax;
Sanofi Pasteur). PBMCs stimulated with concanavalin A were used as controls. A negative
control consisted of PBMCs in culture medium alone. After staining, spots were counted
using an automated reader (AID EliSpot Reader; Autoimmun Diagnostika GmbH).
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The mean number of spots in the negative control sample was subtracted from the mean
number of spots in the VZV-stimulated wells. Results are referred to as the number of
IFNγ spot-forming cells per 2 x 105 PBMCs.

Intracellular cytokine staining flow cytometry
Fluorescent T cell barcoding staining for tumor necrosis factor alpha (TNFα), interleukin
2 (IL-2) and IFNγ was performed as described previously [23] after stimulating PBMCs
using UV-inactivated varicella vaccine. PBMCs stimulated with staphylococcal enterotoxin
B (SEB; Sigma-Aldrich) were used as positive controls. A negative control consisted of
PBMCs in medium alone. PBMCs were stimulated for 18 hours, of which the last 16
hours in the presence of 10 µg/ml brefeldin A (Sigma-Aldrich). Kaluza software (Beckman
Coulter) was used for analyses. Percentages of antigen-specific cells were expressed as
the percentage of CD69+ cytokine-producing CD4+ or CD8+ T cells.
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Antibody response to VZV
For quantitative detection of VZV-IgG antibodies, an in-house glycoprotein enzyme-linked
immunosorbent assay (ELISA) was previously developed and validated [22]. VZV purified
glycoproteins (EastCoastBio) were used as antigen, and pooled human serum with known
levels of anti–glycoprotein VZV was used as standard.

Statistical analysis
Data were analyzed using SPSS 23 (IBM) and graphs were made using GraphPad Prism 5.0
(GraphPad Software). For correlations Spearman’s rho was used. To compare differences
between either the GCA or the PMR group to the healthy control group, Mann-Whitney
U and Fisher’s exact test were used as appropriate. Humoral immunity results at baseline
were compared to the healthy control group separately for GCA and PMR patients using
Mann-Whitney U tests. P values less than 0.05 (2-tailed) were considered significant.

RESULTS
Characteristics of patients and healthy controls
Characteristics of patients and controls are summarized in Table 1. Levels of VZV-IgG
antibodies were measured in a larger number of samples, on different time-points of
follow-up. Patient and control characteristics are, therefore, separately summarized
in Supplementary Table 1. All patients started with prednisolone and some relapsing
patients used methotrexate or leflunomide as glucocorticoid sparing drug. No other
immunosuppressive medication was used.
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NR
NR
NR
NR
NR
NR
5.50 (5.00-6.53)
1.75 (1.50-1.92)
1.24 (1.08-1.36)
8.7 (8.2-9.2)
9 (4-19)
<5 (<5-<5)

FDG PET-CT|TAB|FDG PET-CT+TAB
PMR diagnosis:

FDG PET-CT|Chuang|FDG PET-CT+Chuang
Time since diagnosis, median (interquartile range) months
Cumulative prednisolone dosage, median (interquartile range) mg
Use of immunosuppressants other than prednisolone, no. (%)
No. of patients that experienced relapse since diagnosis (%)
Leukocyte count, median (interquartile range) 109 cells/L
Lymphocyte count, median (interquartile range) 109 cells/L
CD3+ lymphocyte count, median (interquartile range) 109 cells/L
Haemoglobin, median (interquartile range) mmol/l
ESR, median (interquartile range) mm/hr
CRP, median (interquartile range) mg/L

0|0|2
8.1 (4.9-9.1)
5843 (5028-8239)
2 (18)a
1 (9)
9.80 (9.45-12.38) ***
1.68 (1.43-2.55)
1.30 (1.06-1.85)
7.9 (6.6-8.3) **
24 (14-42) *
6 (<5-24) **

6|3|2

8/3
73.2 (67.0-74.8)

1|4|10
9.1 (8.0-10.0)
3385 (2413-5320)
2 (13)b
4 (27)
8.30 (7.30-10.90) ***
1.37 (1.08-1.61) ***
1.06 (0.81-1.14) *
8.3 (7.5-9.3)
13 (8-38)
6.4 (<5-13) ***

NR

10/5
71.3 (63.3-78.2)

PMR patients
(n=15)

GCA = giant cell arteritis; PMR = polymyalgia rheumatica; FDG-PET/CT = no. of patients with 18F-fluorodeoxyglucose-positron emission tomography-computed tomography
supporting diagnosis; TAB = no. of patients with temporal artery biopsy positive for GCA; NR = not reported; Chuang: no. of patients fulfilling the Chuang and Hunder
PMR criteria; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.
a
Two patients received methotrexate (both 15 mg/week).
b
One patient received methotrexate (15 mg/week) and one patient received leflunomide (10 mg/day).
* P value <0.05; ** P value <0.01; *** P value <0.001 for comparison to healthy control group.

19/7
73.2 (63.2-76.9)

Healthy controls GCA patients
(n=26)
(n=11)

Sex, no. female/male
Age at sample date, median (interquartile range) years
GCA diagnosis:

Table 1. Characteristics of patients and healthy controls

Cellular immunity to VZV: IFNγ ELISpot assay
The number of IFNγ spot-forming cells was significantly lower among GCA patients on
treatment as compared to healthy controls (p=0.029). PMR patients on treatment and
healthy controls showed similar numbers of spot forming cells. The median number of
IFNγ spot-forming cells per 2 x 105 PBMCs in response to VZV stimulation was 47.5
(range 0-255) among healthy controls, 7 (range 0-69) among GCA patients, and 83
(range 0-279) in PMR patients (Figure 1).

Cellular immunity to VZV: Flow cytometric analysis of cytokine
production
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Upon stimulation with VZV, patients with GCA and healthy controls showed similar
frequencies of cytokine producing CD4+ T cells. Interestingly, higher frequencies of
CD4+ T cells producing IFNγ and IL-2 were found in PMR patients compared to healthy
control subjects (p=0.019 and p=0.048, respectively) (Figure 2A-C). Similar frequencies of
cytokine-producing CD8+ T cells were observed in patient groups and controls following
stimulation with VZV (Figure 3A-C).
Upon SEB stimulation as positive control for stimulation, patients with GCA, PMR and
control subjects showed similar frequencies of IFNγ-, TNFα, and IL-2-producing CD4+ T
cells (Figure 2D-F). For CD8+ T cell cytokine production upon stimulation with SEB there
was a trend towards a lower frequency of CD8+ T cells producing TNFα in GCA patients
compared to healthy controls (p=0.077) (Figure 3D-F).

















Figure 1. Levels of interferon-γ (IFNγ) spot-forming cells in response to varicella-zoster virus (VZV)
stimulation. Numbers of IFNγ spot-forming cells per 2 x 105 peripheral blood mononuclear cells in
24 healthy control (HC) subjects, 9 giant cell arteritis (GCA) patients, 15 polymyalgia rheumatica
(PMR) patients (B) are shown. Results are corrected for responses in non-stimulated cultures from
the same sample. Bars show the median.
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Figure 2. Frequencies of cytokine-producing CD4+ T cells upon stimulation with varicellazoster virus (VZV) (A-B-C) and staphylococcal enterotoxin B (SEB, positive control) (D-E-F) in
healthy control (HC) subjects (n=23), giant cell arteritis (GCA) patients (n=11) and polymyalgia
rheumatica (PMR) patients (n=15). Results are corrected for responses in non-stimulated
cultures. Bars show the median. IFNγ = interferon-γ; TNFα = tumor necrosis factor α;
IL-2 = interleukin-2.

Humoral immunity to VZV
Median VZV-specific antibody levels of patients at baseline, before starting treatment,
were similar in patient groups compared to healthy controls (p=0.931 for GCA and
p=0.777 for PMR, Figure 4). Course of VZV-IgG antibody levels in GCA and PMR patients
are shown in Figure 4.

Reactivations of VZV
In the group of patients and controls, in which VZV-specific IgG levels were determined
(Figure 4), one patient was noted to have experienced herpes zoster about three months
before GCA diagnosis. As can be expected, this patient showed a high VZV-IgG antibody
level at time of diagnosis (7,100 mIU/ml). In another patient, a very high VZV-IgG antibody
level of almost 40,000 mIU/ml was found, but medical records did not mention herpes
zoster or symptoms suggesting this diagnosis. The high antibody level suggests that this
patient is likely to have had a (subclinical) VZV reactivation, that escaped diagnosis.
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Figure 3. Frequencies of cytokine-producing CD8+ T cells upon stimulation with varicellazoster virus (VZV) (A-B-C) and staphylococcal enterotoxin B (SEB, positive control) (D-E-F) in
healthy control (HC) subjects (n=23), giant cell arteritis (GCA) patients (n=11) and polymyalgia
rheumatica (PMR) patients (n=15). Results are corrected for responses in non-stimulated
cultures. Bars show the median. IFNγ = interferon-γ; TNFα = tumor necrosis factor α;
IL-2 = interleukin-2.

DISCUSSION
Confirming our hypothesis, a reduced cellular immunity to VZV in GCA patients was
demonstrated using IFNγ ELISpot, even when compared to an already at risk age-matched
healthy control group. Results in patients with PMR were found to be similar compared to
age-matched controls. VZV-specific IgG levels were found to be similar when comparing
the patient groups to the healthy control group.
It is widely accepted that cell-mediated immunity is an important measure of
susceptibility to VZV [24-26]. Since healthy controls and GCA patients were shown to
have similar total numbers of CD3+ T lymphocytes, which probably are the main IFNγ
producing cells among PBMCs [27], we can conclude that our results reflect a decreased
cell-mediated immunity to VZV. Accordingly, GCA patients are even more prone to herpes
zoster than the already at-risk healthy elderly population.
To date only one, for an epidemiological study relatively small, retrospective study
investigated the incidence of herpes zoster in GCA patients (with 21 and 38 cases of
herpes zoster in 204 GCA patients and 407 controls, respectively). In this study GCA
patients did not seem to be at higher risk of herpes zoster than age matched controls.
Decreased immunity to varicella-zoster virus in giant cell arteritis
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Figure 4. Levels of IgG antibodies against varicella-zoster virus (VZV) among 35 giant cell arteritis
(GCA) patients and 26 polymyalgia rheumatica (PMR) patients at different time points of follow-up,
and 58 healthy control (HC) subjects. Bars show the median. T=0 = before start of treatment with
prednisolone; ≤ 2 mo. = within 2 months after start of treatment; 6 mo. = at app. 6 months of
follow-up; 1 yr. = at app. 1 year of follow-up; ≥2 yr. = at app. 2 years of follow-up, or more.

However, with an incidence of over 11 per 1000 person years, the herpes zoster risk in
GCA patients was found to be high [28]. Interestingly, several large studies reported
an increased risk of herpes zoster in persons (mostly diagnosed with rheumatoid
arthritis) receiving glucocorticoid therapy [9-11,14,29,30]. In our hospital, GCA patients
usually start on 40-60 mg of prednisolone daily, while PMR patients start at a lower
dose of 15-20 mg prednisolone daily. In both patient groups, the prednisolone dose is
slowly tapered.
Because of the high risk, herpes zoster vaccination needs to be considered in GCA
patients. Ideally, vaccination would be administered at time of diagnosis, before patients
reach a high cumulative dose of glucocorticoids. Herpes zoster vaccination has been
shown to be safe in subjects receiving glucocorticoids, although most subjects studied
received relatively low doses [31]. Efficacy of herpes zoster vaccination in glucocorticoid
treated patients is a topic that needs to be studied further, as only humoral immune
responses were evaluated in these patients previously [31].
Due to the limited number of patients included, no firm epidemiologic conclusions
can be drawn on the incidence of clinically overt herpes zoster in GCA or PMR patients in
the present report. Furthermore, herpes zoster could have been missed before diagnosis
and during follow-up, as it does not necessarily come to attention of the treating
rheumatology specialist, especially during more stable disease periods in which outpatient
clinic visits are less frequent. As mentioned, for one patient notes on a herpes zoster
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period shortly before GCA disease onset were found in the medical records. In hindsight,
another patient possibly had a VZV reactivation at time of GCA diagnosis.
No difference was found in the percentages of cytokine producing CD4+ and CD8+
T cells in response to VZV stimulation between GCA patients and controls. When
evaluating low-level cell-mediated immune responses, ELISpot is considered to be more
sensitive than intracellular flow cytometric analysis while cytokine flow cytometry allows
for phenotypic discrimination of responding cells [25,27]. The effector function of T cells
upon VZV-specific activation is more clearly seen during active secretion of the cytokines,
while flow cytometry shows the potential to react to VZV.
PMR patients were shown to have a higher percentage of IL-2 and IFNγ producing
CD4+ T cells in response to VZV stimulation using flow cytometry. As the lymphocyte
count in PMR patients was lower than in the healthy control group, the difference in
absolute numbers of CD4+ T cells producing cytokines in response to stimulation
with VZV between these groups is probably less pronounced than suggested by
the relative values.
Of note, as it is known that VZV-specific IgG levels only slowly decline after herpes
zoster [32-34], the finding of similar VZV-specific IgG levels in patients at time of diagnosis
and healthy controls, indicates that herpes zoster did not occur substantially more often
in GCA and PMR patients in the months before onset of disease.
In recent years, several studies have investigated the link between VZV and GCA with
the finding of VZV antigen in temporal artery biopsies of a majority of GCA patients as
the pivotal evidence claiming an etiologic role for VZV in GCA [35-37]. Other research
groups, however, did not detect VZV antigen nor VZV-DNA in temporal arteries of GCA
patients [38-40]. A recent paper by Rhee et al., describing a large retrospective study
using an electronic database, reported an only modest association between antecedent
infections and the incidence of GCA. GCA patients were more likely to have had a prior
herpes zoster infection (median time from zoster to GCA of 6 years) than control
subjects, but also had significantly more other infections e.g. respiratory and urinary tract
infections. No higher occurrence of clinically overt herpes zoster infections at time of
diagnosis was found [41]. Our results, demonstrating similar humoral immunity in GCA
and PMR patients when compared to healthy controls, are in line with these results.
To the best of our knowledge, this is the first prospective study investigating both
humoral and cellular immunity to VZV in GCA and PMR patients. Concluding with our
most important result, a decreased cell-mediated immunity to VZV indicates an even
higher risk to herpes zoster in GCA patients on glucocorticoid treatment than in age
matched healthy controls. Herpes zoster vaccination therefore needs to be considered
in patients with GCA, and should ideally be administered at time of diagnosis, before
reaching high cumulative doses of glucocorticoids.
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SUPPLEMENTARY DATA

Supplementary Table 1. Characteristics of patients and healthy controls whose samples were used for determination of V
HC (n=58)
Sex, no. female/male
Age at time of first sample, median
(interquartile range) years
GCA diagnosis at baseline:

GCA patients (n=35)

41/17
67.7
(62.2-74.9)

25/10
73.2 (63.8-79.0)

FDG PET-CT|TAB|FDG PET-CT+TAB
PMR diagnosis at baseline:

NA

17|9|9

FDG PET-CT|Chuang|FDG PETCT+Chuang

NA

3|0|6

Time since diagnosis, median
(interquartile range) months
Cumulative prednisone dosage, median
(interquartile range) mg
Use of methotrexate, no. (%) – dose
range in mg/week
Use of leflunomide, no. (%) – dose range
in mg/day
No. of patients that experienced relapse
since diagnosis (%)
Leukocyte count, median
(interquartile range) 109 cells/L
Haemoglobin, median
(interquartile range) mmol/l
ESR, median (interquartile range) mm/hr
CRP, median (interquartile range) mg/L

T=0

≤2 mo.

6 mo.

(n=33)

(n=12)

(n=11)

NA
NA
NA
NA
NA
5.5
(4.9-6.4)
8.7
(8.2-9.2)
9
(4-13)
<5
(<5-<5)

0.5
(0.4-0.7)
NA‡
840
(615-1185)
NA
0
(0)
NA
0
(0)
NA
1
(9)
9.1
17.2
(8.1-11.5) *** (9.2-23.6) ***
7.1
7.8
(6.6-7.5) *** (7.3-8.0) ***
99
11
(59-104) *** (5-45)
54
5
(25-96) ***
(<5-6)***

7.1
(6.4-8.6)
5655
(5600-6233)
1
(9) – 15
0
(0)
0
(0)
11
(9.6-12.2) ***
8.1
(7.5-8.5) **
24
(16-34)***
7
(<5-12)***

HC = healthy controls; GCA = giant cell arteritis; PMR = polymyalgia rheumatica; T=0 = before start of treatment with
prednisone; ≤ 2 mo. = within 2 months after start of treatment; 6 mo. = at approximately 6 months of follow-up;
1 yr. = at approximately 1 year of follow-up; 2 yr. = at approximately 2 years of follow-up, or more; FDG PET-CT = no.
of patients with 18F-fluorodeoxyglucose-positron emission tomography/computed tomography supporting diagnosis;
TAB = no. of patients with temporal artery biopsy positive for GCA; NA = not applicable; Chuang: no. of patients
fulfilling the Chuang and Hunder PMR criteria; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.
† One patient did not fulfil Chuang and Hunder criteria or had FDG PET-CT proven PMR, but fulfilled the 2012
European League Against Rheumatism/American College of Rheumatology criteria for PMR.
‡ One patient received prednisone treatment because of PMR until approximately 5 months before GCA diagnosis.
* P value <0.05; ** P value <0.01; *** P value <0.001 for comparison to healthy control group.
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mination of VZV-IgG levels (Figure 4).
PMR patients (n=26)
17/9
73.7 (64.7-78.9) *

4

NA
3|5|17†

1 yr.

≥2 yr.

T=0

≤2 mo.

6 mo.

1 yr.

≥2 yr.

(n=14)

(n=11)

(n=25)

(n=12)

(n=11)

(n=8)

(n=16)

11.6
(10.2-13.6)
6561
(5600-8175)
2
(14) – 15-15
1
(7) - 10
6
(43)
9.5
(7.2-12.2) ***
8.1
(6.6-8.8) **
28
(14-37)***
6
(<5-13) ***

32.6
(21.3-35.8)
10808
(7446-12186)
3
(27) – 15-25
0
(0)
6
(55)
7.9
(7.0-9.8) ***
7.7
(6.8-8.3) ***
28
(15-40)***
10
(<5-15) ***

NA

7.5
(6.8-8.4)
2760
(1895-3090)
0
(0)
1
(9) - 10
4
(36)
9.1
(6.2-12.3) ***
8.1
(7.8-9.2)
22
(9-30)**
7
(<5-11)***

9.8
(9.4-10.5)
3375
(3198-4301)
1
(13) - 15
0
(0)
2
(25)
8.3
(7.5-9.3) ***
8.4
(7.8-9.2)*
13
(3-44)
10
(<5-26) ***

24.9
(23.0-27.8)
5949
(3377-7600)
1
(6) - 10
1
(6) - 10
9
(56)
7.4
(5.5-9.7) **
8.2
(7.1-9.0)
15
(5-36)
<5
(<5-6) **

0.7
(0.5-0.8)
NA
360
(320-1670)
NA
0
(0)
NA
0
(0)
NA
0
(0)
8.7
11.4
(7.1-11.1) *** (9.3-13.5) ***
7.5
8.3
(7.3-8.4) *** (7.6-8.7)*
51
12
(39-74)*** (6-30)
44
<5
(27-73) *** (<5-7) **
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Increased incidence of herpes zoster in
patients on renal replacement therapy
cannot be explained by intrinsic defects
of cellular or humoral immunity
to varicella-zoster virus
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ABSTRACT
Introduction
Patients in need of long-term renal replacement therapy are known to be at increased
risk of herpes zoster, occurring when the latently present varicella-zoster virus (VZV)
reactivates. The aim of this study was to clarify the mechanism behind this increased risk.

