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Abstract

Varicella-zoster virus (VZV), an alphaherpesvirus that causes chicken pox (varicella) and shingles 

(herpes zoster), is a medically important pathogen that causes considerable morbidity and, on 

occasion, mortality in immunocompromised patients. Herpes zoster can afflict the elderly with a 

debilitating condition, postherpetic neuralgia, triggering severe, untreatable pain for months or 

years. The lipid envelope of VZV, similar to all herpesviruses, contains numerous glycoproteins 

required for replication and pathogenesis.

Purpose of Review—To summarize the current knowledge about VZV glycoproteins and their 

roles in cell entry, replication and pathogenesis.

Recent Findings—The functions for some VZV glycoproteins are known, such as gB, gH and 

gL in membrane fusion, cell-cell fusion regulation, and receptor binding properties. However, the 

molecular mechanisms that trigger or mediate VZV glycoproteins remains poorly understood.

Summary—VZV glycoproteins are central to successful replication but their modus operandi 

during replication and pathogenesis remain elusive requiring further mechanistic based studies.
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Introduction

Varicella Zoster Virus (VZV) is a pathogenic human alphaherpesvirus that causes varicella 

(chickenpox), a vesicular exanthum in children, and zoster (shingles), a severe exanthema 

that is typically restricted to a single dermatome in adults [1]. VZV is both lymphotropic and 
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neurotropic but initiates a primary infection at the mucosal epithelium via respiratory 

droplets or vesicular fluid from infected individuals [2]. A T cell-associated viremia 

disseminates VZV to the skin in the host leading to the formation of the characteristic 

vesicles [3]. Neurons in the skin that connect to sensory nerve ganglia subsequently become 

infected leading to a latent reservoir of VZV that persists for the life of the host. Waning 

immunity to VZV renders the host susceptible to reactivation of VZV from latently infected 

neurons, causing zoster [4–7]. In herpes zoster afflicted patients 27–73% will develop 

postherpetic neuralgia (PHN), which is age dependent [7]. PHN is refractory to treatment 

and characterized by severe pain that can last from days to months and, in 48% of patients 

over the age of 70, it can last for more than a year.

The double stranded DNA genome of VZV encodes 70 known unique open reading frames 

(ORFs), of which 11 encode for glycoproteins (Table 1). These membrane bound proteins 

are glycosylated through N- or O-linked sugars and many are known to be incorporated into 

the envelope of VZV virions [8]. There are some important differences between VZV and 

other members of the Alphaherpesvirinae. In addition to the glycoproteins encoded by VZV, 

herpes simplex viruses (HSV) encode three other glycoproteins, gD (encoded by unique 

short 6 (US6)), gG, (US4) and gJ (US5), which might account for the different tropisms of 

HSV and VZV [9]. Presently, it is recognized that herpesvirus glycoproteins use canonical 

cellular processes for their synthesis and posttranslational modifications and are synthesized 

in the endoplasmic reticulum (ER), shuttled to the Golgi and trafficked to the cell surface via 

vesicles. The cell surface glycoproteins are then endocytosed and trafficked to the trans-

Golgi, the site of VZV particle secondary envelopment (Figure 1). The primary role of 

glycoproteins on the virion membrane is currently thought to be to direct interactions with 

cell surface proteins to enable attachment, uptake and entry of VZV into cells to initiate the 

replication cycle [9]. In addition to glycosylation, glycoproteins can undergo further 

posttranslational modifications, such as phosphorylation and ubiquitination that might also 

function in VZV replication [10–15].

VZV is a human host restricted pathogen, making it challenging to investigate pathogenesis. 

Mutagenesis to create recombinant viruses is useful strategy to determine the requirements 

of ORFs and protein motifs needed for VZV replication [16–21]. Replication studies in cell 

culture have been a valuable approach to determine the effects that mutations have on VZV 

infection and propagation in vitro. However, the effects of VZV mutations might not be 

apparent in cell culture creating additional challenges in deciphering how VZV causes 

disease. The application of human xenografts in SCID mice to assess recombinant mutants 

in vivo has proven very informative for understanding the roles of glycoproteins in skin and 

neuronal pathogenesis [13, 19,20, 22–33]. This review will outline the known contributions 

of the VZV glycoproteins in viral entry, replication and pathogenesis. These functions also 

make the VZV glycoproteins important targets of humoral and cell-mediated immunity.

