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^ 5 Immune response to varicella-
zoster virus infection in vivo: 
immunoglobulins, complement 
and cellular infiltrates 

Abstract 

Herpesviruses, like varicella-zoster virus (VZV) use different strategies to escape host 
immune-effector mechanisms. Systemic immune responses were monitored by serological 
techniques employing fluorescent antibody to membrane antigen (FAMA) and 
immunoelectron microscopy (IEM). Cellular infiltrates in herpetic skin lesions were 
analyzed for different leukocytic populations in correlation with the presence of virus, 
immunoglobulins, virus-immune complexes and complement factors. Between the 
primary (varicella) and the reactivated infection (herpes zoster) differences in interactions 
between the immune system and VZV were noticed. Early in varicella, T lymphocytes 
infiltrate lesions solely; in herpes zoster and late varicella, innate leukocytes appear in 
addition to T lymphocytes. In varicella, virus immune complexes (VICs) emerge, when 
serum antibodies can be detected. In herpes zoster VZV hides, possibly intracellular, from 
immunoglobulins, but when the alternative complement pathway is activated, VZV is 
released and VICs are formed. Activation of immune effector mechanisms against VZV and 
differences in the immune response in varicella versus herpes zoster are discussed. It is 
suggested that type-2 mediated responses, which stimulate antibody production, are the 
predominant effector mechanisms in varicella. In herpes zoster, after reactivation, VZV 
evades neutralization by antibodies. Therefore, memory type-1 mediated cytotoxic-immune 
responses are expected to be more important for virus eradication in herpes zoster. 
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1. Introduction 

The human body employs different strategies to respond to a virus infection, either innate 
or antigen specific. Innate responses can be humoral, such as the complement system, or 
cellular, such as responses mediated by macrophages, granulocytes and natural killer (NK) 
cells. Antigen-specific responses can also be humoral, e.g. immunoglobulins, and cellular, 
e.g. mediated by cytotoxic or helper T cells. Antigen-specific immune responses will 
mature upon infection and become stronger and more effective at reinfection or 
reactivation. Antigen-specific responses will also recruit the innate immune system in 
order to rapidly eliminate a virus(1'. 
In order to persist, a virus must evade the host defence immune response. Viruses have 
evolved many different strategies to avoid eradication by the immune system. RNA and 
retroviruses alter their antigens to escape antibody (2> 3) and/or cytotoxic T lymphocyte 
(CTL) responses (4\ In contrast to RNA viruses, DNA viruses, like herpes, do not have high 
mutation rates that would enable antigen changes fast enough to escape immune effector 
mechanisms*5' 6\ The immune system uses both innate and antigen specific responses to 
eliminate viruses, like VZV (7-8'. The immune system has multiple approaches to eliminate 
viruses, effective escape of viruses from the immune response involves disarming of 
multiple effector mechanisms. 
Two different reasons exist for the interest in the interactions between VZV and the 
immune system. Firstly, the severity of VZV infection seems related to the patient's 
immune status. Varicella (chickenpox) results mostly in a mild infection, but can be more 
severe in older, otherwise healthy individuals. Neonates, pregnant women, and 
immunocompromized patients belong to high-risk patients who can develop a progressive, 
life-threatening disease after a primary VZV infection. Beside a primary infection, also 
reactivation of the latent virus may occure, resulting in herpes zoster (shingles). Patient at 
risk for herpes zoster are both otherwise healthy, older individuals and 
immunocompromized patients. In immunocompromized patients, disseminated herpes 
zoster is likely to occur <9-12>. Secondly, two different strategies of immunotherapy for VZV 
are employed, vaccination to generate T-cell responses and immunoglobulin prophylaxis. 
VZV vaccination leads to T-lymphocyte mediated immune effector mechanisms ( '3,14) and 
reduces the frequency and severity of herpes zoster and its complications(15'. Treatment of 
varicella infection by serum immunoglobulin prophylactic is indicated for patients at high 
risk for complications, after they have been exposed to VZV <16-18). 