Methods
Patients treated for at least three months with haemodialysis or peritoneal dialysis, and
matched healthy controls (HC) were prospectively included. Cellular immunity to varicellazoster virus (VZV) was studied using an interferon-γ (IFNγ) enzyme-linked immunospot
(ELISpot) assay, flow-cytometric analysis of cytokine production and capacity to proliferate
in response to VZV stimulation. Humoral immunity was determined by measuring
immunoglobulin (Ig)G antibody levels to VZV using an in-house glycoprotein enzymelinked immunosorbent assay (ELISA). Multiple regression was used to assess variables of
influence on measures of cellular and humoral immunity to VZV in dialysis patients.

Results
Similar numbers of IFNγ spot-forming cells and levels of VZV-IgG were found in 97 patients
and 89 HC. Age and transplantation history were found to be negatively associated with
cellular immunity (p = 0.001 and p = 0.012, respectively) while treatment modality,
gender and urea levels were not. The same variables were not found to be associated
with VZV-IgG levels.

Conclusion
The increased incidence of herpes zoster in dialysis patients cannot be explained by
intrinsic defects of cellular or humoral immunity to varicella-zoster virus. Herpes zoster
susceptibility might be caused by a diminished function of otherwise capable T cells in
a uraemic environment. Understanding the mechanism behind the increased incidence of
herpes zoster in dialysis patients is important for optimizing preventive strategies.
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INTRODUCTION
In temperate countries almost the entire adult population has experienced a primary
varicella-zoster virus (VZV) infection, known as chickenpox or varicella, after which the virus
remains latently present for life in the dorsal root ganglia [1,2]. When cellular immunity
to VZV diminishes, for instance with advancing age or as a result of immunosuppression,
the virus is able to reactivate, causing herpes zoster (shingles) [3,4]. Herpes zoster is
characterized by rash in a dermatomal distribution and neuralgia, which can be severe
and long-lasting [5]. Pain lasting for at least 90 days after the onset of rash is known
as postherpetic neuralgia, the most common complication of herpes zoster [1,3]. Other
complications include bacterial superinfections and an increased risk of stroke [1,6].
Disseminated zoster, occurring mainly in immunocompromised patients, can be lethal [3].
Uraemia, a consequence of renal failure, leads to disturbances of both innate and
adaptive immunity. Accordingly, patients in need of long-term renal replacement therapy
(dialysis patients) are known to be susceptible to infections, which are a major cause
of morbidity and mortality in this group [7-9]. Also the herpes zoster risk is increased
in dialysis patients, and is reported to be even higher than the already increased risk of
patients with chronic kidney diseases [10-13]. Patients receiving peritoneal dialysis were
found to be at higher risk of herpes zoster than haemodialysis patients [12,13]. Of note,
although zoster vaccination was associated with a 50% lower risk of herpes zoster in
dialysis patients, the incidence among vaccinated dialysis patients aged ≥60 years is still
higher than in unvaccinated 80-year olds not receiving dialysis [13-15]. Treating herpes
zoster is particularly challenging in dialysis patients as reduced renal clearance leads to
dosing difficulties of antiviral therapy and analgesics.
To date, the mechanism explaining herpes zoster susceptibility in patients on
long-term haemodialysis or peritoneal dialysis treatment is unclear. In the present study,
we aimed to evaluate VZV immunity in these patients by determining the cellular and
humoral immunity to VZV in patients and matched controls, as this knowledge could aid
in the improvement of preventive measures of herpes zoster in these patients.
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METHODS
Study population
Eligible dialysis patients, receiving renal replacement therapy for at least 3 months, were
recruited from the Dialysis Centre Groningen and its regional annexes. Healthy controls
were age and sex-matched to patients. Exclusion criteria for both patients and controls
were pregnancy, malignancy (except for skin malignancies) within the last two years,
an auto-immune related cause of renal failure (including systemic lupus erythematosus
and ANCA (anti-neutrophil cytoplasmic antibodies)-associated vasculitis), use of
immunosuppressive medication other than prednisone ≤5 mg per day (or equivalent) or
use of immunostimulatory medication in the last 6 months.
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Varicella vaccination is not part of routine immunizations in children in The Netherlands,
and zoster vaccination, containing the same viral strain as the varicella vaccine but
approximately 14 times more potent, is not recommended for adults. In 2014 our hospital
implemented the policy to administer varicella vaccination to patients on the waiting
list for renal transplantation with undetectable VZV-IgG levels, to prevent a potentially
serious primary VZV infection, but no VZV seronegative patients were included in
the current study. Information on history and timing of varicella and herpes zoster in
study participants was collected using a questionnaire.
Medical records of patients were reviewed for clinical data including herpes zoster
history, serum levels of urea and albumin.
The study was approved by the institutional review board of the University Medical
Centre Groningen (METc 2014/305 and 2012/375). All patients and controls gave written
informed consent.

Isolation, storage and thawing of PBMC and serum
PBMC were isolated from venous blood, that was collected in lithium heparin containing
tubes. After density-gradient centrifugation on Lymphoprep (Axis-Shield), PBMC were
frozen in RPMI 1640 (Lonza) supplemented with gentamicin (Gibco/ThermoFisher
Scientific) 10% fetal calf serum (FCS, Sigma-Aldrich) and 10% dimethylsulfoxide (DMSO,
Merck) and stored in liquid nitrogen until use. Upon thawing, cell viability was evaluated
by trypan blue staining. Serum was stored at -20 °C until use.

Interferon-γ (IFNγ) ELISpot assay
Interferon-γ (IFNγ) enzyme-linked immunospot (ELISpot) assay was performed as
described previously [16]. In brief, stimulations were done with 10 ml UV-inactivated
varicella vaccine (Provarivax; MSD, 1350 PFU/0.5ml) and 5 mg/ml of concanavalin
A (positive control). A negative control consisted of PBMC in culture medium alone.
Except for the positive control, experiments were done in duplicate. After staining, spots
were counted using an automated reader (AID EliSpot Reader; Autoimmun Diagnostika
GmbH). The mean number of spots in the negative control sample was subtracted
from the mean number of spots in the VZV-stimulated wells. Results are referred to as
the number of IFNγ spot-forming cells per 2 x 105 PBMC.

Flow cytometric analysis of cytokine production
PBMC (1.2 x 106/tube) were stimulated for 18 hours, of which the final 16 hours in
presence of 10 µg/ml brefeldin A (Sigma-Aldrich). Next to stimulation with UV-inactivated
varicella vaccine, PBMC were stimulated using 5 µg/ml staphylococcal enterotoxin B (SEB;
Sigma-Aldrich, positive control), while a negative control consisted of PBMC in medium
alone. In all three conditions, 10µg/ml anti-CD28/CD49d was added for co-stimulation
(Beckton Dickinson (BD)). Fluorescent T cell barcoding staining and immunostaining
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was performed as described previously [17]. Immunostaining was done with anti-CD3,
anti-CD8, anti-CD69, anti-IFNγ, anti-tumour necrosis factor alpha (TNFα) and interleukin
2 (IL-2) (all from BD). After incubation and washing, cells were immediately analysed
on an LSR flow cytometer (BD). Results were analysed using Kaluza software (Beckman
Coulter). CD4+ and CD8+ T cell populations were gated as CD3+CD8- and CD3+CD8+,
respectively. Results were expressed as the percentage of CD69+ cytokine-producing
CD4+ or CD8+ T cells, within the total CD4+ or CD8+ T cell population.

T cell proliferation assay
In a smaller number of matched patients and controls, proliferative capacity of T cells in
general and in response to VZV stimulation was investigated. Thawed PBMCs were stained
with cell proliferation dye eFluor 670 (Thermo Fisher Scientific) at a final concentration of
1 µmol/ml and incubated for 10 minutes in the dark at 37°C. The reaction was stopped by
adding RPMI plus 10% FCS. Next, 96-well U-bottomed plates (Greiner Bio-One) were filled
with 1 x 105 stained PBMCs, which were stimulated with 1.5 µl UV-inactivated varicella
vaccine. As a positive control, cells were stimulated with CD3-specific and CD28-specific
antibodies (obtained from a hybridoma culture supernatant). Cells were incubated for 7
days at 37°C in an atmosphere containing 5% CO2. Subsequently, cells were harvested
and 5 µl of allophycocyanin-conjugated mouse anti-human CD3 and 5 µl of peridinin
chlorophyll protein–conjugated mouse anti-human CD8 (both from BD PharMingen/BD
Biosciences) were added to the tubes. Cells were washed and analyzed on a LSR flow
cytometer using FACSDiva (both from BD). Using ModFit software (Verity Software House),
proliferation indices (sum of the cells in all generations divided by the calculated number
of original parent cells) were determined for CD4+ T cells (CD3+CD8-) in response to
stimulation with VZV and anti-CD3/CD28.
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Antibody levels to VZV
For quantitative detection of VZV-specific IgG antibodies, an in-house glycoprotein (gp)
enzyme-linked immunosorbent assay (ELISA) was previously developed and validated
[16]. VZV purified glycoproteins (EastCoastBio) were used as antigen, and pooled human
serum with known levels of anti–glycoprotein VZV was used as standard. According to
recommendations of Institut Virion/Serion, VZV-IgG levels from 50 to 100 mIU/ml were
considered as borderline, while values above 100 mIU/ml were considered positive.

Statistical analysis
Comparisons of continuous variables between patient and healthy control group, and
within two subgroups of patients, were performed using the Mann-Whitney U test as
the tested variables were found not to be normally distributed. A Kruskal-Wallis test was
used when comparing more than two groups. Fisher’s exact test was used to analyse
gender distribution. For correlations, Spearman’s rho was used.
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Multiple regression analysis was used to assess effects of age, sex, renal replacement
therapy modality, previous transplant and urea levels on VZV immunity in dialysis patients,
using number of IFNγ spot-forming cells or VZV-IgG levels as the dependent variable.
To meet assumptions for multiple regression analysis, results of the ELISpot assay were
square root transformed and ELISA results (VZV-IgG) were logarithmically transformed.
Statistical analysis was performed using IBM SPSS Statistics 23 (IBM). Figures were
made using GraphPad Prism 5.03 (GraphPad Software). P-values ≤0.05 (2-sided) were
considered significant.

RESULTS
Study population
Characteristics of 97 included dialysis patients and 89 healthy controls are summarized in
Table 1. There were no significant differences in age and gender between dialysis patients
and controls (p = 0.516 and p = 0.146, respectively). Patients treated with peritoneal
dialysis were significantly younger than those treated with haemodialysis (median 55.7
versus 69.5 years, p = 0.004) and also patients who previously received a transplant
kidney were younger than patients who did not (median 47.0 versus 69.5 years,
p < 0.0001). No significant differences in gender were found between these groups.

Similar cellular and humoral immunity to VZV in dialysis patients and
controls
Similar numbers of IFNγ spot-forming cells per 2 x 105 PBMC in response to VZV
stimulation were found in dialysis patients (median 52, interquartile range [IQR] 18-130)
and matched healthy controls (median 55, IQR 20-133) (p = 0.487, Figure 1). Also no
differences were found when comparing results between subgroups with different causes
of renal failure (data not shown).
Frequencies of CD4+ T cells producing cytokines upon stimulation were generally
higher in dialysis patients than in healthy controls. A significant difference was seen for
IL-2 in response to VZV (p = 0.048), while for TNFα a trend was observed (p = 0.100)
(Figure 2A). As for polyclonal stimulation with SEB the difference between patients and
controls was statistically significant for all three cytokines, the increased cytokine response
in dialysis patients was not VZV-specific (Figure 2C). Upon stimulation of CD8+ T cells, no
significant differences in cytokine production were found between patients and controls
(Figure 2B and 2D).
An equal capacity of CD4+ T cells to proliferate in response to stimulation with VZV
and in response to polyclonal stimulation was observed in dialysis patients and healthy
control subjects (Figure 3)
The median VZV-specific IgG level was similar in dialysis patients (median 1694
mIU/ml, IQR 924-3767) and in healthy controls (median 1823 mIU/ml, IQR 1034-3002)
(p = 0.930, Figure 4).
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Table 1. Baseline characteristics of patients and controls
HC
n=89
Female gender, no. (%)
Age, median (range) years
Cause of renal failure, no. (%)
Vascular
Diabetic nephropathy
Genetic
Glomerulonephritis
Urologic
Congenital
Unknown
RRT modality, no. (%)
Haemodialysis
Peritoneal dialysis
Duration of RRT, median (range) monthsa
Previous kidney transplant, no. (%)
Time since restart RRT, median (range) months
Pre-dialysis serum levels, median (IQR)
Leukocytes, x109 cells/l
Lymphocytesb, x109 cells/l
Urea, mmol/l
Albumin, g/l

DP
n=97

50 (56)
44 (45)
64.1 (25.3-82.1) 66.3 (24.9-91.0)
NA
19 (20)
15 (15)
13 (13)
24 (25)
8 (8)
1 (1)
17 (18)
NA
76 (78)
21 (22)
NA
33 (5-140)
NA
18 (18)
36 (10-203)
NA
7.3 (6.3-8.7)
1.8 (1.3-2.1)
20.8 (17.1-26.3)
40 (35-43)
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HC: healthy controls, DP: dialysis patients, RRT: renal replacement therapy, IQR: interquartile range
a
In patients without history of kidney transplantation
b
Data on lymphocyte count were only available for 37 patients












Figure 1. Numbers of interferon-γ (IFNγ) spot-forming cells in response to VZV stimulation in 80
healthy control (HC) subjects and 97 dialysis patients (DP). Lines show the median.
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Figure 2. Frequencies of cytokine producing CD4+ (A) and CD8+ (B) T cells upon stimulation with
varicella-zoster virus (VZV), and upon stimulation with staphylococcal enterotoxin B (SEB, positive
control) (C for CD4+ and D for CD8+ T cells) in 80 healthy control subjects (HC) and 97 dialysis
patients (DP) Bars show the median and interquartile range. IFNγ = interferon-γ; TNFα = tumor
necrosis factor α; IL-2 = interleukin-2.

No correlation existed between humoral and cellular immunity to VZV (levels of
VZV-IgG and the number of IFNγ spot-forming cells) (data not shown).

Variables of influence on VZV immunity in dialysis patients
After correcting for the effects of age and gender, a history of previous transplantation
was associated with a lower number of IFNγ-spot forming cells (measure of VZV cellular
immunity). Age itself was also shown to be negatively associated. No significant effects
were seen for treatment modality, gender or pre-dialysis urea level (Table 2).
The same variables (age, gender, history of previous transplant, treatment modality
and pre-dialysis urea levels) did not significantly predict VZV-IgG levels as a measure of
humoral immunity (p for the overall model = 0.578) (data not shown).
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Figure 3. Proliferation indices of CD4+ T cells in response to varicella-zoster virus (VZV, A) and
polyclonal stimulation using anti-CD3/CD28 (B) in 20 healthy control (HC) subjects and 25 dialysis
patients (DP). Lines show the median.

   













Figure 4. Levels of IgG antibodies directed against varicella-zoster virus (VZV) glycoprotein (gp) in
89 healthy control (HC) subjects and 97 dialysis patients (DP) presented on a log-scale. Lines show
the median.

History of varicella and herpes zoster
Self-reported varicella and herpes zoster history was available for 90 (93%) dialysis
patients and for 31 (35%) healthy controls subjects. Although all of the 97 dialysis
patients and 89 control subjects had positive VZV-IgG levels, 27 dialysis patients stated
to have never experienced varicella, and many others were unsure. Also 6 healthy control
subjects reported to be unsure about their status.
Thirteen patients reported a positive herpes zoster history, and for one extra patient
(reporting a negative history) notes on herpes zoster were found in medical records. One
patient experienced herpes zoster 10 months before study participation, for 3 it was at
Cellular and humoral immunity to VZV in patients on renal replacement therapy
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Table 2. Multiple regression analysis of (square root transformed) number of IFNγ spot-forming cells
in response to VZV stimulation
Variable

B (95% CI)

(Standardized) Beta p-value

Age (years)
Gender (female versus male)
Previous Tx
RRT modality (PD versus HD)
Urea serum level (mmol/l)

-0.119 (-0.191- -0.048)
1.655 (-0.287-3.596)
-3.690 (-6.531- -0.849)
-2.167 (-4.660-0.325)
0.112 (-0.025-0.248)

-0.410
0.173
-0.310
-0.193
0.172

0.001
0.094
0.012
0.087
0.108

Note: Adjusted R2 = 0.113, significance of overall model: p=0.01. IFNγ: interferon-γ, CI: confidence interval,
Tx: transplantation, RRT: renal replacement therapy, PD: peritoneal dialysis, HD: haemodialysis

least 7 years previous, and 9 could not remember the timing nor were notes found in
medical records.
Four healthy control subjects stated to have a positive herpes zoster history. In 3 of
them, herpes zoster occurred at least 15 years before participating in the study, while
one stated to have experienced herpes zoster only a few months before participating
in the study. In this control a very high VZV-IgG of >30,000 mIU/ml was found, while
the number of IFNγ spot-forming cells in response to VZV stimulation with 18 was
below average. No increased levels of humoral and cellular immunity to VZV were found
in patients and the other control subjects with a positive herpes zoster history (data
not shown).

DISCUSSION
An increased risk of herpes zoster in patients receiving long-term renal replacement
therapy is acknowledged, but to date the underlying mechanism remains unclear [10-12].
In contrast to our hypothesis, in the present study we found cellular and humoral immunity
to VZV to be similar in dialysis patients and matched healthy controls. Multiple regression
analysis revealed that both of age and transplant history were negatively associated with
VZV-specific cellular immunity, while gender, urea level and dialysis modality were not
found to be significantly associated. None of these variables were found to be significantly
associated with humoral immunity to VZV.
By performing a VZV-specific IFNγ ELISpot assay, we showed that PBMC of dialysis
patients and healthy controls are equally capable to respond to stimulation with VZV.
VZV-specific CD4+ T cells, the main producers of IFNγ in PBMC culture, are of special
importance to keep the latently present VZV in check [18,19]. Previously we demonstrated
a decreased cellular immunity to VZV in SLE patients [16], while other research groups
reported similar findings for other patient groups at risk of herpes zoster, including
transplant recipients, diabetes mellitus patients and HIV-infected patients [20-22].
The results of a multivariate analysis of cellular immunity to VZV in dialysis patients
for the most part are in line with previous reports. Firstly, advanced age is a well-known
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risk factor for herpes zoster, corresponding with decreased levels of VZV-specific cellular
immunity in the elderly [23]. Secondly, the negative effect of a previous transplantation
on cellular immunity to VZV is in accordance with the increased herpes zoster incidence in
renal transplant recipients. This increased incidence can be explained by intensive use of
immunosuppressant medication, which is elevated even further by anti-rejection therapy
[24]. Interestingly, we now show that this effect lasts for many months after cessation of
immunosuppressive medication.
Gender, serum urea levels and dialysis modality were not found to be of significant
influence on VZV immunity in multivariate analysis. Serum urea levels were added to
the analysis as uraemia is considered to be a causative factor of the immune dysfunction
in dialysis patients [7,9]. In our analysis the effect of serum urea could have been missed
because only pre-dialysis urea levels were taken into account, disregarding dialysis
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efficiency and fluctuations of serum urea levels within patients. Furthermore, the range of
urea levels was limited, as only dialysis patients with high serum urea levels were included
in the analysis.
As stated, we also did not find a significant effect of treatment modality on VZV
immunity. Lin et al. observed a higher herpes zoster incidence in patients treated with
peritoneal dialysis compared to those treated with haemodialysis, also when adjusting for
important risk factors including age and the use of immunosuppressants [12]. This was
recently confirmed by Tseng et al.[13]. Apparently, the higher herpes zoster incidence
in peritoneal dialysis patients does not seem to be caused by intrinsic differences in
the humoral and cellular immunity to VZV.
Although ELISpot is generally regarded to be a sensitive method of studying T cell
immunity [25,26], it does not allow for phenotypical discrimination of individual cytokine
producing cells. Therefore we also performed analyses of T cell cytokine production by
flow cytometry. For CD8+ T cells, no significant differences in cytokine production were
observed between patients and controls. Similar frequencies of IFNγ producing CD4+ T

