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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) enzyme-

linked 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. 
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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]. 

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 person-

years 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). 

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 



Summary, discussion and future perspectives 193

9

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. 
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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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