Glycoproteins that Function in Virion Attachment

For most alphaherpesviruses, including herpes simplex virus (HSV) and pseudorabies virus 

(PRV), high titer purified virions can be generated reproducibly, which enables the 

production of non-infectious virus particles that lack specific glycoproteins using 
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recombinant DNA methodologies [34–39]. This approach allows for the identification of 

glycoproteins that have a role in virion attachment and entry. Due to the extremely cell 

associated nature of VZV, generating reproducible, purified, high titer cell free virus has 

proven to be elusive, precluding the use of this approach to study VZV glycoproteins in 

entry directly. However, deletions of gB, gE, gH, gK, gL and ORF39 from VZV cosmids or 

bacterial artificial chromosomes (BACs) have been demonstrated to inactivate VZV [17, 19, 

20, 25, 40]. It is uncertain whether these individual glycoproteins are directly involved in 

virion attachment to cell surface receptors, or whether effects of their deletion result from 

impeding other steps of viral replication.

It has been inferred from experimental evidence with other herpesviruses and cell based 

fusion assays that the VZV glycoproteins gB, gH and gL are required for attachment and 

entry [41–44]. The myelin associated glycoprotein (MAG; Siglec4) was demonstrated to 

bind directly to gB using an Ig expression system [45]. Importantly, MAG has a high amino 

acid identity compared to the paired Ig-like type-2 receptor α (PILRα) protein that binds to 

herpes simplex virus (HSV) gB, suggesting that gB of the alphaherpesviruses might bind to 

a similar class of cell surface proteins. Transient transfection of MAG in fibroblasts 

enhanced both VZV and HSV infection supporting the hypothesis of a conserved role for 

cell surface protein homologs similar to MAG and PILRα. Another factor implicated in the 

binding of VZV gB to MAG is the involvement of sialic acids, which are a diverse group of 

monosaccharides found on N- or O-linked glycans [46]. The loss of the sialic acid binding 

site on MAG reduces cell entry of VZV in MAG transfected cells and gB/gH-gL mediated 

cell-cell fusion [46]. However, MAG is unlikely to be the sole receptor for gB binding and 

fusion as cells lacking MAG are still susceptible to VZV infection.

In addition to gB, the stable gH-gL heterodimer is also necessary for membrane fusion 

required for virion entry [19]. Importantly, the crystal structure of gH-gL bound to human 

monoclonal antibodies that neutralize VZV has recently been resolved [47]. The VZV gH-

gL heterodimer was found to have a structure more comparable to HSV gH-gL than EBV 

gH-gL [47–49]. While the function of gH is not yet clear, it is thought that these monoclonal 

antibodies inhibit the binding of gH to surface proteins that would otherwise lead to the 

activation of gB, which has been proposed for the gB/gH-gL homologs of other 

herpesviruses [50, 51]. A study performed with a mouse monoclonal antibody against gH 

demonstrated the effectiveness of neutralizing VZV infection by targeting VZV gH-gL [30, 

52]. Virus titers and pathologic changes due to lesion formation were reduced in human skin 

xenografts when the host mice were treated with the anti-gH monoclonal antibody (mAb) 

206. Human derived mAbs 24, 94 and RC that bind to gH-gL have all been shown to have 

VZV neutralizing properties, providing further evidence for the importance of gH-gL in 

VZV infection, [47, 53, 54]. Integrins are expressed on the cell surface and have been 

reported to bind gH of other herpesviruses [55–58]. Integrins might also have a role in VZV 

attachment and entry because inhibition of the αV subunit was found to reduce cell fusion 

and limit virus propagation in cell culture [59]. Whether the neutralizing capability of mAbs 

24, 94, 206 and RC against VZV was due to the prevention of virion binding via gH-gL with 

cell surface integrins requires further investigation.
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Critically, the gB/gH-gL complex is highly conserved throughout the Herpesviridae, 

reinforcing the concept that these glycoproteins are the core components of VZV envelope 

fusion during cell entry. Conspicuously absent in VZV compared to other 

alphaherpesviruses, including HSV and PRV, is gD, which is reported to be the glycoprotein 

necessary for receptor binding and priming of the gB/gH-gL fusion complex [44, 60, 61]. In 

addition, gC has also been linked with virion attachment in HSV, PRV and other 

alphaherpesviruses [62, 63]. Importantly, gC is not required for VZV virions to bind with 

cell surface receptors because recombinant VZV ΔgC and ORF14stop mutants can be 

propagated in cell culture without deleterious effects on replication kinetics [20, 64]. Similar 

data have been obtained with the closely related herpesvirus, simian varicella virus [65]. 