cells in dialysis patients and controls were found in response to VZV stimulation, confirming
ELISpot results. The median frequencies of TNFα and IL-2 producing CD4+ cells were

slightly higher in dialysis patients, which was only significant for IL-2. This phenomenon
does not seem to be VZV-specific, as in response to polyclonal stimulation for all three
tested cytokines increased percentages of positive cells were seen in the dialysis patient
group. An increased production of cytokines is a well-known feature of patients with
end-stage renal disease, which is thought to result from (but also to add to) the proinflammatory state caused by uraemia [7,9].
Strengths of our study include a prospective design, the substantial sample size
allowing for multivariate analysis, and the exclusion criteria used, including (recent) use
of immunosuppressant drugs and an autoimmune rheumatic disorder as cause of renal
failure. This way, we aimed to reduce confounding influences and to study the intrinsic
influence of dialysis therapy on immunity to VZV.
Cellular and humoral immunity to VZV in patients on renal replacement therapy
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The study also has several limitations. Self-reporting of varicella and herpes zoster did
not seem completely reliable, with at least 1 patient not reporting a herpes zoster episode
that was noted in medical records. Herpes zoster also does not necessarily come to medical
attention. As herpes zoster incidence in this study could easily be underestimated, we
did not provide incidence numbers. Some of the high VZV-IgG levels in dialysis patients
may be caused by unreported herpes zoster episodes or may be the consequence of an
asymptomatic endogenous viral reactivation, as Smetana et al. previously noted to occur
in dialysis patients [27].
Another limitation is the lack of more detailed information on general lymphocyte
counts and subsets. Only for 37 dialysis patients total lymphocyte counts were available,
which were within normal limits. However, loss of renal function is associated with
a decline in total T cell numbers [7]. Although this mostly affects the naïve T cell and
to a lesser degree the memory T cell compartment [7], a decreased number of T cells
which remained uninvestigated in the current study could contribute to higher herpes
zoster susceptibility.
Despite its limitations, the findings presented in this study are important for
better understanding herpes zoster susceptibility in dialysis patients. Understanding
the mechanism underlying the susceptibility may lead to new approaches of herpes zoster
prevention in dialysis patients.
As we did not find evidence for impaired humoral or cellular immunity to VZV in
dialysis patients in general, another explanation for the increased herpes zoster risk in
these patients has to be present. Absence of defects in humoral or cellular immunity in
our study might be explained by a different performance of T cells in an in vivo uraemic
environment, while no intrinsic defects are present. Another possible explanation is
that the increased herpes zoster risk in dialysis patients is for a large part attributable
to underlying immunosuppressive conditions or medication use that were excluded in
the current study, or by the generally advanced age of dialysis patients. Of note, future
clinical studies should keep in mind that an IFNγ ELISpot assay of VZV immunity may not
correspond with herpes zoster risk in dialysis patients.
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ABSTRACT
Background
Herpes zoster (HZ) risk is high in renal transplant recipients, but live-attenuated varicellazoster virus (VZV) vaccination is contra-indicated after transplantation. Vaccination prior
to transplantation may be considered. It is however unclear how VZV immunity evolves
following transplantation. Aim of the current study was to investigate VZV immunity
before and after renal transplantation, in order to increase the understanding of VZVspecific immune responses in this patient group.

Methods
Immunity to VZV was determined prior to and 2-3 years after renal transplantation
in the same 60 adult patients, and 62 matched healthy controls. VZV-specific cellular
immunity was measured by interferon gamma (IFNγ) enzyme-linked immunospot
(ELISpot) assay and by analyzing T-cell functionality using flowcytometry. VZV-specific IgG
antibodies were measured using an in-house glycoprotein enzyme-linked immunosorbent
assay (gpELISA). Medical history, including infection history, was assessed by reviewing
medical records and for VZV infections using a questionnaire.

Results
Numbers of IFNγ-producing cells did not change after transplantation using a paired
analysis, but were significantly lower in transplant recipients than in controls (p = 0.028).
Patients in whom the post-transplant period was complicated by rejection or any acute
infection (excluding herpes zoster) had a lower number of IFNγ-producing cells than
patients who did not. VZV-IgG levels did not significantly differ from controls, but
a significant decrease was observed after transplantation (p < 0.0001).

Conclusion
Cellular immunity, but not humoral immunity, against VZV is decreased in renal transplant
recipients compared to healthy controls and is lower in patients who experienced rejection
and acute infections other than herpes zoster in the post-transplant period. Cellular
immunity to VZV did not significantly change following renal transplantation.
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INTRODUCTION
Herpes zoster (shingles) is characterized by neuralgia and a vesicular rash. Neuralgia can
last for months or even years, known as postherpetic neuralgia [1,2]. The pain can have
a major effect on a patients’ quality of life, but is often difficult to treat [3,4]. Cause of
herpes zoster is the reactivation of a latent varicella-zoster virus (VZV) infection. After
VZV vaccination or a primary VZV infection, known as varicella or chickenpox, the virus
remains latently present for life in in sensory neurons of the dorsal root ganglia [1,5].
Being intensively treated with immunosuppressive medication, renal transplant
recipients are known to be at increased risk of herpes zoster. Incidence in this group is
estimated to be 28 to 37 per 1000 person years [6,7], which is 6 to 11 times higher than
in the general population [8]. Also a high prevalence of postherpetic neuralgia of up to
48.7% has been reported [9,10]. Disseminated disease and visceral involvement are rare
complications that occur mainly in immunocompromised patients and may have a lethal
outcome [11].
Vaccination can contribute to prevention and decreased severity of varicella and
herpes zoster [12,13]. In contrast to the United States, routine vaccination to prevent
varicella in children is not recommended in The Netherlands [14,15]. In The Netherlands
almost the whole population has experienced varicella in childhood, thereby gaining VZV
immunity through natural infection [16].
The currently only licensed vaccine to prevent herpes zoster in adults contains
the same virus strain as the childhood varicella vaccine, but is at least 14 times more
potent [17]. The zoster vaccine is thought to prevent reactivation of the latent varicellazoster virus by boosting pre-existing virus specific cellular immunity, and in particular
CD4+ T cell responses, in persons latently infected with VZV [18,19]. It was shown to
reduce the incidence of herpes zoster by 51% and of postherpetic neuralgia by 67% in
healthy people above 60 years of age [12].
As the zoster vaccine contains live attenuated virus and theoretically could induce
disseminated disease in immunosuppressed persons, even when VZV seropositive,
the American Society of Transplantation (AST) in 2013 and the United States Advisory
Committee on Immunization Practices (ACIP) in 2008 did not advise zoster vaccination
after transplantation regardless of VZV serostatus [20,21]. The AST furthermore stated
that there was insufficient data to suggest that zoster vaccination prior to transplantation
will reduce the risk of VZV reactivation posttransplant [20].
Since that time zoster vaccination has been shown to be efficacious in patients with
chronic kidney diseases above 60 years of age, with a 50% lower herpes zoster risk in
vaccinated compared to unvaccinated patients [22]. It however remains unclear in what
way VZV-specific immunity evolves surrounding renal transplantation and consequently,
whether zoster vaccination prior to transplantation could be efficacious to prevent herpes
zoster in transplant recipients. Aim of the current study was to investigate VZV immunity
before and after renal transplantation, in order to increase the understanding of VZVspecific immune responses in this patient group.
immune response to VZV before and after renal transplantation
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METHODS
Study population
Patients who received a renal transplant in the University Medical Center Groningen
(UMCG) 2-3 years before inclusion and were still under supervision in this center, were
eligible for participation. Blood was drawn at out-patient clinic visit in order to obtain
serum and peripheral blood mononuclear cells (PBMC). Serum and PBMC of the same
patients collected before administering induction therapy, immediately prior to the most
recent transplantation, were retrieved from diagnostic archives from the department
of Transplantation Immunology. Healthy control subjects were age and sex-matched
to patients.
Immediately before and 4 days after renal transplantation standard induction therapy
using basiliximab (2 doses of 20 mg) was administered. Immunosuppression after
transplantation consisted of a combination of tacrolimus or cyclosporine, in combination
with mycophenolate mofetil and prednisolone. Prednisolone dose was gradually tapered
and usually discontinued after three months. Choice of anti-rejection therapy depended
on type of rejection, but generally consisted of intravenous prednisolone (3 x 1000
mg intravenously, possibly repeated) which was followed by antithymocyte globulin or
alemtuzumab in case of an unsatisfactory result. Amidst the study period, the protocol
was adopted to prophylactically treat CMV-positive recipients or CMV-seronegative
recepients receiving a graft from a CMV-positive donor with valganciclovir for the first 6
months after transplantation.
Health insurance is mandatory in The Netherlands, covering also most specialized
treatment. For those with low-incomes, insurance costs are compensated by
the government.
The study was approved by the institutional review board of the University Medical
Centre Groningen (METc 2014/305 and 2012/375). All patients and controls gave written
informed consent.

Clinical data, including the occurrence of varicella, herpes zoster and
other infections
Patient characteristics and medical history (age at time of transplantation, cause of renal
failure, multiple transplantations, renal function replacement therapy, herpes zoster,
medication use including use of prophylactic valganciclovir after transplantation, episodes
of rejection) were retrieved from medical records. Furthermore, medical records were
reviewed for the occurrence of acute infections in the period between transplantation
and study inclusion (2-3 years after transplantation). Positivity for herpes viruses, hepatitis
viruses or BK virus were not regarded as acute infections. In The Netherlands it is custom
to first consult a general practitioner in case of health problems, who will only refer
in case of more serious problems. Therefore the problems that come to attention of
a hospital specialist and, consequently, that are documented in hospital medical records,
are generally more serious.
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In addition to review of medical records, patients and controls were asked about their
history and timing of varicella and herpes zoster using a questionnaire. Vaccination to
prevent varicella in children is not part of routine immunizations, and zoster vaccination
is not recommended for adults in The Netherlands. Therefore the whole study population
can be regarded as non-vaccinated.

Isolation, storage and thawing of PBMC and serum
Immediately after collection of venous blood in lithium heparin containing tubes, PBMC
were isolated according to standard protocols and stored in liquid nitrogen until use.
Upon thawing, cell viability was evaluated by trypan blue staining. Serum was stored
at -20 °C until use.

Interferon-γ (IFNγ) ELISpot assay
Interferon-γ (IFNγ) ELISpot assay was performed as previously described [23]. In short,
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per well 2 x 105 PBMC were added. Cells were stimulated using 10 µl UV-inactivated
varicella vaccine (Provarivax; MSD, 1350 PFU/0.5 ml) or 5 µg/ml of concanavalin
A (positive control), while a negative control consisted of PBMC in culture medium alone.
Experiments were done in duplicate, except for the positive control. After staining and
drying of the plates, spots were counted using an automated reader (AID EliSpot Reader;
Autoimmun Diagnostika GmbH). Results were only accepted in case the concanavalin
A filled well (positive control) yielded a convincingly positive result. The mean number
of spots in the VZV-stimulated wells was corrected for the mean number of spots in
the negative control wells. Results are referred to as the number of IFNγ spot-forming
cells per 2 x 105 PBMC.

Flowcytometric analysis
PBMC (1.2 x 106/tube) were stimulated using 20 µl UV-inactivated varicella vaccine,
5 µg/ml staphylococcal enterotoxin B (SEB; Sigma-Aldrich, positive control) or left
unstimulated (PBMC in medium alone, negative control), except for the positive control
in the presence of 10µg/ml anti-CD28/CD49d (Beckton Dickinson (BD)). PBMC were
stimulated for 18 hours, of which the last 16 hours in the presence of 10 µg/ml brefeldin
A (Sigma-Aldrich). Fluorescent T cell barcoding staining and immunostaining with
anti-CD3, anti-CD8, anti-CD69, anti-IFNγ, anti-tumour necrosis factor alpha (TNFα) and
anti-interleukin 2 (IL-2) was performed as described previously [24], with the addition
of anti-programmed cell death protein 1 (PD-1) and anti-cytotoxic T-lymphocyteassociated protein 4 (CTLA-4) (anti-CTLA-4 from BioLegend, all other antibodies from
BD). Analyses were done using Kaluza software (Beckman Coulter). CD4+ and CD8+
T cell populations were gated as CD3+CD8- and CD3+CD8+, respectively. Results were
expressed as the percentage of CD69+ cytokine/CTLA-4/PD-1 expressing CD4+ or CD8+
T cells within the total CD4+ or CD8+ T cell population. Furthermore, relative percentages
of the 7 possible cytokine expression profiles within the cytokine-producing CD4+ T cell
immune response to VZV before and after renal transplantation
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population are shown. In this analysis a minimum number of 30 cytokine-producing cells
per subject were required, in order to obtain reliable results.

Antibody levels to VZV
VZV-specific IgG antibodies were quantified using an in-house glycoprotein (gp) enzymelinked immunosorbent assay (ELISA), which was previously developed and validated using
a quantitative Serion classic VZV IgG ELISA (Institut Virion/Serion) and the institution’s
standard diagnostic test for VZV serology [23]. As antigen, VZV purified glycoproteins
(EastCoastBio) were used. Pooled human serum with known levels of anti–glycoprotein
VZV was used as standard. According to recommendations of Institut Virion/Serion,
VZV-IgG levels from 50 to 100 mIU/ml were considered as borderline, while values above
100 mIU/ml were considered positive.

Statistical analysis
The Wilcoxon signed rank test, intended for paired analyses, was used to compare
continuous variables before and after transplantation. Results and characteristics of
subgroups of patients were compared using a Mann-Whitney test or Fisher’s exact test.
Comparisons between transplant recipient (post-transplantation) and healthy control
groups were done using a Mann-Whitney U test or Fisher’s exact test when appropriate.
For correlations, Spearman’s rho was used.
P-values ≤0.05 (2-sided) were considered significant. Statistical analysis was performed
using GraphPad Prism 5.03 (GraphPad Software, USA).

RESULTS
Study population
Sixty renal transplant recipients and 62 healthy control subjects were included. Their
characteristics are summarized in Table 1. At the time of inclusion, only 1 (2%) transplant
recipient was in need of renal replacement therapy, following rejection of the transplant
kidney. There were no significant differences in gender and age between patient and
control group. Moreover, no significant age/gender differences were found between
patients who experienced rejection or infection after transplantation and those who did
not. Patients with a history of more than 1 transplantation tended to be younger (median
45.7 versus 55.7 years, p=0.088).

Occurrence of herpes zoster and other acute infections
Questionnaire results, asking about history of varicella and herpes zoster, were available
for 53 (88%) of transplant recipients. Combined with results from medical record review,
it was determined that 13 patients (22%) had a history of herpes zoster. In four of
these patients, timing was not known. In six, herpes zoster occurred within 2-3 years
after most recent transplantation. One patient experienced herpes zoster only 3 weeks
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Table 1. Characteristics of healthy controls and transplant recipients
HC
n=62
Female gender, no. (%)
Age, median (range) years
Time since transplantation, median (range) months
Cause of renal failure, no. (%)
Glomerulonephritis
		

Tx
n=60

33 (53)
30 (50)
58.4 (25.3-72.6) 55.6 (25.7-72.5)
NA
33.7 (25.6-38.4)
NA
25 (42)

IgA nephropathy

14 (23)

		 MPGN

2 (3)

		 FSGS

3 (5)

		 Anti-GBM

1 (2)

		 SLE

2 (3)

		 AAV

2 (3)

		
Cause unknown
Genetic
Vascular
Diabetic nephropathy
Congenital
Urologic
Chronic TIN
Unknown
Other
History of > 1 transplant, no. (%)
RRT pre-Tx, no.

1 (2)
7 (12)
4 (7)
5 (8)
2 (3)
3 (5)
3 (5)
9 (15)
2 (3)a
15 (25)b

NA
NA

None/HD/PD
VZV serostatus
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17/29/14

Negative/positive
History of herpes zoster, no. (%)
Prophylactic valganciclovir, no. (%)
No. (%) of patients with post-Tx complications
Rejection
Infection, any/bacterial/viral/fungalf

0/62
4 of 32 (13)
NA
NA
NA
NA

0/60
13 (22)c
5 (8)
11 (19)e
40/25/27/4e

No.: number, Tx: transplantation, MPGN: membranoproliferative glomerulonephritis, FSGS: focal segmental
glomerulosclerosis, GBM: glomerular basement membrane, SLE: systemic lupus erythematosus, AAV: ANCAassociated vasculitis, TIN: tubulointerstitial nephritis, RRT: renal replacement therapy, HD: haemodialysis, PD:
peritoneal dialysis, VZV: varicella-zoster virus.
a
One patient developed renal failure because of acute tubulus necrosis (after acute aorta rupture surgery) and
one patient underwent nephrectomy of his one functional kidney because of transitional cell carcinoma.
b
Two patients received a transplant organ other than kidney before their most recent renal transplantation;
one received a heart transplant and one received multiple liver transplants.
c
In six patients, timing of herpes zoster was known to have occurred after most recent transplantation (within
2-3 years before study inclusion).
d
Seven patients experienced a primary CMV infection in the post-transplantation period (within 2-3 years
before study inclusion).
e
Missing information on rejection in 2 patients and on infection (other than herpes zoster) in 1 patient.
f
More detailed information on the occurrence of infections in the 2-3 years after transplantation is provided in
Supplementary Table S1.
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after transplantation, and another patient immediately after rejection therapy (with
methylprednisolone and leflunomide). No herpes zoster episodes occurred during
prophylactic use of valganciclovir.
Of the healthy control group, questionnaire results were available for 32 (52%)
persons. Four (13%) stated to have experienced herpes zoster. In one subject this occurred
only a few months prior to study participation. In the other three persons, herpes zoster
occurred at least 15 years prior to study inclusion.
The occurrence of acute infections in the 2-3 year period between transplantation and
study inclusion is presented in Table 1. A more detailed summary of infections occurring
in this period is provided in Supplementary Table S1.

Numbers of IFNγ spot-forming cells in response to VZV stimulation
Number of IFNγ spot-forming cells in response to VZV stimulation did not significantly
change following renal transplantation. A lower number of IFNγ spot-forming cells was
found in transplant recipients than in healthy controls (p = 0.028) (Figure 1A).
A history of more than 1 transplantation was not found to be of influence on
numbers of IFNγ spot-forming cells to VZV, also when assessing results prior to most
recent transplantation. The same held true for patients who were transplanted preemptively versus patients treated with renal replacement therapy prior to transplantation
(data not shown).
Interestingly, transplant recipients in whom the post-transplantation period was
complicated by a rejection episode, were found to have a lower number of IFNγ spotforming cells in response to VZV stimulation. This difference was already present prior
to transplantation. Patients with a herpes zoster history were excluded from analysis
(Figure 2A).
Transplant recipients who experienced any acute infection other than herpes zoster in
the 2-3 years post-transplantation (excluding those with a herpes zoster history) also had
lower number of IFNγ spot-forming cells in response to VZV stimulation than those who
did not. This difference was not yet present in the same patients prior to transplantation
(Figure 3A). Analyzing data separately for viral or a bacterial infections yielded similar
results (Figure S1).
The occurrence of herpes zoster within 2-3 years before blood drawing was not of
significant influence on number of IFNγ spot-forming cells in response to VZV stimulation,
but number of subjects was low (n=6; Figure S2).

Humoral immunity to VZV
All patients and controls were VZV seropositive. After transplantation VZV-IgG level was
significantly lower than before transplantation (p<0.0001). There was no significant
difference between healthy controls and transplant recipients (p=0.149) (Figure 1B).
In contrast to cellular immunity results, humoral immunity to VZV was not found to
be different in transplant recipients that experienced rejection of their transplant kidney
102









  

     































Figure 1. Numbers of interferon-γ (IFNγ) spot-forming cells in response to VZV stimulation (A)
and levels of anti-glycoprotein (gp)VZV IgG presented on a log-scale (B) in 55/62 healthy control
(HC) subjects and 58/59 patients before (pre) and 2-3 years after transplantation (Tx). Lines show
the median.
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Figure 2. Numbers of interferon-γ (IFNγ) spot-forming cells in response to VZV stimulation (A) and
levels of anti-glycoprotein (gp)VZV IgG presented on a log-scale (B) in 8 patients that experienced
a rejection episode and 35-37 patients who did not, before (pre) and 2-3 years after transplantation
(Tx). Patients with a history of herpes zoster were excluded from analysis. Lines show the median.

