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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].

Introduction

11

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.

12

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.
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