However, gC does have a functional role in VZV propagation due to the poor replication of 

the ΔgC mutant in human skin tissue, suggesting an indirect role for gC in tissue tropism 

[20, 27]. Despite this important characteristic the function of gC remains unknown. Unlike 

other glycoproteins, gC transcription does not occur until very late in VZV and is considered 

a true late protein as production and accumulation of gC during VZV infection occurs late in 

the replication cycle [66, 67]. HSV gC binds heparin sulfate and antibodies that target this 

binding region neutralize HSV [68]. However, equivalent studies have not been performed 

with VZV gC.

VZV gE forms a stable heterodimer with gI but also binds at least one cellular protein, 

insulin degrading enzyme (IDE)[69]. Initially, IDE was identified to be important for 

infection, with VZV replication substantially diminished in IDE knockdown cells. However, 

in subsequent studies it has been demonstrated that gE interaction with IDE is not required 

for entry into cell types tested, including differentiated human T cells [24]. Another cellular 

protein implicated in VZV entry was the cation independent mannose-6-phosphate receptor 

encoded by the IGF2R gene [70, 71]. Mannose-6-phosphate is a sugar found on all 

glycoproteins and the cation independent mannose-6-phosphate receptor is involved in VZV 

infection as demonstrated by a knockdown of IGF2R using RNAi, which significantly 

reduced VZV replication [70]. Curiously, this effect was predominantly associated with cell-

free virus as the absence of IGF2R had little effect on the spread of cell-associated VZV. 

Although these studies implicate IDE and IGFR2 in VZV replication these are likely to have 

roles post entry. IDE binds to a gE precursor found in the endoplasmic reticulum and IGFR2 

has roles in lysosomal biogenesis [72, 73]. This suggests that the roles of IDE and IGFR2 

are independent of virion attachment to the cell surface and function in the VZV replication 

cycle post entry.

The gM-gN heterodimer is also incorporated into VZV particles, but it is uncertain whether 

the heterodimer is required for virion attachment [18]. Disruption of ORF50[gM] and 

ORF9A[gN], which prevents expression of gM and gN, yielded VZV mutants that replicated 

poorly with reduced plaque sizes in cell culture [18]. These mutants contrast with the 

ΔORF50 and ΔORF9A deletions made by Zhang et al 2010, which inactivated VZV. The 

differences in phenotype are attributed to the complete deletions ORF50 or ORF9A in the 

mutant viruses, which also disrupted two essential ORFs, ORF8 and ORF51 that overlapped 

with ORF9 and ORF50 [20]. A pair of substitutions in gM, V42P and G301M, prevents gM 

maturation and disrupts the interaction between gM and gN. Incorporation of gM[V42P/

G301M] into the VZV genome yielded a virus that has reduced propagation in melanoma 
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cells and human embryonic lung fibroblasts [18]. This supports the notion that the 

heterodimer forms a functional unit but whether this complex is involved directly in virion 

attachment and entry into melanoma cells, fibroblasts or alters pathogenesis is not clear.

Studies investigating the functions of VZV gK and ORF39 are limited but extrapolation of 

data from the alphaherpesviruses HSV and PRV suggest that gK and ORF39 form a complex 

[74–76]. Corroborating the findings in other herpesviruses, truncation mutants of VZV gK 

or a ΔgK virus showed gK is indispensable for replication [17, 20]. Although gK is 

incorporated into the virion it is not clear whether gK has a functional role in the attachment 

of virions to the cell or cell entry via fusion. A study on the trafficking of VZV gK and 

ORF39 implies that additional VZV proteins are required for the localization during 

infection because transient transfection of the glycoproteins alone or together leads to 

accumulation in the ER, whereas during infection they reach the Golgi [77]. Deleting 

ORF39 was lethal in a study that sequentially knocked out each open reading frame from a 

VZV BAC [20]. Since this is the only ΔORF39 reported and confirmation is needed since 

the gM deletion was also lethal in contrast to previous studies. The HSV homolog of ORF39 

is UL20, which also associates with gK. Moreover, recent studies that used an HSV gKΔ31–

68 mutant demonstrated that gK is implicated in neurotropism [78]. Whether VZV gK has 

similar roles as a neurotropic factor needs to be investigated.