(Figure 2B). Although not statistically significant, patients that experienced an acute
infection other than herpes zoster tended to have lower antibody levels to VZV than
patients without any documentation of acute infections in their records (Figure 3B).
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Increased percentages of cytokine-expressing T cells prior to renal
transplantation
Upon stimulation with VZV, high percentages of CD4+ T cells producing TNFα and IL-2
were found in patients prior to transplantation. This phenomenon was also seen upon
polyclonal stimulation using SEB (Figure 4A and C).
Within CD8+ T cells, percentage of cells producing cytokines in response to VZV
stimulation was generally lower than in the CD4+ cells, except for IL-2. For this cytokine,
the same phenomenon was seen as in the CD4+ cells: a significantly increased cytokine
production prior to transplantation, but similar levels in transplant recipients and control
subjects (Figure 4B).
In response to polyclonal stimulation, again the CD8+ T cells were shown to be less
responsive than their CD4+ counterparts. For TNFα and IL-2, expression was shown to
decrease after transplantation, for IL-2 to levels that were significantly lower than in
healthy controls (Figure 4D).
Similar percentages of IFNγ-producing CD4+ and CD8+ T cells were found before and
after transplantation, both upon stimulation with VZV and with SEB. Also, no difference
in the percentage of T cells producing this cytokine were found between transplant
recipients and control subjects (Figure 4A-D).














  

     
















 





 












 





 

Figure 3. Numbers of interferon-γ (IFNγ) spot-forming cells in response to VZV stimulation (A)
and levels of anti-glycoprotein (gp)VZV IgG presented on a log-scale (B) in 25-27 patients that
experienced an acute infection (excluding herpes zoster) in the post-transplantation period and 19
patients who did not, before (pre) and 2-3 years after transplantation (Tx). Patients with a history of
herpes zoster were excluded from analysis. Lines show the median.
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Figure 4. Frequencies of cytokine-producing CD4+ (A) and CD8+ (B) T cells upon stimulation
with varicella-zoster virus (VZV), and upon stimulation with staphylococcal enterotoxin B
(SEB, positive control) (C for CD4+ and D for CD8+ T cells) in 56 healthy control subjects (HC)
and 59 patients before (pre) and 2-3 years after (post) receiving a renal transplant. Bars show
the median and interquartile range. IFNγ = interferon gamma; TNFα = tumor necrosis factor alpha;
IL-2 = interleukin-2.

No marked functional changes in VZV-specific T cells after kidney
transplantation
The total VZV-specific CD4+ T cell population in transplant recipients consisted mainly
of IFNγ single-positive cells. Except for a significantly lower percentage CD4+ T cells
expressing both IFNγ and IL2 (p=0.0002) prior to transplantation, no changes before
versus after transplantation were observed. Results were similar in transplant recipients
and control subjects (Figure 5A).
Functionality of T cells was more diverse upon polyclonal stimulation, but again no
marked changes following transplantation, nor differences between transplant recipients
and controls were observed (Figure 5B).
Mean fluorescence intensity (MFI) of programmed cell death protein 1 (PD-1) was
higher upon stimulation with VZV than upon polyclonal stimulation, both for CD4+ and
CD8+ T cells. No differences between transplant recipients and control subjects were
observed (Figure 6A and B). While cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
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MFI on CD4+ T cells was significantly lower in patients prior to transplantation, it was
significantly increased in these patients on CD8+ T cells. No marked differences between
transplant recipients and controls were seen (Figure 6C and D).
Figures representing percentages of T cells expressing PD-1 and CTLA-4 are available
online (Figure S3).

Correlations
















     



     

A weak correlation between age and cellular immunity to VZV (number of IFNγ spotforming cells) (ρ = -0.389, p = 0.002) was present in transplant recipients. No significant
correlations were found between age and humoral immunity to VZV, or between humoral
and cellular immunity to VZV (data not shown).











































Figure 5. Cytokine-producing CD4+ T cells in response to stimulation with varicella-zoster virus (VZV)
(A), and to polyclonal stimulation using staphylococcal enterotoxin B (SEB) (B) divided according
to expression of interferon gamma (IFNγ), tumour necrosis factor alpha (TNFα) and interleukin-2
(IL2), and co-expression of combinations of these cytokines in 56 healthy control (HC) subjects
and 59 patients before (pre) and 2-3 years after (post) receiving a renal transplant (Tx). Presented
percentages are relative percentages of the total population of cytokine-producing CD4+ T cells in
response to stimulation with VZV or SEB. Bars show the median and interquartile range.
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Figure 6. Mean fluorescence intensity (MFI) of programmed cell death protein 1 (PD-1) on CD4+ (A)
and CD8+ (B) T cells, and of cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) on CD4+ (C) and
CD8+ (D) T cells upon stimulation with varicella-zoster virus (VZV) and staphylococcal enterotoxin B
(SEB, positive control) in 28 healthy control subjects (HC) and 59 patients before (pre) and 2-3 years
after (post) receiving a renal transplant. Bars show the median and interquartile range.

DISCUSSION
In this study, VZV-specific immunity was evaluated in the same 60 patients before and
after renal transplantation. Cellular immunity to VZV, as assessed by an IFNγ ELISpot assay,
did not significantly change after transplantation. The number of IFNγ spot-forming cells
in response to VZV stimulation was however shown to be significantly lower in transplant
recipients than in control subjects. VZV-specific humoral immunity in transplant recipients
did not significantly differ from controls, but a significant decrease was observed
after transplantation.
Cellular immunity to VZV is considered to be essential in the immune response to VZV
and prevention of herpes zoster. Number and functionality of VZV-specific CD4+ T cells
have been shown to be impaired in immunocompromised patient groups at increased
risk of herpes zoster [25,26]. Responding cells in the IFNγ ELISpot assay consist mostly
out of CD4+ T cells. This assay, which tests functionality of VZV-specific cells, is generally
considered to be a reliable method for the assessment of VZV-specific cellular immunity
[27]. Previously, decreased numbers of IFNγ spot-forming cells upon VZV stimulation have
been demonstrated in the elderly and different immunocompromised patient groups at
increased risk of herpes zoster [23,28-31]. Our finding of a lower number of IFNγ spotforming cells upon VZV stimulation in transplant recipients compared to controls is in line
immune response to VZV before and after renal transplantation
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with the reported increased herpes zoster incidence in this group [6,7,32]. Although they
reported a lower percentage of VZV-specific CD8+ effector memory cells in patients, Van
Besouw et al. did not find a difference in percentage of subsets of VZV-reactive CD4+
T cells between 11 renal transplant recipients and 21 controls, using intracellular IFNγ
flowcytometry [33]. Flowcytometry has been shown to be less likely than ELISPOT to
detect low-level responses [27].
Interestingly, in response to VZV stimulation a lower number of IFNγ spot-forming cells
was present in transplant recipients in whom post-transplant period was complicated by
rejection or acute infections other than herpes zoster. Anti-rejection therapy was previously
identified to be a significant risk factor for the development of herpes zoster in renal
transplant recipients [32], but as the difference was also present before transplantation
this could indicate that a suboptimal immune system is already present in these patients
prior to transplantation. Age is a well-known risk factor for herpes zoster, and has been
shown to be associated with impaired cellular immunity to VZV [34]. This is in line with
our finding of an inverse correlation between number of IFNγ spot-forming cells and age
of transplant recipients.
Next to evaluating cellular immunity to VZV using an IFNγ ELISpot assay, we evaluated
cytokine production of CD4+ and CD8+ T cells in response to stimulation with VZV.
Cytokine production was shown to be high prior to transplantation, but did not differ
between transplant recipients and control subjects. As this phenomenon was also seen
upon polyclonal stimulation, it was not VZV-specific. Hypercytokinaemia could be an
explanation of our findings, which is known to occur in chronic kidney disease patients,
and is thought to be associated with uraemia [35,36].
Schub et al. reported a significantly lower percentage of CD4+ T cells concomitantly
producing 3 cytokines in response to VZV stimulation in transplant recipients compared
to controls, while percentage of cells only producing IFNγ was increased. They suggested
that multifunctionality of specific T cells is correlated with sufficient pathogen control
[25]. In the current study we did not find marked differences in VZV-specific CD4+ T
cell functionality between transplant recipients and controls. In both groups, median
share of cells producing only IFNγ comprised approximately half of the total VZV-specific
CD4+ T cell population. The reason for the different findings is not clear, but may in part
be caused by differences in patient population between countries with (Germany) and
without (The Netherlands) routine childhood varicella vaccination. Furthermore, there
were differences between the studies in stimulation time of T cells and using cryopreserved
PBMC versus whole blood [25].
Upregulation of inhibitory receptors such as PD-1 and CTLA-4 has been identified as an
important feature of exhausted T cells. Exhausted T cells, resulting from a persistent (viral)
infection, are less able to exert their effector functions [37,38]. As we found the expression
of inhibitory receptors PD-1 and CTLA-4 to be similar in transplant recipients and controls,
we could also not confirm the finding of an increased PD-1 expression on CD4+ T cells in
transplant recipients upon polyclonal stimulation, as reported by Schub et al.[25]. Mean
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fluorescence intensity of PD-1 was higher upon VZV stimulation than upon polyclonal
stimulation. This may be explained by the physiologic role of PD-1 in the regulation of
immune responses towards a specific antigen [37,39].
Clinical VZV vaccination studies in solid organ transplant recipients or patients awaiting
solid organ transplantation to date have mainly focused on prevention of varicella in
VZV seronegative patients, mostly children. Vaccination generally appears to be safe
and immunogenic in these patients [40-43], although immunogenicity may be reduced
compared to healthy control subjects [44]. In a recent study by Kho et al., adult renal
transplant candidates with undetectable VZV-IgG levels, were vaccinated using a live
attenuated varicella vaccine. Cellular immunity to VZV was evaluated in 11 patients before
vaccination and after transplantation (median 7.2 months after transplantation). While
total number of leukocytes decreased, percentage of VZV-specific CD4+ memory T cells
was shown to significantly increase, indicating that pre-transplant VZV vaccination may be
useful. As cellular immunity between vaccination and transplantation was not evaluated,
effect of the transplant procedure itself on VZV immunity however remained unclear [45].
The effect on post-transplant herpes zoster incidence of vaccinating seropositive persons
before solid organ transplantation to date has not been sufficiently studied.
This study has several limitations. Firstly, information regarding herpes zoster and
other infections could have been missing from medical records as these do not necessarily
come to attention of a hospital specialist. Moreover, questionnaire results on herpes
zoster occurrence did not seem completely reliable, with at least two patients not
mentioning a herpes zoster episode that was noted in medical records. As many patients
and controls did not reliable recall occurrence and timing of varicella, it could not be
determined whether age at first encounter with VZV was of influence on VZV immunity.
Furthermore, differences in VZV-immunity between diagnostic subgroups could not be
reliably evaluated because of the limited number of patients in the different subgroups.
Lastly, T cell tests are not standardized and results differ greatly between publications.
Therefore comparing different studies is difficult.
In conclusion, no marked changes in cellular immunity to VZV following renal
transplantation were observed. However, transplant recipients were shown to have
a lower cellular immunity to VZV than matched control subjects, corresponding with
a high herpes zoster risk in these patients. Transplant recipients that experienced rejection
or infection in the post-transplant period seemed to be at even higher risk. In contrast to
cellular immunity, humoral immunity to VZV was shown to decrease significantly following
transplantation, but resulting levels were not different from levels in healthy control
subjects. Future research should focus on the post-transplant effect on herpes zoster
incidence of vaccinating VZV seropositive patients before solid organ transplantation.
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SUPPLEMENTARY DATA
Supplementary Table 1. Infections in the 2-3 years post-transplant period
No. (%)
Viral

27 (46)
Herpes zoster

6 (10)a

Gastroenteritis (mostly norovirus)

10 (17)

Primary CMV infection

5 (8)

Primary EBV infection/EBV reactivation

4 (7)

Rhinovirus

2 (3)

Influenza

2 (3)

Herpes simplex
Bacterial

1 (2)
25 (42)

Urinary tract infection

12 (20)

Gastroenteritis

7 (12)

Skin infection requiring antibiotic treatment

4 (7)

Pneumonia

3 (5)

Ear/nose/throat infection requiring antibiotic treatment

3 (5)

Spondylodiscitis
Fungal

6

1 (2)
4 (7)

No.: number, CMV: cytomegalovirus, EBV: Epstein-Barr virus
a
Total of self-reported herpes zoster infections (using questionnaire) and herpes zoster infections documented
in medical records was 13. Three cases occurred before the most recent transplantation. In four cases, timing
was unknown.
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Supplementary figure 1. Numbers of interferon gamma (IFNγ) spot-forming cells in response
to VZV stimulation (A) and levels of anti-glycoprotein (gp)VZV IgG presented on a log-scale (B)
in 13/14 patients who experienced an acute viral infection, 18/19 patients who experienced an
acute bacterial infection and 19 patients without documented infections in the 2-3 years after
transplantation. Results before (pre) and after (post) transplantation (Tx) are shown. Patients with
a history of herpes zoster were excluded from analysis. Lines show the median.
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Supplementary figure 2. Numbers of interferon gamma (IFNγ) spot-forming cells in response
to VZV stimulation (A) and levels of anti-glycoprotein (gp)VZV IgG presented on a log-scale (B) in
6 patients who experienced herpes zoster (HZ) in the 2-3 years after transplantation compared to
45/47 patients without any mentioning of herpes zoster (no HZ) in records/questionnaire. Lines
show the median.
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Supplementary figure 3. Percentage of cells expressing programmed cell death protein 1 (PD-1) of
CD4+ (A) and CD8+ (B) T cells, and percentage of cells expressing cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) of CD4+ (C) and CD8+ (D) T cells upon stimulation with varicella-zoster virus
(VZV) and staphylococcal enterotoxin B (SEB, positive control) in 28 healthy control subjects (HC)
and 59 patients before (pre) and 2-3 years after (post) receiving a renal transplant. Bars show
the median and interquartile range.
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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.

7

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
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≥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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ABSTRACT
Aim
To update the 2011 evidence-based recommendations of the European League Against
Rheumatism (EULAR) recommendations for vaccination in patients with autoimmune
inflammatory rheumatic diseases (AIIRD).

Methods
We performed the systematic literature review of reports published on specific vaccines
in AIIRD between from October 2009 to April 2017, using MedLine, addressing efficacy
and safety. After discussing results within the task force, we formulated a proposal for
updated recommendations. Grading of Recommendations Assessment, Development and
Evaluation (GRADE) criteria were used to assess methodological quality of the studies.
Evidence was graded in categories 1-4 and the strength of recommendations was graded
in categories A-D.

Results
Most vaccines seem efficacious in patients with AIIRD, although some are less efficacious
than in healthy control subjects and/or during treatment with immunosuppressive agents.
Six recommendations were proposed and presented alongside with category of strength
and underlying evidence.

Conclusion
The currently available evidence regarding efficacy of vaccination in AIIRD was summarized
and a proposal for updated evidence-based recommendations was formulated. Our work
and the work of other members of the Task Force will be joined, integrating data on
incidence of vaccine-preventable infections and on efficacy and safety of vaccination in
patients with an AIIRD into one manuscript.
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INTRODUCTION
Patients with an auto-immune inflammatory rheumatic disease (AIIRD) are at increased
risk of contracting infections and associated complications. Increased susceptibility is
most likely due to the immune modulating effect of the disease itself and/or by use of
immunosuppressive medication [1].
Vaccination is generally regarded as a safe, efficacious and low-cost method for
preventing certain infections. However, vaccination may be less efficacious in (subgroups
of) patients with an AIIRD, as a result of their immunosuppressed state, and, moreover,
could potentially lead to exacerbation of the underlying AIIRD by aspecifically triggering
the immune system.
In 2011 recommendations for vaccination in AIIRD patients were published, based on
the available evidence and formulated by a European League Against Rheumatism (EULAR)
task force, to aid physicians and nurses dealing with questions regarding vaccination in
AIIRD in daily clinical practice [2]. At the time, it was stated that the recommendations
needed to be updated on a regular basis as new evidence will keep coming available [2].
The aim of the current project was to review new literature on vaccination in patients
with AIIRD, published since the previous recommendations, in order to formulate
a proposal for updated recommendations.

8

METHODS
A systematic literature review of the newly available evidence published since the last
guidelines was performed by members of an international task force consisting of
experts from European countries and Israel. We here describe the results of the review
on specific vaccines (Table 1) in AIIRD patients with regard to efficacy. Others investigated
the incidence of vaccine-preventable diseases in AIIRD and safety of vaccination in this
patient group, which will be published elsewhere.
Based on a previously applied strategy [2,3], AIIRD conditions and vaccines were used
as search terms (Table 1), using MedLine (via PubMed; from October 2009 to April 2017).
Eligible papers must be in English and include patients of at least 16 years of age. Case
reports and case series with five or fewer patients were not included. When relevant
according to the opinion of the experts, additional papers could be added. Articles were
first selected
based on title, and could later be excluded by abstract or text. Scoring
was done as described in Table 2, according to EULAR standard operating procedures [4].
Methodological quality of the studies was assessed by CR, in consensus with SvA when
needed, using Grading of Recommendations Assessment, Development and Evaluation
(GRADE) criteria [5].
After presenting and discussing results from the literature review in the international
expert group, a proposal for updated recommendations was formulated. Strength of
recommendations was established according to Table 3, conform EULAR standard
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operating procedures [4]. For every proposed recommendation level of evidence and
strength of recommendation is presented separately with regard to efficacy and safety.

RESULTS
Hereunder the recommendations as proposed by the EULAR Task Force on Vaccination in
Adult Patients with AIIRD can be found, followed by a summary of the evidence found by
the systemic literature review.