VZV antibody titers rapidly increase during herpes zoster infection *19'20'. IgG antibodies in 
serum, in concert with the cellular immune response can inactivate VZV efficiently in vivo. 
This is supported by detection in vivo of virus-immune complexes (VICs) by thin section 
immunoelectron microscopy (IEM) (21'. These VICs can be related to a negative virus 
culture (22). Small amounts of antibodies and polymorphonuclear leukocytes contribute to 
in vitro inactivation of cell-associated VZV *23' 24). 
The present study was undertaken to resolve both cellular and humoral immune-effector 
mechanisms that may contribute to the local eradication of VZV infections. Different 
leukocyte populations, complement factors, immunoglobulins, presence of virus and VICs 
were studied in herpetic skin lesions. 
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2. Materials and Methods 

2.1 Patients 

2.1.1 Sera and lesion samples from adults 
The study comprised five, otherwise healthy adults, who attended during the period 1985 
- 1987 the out-patient department of Dermatovenereology of Hospital de Heel. Two 
patients had varicella (case V-l and V-2) and 3 herpes zoster (cases Z-l, Z-2 and Z-3). All 5 
case histories mentioned earlier suffering from labial herpes. Based on the absence of labial 
and/or oral herpetic lesions during the examinations related to this study, dual infection 
with herpes simplex virus (HSV) was excluded. The patients were followed during a period 
of two weeks after onset of the disease. Blood samples, lesion scrapings, and biopsies were 
taken at regular intervals for serology, IEM, and immunohistology. The samples were taken 
within 2 to 5 days after the onset of the skin lesions. Additional sampling was done at 
intervals of 2 to 4 days after taking the first sample. 

Lesion smears, skin biopsies, and blood samples were jointly taken during the first and the 
subsequent clinical consultations. Varicella lesions usually develop in crops. Therefore, all 
developmental stages can be present in involved skin areas. During the patient's first 
consultation, chickenpox lesions at the same stage of development were marked with à 
water-resistant marker pen. Some of these lesions were used for sampling, the others, 
present in the marked area, were left for follow-up sampling. In classical herpes zoster 
clusters of herpetic lesions emerge unilaterally over one to three sensory nerve 
dermatomes. The longest time-existing herpes zoster lesions were selected for sampling. 
A negative control serum sample (C-l, table 1), from a healthy adult without clinical VZV 
and HSV infection for at least 20 years was included in this study(25). 

2.1.2 Sera from children 
For ethical reasons taking biopsies from children for experimental research is not allowed. 
Sera were examined from three hospitalized, varicella infected children, 18 weeks, 50 
weeks, and 6 years old, respectively (V-3, V-4, V-5, table 1). Their case history did not 
mention earlier HSV infection. Patient V-4 was described before <25). 

2.2 Serological testing 
Sera were investigated for presence of anti-VZV antibodies (IgM and IgG) by IEM (22) and 
fluorescent antibody to membrane antigen (FAMA) carried out on infected monolayer cells 
(26>. Rheumatoid factor antibody can interfere with IgM detection *27). All sera were found 
negative for rheumatoid factor antibodies. Serum titers by IEM were calculated from 
sigmoid plots (dilutions versus gold particle counts per virus particle) as described before 
(22). 

2.3 Virus-immune complexes 
Lesion scrapings were processed for virus typing and detection of VICs by IEM (28 '29). Gold-
tagged affinity chromatography purified rabbit anti-human immunoglobulin antibodies 
(Dacopatts A190) were used to label VICs. Monoclonal antibodies (Nordic) were used for 
detection of IgG and IgM in VICs(22). 
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2.4 Immunohistology 
For immunohistology, skin biopsies were cut in serial cryostat sections. Immuno
fluorescence (IF) was applied to detect VZV antigens, immunoglobulin types (IgM, IgG and 
IgA) and complement factors (Bla, Clq, total complement). VZV antigens were detected 
with monoclonal antibodies obtained from Sanbio. All other antibodies were polyclonal 
and obtained from CLB (Amsterdam). 
Immunohistochemistry (IHC) was done as an indirect immunoperoxidase staining with 
monoclonal antibodies (Becton Dickinson) for CD3+ T lymphocytes (Leu-4), CD4+ T-helper 
cells (Leu-3), CD8+ CTLs (Leu-2), CDla+ epidermal Langerhans cells (Leu-6), and CD22+ B 
lymphocytes (Leu-14). Quantitative measurements of immunohistochemical labeled 
leukocytes were carried out with a semiautomatic image analysis system (Kontron, 
Germany). Images of sections were projected through a side tube on an electronic (x-y) 
tablet. Leukocyte counts were expressed as the number of labeled cells per 100 infiltrating 
leukocytes. 