Glycoproteins that Drive Membrane Fusion

The core glycoproteins that drive membrane fusion during the entry of herpesviruses are gB, 

gH and gL [79]. Unlike HSV, which requires gD for membrane fusion and cell entry, gB and 

gH-gL are necessary and sufficient for VZV membrane fusion [19, 45]. A substantial 

amount of literature implicates herpesvirus gB homologues to be the fusogen, whereas the 

gH-gL heterodimer has been linked to the activation of gB [79]. Homology modelling of 

VZV gB using the crystal structure of HSV gB strongly suggests that VZV gB also forms a 

trimeric protein with five extracellular domains [28]. Importantly, the predicted fusion loops 

in domain II of VZV gB have been demonstrated to be functional. The two substitutions, 

gB[W180G] or gB[Y185G], eliminated membrane fusion but did not affect the surface 

expression of gB [13]. Importantly, these fusion defective mutants inactivate VZV [28]. 

Membrane fusion driven by gB is regulated by the cytoplasmic domain (gBcyt). A carboxyl-

terminal truncation mutant, VZV gB-36, a 36 amino acid deletion in the cytoplasmic 

domain, replicates with an exaggerated syncytial phenotype [80]. Importantly, the frequency 

of intact virions at the surface of infected cells was reported to be considerably reduced for 

VZV gB-36 at four days post infection. Similar to this VZV truncation mutant, single amino 

acid substitutions within the cytoplasmic domain have profound effects on gB mediated cell-

cell fusion. A hyperfusion phenotype, a significantly increased propensity to induce fusion 

in a cell-based assay, was identified when the tyrosine residue at position 881 (gB-Y881) 

was substituted with a large aromatic sidechain [13]. The gB-Y881 residue was also 

demonstrated to be phosphorylated, and central to a predicted immunoreceptor tyrosine-base 

inhibition motif (ITIM), suggesting that this residue was important for fusion regulation. In 

contrast to gB-Y881F, substitutions with phosphomimetic residues aspartic acid 

(gB[Y881D]) or glutamic acid (gB[Y881E]) eliminated fusion and significantly reduced cell 
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surface expression, suggesting that Y881 might act as a molecular switch for gB trafficking 

or localization.

Mutagenesis studies of VZV gH have identified domains that play important roles in 

membrane fusion. Antibodies that bind to the N-terminus of VZV gH prevent fusion and 

also have virus neutralizing properties. The anti-gH mAb 206 has potent virus neutralizing 

properties and is very effective at preventing cell-cell fusion [30, 47, 52, 59]. The mAb 206 

epitope has been mapped to a region in the extreme N-terminus of gH [19, 47]. Human 

mAbs 94 and RC have neutralizing capability similar to mAb 206 [47]. These antibodies 

bind a similar region in gH-gL, leading to the proposal that gH has a site of vulnerability 

targeted by the human adaptive humoral immune response to VZV infection. Similar to 

VZV gB, the cytoplasmic domain of gH also has a mechanism to regulate cell-cell fusion. 

This critical function is related to the length of the gH cytoplasmic domain rather than any 

specific sequence or motifs [81]. The regulation of cell-cell fusion by both gB and gH are 

vital to the effective propagation of VZV.

VZV Glycoprotein Mutagenesis and the Effects on Replication and 

Pathogenesis

Targeted mutagenesis of ORFs encoding VZV glycoproteins using cosmids or BACs is 

either lethal, thereby defining an essential role in replication, or the change is compatible 

with replication, permitting further study of the role of the glycoprotein or its subdomains in 

cultured cells in vitro and in xenografts in the SCID mouse model in vivo (Table 2). With 

respect to gB, mutagenesis of the furin cleavage site and the cytoplasmic domain of gB have 

revealed some surprising nuances in its role in VZV skin pathogenesis. Although not 

apparent in cell culture, both the gB-Δ491RSRR494 and gB-491GSGG494 mutants decreased 

the titers of VZV recoverable from human skin xenografts, implying that the cleavage of gB 

is required for efficient replication in the tissue microenvironment [28]. A more surprising 

finding was the effect of hyperfusion on VZV pathogenesis via the loss of fusion regulation 

by the gBcyt. It had long been thought that syncytia formation was beneficial to the spread 

of VZV, especially in human skin where multinucleated cells are prominent within lesions 