1. Influenza vaccination should be strongly considered for patients
with AIIRD; level of evidence (efficacy/safety)1A/1A, strength of
recommendation (efficacy/safety) A/A. (Table 4A and 4B)
Seasonal trivalent influenza vaccination has been shown to reduce incidence and bacterial
complications of influenza, admissions for and mortality from influenza/pneumonia in
AIIRD [6-9]. It has been shown to be efficacious in patients with rheumatoid arthritis (RA),

Table 1. AIIRD and vaccines considered in the literature search*.
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AIIRD

Vaccines

Rheumatoid arthritis
Systemic lupus erythematosus
Antiphospholipid syndrome
Adult Still disease
Systemic sclerosis
Sjögren’s syndrome
Mixed connective tissue disease
Relapsing polychondritis
Giant cell arteritis
Polymyalgia rheumatica
Takayasu arteritis
Polyarteritis nodosa
ANCA-associated vasculitis:
Microscopic polyangiitis
Granulomatosis with polyangiitis
(Wegener’s granulomatosis)
Eosinophilic granulomatosis with
polyangiitis (Churg-Strauss syndrome)
Behçet disease
Goodpasture syndrome
Cryoglobulinemic syndrome
Polymyositis
Dermatomyositis
Clinically amyopathic dermatomyositis
Sporadic inclusion body myositis

Bacillus Calmette-Guérin
Cholera
Diphtheria
Hepatitis A
Hepatitis B
Haemophilus influenzae b
Human papillomavirus
Influenza
Japanese encephalitis
Measles
Mumps
Neisseria meningitides
Pertussis
Poliomyelitis
Rabies
Rubella
Tetanus toxoid
Tick-borne encephalitis
Typhoid fever
Varicella zoster
Yellow fever

Table 1. (continued)
AIIRD

Vaccines

Anti-synthetase syndrome
Eosinophilic myositis
Eosinophilic fasciitis
Spondylarthropathies
Periodic fever syndromes
Abbreviations: AIIRD: auto-immune inflammatory rheumatic disease
* Search terms:
(AIIRD:) “Lupus Erythematosus, Systemic”[MeSH Terms] OR “lupus”[Tiab] OR “Antiphospholipid
Syndrome”[MeSH Terms] OR “antiphospholipid syndrome”[Tiab] OR “Arthritis, Rheumatoid”[MeSH
Terms] OR “rheumatoid arthritis”[Tiab] OR “Still’s Disease, Adult-Onset”[MeSH Terms] OR “Still’s”[Tiab]
OR “Scleroderma, Systemic”[MeSH Terms] OR “scleroderma”[Tiab] OR “Sjogren’s Syndrome”[MeSH
Terms] OR Sjogren [Tiab] OR “Mixed Connective Tissue Disease”[MeSH Terms] OR “Mixed Connective
Tissue Disease”[Tiab] OR “Polychondritis, Relapsing”[MeSH Terms] OR “Polychondritis”[Tiab] OR “Giant
Cell Arteritis”[MeSH Terms] OR “Giant Cell Arteritis”[Tiab] OR “Polymyalgia Rheumatica”[MeSH Terms]
OR “Polymyalgia Rheumatica”[Tiab] OR “Takayasu Arteritis”[MeSH Terms] OR “Takayasu”[Tiab] OR
“Polyarteritis Nodosa”[MeSH Terms] OR “Polyarteritis”[Tiab] OR “Microscopic Polyangiitis”[MeSH Terms]
OR “Granulomatosis with Polyangiitis”[MeSH Terms] OR “Polyangiitis”[Tiab] OR “Wegener”[Tiab] OR
“Churg-Strauss Syndrome”[MeSH Terms] OR “Churg-Strauss”[Tiab] OR “Behcet Syndrome”[MeSH Terms]
OR “Behcet*”[Tiab] OR “Anti-Glomerular Basement Membrane Disease”[MeSH Terms] OR “Anti-Glomerular
Basement Membrane Disease”[Tiab] OR “Cryoglobulinemia”[MeSH Terms] OR “Cryoglobulinemia”[Tiab]
OR “Polymyositis”[MeSH Terms] OR “Polymyositis”[Tiab] OR “Dermatomyositis”[MeSH Terms] OR
“Dermatomyositis”[Tiab] OR “Myositis, Inclusion Body”[MeSH Terms] OR “Myositis”[Tiab] OR “Antisynthetase syndrome”[Tiab] OR “Antisynthetase syndrome”[Tiab]OR “Fasciitis”[MeSH Terms] OR
“Fasciitis”[Tiab] OR “Spondylarthropathies”[MeSH Terms] OR “Spondylarthropath*”[Tiab] OR “Hereditary
Autoinflammatory Diseases”[MeSH Terms] OR “Autoinflammatory”[Tiab] OR “Periodic fever, familial,
autosomal dominant” [Supplementary Concept] OR “Familial Mediterranean Fever”[MeSH Terms] OR “Familial
Mediterranean Fever”[Tiab] AND (Vaccines:) “Herpes Zoster Vaccine”[MeSH Terms] OR “Herpes Zoster
Vaccin*”[Tiab] OR “Shingles vaccin*”[Tiab] OR “Zoster vaccine*”[Tiab] OR “Papillomavirus Vaccines”[MeSH
Terms] OR “HPV vaccine” [Tiab] OR “Papillomavirus vaccine*”[Tiab] OR “hepatitis b vaccines”[MeSH Terms]
OR “hepatitis B vaccin*”[Tiab] OR “influenza vaccines”[MeSH Terms] OR “influenza vaccin*”[Tiab] OR
“haemophilus influenzae vaccines”[MeSH Terms] OR “haemophilus”[Tiab] OR “tetanus toxoid” [Tiab] OR “bcg
vaccine”[MeSH Terms] OR “cholera vaccines”[MeSH Terms] OR “diphtheria tetanus vaccine”[MeSH Terms] OR
“diphtheria tetanus pertussis vaccine”[MeSH Terms] OR “diphtheria tetanus acellular pertussis vaccines”[MeSH
Terms] OR “diphtheria toxoid”[MeSH Terms] OR “diphteria vaccin*”[Tiab] OR “diphteria toxoid”[Tiab] OR
“hepatitis a vaccines”[MeSH Terms] OR “hepatitis a vaccin*”[Tiab] OR “Rabies vaccine”[MeSH Terms] OR
“Rabies vaccines”[MeSH Terms] OR “rabies human diploid cell vaccine”[MeSH Terms] OR “rabies”[Tiab]
OR “japanese encephalitis vaccines”[MeSH Terms] OR “japanese encephalitis vaccin*”[Tiab] OR “measles
vaccine”[MeSH Terms] OR “mumps vaccine”[MeSH Terms] OR “meningococcal vaccines”[MeSH Terms] OR
“pertussis vaccine”[MeSH Terms] OR “rubella vaccine”[MeSH Terms] OR “measles vaccin*”[Tiab] OR “mumps
vaccin*”[Tiab] OR “meningococcal vaccin*”[Tiab] OR “pertussis vaccin*”[Tiab] OR “rubella vaccin*”[Tiab]
OR “tick borne encephalitis vaccin*”[Tiab] OR “typhoid paratyphoid vaccines”[MeSH Terms] OR “*typhoid
vaccin*”[Tiab]

8

systemic lupus erythematosus (SLE), ANCA-associated vasculitis (AAV), systemic sclerosis
(SSc) and psoriatic arthritis (PsA), even when treated with conventional disease modifying
anti-rheumatic drugs (cDMARDs), anti-tumour necrosis factor (TNF) alpha, tocilizumab
or tofacitinib, although some studies (including one meta-analysis [10]) show a modestly
reduced efficacy in SLE patients or in RA patients treated with anti-TNF or methotrexate
Proposal for updated recommendations for vaccination in AIIRD
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Table 2. Categories of evidence [4].
Category

Evidence

1A
1B
2A
2B
3

From meta-analysis of randomised controlled trials
From at least one randomised controlled trial
From at least one controlled study without randomisation
From at least one type of quasi-experimental study
From descriptive studies, such as comparative studies, correlation studies or
case-control studies
From expert committee reports or opinions and/or clinical experience of
respected authorities

4

Table 3. Strength of recommendations [4].
Strength

Directly based on

A
B
C
D

Category
Category
Category
Category

I evidence
II evidence or extrapolated recommendation from category I evidence
III evidence or extrapolated recommendation from category I or II evidence
IV evidence or extrapolated recommendation from category II or III evidence

(MTX) [11-46]. The use of rituximab was associated with reduced antibody responses
[10,47-50], but did not seem to affect cell-mediated immune responses in one study with
a limited number of patients [50]. Interestingly, temporary discontinuation of MTX was
shown to improve immunogenicity of seasonal influenza vaccination in patients with RA,
with the best results when MTX was suspended for 2 weeks before and 2 weeks after
vaccination [51]. Adverse events of influenza vaccination in patients with AIIRD were
found to be comparable to those in healthy controls, although there are no studies that
are sufficiently powered with regard to safety [12,17,21,23-26,28,30-33,36-39,41,4345,47,48,50,52-56].
Most larger studies investigating efficacy and safety of the pandemic monovalent
influenza vaccine found reduced efficacy in AIIRD patients (mostly RA and SLE) and on
most immunosuppressive medication, although protective antibody levels were reached
in the majority of patients [38,46,57-72]. The use of rituximab and abatacept is an
exception as this was associated with reduced antibody responses [61,73,74]. A second,
booster dose of vaccine was shown to improve efficacy, reaching levels of seroprotection
comparable to healthy controls [58,74,75]. This has also been shown in SLE-patients who
received seasonal influenza-vaccine for the first time [76]. Therefore, for AIIRD patients
naive for a certain influenza subtype, a second, booster vaccination can be considered.
Following vaccination, disease activity was stable in the majority of studies and only mild
adverse events were found [38,46,57-64,67-72,74,75,77-79].
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2007 RCT

2014 RCT

2016 RCT

1970 Controlled

Kaine [12]

Kivitz [52]

Winthrop [34]

Denman [13]

1994 RCT

Chalmers [32]

20 HC

39 RA-DC

Part B: 92
RA-TFC cont.
91 RA-TFC
withdrawn
20 RA

98 RA-PCB

Part A: 102
RA-TFC

64 RA-PV
22 RA not-PV
40 RA-IS
64 HC
99 RA-ADA
109 RA
107 RA-CZP
109 RA-PCB
Two
independent
parts

2014 Meta-analysis 7 studies††

Hua [10]

No. cases

Year Study design

Author

No difference

Part B: No difference

Part A: similar
proportions of
satisfactory response

No difference

No difference

No difference

See right

Efficacy

No difference
NA

Reduced on MTX
Part A: Reduced in TFC/
MTX

No

NA

1B

No flares

No

Part B: No

1B

No difference

For MTX, results differed
depending on method of
analysis
No

2

1B

1B

1A

NA

Reduced in RTX

High

High

Moderate

LoE GRADE

Safety

Influence of IS on efficacy

Table 4A. Efficacy and safety of seasonal trivalent influenza-vaccination in AIIRD-patients*
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Year Study design

2007 Controlled

2007 Controlled

2008 Controlled

2009 Controlled

2010 Controlled

2006 Controlled

2008 Controlled

Author

Kapetanovic
[14]

Kubota [15]

Oren [48]

Nii [16]

van Assen [47]

Fomin [17]

Gelinck [18]

Table 4A. (continued)

No difference

48 non-antiTNF**

No difference

30 HC
64 anti-TNF*

Reduced in RA-RTX

No difference

Reduced in RA-RTX

No difference

Reduced in RA-antiTNF+MTX and RAanti-TNF compared to
RA-MTX

Efficacy

29 HC
82 RA

20 RA-DC

52 HC
23 RA-RTX

36 RA-DC

21 HC
27 RA-anti-TNF

14 RA-RTX

52 HC
29 RA

36 RA-DC

50 RA-antiTNF+MTX
62 RA-antiTNF+DMARD 37
RA-MTX 18HC
27 RA-anti-TNF

No. cases

anti-TNF

Reduced (modestly) on

No

Reduced on RTX

No

Reduced on RTX

Increased on anti-TNF

to MTX

and anti-TNF compared

Reduced on TNF+MTX

Influence of IS on efficacy

NA

No flares

No flares

NA

No flares

NA

NA

Safety

2

2

2

2

2

2

2

LoE GRADE

disease activity

Reduced on RTX

39 RA
anti-TNF/
DMARD
20 SLE

1979 Controlled

1988 Controlled

2006 Controlled

Herron [19]

Turner-Stokes
[20]

Stojanovich[36]

31 RA

23 RA-vacc

46 SLE-DC

2 RA/SLE
23 SLE-vacc

Reduction in
pneumonia, acute
bronchitis or viral
infections in SLE-vacc
and RA-vacc

and RA/SLE

10 RA
4 MCTD

Reduced in SLE, MCTD

No difference

32 HC
28 SLE

17 other AIIRD

17 RA

(28 RA/10 CD)

38 TCZ

NA

No

Reduced on steroids

producing CD4+ cells
in RA groups
No difference
No

2

2

2

NA

No flares

2A

2A

Low

Low

LoE GRADE

NA

NA

No change

Humoral immunity:.

Similar percentage of Cellular immunity: No
influenza specific
IFN-γ

17 RA-DC
16 HC

Safety

Influence of IS on efficacy

Humoral immunity:
reduced in RA-RTX

Efficacy

29 RA-RTX

No. cases

Abstract only

2013 Controlled

2011 Controlled

Arad [50]

Tsuru [35]

Year Study design

Author

Table 4A. (continued)
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158

2006 Controlled

2009 Controlled

2011 Controlled

2013 Controlled

2014 Controlled

Del Porto [21]

Elkayam [53]

Kobie [106]

Milanovic [54]

Milanetti [38]

No difference

No difference

Efficacy

Reduced on anti-TNF

No

NA

Influence of IS on efficacy

Vaccination
associated with
reduced risk
influenza

2013 Observational 17735 RA in 4
seasons

Kobashigawa
[9]

No

NA

or abatacept

Sign. difference in
No
GMT between vacc./
unvacc.SLE, but not
in RA and SjS Lower
incidence influenza
or bact. complications
among vacc. patients
No difference
No effect of anti-TNF

2012 Observational 13 RA-previous Able to respond to
vaccination
anti-CD52

13 HC

30 RA

19 SjS

13 SjS-vacc.

22 RA

15 RA-vacc.

11 SLE

97 HC
19 SLE–vacc.

33 RA-DC

61 RA-anti-TNF Reduced in RA-antiTNF
70 RA-MTX

17 HC

18 SpA-anti-TNF

23 RA-DC

10 RA-DC
20 RA-anti-TNF

10 RA

10 SLE-DC

14 SLE

No. cases

and pandemic
Anderson
[107]

Both seasonal

Year Study design

Author

Table 4A. (continued)

NA

NA

in patients

More mild AE

disease activity

No changes

NA

No flares

No difference

Safety

3

3

2A

2A

2A

2

2

Low

Very low

Low

low

Very

Low

LoE GRADE

Reduced in SLE
Reduced in SLE
Reduced in SLE

12 HC
24 SLE
24 SLE-DC
18 SLE
18 HC
56 SLE

Abu-Shakra [28] 2002 Controlled

2004 Controlled

2006 Controlled

Mercado [29]

Holvast[30]
18 HC

No difference

8 HC
11 SLE

1979 Controlled

Pons [27]

No difference
No difference

1978 Controlled
1978 Controlled

Brodman [25]
Louie [26]

No difference

29 HC
46 SLE
11 SLE

1978 Controlled

Ristow [24]

21 SLE-DC
36 HC
29 SLE

1978 RCT

Williams [23]

2016 Meta-analyis

Liao [37]

Influence of IS on efficacy

Seroprotection: H1N1 Reduced on biologicals
63%, H3N2 81%,
influenza B 26%

Efficacy

2
2

No flares
NA
No flares

Reduced on AZA
No
Reduced on AZA

2

2

NA

NA

SLE more syst. AE

2
2

No difference
1 glomeronephritis

Not on HCQ, AZA, PRED
NA

2

1B

1A

3

High

Low

LoE GRADE

1 glomeronephritis

No difference

32 mild flare,
5 serious AE

no AE
No difference

disease activity,

No change

Safety

Not on steroids/IS

18 studies with Reduced in SLE for
NA
H1N1 and H3N2, but
1966 SLE
not for influenza
1116 HC
B Respective
seroprotection: 68%,
76%, 66%
19 SLE
Reduced in SLE
Not on steroids

2014 Observational 57 RA

Kogure [108]

No. cases

Year Study design

Author

Table 4A. (continued)
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160

2010 Controlled

2011 Controlled

2012 Controlled

2015 Controlled

2013 Observational 27 SLE

Crowe [41]

Vista [55]

Kaur [109]

Launay [42]

8 HC

10 SLE

101 HC

101 SLE

72 HC

47 HC
72 SLE

NA

Reduced on steroids

Reduced on HCQ

Reduced on steroids

Influence of IS on efficacy

Higher avidity and
NA
neutralization
capacities of
antibodies in SLE
Percentages of
responders at day
30 are 55.5%, 18.5%
and 55.5%, for H1N1,
H3N2 and influenza
B, respectively

NA

No difference. More
high responses in
African-American
subjects.

seroprotection
Reduced in SLE

WiesikSzewczyk [40]

No difference

27 HC
67 SLE

Efficacy

47 SLE

2009 Controlled

Wallin [39]

No. cases

Year Study design

Author

Table 4A. (continued)

2

2A

Increase in
rheumatoid
factor levels,
after vacc.No
flares.

2B

Very low

Very low

Low

Low

Low

LoE GRADE

19.4%/26.4%
2A
flare 6/12 weeks
postvacc. More
low responders
with flare at 6
week
Similar
2A
proportion
new onset
anticardiolipin
antibodies
NA
2A

NA

Overall stable
disease

Safety

Year Study design

2009 RCT

2007 Controlled

2009 Controlled

2012 Controlled

2015 Controlled

2016 Controlled

Author

Holvast [76]

Zycinska [33]

Setti [56]

Litinsky [43]

Polachek [44]

Caso [45]

Table 4A. (continued)

25-PsA DC

30 HC
25 PsA-vacc.

4 Pso

63 PsA

16 HC

20 HC
26 SSc

35 HC
46 SSc

28 WG-DC

49 HC
35 WG

23 WG-DC

49 WG

No. cases

NA

Increased in SSc for
H1N1 No difference
for H3N2 and
influenza B
No difference

No difference

No difference

No difference

Efficacy

Overall stable

Increased on combination
iloprost and calcium
channel blockers for H1N1
and influenza B
No

NA

2A
weeks postvacc.
Higher Tender
2A
Joint Count
and ESR after
1 month, more
episodes mild
symptoms in
PsA- vacc.

in patients 4-6

Increased CRP

disease

2

No flares

NA

Very low

Low

Low

2

No flares

No

2A

1B

No difference

No

LoE GRADE

Safety

Influence of IS on efficacy
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162
No difference

Efficacy
No

Influence of IS on efficacy
19 flares

Safety
3

Low

LoE GRADE

* Articles published since the 2011 recommendations are in bold.
Abbreviations: IS: immunosuppressive drugs, LoE: level of evidence, PV: previously vaccinated, HC: healthy controls, ADA: adalimumab, DC: disease-control, AE: adverse
events, NA: not addressed, vacc: vaccinated, MTX: methotrexate, AZA: azathioprine, HCQ: hydroxychloroquine, PRED: predniso(lo)ne, CsA: cyclosporine, ETA: etanercept,
CZP: certolizumab pegol, PCB: placebo, ABA: abatacept, TCZ: tocilizumab, TFC: tofacitinib, SSc: systemic sclerosis, jSLE: juvenile SLE, MCTD: mixed connective tissue
disease, SjS: Sjögren’s syndrome, DM: dermatomyositis, PM: polymyositis, JIA: juvenile idiopathic arthritis, BD: Behçet’s disease, PAPS: primary antiphospholipid syndrome,
PsA: psoriatic arthritis, Pso: psoriasis
†† The seven studies included by Hua et al. that investigated influenza vaccine in RA: Fomin 2006, Kapetanovic 2007, Kaine 2007, Kivitz 2011, Kubote 2007, Oren 2008,
Arad 2011.
* Group consisted of patients with RA (n=52), juvenile chronic arthritis (n=2), Still’s disease (n=2), psoriatic arthritis (n=1), spondyloarthropathy (n=1) and Crohn’s disease
(n=6).
** Group consisted of patients with RA (n=27), juvenile chronic arthritis (n=2), psoriatic arthritis (n=3), Crohn’s disease (n=15) and inflammatory bowel disease (n=1).
‡ Group consisted of patients with SLE (n=572), RA (n=343), psoriatic arthritis (n=101), ankylosing spondylitis (n=152), Behçet’s disease (n=85), dermatomyositis (n=45),
systemic sclerosis (n=127), mixed connective tissue disease (n=69), primary antiphospholipid syndrome (n=54), primary Sjögren’s syndrome (n=36), Takayasu’s arteritis
(n=30), polymyositis (n=28), Wegener’s granulomatosis (n=26)
† Group consisted of patients with cancer (n=319), RA (n=260), HIV-infected (n=256), kidney transplant recipients (n=85), juvenile idiopathic arthritis (n=83) and elderly
persons (n=149).

28 other AIIRD

23 SjS

29 SLE

32 SSc

2012 Observational 74 systemic
vasculitis

Kostianovsky
[46]

No. cases

Year Study design

Author

Table 4A. (continued)
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2011 Controlled

Nonadj.
Gabay [58]

Nonadj.