3. Results 

The results of serology using IEM and FAMA are listed in table 1. Patients with varicella 
simultaneously developed anti-VZV IgM antibodies directed against virus cores and 
envelopes (Table 1, patients V-l and V-2). During the development of an IgG titer, however, 
the appearance of IgG antibodies directed against envelopes preceded IgG antibodies 
directed against virus cores (Table 1, patients V-l and V-2). In one patient with herpes 
zoster (Z-l) IgG directed against virus envelopes also preceded IgG directed against virus 
cores (Table 1). 
Cross-reactive antibodies between HSV and VZV may contribute to a false positive 
outcome of routine diagnostic serology. The common antigens of VZV and HSV seem 
widely distributed in the virion (3°' 31>. Cross-reacting antigens of HSV and VZV, not 
associated with the virus particle, have been identified (32). Cross reactions between VZV 
and HSV nucleocapsid proteins have been demonstrated (33' 34). Cross reactivity of IgG 
antibodies directed against HSV-1 and VZV gB (major immunogenic protein) exists, most 
frequently observed in HSV-seropositive patients with primary VZV infection (3S). A titer 
increase of mainly IgM against HSV was found in patient V-l, which is indicative for a cross 
reaction between VZV and HSV (Table 1). Preexisting titers of anti-HSV serum IgG in 
patients with herpes zoster (cases Z-l, Z-2 and Z-3) remained unchanged during a raise of 
anti-VZV serum IgG antibodies (Table 1). Also no increase in anti-HSV core IgM could be 
found in patient V-2 (Table 1). 
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Table 2. 7fte activated complement system and the detection of VICs in VZV-skin lesions 

I E M IF 
anti-VZV anti-VZV anti-VZV con-iplement 
ig IgM IgC alt. clas. 
serum lesion serum lesion serum lesion lesion 

patient days env. VICs env. VICs env. VICs Bla C1q 

V-1 2 _ _ _ _ 

V-1 5 + + + + - — _ _ 
V-1 7 + + + ± + + + _ 
V-2 3 + + + + - _ _ _ 
V-2 5 + + + + + _ _ _ 
V-2 9 + + + + + + + + 
Z-1 2 + - - - + _ _ _ 
Z-1 4 + - - - + - _ + 
Z-1 6 + + - - + + + + 
Z-2 3 + - - - + - _ + 
Z-2 5 + + - - + + + + 
Z-2 8 + + - - + + + + 
Z-3 5 + - - - + - - + 
Z-3 7 + + + ± + + + + 

+ = present; ± = very little of labeled enveoped virus; - = absent; env. = virus envelope; VICs = virus 
immune complexes; alt. = alternative complement pathway; clas.= classical complement pathway; 
Ig = all human immunoglobulins as detected with polyclonal rabbit anti human serum 

The IgG antibodies found in 18-weeks old patient V-3 (Table 1), most likely represent 
maternal antibodies, due to genital HSV infection in its mother. 
In varicella patients V-1 and V-2 IgM and IgG serum titers were similar in FAMA. The IEM 
showed IgM titers before IgG could be detected against VZV (Table 1). These results indicate 
that these adults indeed suffered from primary VZV infection. In secondary infection, 
herpes zoster, as well as late in varicella (after day 12) IgG titers were more than 1.5 log over 
IgM titers (Table 1, cases Z-1, Z-2, Z-3, and V-3, V-4,V-5). The higher IgG titers compared to 
IgM titers is in accordance with the presence of a memory B lymphocyte response in herpes 
zoster. 

In table 2 serology is compared with the detection of virus immune complexes (VICs) and 
complement. Serum Igs against the viral core were present in the same samples, albeit 
some differences existed in Ig isotype, i.e. IgM or IgG (Table 1). In all lesions VZV antigen 
was detected by IEM and IF (data not shown). Serum anti-VZV immunoglobulins were 
present in all patients except in V-1 at day 2 (Table 2). Immunohistology showed that total 
IgM, IgG and IgA were also present in lesions (data not shown). We reasoned that if non 
specific immunoglobulins (Igs) were present in lesions and serum contains anti-VZV Igs, 
anti-VZV Igs should also be present in the lesions. In varicella patients, VICs were always 
detected in lesions when anti-VZV Igs could be detected in serum (patients V-1 and V-2, 