França [62]

2012 Controlled

2012 Controlled

Nonadj.
Adler [61]

AS03
adjuvanted

2011 Controlled

Ribeiro [60]

Adj. (MF59)

Elkayam [59]

2011 Controlled

2011 Controlled

Saad [57]

Adj. (AS03)

Year Study design

Author

117 HC

75 SpA-DC

41 RA-DC

79 SpA-anti-TNF

40 HC
41 RA-anti-TNF

28 CTD

15 vasculitis

59 SpA

234 HC
47 RA

25 HC
340 RA

15 AS

17 PsA

21 SLE

41 RA

138 HC

46 other AIIRD

45 SpA

234 HC
82 RA

1668 AIIRD‡

No. cases

2A

Reduced in SpA-anti-TNF Reduced on MTX More mild systemic AE in
but not for etanercept
(RA). Reduced
patients on anti-TNF
on anti-TNF
(SpA) (except
etanercept)

Low

Low

Low

Reduced on MTX More local AE in HC. More 2A
mild systemic AE in RA
2A

Low

2A

Overall stable disease

Low

2A

Reduced on ABA, No difference AE. Increase
disease activity in 32
(but not in SpA and CTD) RTX and MTX
patients

Reduced in patients

Reduced in RA

60-76% of patients

2A

Overall stable disease

Moderate

LoE GRADE

Safety

Overall stable disease

No

Influence of IS
on efficacy

Reduced on
DMARDs and
No difference after
within 3 mo.
2 doses in patients
after B cell
(seroprotection
after 1 and 2 doses 75% depletion
and 85%, respectively)
Reduced in RA/PsA
Reduced on
patients
leflunomide and
infliximab
Seroprotection in

Reduced in patients

Reduced in AIIRD vs. HC
Reduced in SLE and RA

Efficacy

Table 4B. Efficacy and safety of pandemic monovalent (H1N1) influenza-vaccination in AIIRD-patients
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163

164

Adj. (AS03)

Kapetanovic
[65]

2014 Observational

2011 Observational

Both seasonal
and pandemic,
adj. (MF59)
Miraglia [64]

Nonadj.

2014 Controlled

Nonadj.
Subanalysis of
[60]
Milanetti [38]

Two doses in
58%

51 SpA-antiTNF+MTX

41 SpA-anti-TNF

2 RA TCZ

10 RA-RTX

5 RA-ABA

53 RA-antiTNF+MTX

38 RA-anti-TNF

83 JIA
50 RA-MTX

260 RA

1152 Immunecompromised†:

13 HC

30 RA

55 HC

33 RA-MTX DC

11 RA-ABA

2013 Controlled

Ribeiro [73]

89 RA
14 HC

2012 Controlled

Iwamoto [63]

No. cases

Mostly nonadj.

Year Study design

Author

Table 4B. (continued)

Reduced in RA-RTX
Increased in SpA-antiTNF Increased after
two doses, except for
RA-MTX and RA-RTX

Safety

No effect of
anti-TNF or ABA

Reduced on RTX

1 pneumonia

Mild systemic AE in more
than 20% of RA and JIA

More mild AE in patients

Lower
1 facial palsy
(nonsignificant)
on biologics
Reduced on ABA No difference

Influence of IS
on efficacy

Seroprotection in 61.5% NA
of RA and in 85.5% of
JIA patients

No difference

Reduced (nonsignificant)
in RA Seroprotection
55.1%
Reduced in RA-ABA

Efficacy

3

3

2A

2A

2A

Low

Low

Low

Low

Low

LoE GRADE

Nonadj.

Shinjo [70]

2012 Controlled
116 HC

37 DM + 21 PM

111 SLE

2011 Observational

Mathian [75]

Nonadj.

102 HC

Nonadj.

118 jSLE

Campos [69]

2013 Controlled

170 HC

555 SLE

2012 Controlled

Nonadj.

Borba [68]

52 nonadj.
237 jAIIRD
91 HC

2012 Controlled

51 adj.

Nonadj.

Aikawa [67]

2011 Controlled

103 SLE:

Both adj. and
nonadj.

Urowitz [78]

21 SLE
15 HC

2011 Controlled

Lu [77]

No. cases

Nonadj.

Year Study design

Author

Table 4B. (continued)

High SLEDAI associated
with nonseroconversion
Increased after
booster vaccination
(seroprotection after 1
and 2 doses 67% and
80%, respectively)
No difference

Seoprotection in 73.7%

Reduced in SLE

No difference HC and
SLE without therapy

Reduced in SLE with
therapy (except for
antimalarials)

Reduced in patients

NA

No difference

Efficacy

No

Reduced on IS

Overall stable

Restored
when using
concomitant
antimalarials
No

2B

2A

No difference
Overall stable disease

2A

2A

2A

No severe AE Overall
stable disease

disease

disease

Overall stable

in patients.

More arthralgia

Low

Low

Low

Low

Low

Low

Low

LoE GRADE

Changes in autoantibody
2A
levels Overall stable clinical
disease activity 1 flare
No difference
2A
Overall stable disease

Safety

Reduced for
steroids and IS

Reduced on
steroids

NA

No

Influence of IS
on efficacy
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166
NA

No difference

No difference

Efficacy

NA

No

No

Influence of IS
on efficacy

2A

2A

frequencies autoantibodies

Low

Low

Low

LoE GRADE

anti-Ro/SSA and anti-La/
SSB after 1-year No change
other auto-antibodies
No change in overall
2A

No difference Significant
increase in mean levels of

Overall stable disease

Safety

Abbreviations: IS: immunosuppressive drugs, LoE: level of evidence, nonadj.: nonadjuvanted vaccine was used, adj.: adjuvanted vaccine was used, AIIRD: autoimmune
inflammatory rheumatic diseases, HC: healthy controls, SLE: systemic lupus erythematosus, RA: rheumatoid arthritis, SpA: spondyloarthritis, DMARD: disease modifying
antirheumatic drug, PsA: psoriatic arthritis, AS: ankylosing spondylitis, MTX: methotrexate, AE: adverse events, TNF: tumor necrosis factor, DC: disease-control, CTD:
connective tissue disease, ABA: abatacept, JIA: juvenile idiopathic arthritis, NA: RTX: rituximab, TCZ: tocilizumab, PRED: prednis(ol)one, jSLE: juvenile SLE, SLEDAI: Systemic
Lupus Erythematosus Disease Activity Index, DM: dermatomyositis, PM: polymyositis, MCTD: mixed connective tissue disease, SjS: Sjögren’s syndrome, PAPS: primary
antiphospholipid syndrome,
‡ Group consisted of patients with SLE (n=572), RA (n=343), psoriatic arthritis (n=101), ankylosing spondylitis (n=152), Behçet’s disease (n=85), dermatomyositis (n=45),
systemic sclerosis (n=127), mixed connective tissue disease (n=69), primary antiphospholipid syndrome (n=54), primary Sjögren’s syndrome (n=36), Takayasu’s arteritis
(n=30), polymyositis (n=28), Granulomatosis with polyangiitis (n=26)
† Group consisted of patients with cancer (n=319), RA (n=260), HIV-infected (n=256), kidney transplant recipients (n=85), juvenile idiopathic arthritis (n=83) and elderly
persons (n=149).

Nonadj.

33 HC

45 PAPS

2014 Controlled

69 HC
36 SjS

69 MCTD

De Medeiros
[79]

2013 Controlled

Nonadj.
Pasoto [72]
36 HC

2013 Controlled

Miossi [71]

No. cases

Nonadj.

Year Study design

Author

Table 4B. (continued)

2. Patients with AIIRDs should receive tetanus toxoid vaccination in
accordance to recommendation for the general population. Passive
immunization should be considered under B cell depleting therapy;
level of evidence 1B/1B, strength of recommendation A/A. (Table 5)
In patients with RA and SLE, efficacy for tetanus toxoid vaccination has been demonstrated
to be comparable with healthy controls [13,80-82]. This also holds true for patients with
RA on immunosuppressive drugs, including those who have been treated with rituximab
24 weeks earlier [83-85]. Patients with AIIRDs are therefore recommended to receive
tetanus toxoid vaccination in accordance to recommendations for the general population.
However, since no data are available regarding the efficacy of tetanus toxoid vaccine
within 24 weeks after treatment with B cell depleting therapy, passive immunization with
tetanus immunoglobulins should be considered in AIIRD patients under B cell depleting
therapy when tetanus toxoid vaccination is indicated.

3. Herpes zoster vaccination may be considered in high risk patients
with AIIRDs; level of evidence 2A/2A, strength of recommendation
B/B. (Table 6)
In a retrospective database study including patients with immune-mediated diseases (RA,
spondyloarthritis, psoriasis, inflammatory bowel diseases), it was shown that vaccination
with the live attenuated zoster vaccine is associated with a reduced incidence of herpes
zoster in patients over 60 years with an AIIRD. This effect was present regardless
medication use, including biologics. As the vaccine contains live attenuated virus,
the occurrence of VZV infection shortly after vaccination was a safety concern. Within
42 days after vaccination a reduced incidence of herpes zoster was seen in vaccinated
patients. Furthermore, no cases of hospitalized VZV-associated meningitis or encephalitis
were identified in this period [86]. The vaccine furthermore seemed to be immunogenic
and safe in a small sample of SLE patients [87], and in corticosteroid-treated persons
(mostly 5-10 mg daily, >10-20 mg daily in 25 vaccinated patients) [88]. However, large
prospective trials sufficiently powered for assessing safety of this live attenuated vaccine
in AIIRD-patients are lacking.
Of note, an adjuvanted subunit (non-live) vaccine has recently been shown to be safe
and more efficacious than the live attenuated vaccine in adults above the age of 50 and
70 years [89,90]. Safety and efficacy of the subunit zoster vaccine have not yet been
investigated in AIIRD patients.
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4. Hepatitis A and B can be administered to AIIRD patients at risk; level
of evidence 2A/2A for hepatitis B (Table 7) and 2B/2B for hepatitis A,
strength of recommendation B/B.
Patients with AIIRD are recommended to receive vaccination for hepatitis A and/or B in
accordance to the national vaccination guidelines. It must be emphasised, however, that
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168

1971 Controlled

1980 Controlled

2008 Controlled

1998 Uncontrolled

Abe [81]

Nies [110]

Kashef [82]

Battafarano [111]

No difference
Reduced in SLE
No difference
90% protection

20 HC
9 SLE
9 HC
40 SLE
60 HC
73 SLE

No difference

on PRED and AZA

Trend lower
response

No

NA

No

NA

Seroprotection from
NA
60% to 80% of patients

33 HC
20 SLE

29 RA

anti-CD52
24 SLE

No

No

No

No

Influence of
IS on efficacy
LoE

NA

NA

NA

NA

NA

NA

NA

NA

3

2

2

2

2

2A

2

2

Higher incidence
1B
of AE in TCZ+MTX
NA
1B

Safety

Low

Moderate

Moderate

GRADE

* Articles published since the 2011 recommendations are in bold.
AIIRD: autoimmune inflammatory rheumatic diseases, IS: immunosuppressive drugs, LoE: level of evidence, RCT: randomized controlled trial, RA: rheumatoid arthritis,
TCZ: tocilizumab, MTX: methotrexate; HC: healthy controls, DC: disease-control, AE: adverse events, TABA: tabalumab (anti-BAFF), PCB: placebo, NA: not addressed, RTX:
rituximab, SLE: systemic lupus erythematosus, PRED: predniso(lo)ne, AZA: azathioprine.

1987 Controlled

Devey [80]

34 RA-DC
2012 Observational 13 RA-previous

Anderson [107]

No difference

2010 Controlled

Bingham [83]

No difference

39 RA-DC
69 RA-RTX

1970 Controlled

Denman [13]

No difference

25 RA-PCB
20 RA

2015 RCT

Bingham [84]

No difference

Efficacy

60 RA-TCZ+MTX
31 RA-MTX DC
73 RA-TABA

2015 RCT

Bingham [85]

No. cases

Year Study design

Author

Table 5. Efficacy and safety of tetanus vaccination in AIIRD-patients*
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2012

Zhang [113]

Observational

Controlled

RCT

Study design

Total: 463,541*
HZ-vacc: 18,683
(4.0%) HZ-vacc
on biologics: 633

10 HC

206 CS HZ-vacc.
(25% PMR) 100
CS PCB-vacc
(31% PMR)
mostly no AIIRD
>10-20 mg: n=39
10 SLE

No. cases
No influence of
limited daily GC
dose

LoE

HZ incidence <42
days after vacc.
also decreased
No HZ <42 days
in patients using
biologics

No flares

3

More injection-site 1B
AE and headache
in HZ-vacc. Other
systemic and
serious AE: no
difference
No difference
2A

Influence of IS on
efficacy
Safety

Similar proportion
NA
of Subjects with
50% increase in CMI
measures postvacc.
Lower incidence of Lower HZ incidence
HZ in vacc. patients in vacc. patients
using biologics,
DMARDs or GC
alone

Higher
postvaccination
humoral reponse in
HZ-vacc.

Efficacy

Moderate

Low

Moderate

GRADE

Abbreviations: IS: immunosuppressive drugs, LoE: level of evidence, HC: healthy controls, DC: disease-control, NA: not addressed
AIIRD: autoimmune inflammatory rheumatic disease, CS: corticosteroids, HZ: herpes zoster, vacc.: vaccinated/vaccination, PMR: polymyalgia rheumatica, PCB: placebo,
CMI: cell-mediated immunity, DMARD: disease-modifying antirheumatic drug, GC: glucocorticoid
* Patients with rheumatoid arthritis (n=292,169), psoriasis (n=89,565), psoriatic arthritis (n=11,030), ankylosing spondylitis (n=4,026), and/or inflammatory bowel disease
(n=66,751).

2013

2015

Russell [88]

Guthridge [112]

Year

Author

Table 6. Efficacy and safety of herpes zoster vaccination in AIIRD-patients

8

169

170

2002

2011

2007
2009

2005

Elkayam [93]

Aytac [96]

Kuruma [95]
Franco Salinas
[114]

Erkek [94]

SLEDAI
15% flares
11% flares
NA

difference
80% protection
93% protection
Reduced in SpA-

Controlled
15 HC

10 SpA-DC
13 Behçet

anti-TNF
No difference

overall change

but no significant

NA

NA
Reduced on
anti-TNF
No

No significant

24 HC

No

No flares

Lower GMT in SLE

No

Safety

68% protection

Influence of IS on
efficacy

22 RA-DC
20 jSLE

Efficacy

22 RA

Uncontrolled 28 SLE
Controlled
20 SpA-anti-TNF

Controlled

Controlled

Study design No. cases

2

3
2

2A

2

LoE

* Articles published since the 2011 recommendations are in bold.
Abbreviations: IS: immunosuppressive drugs, LoE: level of evidence, HC: healthy controls, DC: disease-control, NA: not addressed, jSLE: juvenile SLE

Year

Author

Table 7. Efficacy and safety of hepatitis B vaccination in AIIRD-patients*

Low

GRADE

as opposed to strong immunogenicity in healthy individuals, a single dose of hepatitis
A vaccine does not seem to provide sufficient protection in RA patients [91], or in patients
using immunosuppressive drugs [92]. Regarding hepatitis A vaccination, a second
hepatitis A-vaccination after 6 months and determination of post-vaccination serology
is recommended. If this is not possible in the case of a last-minute traveller, an AIIRD
patient may not be protected after a single dose of vaccine and passive immunization for
the specific journey should be considered. Hepatitis B vaccination is efficacious in most
patients with AIIRD [93-96], see Table 7.

5. Human papilloma virus should be considered in AIIRD patients at
risk; level of evidence 2A/2A, strength of recommendation B/B.
HPV vaccination, with both bivalent or quadrivalent vaccine, is efficacious in (mostly
juvenile) female patients with AIIRD [97-100]. No studies addressing clinical endpoints of
HPV vaccination have been performed in AIIRD patients. Regarding safety, quadrivalent
HPV vaccine was not associated with increased incidence of new-onset autoimmune
disease in girls and women with pre-existing autoimmune disease [101].
HPV vaccination is recommended for young women in many countries, and should
especially be considered in young women with AIIRD as a higher occurrence of HPV
infection, also with oncogenic viral genotypes of the virus, has been shown in this
group [102-104].

8

6. AIIRD patients who plan to travel are recommended to receive
their vaccines according to general rules, except for live attenuated
vaccines; level of evidence NA, strength of recommendation D.
Two years after the inadvertent revaccination against Yellow Fever of 31 women with
AIIRDs (RA, SLE, SSc, ankylosing spondylitis), titres of neutralizing antibodies were
considered to be protective. Although no serious adverse events were reported [105],
Yellow Fever vaccine, like Bacillus Calmette-Guérin vaccine, oral poliomyelitis vaccine and
oral typhoid fever vaccine, might lead to life-threatening infection in immunosuppressed
patients as these vaccines contain live attenuated micro-organisms. With the exception
of these live attenuated vaccines and hepatitis A vaccine (as discussed under proposed
recommendation 4.), AIIRD patients who plan to travel should receive the vaccinations
that are recommended to the general population, to protect them from contracting
travel-related vaccine-preventable infections.

DISCUSSION
We here propose six recommendations for vaccination in AIIRD patients, in the context of
the update of the EULAR Recommendations on Vaccination in Adult Patients with AIIRD
as executed by a EULAR Task Force. These are based on the currently available evidence
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regarding efficacy and safety as found by a systemic literature review and on a discussion
with international experts within the Task Force.
In formulating recommendations for vaccination, not only efficacy is of importance.
Indication for vaccination, evaluating incidence of vaccine-preventable infectious diseases
in AIIRD patients, is also essential to consider. Balancing pros and cons of vaccination is
only possible when risks of infectious diseases are also weighed.
Considering risk of vaccine-preventable infectious diseases in AIIRD patients is of extra
importance since studies were generally not sufficiently powered to assess the safety
of vaccination in this group. Theoretically, vaccination could lead to exacerbation of
the underlying AIIRD. Although many case reports and case series have been published
on this topic, in this literature review these were excluded as effects of vaccination could
not be distinguished from natural course of disease.
Concluding, the currently available evidence regarding efficacy of vaccination in
AIIRD was summarized and a proposal for updated evidence-based recommendations
was formulated. Our work and the work of the other members of the Task Force will be
joined. Data on incidence of vaccine-preventable infections and on efficacy and safety
of the corresponding vaccines, in the patient groups and during immunosuppressive
therapies included in the literature search, will be integrated into one manuscript.
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Summary, discussion and
future perspectives

SUMMARY
Immunocompromised persons are at increased risk of herpes zoster and its complications.
To date, only one herpes zoster vaccine is licensed for use. Essentially, this vaccine is
contraindicated in immunosuppressed persons. The Advisory Committee on Immunization
Practices (ACIP) formulated recommendations for use of the vaccine in immunosuppressed
patient groups, however, based on expert opinion only [1]. To increase the understanding
of the increased herpes zoster risk, we investigated immunity to the varicella-zoster virus
in immunocompromised patient groups.
Chapter 1 provides a general introduction to the thesis. The varicella-zoster virus
(VZV), its pathogenesis, epidemiology, clinical manifestations and vaccination as
a preventive measure are addressed. The use of vaccination to prevent herpes zoster in
immunocompromised patients is discussed, as well as the disorders associated with an
immunocompromised state that are addressed in this thesis.
Part I of the thesis describes experimental studies of humoral and cellular immunity
to VZV in immunocompromised patient groups. Chapter 2 discourses on VZV immunity
in patients with systemic lupus erythematosus (SLE) and granulomatosis with polyangiitis
(GPA). No differences in VZV-specific immunity were found between GPA patients
and matched healthy controls, while T cells of GPA patients were shown to have
a generally decreased proliferating capacity (in response to polyclonal stimulation). In
SLE patients cellular immunity to VZV, as determined by interferon-γ (IFNγ) enzymelinked immunosorbent spot (ELISpot) assay and T cell proliferation assay, was shown to be
decreased compared to healthy controls (HC). Influence of medication use was not seen.
In contrast to cellular immunity, levels of VZV-specific IgG were higher in SLE patients
than in healthy controls. As decreased IgG antibody levels were found against diphtheria,
antibody levels were not increased for all specific antigens in SLE. Diphtheria was chosen
as this disease is non-endemic in The Netherlands.
Especially cellular immunity is considered to be of importance in the immunologic
defence against herpes zoster, and the decreased cellular immunity to VZV in SLE
patients could explain the increased herpes zoster risk in these patients. However, we
were interested in the cause of the increased VZV-IgG antibody level in SLE patients. In
chapter 3, we studied the humoral immune response to VZV in SLE patients in greater detail.
We hypothesized that the increased VZV-IgG level was a result of subclinical reactivation
of the latently present VZV and that these reactivations were potentiated by stress caused
by lupus disease activity or immunosuppressive medication. VZV-specific IgG, IgA and IgM
levels, levels of total IgG and presence of VZV-DNA in SLE patients were longitudinally
observed. Using a predefined definition, we found subclinical VZV reactivations to occur
infrequently in these patients, all of whom had established disease. Using GEE analysis,
which was independent from our definition of a subclinical reactivation, we did not find
an association between VZV antibody levels and lupus disease activity or medication use.
We therefore did not find proof supporting our hypothesis.
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In chapter 4 we investigated VZV-specific immunity in patients with giant cell arteritis
(GCA) and polymyalgia rheumatica (PMR). VZV has been suggested to be involved in
the pathogenesis of GCA. A decreased cellular immunity to VZV was observed in GCA
patients using an IFNγ ELISpot assay, compared to an age-matched elderly healthy control
group, but not in PMR patients. GCA patients are therefore expected to be at higher risk
of herpes zoster. Humoral immunity to VZV was similar in GCA patients, PMR patients
and healthy controls. This may indicate that herpes zoster did not occur substantially
more often in GCA and PMR patients in the months preceding diagnosis, than in controls.
Chapter 5 describes VZV-specific immunity in patients in need of long-term renal
replacement therapy, who are considered to be immunocompromised because of their
uraemic state. Multiple linear regression analysis revealed that age and a history of
renal transplantation were associated with a decreased cellular immunity, as assessed
with an IFNγ ELISpot assay. As a higher herpes zoster risk has been reported in patients
treated with peritoneal dialysis than in those treated with haemodialysis, we also
included treatment modality in the analysis. The proportion of IFNγ producing cells in
response to stimulation with VZV did not significantly differ between patients treated
with haemodialysis or peritoneal dialysis, also after correcting for age. The percentage
of T cells producing cytokines (IFNγ, tumour necrosis factor α and interleukin-2) was
increased in dialysis patients, both following VZV-specific and polyclonal stimulation. T
cells of patients and control were equally capable of proliferating, both in response to
stimulation with VZV and polyclonal stimulation. The regression model that was used
to assess factors of influence (age, gender, transplant history, treatment modality and
urea levels) on humoral immunity in dialysis patients did not statistically significantly
predict VZV-IgG levels. As we did not find measures of cellular or humoral immunity to be
decreased in dialysis patients compared to controls, we are not able to sufficiently explain
the increased herpes zoster risk in these patients at this moment. Zoster susceptibility may
be due to a diminished function of otherwise capable T cells in a uraemic environment.
In chapter 6 we studied changes in VZV immunity that occur after renal transplantation.
No marked changes in cellular immunity to VZV following renal transplantation were
observed. Transplant recipients however were shown to have a lower cellular immunity
to VZV than matched control subjects, corresponding with a high herpes zoster risk
in these patients. Cellular immunity to VZV seemed to be especially low in transplant
recipients that experienced rejection or any infection in the post-transplant period.
Difference in cellular immunity against VZV was significant in patients who experienced
infection post-transplantation compared to those who did not. The high percentages
of cytokine-producing T cells before transplantation, following both VZV-specific and
polyclonal stimulation, were no longer present after transplantation. No differences in
functionality of T cells were observed before and after transplantation, and between
transplant recipients and controls, as assessed by comparing percentages of cells
concomitantly producing more than 1 cytokine and expression of functional anergy
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markers programmed cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4). In contrast to cellular immunity, humoral immunity to VZV was shown
to decrease significantly following transplantation, but resulting levels were not different
from levels in healthy control subjects.
Part II of the thesis starts with a literature review on vaccination in patients with
autoimmune inflammatory rheumatic diseases (AIIRD) (chapter 7). Epidemiology of
vaccine-preventable infectious diseases, and both the efficacy and safety of vaccination to
prevent these diseases in patients with an autoimmune inflammatory rheumatic disease
were addressed.
In chapter 8, we formulated a proposal for updated European recommendations
for the use of vaccination in AIIRD patients. We focused specifically on efficacy of
vaccination in AIIRD. After a systematic literature search, and a discussion meeting of
a multidisciplinary international expert committee, the proposed recommendations
were formulated.

9
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GENERAL DISCUSSION
In the studies described in this thesis we evaluated immunity to VZV in several
immunosuppressed patient groups, known to be at risk of herpes zoster. Our results
underline the importance of cellular immunity in keeping the latently present VZV in
check. A decreased cellular immunity to VZV in several patient groups was revealed:
systemic lupus erythematosus (SLE, chapter 2), giant cell arteritis (GCA, chapter 4)
and renal transplant recipients (chapter 5/6), while humoral immunity was not found
to be impaired. Our results are in line with studies that also reported decreased cellular
immunity, determined by an IFNγ ELISpot assay, for other groups at risk for herpes zoster,
including the elderly [2], patients with diabetes mellitus [3], HIV-infected patients [4] and
patients with haematological malignancies [5].
The IFNγ enzyme-linked immunosorbent spot (ELISpot) assay method is the most
frequently used assay to investigate cellular immunity to VZV in the aforementioned reports
[2-5] and throughout this thesis. The ELISpot assay is generally regarded as a reliable
method when assessing cellular immunity to VZV [6,7]. However, when assessing cellular
immunity to VZV in dialysis patients, known to be at high risk of herpes zoster [8-11],
ELISpot assay did not show a lower number of IFNγ spot-forming cells in dialysis patients
compared to healthy controls (chapter 5). In these patients a pro-inflammatory milieu
exists, caused by uraemia and accompanied by hypercytokinaemia. Future studies should
keep in mind that ELISpot test results do not seem to correspond with herpes zoster risk
in dialysis patients.

Medication use and herpes zoster risk
In chapter 7 we concluded from a systematic literature review that medication use is
associated with a higher zoster risk in patients with AIIRD (rheumatoid arthritis [RA],
SLE, GPA), with the exception of etanercept and methotrexate. With a relative risk of
over 4, cyclophosphamide entails the highest relative risk of the investigated drugs. In
chapter 2 however, we did not find an influence of medication use on VZV immunity in
SLE and GPA patients, although a trend towards a higher VZV antibody level was found
among GPA patients using immunosuppressive medication compared to those who did
not. The absence of a medication effect could be due to the limited number of included
patients, and the large proportion of patients with quiescent disease, corresponding
with limited use and dosages of immunosuppressive agents. Also in chapter 3, we did
not find a medication effect on levels of VZV-specific antibody levels in SLE patients
when performing a longitudinal analysis, while we did clearly show an effect of different
immunosuppressive drugs on total IgG levels.
In chapter 4 we speculated that the decreased cellular immunity to VZV in GCA
patients is caused by use of high doses glucocorticoids, known to be a risk factor for
herpes zoster (chapter 7). This seems to be confirmed by the observation that cellular
immunity to VZV in patients with PMR is not impaired. PMR is a disease that frequently
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overlaps with GCA, but is treated with lower doses of glucocorticoids. Also in chapter
5 we found evidence for a medication effect on VZV-specific immunity. In this chapter
we demonstrated that a history of transplantation is associated with an impaired cellular
immunity to VZV. This can be explained by intensive use of immunosuppressive medication
surrounding transplantation, and can even be elevated further by anti-rejection therapy,
as in these cases a low VZV-specific cellular immunity (chapter 6) and an increased herpes
zoster risk is found [9,12]. Interestingly, we showed that this effect lasts for many months
after cessation of immunosuppressive therapy.
In recent years, anti-interferon (IFN) α therapy has been introduced in SLE patients.
This therapy has been linked to an increased herpes zoster risk, which can be explained
by the importance of type 1 IFN in mediating the initial innate immune response to
VZV, as addressed in the introduction of this thesis [13-15]. Also inhibitors of Janus
kinase (JAK) are new in the treatment of rheumatic diseases. JAK, in combination with
cytokine receptors and signal transducers and activators of transcription (STAT), transmits
extracellular cytokine signals to activate pro-inflammatory responses within the cell. As
also the innate antiviral response via type 1 IFN is mediated by JAK, JAK inhibition leads
to an increased herpes zoster risk [16]. Live zoster vaccination in RA patients treated with
tofacitinib, the first JAK inhibitor that was commercially approved, was shown to lead to
similar increases in humoral and cellular immunity against VZV as in RA patients treated
with placebo [17]. However, influence of zoster vaccination on long-term incidence of
herpes zoster in patients treated with tofacitinib is not yet clear.
In general, prescribers would ideally vaccinate patients before initiating therapy
that is associated with an increased risk of herpes zoster. This timing would be ideal as
vaccination then would precede increased medication associated zoster risk. Furthermore,
vaccination before initiation of therapy may be safer and more efficacious. Vaccination
before initiation of therapy is not always possible. Temporary suspending medication
surrounding vaccination may then be an option in stable patients, but needs to be further
investigated. In RA patients temporary discontinuation of methotrexate was shown to
improve immunogenicity of seasonal influenza vaccination in patients with RA, with
the best results when methotrexate was suspended for 2 weeks before and 2 weeks after
vaccination [18].

9

Choice of zoster vaccine in immunocompromised patients
The live attenuated zoster vaccine has been shown to increase humoral and cellular
immunity to VZV in the elderly and to decrease the risk of herpes zoster by 37.6% to
63.9% dependent on age group [19,20]. Recently, a new, not yet licensed zoster subunit
vaccine has been shown to increase VZV-specific immune responses, but with higher
efficacy. Vaccine efficacy was between 91.3% and 97.9%, and was not significantly
different between age groups [21,22]. There is a major difference between the two
vaccines: the currently only used vaccine contains live attenuated micro-organisms, while
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the new, not yet licensed, vaccine is a subunit vaccine that contains an adjuvant system.
As we showed (in chapters 2, 4 and 6) that cellular immunity (in general and in response
to VZV) is impaired in immunocompromised patient groups and efficacy of several
vaccines has been shown to be lower in certain groups of immunocompromised patients
(chapter 7), it may also be harder to elicit a sufficient immune response to the zoster
vaccine in these groups. Both because of higher efficacy and absence of live attenuated
virus, the subunit vaccine seems to be an attractive candidate-vaccine especially in
patients with an impaired immune system.
The recombinant subunit vaccine contains VZV envelope glycoprotein E (gE) and
adjuvant system AS01. VZV gE was chosen as an antigen, as it is the primary target for
the immune response to VZV. It is the most abundant glycoprotein on the surface of
infected cells and essential in VZV pathogenesis [23]. Without an adjuvant, recombinant
subunit vaccines do not lead to satisfactory immune responses. After the discovery that
certain substances could improve immune response, in the 1930s the first adjuvant
used in vaccines was aluminium. However, aluminium was found to be insufficient to
induce the desired immune response in vaccines against certain pathogens (e.g. human
immunodeficiency virus (HIV), malaria) and researchers started to test other substances
and combinations of substances.
The adjuvant system AS01 is a combination of immunostimulants QS-21 (Quillaja
saponaria Molina: fraction 21) and MPL (3-deacylated monophosphoryl lipid) with
liposomes [24]. QS-21 is extracted from the bark of the Quillaja saponaria tree and MPL is
a detoxified derivative of bacterial lipopolysaccharide (LPS), which can activate the innate
immune system via toll-like receptor 4 (TLR-4) [25]. AS01 has been shown to lead to
greater enhancement of the CD4+ T cell response to gE than other adjuvant systems
when tested in mice [26]. Among other effects, it has been shown to increase the number
of antigen presenting cells (APC) and the expression of costimulatory molecules on these
cells, that are able to activate T cells in the draining lymph node. Thereby it contributes to
the generation of particularly a strong cellular immune response [27].
To date, immunogenicity and safety of the subunit vaccine have been investigated
in young and older adults, HIV-infected persons and autologous hematopoietic cell
transplant recipients. Although in the latter group one case of pneumonia was thought
to be possibly vaccine related by the investigator, the vaccine was generally found to be
effective and to be tolerated well [21,22,28-30].
To the best of our knowledge, safety of the AS01 or AS02 (which also contains MPL
and QS-21 but is emulsion- instead of liposome-based) adjuvant system has not been
investigated in patients with autoimmune inflammatory rheumatic diseases (AIIRD) or
in animal models of autoimmune diseases. One could speculate that a substance that is
potent in inducing strong immune responses also could have a detrimental effect on AIIRD
activity, by reactivating the disease. Experimental T cell-mediated autoimmune diseases
can develop if self-antigens are administered with strong adjuvants [31]. Adjuvants
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have been suggested to be able to induce a variety of clinical symptoms, covered in
a syndrome termed ASIA (Autoimmune/inflammatory Syndrome Induced by Adjuvants).
The mechanisms by which adjuvants could lead to, or to exacerbate, autoimmune diseases
are thought to be similar to the ones in which infectious agents are thought to be able
to lead to autoimmunity [32]. These mechanisms are discussed later in this discussion in
the paragraph on the role of VZV in the pathogenesis of AIIRD. The base of evidence for
the proposed detrimental but rare effects of adjuvants is not strong, mainly consisting of
case reports and experiments in animal models resulting in ambiguous results [33].
As both the live attenuated and the adjuvanted subunit zoster vaccines are accompanied
with specific (rare) risks, pros and cons of both should be weighed in the individual patient.
Further investigations should help find the balance between the risks and benefits of both
vaccines in immunocompromised patients and patients with AIIRD.

Herpes zoster vaccination in patients with renal diseases
Vaccination using a live attenuated zoster vaccine has been shown to reduce the risk
of herpes zoster by half in renal dialysis patients, with a risk of 11.7 per 1000 personyears in vaccinated patients [11]. This risk is, however, still higher than the estimated
risk in immunocompetent persons over 80 years of age [34]. In chapter 5 we showed
that VZV specific T cells of dialysis patients are able to respond to VZV stimulation with
the production of cytokines. We speculated that zoster susceptibility in these patients may
be due to a diminished function of otherwise capable T cells in a uraemic environment.
As has previously been shown in studies of influenza vaccination, maintenance of specific
T-cell memory in patients with end-stage renal failure is impaired [35]. The with time
declining effect of live attenuated zoster vaccine which is also present in healthy elderly,
can therefore be expected to be even larger in dialysis patients [36]. It would be very
interesting to study the adjuvanted subunit vaccine in dialysis patients, which has been
shown to be more efficacious but also to have longer lasting immunogenicity than the live
attenuated vaccine [37]. When licensed, the subunit vaccine might be an alternative
to live attenuated zoster vaccine in renal transplant recipients, which are considered
too severely immunosuppressed to receive live attenuated vaccines. Until that time,
vaccinating chronic kidney disease patients before transplantation with a live attenuated
vaccine could have some effect in reducing herpes zoster risk after transplantation,
as discussed in chapter 6. VZV cellular immunity did not decline to a large extent in
the years after transplantation. Finally, taking measures to prevent herpes zoster may be
of particular importance in patients with a history of transplantation and rejection due to
their impaired cellular immunity to VZV (chapter 5/6).

9

Options in herpes zoster prevention other than vaccination
Other options in herpes zoster prevention than vaccination may be useful in persons at
risk of herpes zoster, but in whom vaccination is contra-indicated.
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Low doses antivirals acyclovir and valacyclovir were successfully used to prevent herpes
zoster in oncology patients that were undergoing antineoplastic therapy [38]. However, in
patients in whom herpes zoster risk is high for a prolonged period of time, like the patient
groups discussed in this thesis, this method is not practical due to potential side-effects,
costs and the risk of resistance.
Also other substances might aid in the prevention of herpes zoster in high-risk patients
in whom vaccination is not possible. Examples of substances that that are suggested to
have antiviral potency include glycyrrhizin, resveratrol and orlistat. Like QS-21 (the adjuvant
used in the subunit zoster vaccine) glycyrrhizin is a saponin. Saponins are present in plants
and trees, and are considered to have microbial activity [39,40]. Antiviral capacity of
glycyrrhizin, present in liquorice, probably results from direct inhibition of high mobility
group box 1 (HMGB1). HMGB1 is a nuclear protein, which has pro-inflammatory effects
when present extracellularly [41]. Several viral infections have been shown to trigger
HMGB1 release [42,43]. Also resveratrol, shown to inhibit the migration of HMGB1 out
of the nucleus during dengue virus infection, has antiviral activity [43].
Orlistat is registered as an anti-obesity drug, but has recently been shown also to have
antiviral activity. In VZV-infected lung fibroblasts, it reduced viral replication. Orlistat is
thought to work by reducing enzymatic activity of fatty acid synthase, which not only is
involved in the regulation of metabolic processes in human cells, but is also involved in
replication of different viruses [44].
Efficacy and side-effects of these and other substances that may have anti-viral
capacity needs to be studied further before they can be used in persons at high-risk of
herpes zoster.

Role of VZV in the pathogenesis of autoimmune inflammatory
rheumatic diseases
The development of an immune response to self is thought to be a result of multiple
factors, including genetics, age and environment. Viral and bacterial infections may
contribute to development and exacerbation of autoimmunity. Usually the micro-organism
is not present at the site of autoimmune inflammation or detectable in the individual
when autoimmunity develops. It is therefore believed that autoimmune inflammation is
not due to the infectious agent itself, but is a result of host immune responses that are
dysregulated by the micro-organism. Several mechanisms are possible. Micro-organisms
for instance may contain antigens that are similar to self-antigen, so immune responses
to the microbe may result in reactions against self-antigen, which is termed ‘molecular
mimicry’. Another possible mechanism is ‘epitope spreading’. Herein the tissue damage
that results from an immune response to a persistent pathogen leads to the exposure of
self-antigens that are normally concealed from the immune system. ‘Bystander activation’
stands for the indirect or non-specific activation of autoimmune cells as a result of
the inflammatory environment during infection. Lastly, negative selection of autoreactive
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T cells usually occurs when they recognize self-epitopes, normally found in high
concentrations on the surface of APC in association with MHC (major histocompatibility
complex). However, when these self-antigens are present on APC in low concentration,
they are termed ‘cryptic’ and will not results in removal of autoreactive T cells, but instead
autoimmunity is triggered [31,45].
Also for varicella-zoster virus clues have been found for a role in the initiation and
exacerbations of autoimmune diseases. Recent studies suggested an etiologic role of VZV
in giant cell arteritis (GCA). It is hypothesized that an unknown specific antigen activates
immature dendritic cells residing in the adventitia as a first step in the inflammatory cascade
of GCA [46-48]. The finding of VZV antigen in temporal artery biopsies of a majority of
GCA patients is seen as the pivotal evidence claiming an etiologic role for VZV in GCA.
Also, VZV-DNA was detected in temporal arteries from GCA patients, although at lower
frequencies [49-51]. ‘Bystander activation’ after original VZV vasculopathy might therefore
be the underlying mechanism of GCA. However, other research groups were not able
to find VZV antigen or DNA in temporal arteries of GCA patients [52-55]. Pathologists
uttered concerns about the possibly false-positive detection of VZV in temporal arteries
due to antibody cross-reactivity with muscular elements [56]. Although in a retrospective
database study GCA cases were more likely to have had a prior herpes zoster infection,
also other antecedent infections were more common, and the association was only
modest [57]. In chapter 4 we report similar humoral immunity in healthy persons, GCA
patients and PMR patients. As it is known that VZV-specific IgG levels only slowly decline
after herpes zoster [20,58,59], increased levels of VZV-IgG supposedly would have been
found in patients at time of GCA diagnosis if VZV was involved in its pathogenesis.
Realizing this is only circumstantial evidence and we did not investigate the presence of
VZV at the site of inflammation, we think this information adds to the existing evidence
that questions the proposed etiologic role of VZV in the pathogenesis of GCA.
Viral infections have also been suggested to be involved in initiation of disease
and relapsing nature of systemic lupus erythematosus (SLE). In chapter 2 we reported
increased antibody levels and impaired cellular immunity to VZV in SLE. Similar results
have been reported for Epstein-Barr virus (EBV), which for decades has been suspected
to be contributing to development of SLE, although the mechanistic link remains unclear
[60,61]. EBV-reactivations were thought to be causative of elevated levels of EBV-DNA
and antibodies directed against lytic cycle antigens in SLE patients, and also to contribute
to occurrence of lupus disease flares [62]. Indeed, EBV viral load was found to be higher
in patients with active disease, although this seems to be more a result from lupus disease
than the other way around [63]. In chapter 3 we looked for an association between
lupus disease activity and VZV, which was absent. This makes a contributing role of VZV
in relapsing course of SLE seem unlikely.