174 
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Table 2). The decrease of IgM-labelled VICs in patients V-l and Z-3 at day 7 can be 
explained by competition between IgM and affinity-matured IgG (1). In contrast to 
varicella, in the early samples from herpes-zoster patients (Z-l, Z-2 and Z-3) no VICs were 
detected (Table 2, column anti-VZV Ig). The intralesional presence of Bla, a marker of the 
alternative complement pathway, remarkably corresponds with the IgG containing VICs 
(Table 2). In contrast, the detection of Clq, a marker of the classical complement pathway 
(known to be activated by immune complexes) did not show any relation with VICs. 
In table 3 cellular infiltrates of lesions are compared with the presence of VICs. CDla+ 

Langerhans cells and CD22+ B cells were not detected in lesions (data not shown). Intact 
epidermis approximate to the lesion appeared to be depleted of Langerhans cells (data not 
shown). The number of non-lymphocyte infiltrating cells was calculated either as the 
number of cells not stained with CD3, or not stained with CD4 and CD8 (Table 3). 
Remarkably, early in varicella (day 2 or 3) the cells present in the lesion are almost 
exclusively T lymphocytes (85 - 90 %). Later in varicella, as well as early in herpes zoster, 30 
- 50% of infiltrating cells were monomyeloid leukocytes (Table 3). Early in varicella and 
herpes zoster infection (day 2 or 3) the ratio CD4+ and CD8+ T lymphocytes below 0.2 or 
above 2.0. From day 4 on the ratio between T cell populations approach 1.0. 

Table 3. The influx of inflammatory cells in VZV skin lesions (% labeled leukocytes) compared with the pre

sence of VICs 

IHC I E M 

patient CD3+ CD4+ CD8+ ratio CD3- CD4- 8" mean ig 
code day T cells T-helper CTL CD4+/CD8+ non-T non-T non-T VICs 

V-l 2 88 62 31 2.0 12 7 10 -
V-l 5 77 26 34 0.8 23 40 32 + 
V-l 7 65 20 43 0.5 35 37 36 + 
V-2 3 83 14 76 0.2 17 10 14 + 
V-2 5 55 26 29 0.9 45 45 45 + 
V-2 9 59 28 31 0.9 41 41 41 + 
Z-l 2 57 10 55 0.2 43 35 39 -
Z-l 4 60 23 24 1.0 40 53 47 -
Z-1 6 57 23 29 0.8 43 48 46 + 
Z-2 3 75 40 19 2.1 25 41 33 -
Z-2 5 66 33 28 1.2 34 39 37 + 
Z-2 8 68 33 21 1.6 32 46 39 + 
Z-3 5 74 22 28 0.8 26 50 38 -
Z-3 7 69 26 25 1.0 31 49 40 + 

% = number of intralesional peroxidase positive cells per 100 leukocytes; + = present; - = absent; 
Ig = all human immunoglobulins as detected by IEM with polyclonal rabbit anti human serum 
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Fig. 1. Mechanisms of immune evasion by varicella-zoster virus 

Legends: 

^ Response activating pathways (act.): 
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infected cells present VZV antigens to CTLs in MHC-I context; 
antigen uptake by LCs, and maturation of LCs to professional APCs; 
pAPCs present VZV antigens to Th lymphocytes in MHC-II context; 
in memory immune response (herpes zoster), non-professional APCs present 
VZV antigens to Thlymphocytes in MHC-II context; 
activation of CTLs; 
activation of macrophages; 
activation of NK cells; 
only in varicella, virus antigens are liberated from infected cells; 
infected cells become apoptotic; 
lysis of apoptotic cells by the alternative complement pathway results in 
liberated antigens; 
VZV antigens together with Th2 cell stimulate B lymphocytes to produce 
antibodies; 
free VZV particles forms VICs with immunoglobulins; 
VICs stimulate the classical complement pathway; 
the classical complement pathway activates neutrophils. 

Immune effector mechanisms (eff.): 

CTLs kill infected cells by recognizing VZV antigens in CTLs in MHC-I context; 
NK cells recognize absence of MHC I on (infected) cells; 
activated macrophages become cytotoxic; 
neutrophils are cytotoxic in combination with immunoglobulins; 
neutralizing immunoglobulins eliminate VZV; 
activated complement pathways lyse infected cells. 