Summary, discussion and future perspectives

9

193

FUTURE PERSPECTIVES
In the studies described in this thesis, steps have been made towards optimising preventive
measures for herpes zoster in immunocompromised patients by increasing knowledge on
immunity to VZV and the mechanism by which herpes zoster risk is increased in these
patients. Still, more steps have to be made before these findings can lead to better
prevention of herpes zoster in clinical practice. Throughout the general discussion,
opportunities for future research came to light, of which some will be highlighted here.
Our research group will continue to work on VZV in immunocompromised persons.
Among other projects, currently work is done evaluating efficacy of the live attenuated
zoster vaccine in patients awaiting lung transplantation.
In the coming years, efficacy and safety of the new subunit zoster vaccine in
immunosuppressed patient groups deserve attention, including safety of the adjuvant
system AS01 in patients with autoimmune diseases, as indicated in the general discussion.
Of special interest are patients treated with anti-IFN therapy and JAK inhibitors, who are
at increased risk of herpes zoster, as explained previously in this discussion.
The epidemiology of herpes zoster was suggested to change in countries where
routine varicella vaccination is given. Contact with infectious children is thought to be
a natural exogenous booster of VZV immunity in seropositive individuals. If due to routine
vaccination, varicella in children does not longer occur, this exogenous boosting will also
not take place. To date, contradicting results are reported on herpes zoster epidemiology
following routine varicella vaccination in the involved countries [64,65]. Herpes zoster
incidence in children that were vaccinated as a child is also matter of debate. Although
herpes zoster seems to be less common in vaccinated children, effects on longer term are
not known [66]. For The Netherlands, where both varicella and zoster vaccination are not
routinely recommended, it would be interesting to see developments in other countries
and, if necessary, to adjust current policy.
Lastly, in smaller groups of immunocompromised subjects, it is hard to execute herpes
zoster vaccination studies based on clinical endpoints. A uniform correlate of protection
would be very useful in future studies. Determining humoral immunity is not of worth
when predicting herpes zoster risk in a VZV-seropositive individual. In this thesis and in
other reports investigating immunity to VZV, an IFNγ ELISpot assay is frequently used.
Laboratory protocols and settings of ELISpot readers may differ between studies. It would
be useful to have a more uniform method of establishing cellular immunity to VZV that
yields the same results in different laboratories, and to make a risk classification for
the occurrence of herpes zoster based on a laboratory method. An enzyme-linked assay
(ELISA) that measures IFNγ in the supernatant of PBMC cell culture may be a candidate
in reaching this goal [68].
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Introductie
Het varicella-zoster virus kan twee verschillende ziektebeelden veroorzaken. Ten eerste
veroorzaakt dit virus waterpokken, ook wel varicella genoemd. De meeste Nederlanders
krijgen waterpokken op de kinderleeftijd. Veelvoorkomende ziekteverschijnselen
zijn blaasjes op de huid, koorts en algemeen niet-lekker zijn. Na het doormaken van
waterpokken blijft het varicella-zoster virus levenslang in het lichaam aanwezig. Het
houdt zich dan schuil in zenuwknopen langs de wervelkolom. Het virus is nu zogenaamd
latent aanwezig in het lichaam. Het afweersysteem zorgt ervoor dat het inactief blijft.
Wanneer de weerstand vermindert, kan het virus weer actief worden. Er kan gordelroos
ontstaan, ook bekend als herpes zoster. In geval van gordelroos is dezelfde huiduitslag
met blaasjes aanwezig als bij waterpokken, maar dan vaak in een beperkt huidgebied
dat verzorgd wordt door 1 zenuw (een dermatoom). Naast huiduitslag wordt gordelroos
gekenmerkt door (zenuw)pijn, die ernstig kan zijn.
Het is lange tijd niet duidelijk geweest dat waterpokken en gordelroos veroorzaakt
werden door hetzelfde virus. In de eerste helft van de 19e eeuw vermoedde men, door
de dermatomale distributie van de huiduitslag, al wel dat er zenuwen en zenuwknopen
betrokken waren bij het ontstaan van gordelroos. Dit werd later bewezen bij
lijkschouwingen van gordelroospatiënten. In 1888 merkte de Hongaarse kinderarts Von
Bókay op dat kinderen die de waterpokken nog niet hadden gehad, de ziekte kregen na
contact met een gordelroospatiënt. Op dat moment vonden veel mensen het nog moeilijk
te geloven dat waterpokken en gordelroos dezelfde oorsprong hadden. Toen kinderen die
werden ingeënt met vocht uit een gordelroosblaasje besmettelijke waterpokken kregen,
werd de relatie tussen de twee ziektebeelden echter bevestigd. Mensen die eerder in hun
leven de waterpokken al hadden doorgemaakt, werden niet ziek van de inenting.
Weller en collega’s infecteerden in 1954 cellen in kweek met vocht uit blaasjes van
gordelroos- en waterpokkenpatiënten, en toonden aan dat het in beide gevallen om
hetzelfde virus ging. Hope-Simpson, een Engelse huisarts, publiceerde in 1965 belangrijke
epidemiologische data die ondersteunden dat gordelroos veroorzaakt wordt door
hetzelfde virus dat latent aanwezig was geweest sinds de originele waterpokkeninfectie.
Het eerste bewijs van de latente aanwezigheid van varicella-zoster virus in zenuwcellen
werd geleverd door Gilden en collega’s in 1983, die DNA van het virus aantoonden in
zenuwknopen van personen die daar niet recent mee in contact waren gekomen.
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Afweer tegen het varicella-zoster virus
Het afweersysteem heeft als doel te voorkomen dat een micro-organisme het lichaam
binnendringt en ziek maakt. In het geval van het varicella-zoster virus, is het afweersysteem
ook na de eerste infectie (waterpokken) belangrijk om het latente virus onder de duim
te houden.
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Het afweersysteem kan verdeeld worden in twee delen: een niet-specifiek (aangeboren)
deel en het specifieke deel. Het niet-specifieke deel richt zich niet slechts op één bepaald
micro-organisme, maar geeft een algemene bescherming tegen micro-organismen.
Een voorbeeld van de niet-specifieke afweer is de huid, die een barrière vormt van het
lichaam tegen de buitenwereld. Ook bepaalde lichaamscellen en -eiwitten horen bij
de niet-specifieke afweer. Het specifieke, adaptieve deel van het immuunsysteem kan
verdeeld worden in humorale en cellulaire afweer. Het humorale afweersysteem bestaat
B-lymfocyten/plasmacellen die zorgen voor de productie van antistoffen. Antistoffen
zijn gericht tegen één specifiek eiwit. De cellulaire afweer bestaat uit T-lymfocyten.
Cytotoxische T-cellen (ook wel CD8+ T-cellen) kunnen geïnfecteerde lichaamscellen
aanvallen. CD4+ T-cellen bieden hulp aan B-lymfocyten en cytotoxische T-cellen.
Het is gebleken dat bij de afweer tegen het varicella-zoster virus vooral de cellulaire
afweer belangrijk is en in het bijzonder de CD4+ T-cellen. Zowel waterpokken als
gordelroos zijn ernstiger bij patiënten met problemen van de cellulaire afweer. Gordelroos
komt ook vaker voor bij deze patiënten.

Complicaties van gordelroos
Gordelroos komt veel voor. De kans dat iemand gordelroos krijgt tijdens zijn of haar
leven is 25-30%. Het risico stijgt naarmate iemand ouder wordt. De meest voorkomende
complicatie van gordelroos is postherpetische neuralgie. Dit houdt in dat de pijn van
gordelroos langer dan 3 maanden blijft bestaan, wat ernstige gevolgen kan hebben voor
de kwaliteit van leven van een patiënt. Bij 8-27% van de gordelroospatiënten is er sprake
van postherpetische neuralgie.
In geval van reactivatie van varicella-zoster virus dat latent aanwezig was
in de zenuwknopen behorende bij de hersenzenuwen, kan dit leiden tot specifieke
ernstige problemen. Zo kan reactivatie van varicella-zoster virus in de zenuwknoop
betrokken bij innervatie van het gehoor, leiden tot hoorproblemen. Er kan zelfs blindheid
ontstaan wanneer de reactivatie plaatsvindt in de zenuwknoop betrokken bij innervatie
van de ogen.
De distributie van gordelroos blijft niet altijd beperkt tot één zenuwknoop en
dermatoom. De infectie kan gedissemineerd zijn. Andere zenuwen/huidgebieden kunnen
betrokken zijn en de infectie kan zich zelfs verspreiden naar de hersenen. In zeldzame
gevallen kan gordelroos een dodelijke afloop hebben.
Personen met afweerstoornissen hebben niet alleen een hoger risico op het krijgen
van gordelroos, maar ook op complicaties daarvan. Een groot deel van de 3% van
gordelroospatiënten bij wie opname in het ziekenhuis nodig is, heeft een aandoening die
geassocieerd is met een verminderde afweer.

Preventie van gordelroos door middel van vaccinatie
Op moment van schrijven, is er slechts één vaccin goedgekeurd voor de preventie van
gordelroos. Men denkt dat dit vaccin werkt door de afweer tegen varicella-zoster virus
204

een boost te geven bij personen die eerder waterpokken doormaakten. Het vaccin bevat
levende, verzwakte virusdeeltjes. Het vaccin zorgt voor een 51% lagere kans op gordelroos
en een 67% lagere kans op postherpetische neuralgie bij personen met leeftijd van 60-69
jaar. Het vaccin is minder effectief naarmate de leeftijd stijgt.
Omdat het vaccin zoals gezegd levend verzwakt virus bevat, zou het bij patiënten met
een afweerstoornis in principe kunnen leiden tot ziekte. Het vaccin wordt daarom over
het algemeen niet aangeraden bij personen met afweerstoornissen. Echter heeft juist
deze groep een hogere kans op gordelroos en complicaties, en zou daarom extra baat
kunnen hebben bij preventie.

Dit proefschrift
Het onderzoek in het eerste deel van dit proefschrift is gericht op het vergroten van
de kennis van de afweer tegen het varicella-zoster virus bij groepen patiënten met
afweerstoornissen. Meer kennis zou kunnen leiden tot het beter kunnen voorkomen van
gordelroos bij deze patiënten. Afhankelijk van het onderliggende mechanisme van het
verhoogde gordelroosrisico zou vaccineren wel of geen effectieve methode van preventie
kunnen zijn. Het mogelijke risico van vaccineren met een levend verzwakt vaccin bij
patiënten met afweerstoornissen in aanmerking genomen, is het afwegen van voor- en
nadelen van vaccinatie en de timing ervan van bijzonder belang bij deze patiënten.
In hoofdstuk 2 onderzochten we de humorale en cellulaire afweer tegen het
varicella-zoster virus bij patiënten met de reumatische aandoeningen systemische lupus
erythematosus (SLE) en granulomatose met polyangiitis (GPA; voorheen bekend als de
ziekte van Wegener). De afweer tegen het varicella-zoster virus van deze patiënten
vergeleken we met die van gezonde personen van dezelfde leeftijd en geslacht. We
vonden geen verschil in de specifieke afweer tegen varicella-zoster virus tussen patiënten
met GPA en de gezonde controlegroep. De T-cellen van de GPA-patiënten bleken minder
goed in staat tot celdeling na stimulatie, maar dit was niet specifiek voor stimulatie met
het varicella-zoster virus. De cellulaire afweer tegen het varicella-zoster virus bleek bij
patiënten met SLE lager te zijn dan bij de gezonde controlegroep. We vonden geen
invloed van medicatiegebruik. In tegenstelling tot de cellulaire afweer, vonden we juist
een grotere hoeveelheid antistoffen gericht tegen varicella-zoster virus bij patiënten met
SLE dan bij gezonde personen. Tegelijkertijd bleek de antistofspiegel tegen difterie juist
lager bij de SLE-patiënten, wat laat zien dat de antistofspiegel bij SLE-patiënten niet
algemeen verhoogd is tegen alle micro-organismen.
Het is bekend is dat met name de cellulaire afweer van belang is bij het voorkomen van
gordelroos. De verlaagde cellulaire afweer tegen varicella-zoster virus bij SLE-patiënten
zou het verhoogde risico op gordelroos bij deze patiënten kunnen verklaren. Desondanks
waren we geïnteresseerd in de oorzaak van de hoge antistofspiegel tegen varicella-zoster
virus bij SLE-patiënten. In hoofdstuk 3 bestudeerden we daarom de humorale afweer
tegen het virus bij deze patiënten daarom uitgebreider. We vermoedden dat de hoge
antistofspiegel het resultaat zou kunnen zijn van reactivaties van varicella-zoster virus
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die niet samengaan met klachten, zogenaamde subklinische reactivaties. Deze zouden
mogelijk gemaakt kunnen worden door stress als gevolg van SLE-ziekteactiviteit of door
afweeronderdrukkende medicatie. Antistofspiegels van IgG-, IgA- en IgM-klasse specifiek
voor varicella-zoster virus, totaal IgG en de aanwezigheid van varicella-zoster virus DNA
werden over de tijd geobserveerd bij 34 SLE-patiënten met langer bestaande ziekte. Aan
de hand van de door ons opgestelde definitie van een subklinische reactivatie, kwamen
we tot de conclusie dat subklinische reactivaties niet vaak voorkwamen bij deze patiënten.
Gebruikmakend van een GEE-analyse, een statistische methode die kan worden gebruikt
in geval van herhaalde metingen, vonden we geen associatie tussen de varicella-zoster
virusspecifieke antistofspiegels en SLE-ziekteactiviteit of medicatiegebruik. We vonden
kortom geen bewijs dat onze hypothese ondersteunde.
In hoofdstuk 4 onderzochten we de afweer tegen het varicella-zoster virus bij
patiënten met reuscelarteritis en polymyalgia rheumatica. Beide groepen patiënten
worden initieel behandeld met prednison, maar de patiënten met reuscelarteritis krijgen
een hogere dosis. Een verlaagde varicella-zoster virusspecifieke afweer werd gevonden
bij patiënten met reuscelarteritis, vergeleken met een controlegroep van personen met
dezelfde leeftijd. Tussen gezonde personen en de patiënten met polymyalgia rheumatica
werd geen verschil gevonden. We verwachten daarom dat patiënten met reuscelarteritis,
net als andere patiëntengroepen die hoge doseringen prednison gebruiken, een hoger
risico op gordelroos hebben dan andere personen van gelijke leeftijd.
Hoofdstuk 5 beschrijft onderzoek naar de afweer tegen het varicella-zoster virus
bij patiënten die langdurig behandeld worden met nierdialyse. De afweerstoornis bij
deze patiënten wordt vermoedelijk veroorzaakt door hun uremische staat. Meervoudige
lineaire regressie onthulde dat leeftijd en geschiedenis van een niertransplantatie
geassocieerd waren met een verminderde cellulaire afweer tegen het varicella-zoster
virus. Het in de literatuur beschreven hogere risico op gordelroos van dialysepatiënten die
behandeld worden met peritoneaaldialyse ten opzichte van hen die behandeld worden
met hemodialyse, bleef onverklaard. Ook na corrigeren voor leeftijd zagen we geen
verschillen in de afweer tegen het varicella-zoster virus tussen dialysepatiënten behandeld
met peritoneaaldialyse of hemodialyse. Het regressiemodel dat gebruikt werd om factoren
van invloed op de humorale afweer tegen het varicella-zoster virus bij dialysepatiënten
te onderzoeken, kon deze waarden niet statistisch significant voorspellen. Omdat zowel
humorale als cellulaire afweer tegen varicella-zoster virus niet significant verschilden
tussen de groep dialysepatiënten en de gezonde controlegroep, kunnen we het
verhoogde gordelroosrisico van dialysepatiënten op dit moment onvoldoende verklaren.
Een mogelijke verklaring is dat de T-cellen zelf capabel zijn, maar hun functie niet goed
kunnen uitvoeren in een uremische omgeving.
In hoofdstuk 6 onderzochten we veranderingen in de afweer tegen het varicellazoster virus die optreden na niertransplantatie. We zagen geen duidelijke veranderingen
in cellulaire afweer tegen het virus volgend op transplantatie. Deze cellulaire afweer
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tegen het varicella-zoster virus was echter wel lager dan die in de gezonde controlegroep,
corresponderend met een in de literatuur beschreven hoger risico op gordelroos bij
transplantatiepatiënten. Bij patiënten bij wie rejectie van het transplantaatorgaan of
infectie na transplantatie waren opgetreden, leek de cellulaire afweer tegen varicellazoster virus zelfs nog lager te zijn. De functionaliteit van T-cellen werd beoordeeld op twee
manieren. Ten eerste bepaalden we het percentage van cellen die in staat zijn meer dan
1 cytokine te produceren in respons op stimulatie met varicella-zoster virus. Daarnaast
maten we de expressie van bepaalde eiwitten, beschouwd als teken van anergie, door
de T-cellen: programmed cell death protein 1 (PD-1) en cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4). Hierbij zagen we geen verschillen voor en na transplantatie, of
tussen transplantatiepatiënten en de controlegroep. In tegenstelling tot de cellulaire
afweer, zagen we dat de hoeveelheid antistoffen tegen varicella-zoster virus daalde na
transplantatie. De waardes na transplantatie verschilden echter niet in grote mate van
de waardes bij gezonde personen.
Deel twee van dit proefschrift begint met een review van de literatuur over vaccinatie
bij patiënten met reumatische aandoeningen (hoofdstuk 7). Epidemiologie van ziekten
die voorkomen kunnen worden door middel van vaccinatie, effectiviteit en veiligheid van
vaccinatie bij patiënten met reumatische aandoeningen wordt behandeld.
Het doel van hoofdstuk 8 was om de Europese richtlijnen ten aanzien van vaccinatie
bij patiënten met reumatische aandoeningen uit 2011 up-to-date te maken. De taken
werden verdeeld over een internationale werkgroep. Wij richtten ons daarbij op het
effect van vaccinatie bij patiënten met reumatische aandoeningen.
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Conclusie en toekomstperspectief
Samenvattend heeft dit onderzoek geleid tot grotere kennis over de afweer tegen het
varicella-zoster virus bij patiënten met afweerstoornissen. De resultaten zoals beschreven
in dit proefschrift, onderstrepen het belang van de cellulaire afweer bij het voorkomen van
gordelroos. Er is echter meer onderzoek nodig voor gordelroos in deze patiëntengroepen
beter voorkomen kan worden in de klinische praktijk. Onze onderzoeksgroep gaat verder
met het werk op dit gebied. Onder andere wordt momenteel het effect onderzocht van
een levend verzwakt varicella-zoster virus vaccin bij patiënten die op de wachtlijst voor
longtransplantatie staan. Kortom, wordt vervolgd!
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van coschappen, of alleen maar een paar dagen tussendoor, voelde altijd een beetje als
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Lucas, Judith, Qi, Fleur, Gwenny, Jolien, Konstantina, Erlin, Marieke, Gerjan, Anouk,
Yannick, Jacolien, Wietske, Lei, Rebeca, Rosanne en William, bedankt voor de goede sfeer
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