\ Tools of VZV to block immune 
. '/' effector mechanisms: 

V = only in varicella 
Z = only in herpes zoster 
gC = gC functions as a complement 

receptor 
gE = gE functions as an Fc„ receptor 
MHC-I = down regulation of MHC-I 

Ag antigen 
APC antigen-presenting cell 
pAPC = professional APC 
npAPC = non-professional APC 
B = B lymphocyte 
CTL = cytotoxic T lymphocytes 
LC Langerhans cell 
N neutrophilic granulocyte 
NK natural killer cell 
Mf macrophage 

Th T-helper lymphocyte 
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4. Discussion 

VZV enters the body through the respiratory mucous membranes, spreads via regional 
lymph nodes into the blood, resulting in a first viremic phase. During a second viremic 
phase, infected peripheral blood mononuclear cells permit transportation of VZV to the 
skin. The incubation period before the appearance of skin lesions is about 2 weeks. After 
arrival at the skin VZV may spread to fibroblasts and keratinocytes. In the cutaneous sites 
of virus replication local immune responses will develop to eradicate the virus. The virus is 
presumed to move from the skin along neural pathways to sensory ganglia cells of the 
dorsal root to establish latency. In herpes zoster, VZV is reactivated, and spreads along the 
neural pathways into the skin, resulting in a second clinical manifest infection (9). Data in 
literature focusing on advanced immune evasion strategies of human herpesviruses are 
reviewed below, and combined with the results of our study to work out a hypothesis about 
the interactions between VZV and the immune system (Fig. 1): 

- HSV-gene ICP47 encodes a inhibitor to block transport of (virus) peptides in to the 
endoplasmatic reticulum by the peptide transporter (TAP). By this mechanism, HSV 
avoids formation of the MHC-I peptide complex and thus antigen presentation and 
recognition by CTLs(36- 37). In addition, HSV-infected cells appear to be resistant against 
CTL-induced apoptosis <38>. Like HSV, VZV is reported to induce MHC-I down regulation 
(39), which would enable escape from CTLs. 

- Natural killer (NK) cells are cytotoxic to cells that lack MHC I. NK cells recognize their 
target cells and are cytotoxic, unless the NK killer-inhibitory receptor (KIR) binds to 
MHC I of the target cell (40l HSV-infected cells avoid NK cytotoxicity, although MHC I is 
down regulated (41\ Cytomegalovirus, a betaherpesvirus, has been reported to code for 
an MHC-I analogue, which is recognized by KIRs and thereby inhibits NK-mediated 
cytotoxicity <42< 43>. Whether a similar escape mechanism exists for VZV remains to be 
tested. 

- A third mechanism of immune escape is mediated by glycoprotein C (gC), which is 
conserved between the alphaherpesviruses. HSV-1 and HSV-2 gC have been shown to 
inhibit complement-mediated cell lysis by binding to activated forms of C3 (44-46); VZV 
gC remains to be tested for this activity. 

- A fourth immune-escape mechanism is described for the cooperation of two other 
glycoproteins, gE and gl. HSV gE and gl form a heterodimer which functions as an IgG 
(Fey) receptor<47); VZV gE is capable to function as Fey receptor as well(48). 

The immune escape mechanisms of alphaherpesviruses, may delay the immune effector 
response. We have shown in vivo that, T lymphocytes are the first cells recruited in varicella 
(Table 3). Only memory T lymphocytes are recruited in tissue (49), and almost all activated 
CD8+ T lymphocytes are antigen specific (50< 51K Antigen-stimulated T cells, secrete 
chemokines which attract innate immune cells, like macrophages and neutrophil 
granulocytes. In herpes zoster we found that the innate immune cells were already present 
at day 2 or 3 of the memory immune response (Table 3, Z-l and Z-2). This agrees with the 
general immunologic concept that antigen-specific memory responses occur faster and 
stronger than primary immune responses(1). Early in herpes zoster, in vesicular lesions, 
clustering of inflammatory cells around infected keratinocytes is absent (no rosette 
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formation of leukocytes). Later, in pustular lesions, the appearance of rosettes consisting of 
granulocytes and small lymphocytes around lytic keratinocytes, is prominent (52), and 
indicates that immune effector mechanisms are activated. 
Immune complexes can activate the classical complement pathway W. In herpes zoster we 
noticed that the classical complement pathway was activated at day 3 - 4 of the clinical 
disease, while in varicella, Clq was not deposited until day 9 (Table 2). We detected VICs in 
varicella earlier than in herpes zoster. Thus Clq deposition did not correlate with VICs. 
Memory T cells may initiate an immune response, thereby inducing acute phase proteins, 
which can activate the classical complement pathway (S3' 54K Enhanced T-lymphocyte 
responses would then explain our finding that Clq deposition occurs earlier in herpes 
zoster than in varicella. 
In varicella, the intralesional presence of VZV and antibodies resulted in VICs. This 
indicates that VZV during a primary infection is accessible to immunoglobulins. In herpes 
zoster, however, virus particles and serum antibodies were found but VICs were not always 
formed (Table 2). Apparently, in herpes zoster, the virus hides from antibodies, e.g. by 
keeping its antigens intracellular. Early in herpes zoster, in vesicular lesions, clustering of 
inflammatory cells around infected keratinocytes is absent (no leukocytes rosette 
formation of leukocytes). Later, in pustular lesions, the appearance of rosettes consisting of 
granulocytes and small lymphocytes around lytic keratinocytes, is prominent, and 
indicates that immune effector mechanisms are activated (52). A putative explanation for 
the absence of VICs could be a decrease in production of viral mRNAs and proteins as has 
been reported in chronic VZV lesions ^55'56^. 

A decrease of VZV mRNA and (glyco)proteins could explain the absence of VICs due to 
reduced virus particle formation. However, decreased VZV-particle production in herpes 
zoster contradicts with our IHC and IEM detection of VZV, suggesting another mechanism 
is responsible for the absences of VICs. Such a mechanism could be intracellular hiding of 
VZV particles. Some glycoproteins of clinical isolates of HSV were not processed and 
remained intracellular, while in laboratory adapted HSV-strains glycoprotein processing 
occurred without delay <57). The intracellular arrest of glycoproteins could be a tool for 
alphaherpesviruses to hide from antibody-mediated immune responses. If our hypothesis 
is true and the viral antigens remain intracellular, cell lysis is required to form VICs with 
IgM or IgG. Generally, virus infection may render cells apoptotic. Apoptotic cells diminish 
membrane expression of complement-regulatory molecules and in this way apoptotic 
(infected) cells become susceptible for complement-mediated cell lysis by the alternative 
pathway (s8<59). Moreover, T lymphocytes(60), macrophages(61) and neutrophils (62>, have 
been shown to produce properdin, a positive regulator of the alternative pathway of 
complement activation (63). The requirement for complement of the alternative pathway 
during the process of lysis of virus-infected cells has been demonstrated in in vitro studies 
(64, 65) YJe found that the alternative pathway was activated, as indicated by Bla 
deposition, when VICs occurred in herpes zoster (Table 2). This suggests that the 
alternative complement pathway is able to release VZV antigens from apoptotic cells. 
After discussing the effector mechanisms above, we will now briefly review the activation 
of immune cells that generates these mechanisms. In healthy children with mild varicella, 
T-cell proliferation to VZV antigens occurs in 3 days after onset of clinical disease'66' 67). In 
varicella, VZV-activated T-helper lymphocytes stimulate B lymphocytes (68), but stimulate 
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also the generation of CTLs <69>. Both higher T-cell proliferation and lower interferon-y 
production were associated with reduced varicella lesion numbers*66' 70>. In line with our 
finding of B-lymphocyte mediated effector mechanisms in varicella, T-helper lymphocytes 
are either unpolarized type 0 or a weakly to polarized to a type 2 response. 
In conclusion, differences in type 2 (antibody) and type 1 (cellular) mediated effector 
mechanism could be found between varicella and herpes zoster, respectively. In varicella, 
anti-VZV antibodies form VICs. Antibody-mediated responses, like antibody-dependent 
cytotoxicity, may thus be important effectors. These results could explain the beneficial 
effects of immune prophylaxis with antibodies after first contact with VZV and early in 
varicella. In herpes zoster, VZV avoids recognition by antibodies and the T-helper 2 
response may thus loose most of its virus neutralizing potency. Enhanced, memory cellular 
cytotoxic responses of the T-helper 1 type, may be important for the immune control of 
herpes zoster. The latter has been shown before by the association of VZV reactivation 
(herpes zoster) with decreased CTL activity(71). 

We do not know if other viruses that cause persistent, chronic or reactivated infections, use 
a similar mechanism to evade neutralization by antibodies. Examples of such viruses are 
HSV, beta- and gammaherpesviruses and human immunodeficiency virus (HIV). It might 
be useful to investigate antibodies, virus particles and the forming of VICs in other 
infections as well. VICs can be examined by the IEM method, as we did, as well as by a 
sandwich ELISA, using e.g. a capturing antibody for the virus and a detecting antibody 
against the immunoglobulins that form VICs. 
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