[82]. However, the hyperfusion inducing mutation gB[Y881F] was severely detrimental to 

VZV propagation in human skin tissue [13]. VZV replication was detected but titers were 

either low or undetectable at 10 and 21 days post inoculation. These data demonstrate that 

the regulation of gB induced membrane fusion is an important requirement for VZV 

pathogenesis in human tissue. The unfavorable effects of hyperfusion was confirmed with 

gH truncation mutants gH-TL and gH-Δ834–841, which are hyperfusogenic and propagate 

also poorly in differentiated human skin in vivo [81].

Functional domains within VZV gH required for replication were defined by mutagenesis of 

the gH ectodomain, targeting four alpha helices (α8, α9, α12, α14), three cysteine residues 

(C540A, C575A, C724A), which are conserved in HSV gH, and the amino acid motif, 

FPNG, also conserved in HSV gH [19]. The alpha helices are all located in domain II of 

VZV gH, as were C540 and C575, which form a disulfide bond, and the mutations very 

likely disrupted the structure and function of gH. Alanine substitutions of the FPNG motif in 
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domain III completely disrupted gH trafficking. Five additional VZV gH mutants, one in 

domain I (αX) and three in domain III (C647A, C703A and C727A) yielded viable viruses 

but all had reduced replication in human skin xenografts at 10 and 21 days post infection. 

The αX mutation was of particular interest because the mutant retained wild type-like 

replication in cell culture, implicating the N-terminal region of gH, which contains the mAb 

206 epitope, in skin tropism [19, 47]. Each of the viable cysteine mutants replicated poorly 

in cell culture and, as expected, were markedly attenuated in human skin, which was 

attributable to the reduced fusion capability of these mutants as a consequence of 

destabilizing domain III of gH.

Compared to other alphaherpesviruses, VZV gE has a unique N-terminus comprised of 188 

unique amino acids [22]. A large deletion mutant in this N-terminus, gE[ΔP27–P187], 

inactivates VZV, which is attributed to the inability of this mutant to traffic to the plasma 

membrane [22]. The site for gE binding to IDE is within this region although its precise 

location has not been resolved. The two gE deletion mutants, gE[Δ32–71], which has a small 

plaque phenotype, and gE[ΔP27-G90], which replicates poorly in human skin, are unable to 

bind IDE [24, 83, 84]. However, the two mutants gE[ΔP27-Y51] and gE[ΔY51-P90] both 

bind IDE at levels similar to wild type gE but only the gE[ΔP27-Y51] has reduced 

replication in skin [24]. This suggested that the gE[Δ32–71] region might contain a protein 

conformation that is not fully disrupted by the gE[ΔP27-Y51] or gE[ΔY51-P90] mutations. 

Critically, the binding of IDE to VZV gE is not required for neurotropism because the 

gE[Δ27–90] mutant successfully replicated in neurons [32]. Importantly, the unique N-

terminal region of gE does not have domain for gI binding, which is required for 

propagation in human skin xenografts [25, 29]. However, the cysteine rich region between 

residues 208–236 is necessary for heterodimer formation between gE and gI [23]. The 

gE[ΔCys] mutant, which has residues 208–236 deleted, replicates poorly in cell culture and 

skin xenografts but its phenotype was not as severe as the ΔgI mutant [23, 25, 29]. In 

addition, the gE[ΔCys] mutant propagated in DRG but at a reduced rate compared to intact 

VZV [31, 32]. A single point mutation, gI[C95A], disrupted the structure of gI and had a 

similar small plaque phenotype as the ΔgI VZV with limited replication in skin xenografts 

[29]. It has been proposed that gI is required for incorporation of gE in to the virion. 

However, gE was incorporated into particles in ΔgI VZV infected melanoma cells. These 

data suggest that gI has functions in VZV replication that are independent of gE.

In addition to gB and gH, the cytoplasmic domain of gE (gEcyt) and its involvement in 

pathogenesis has been scrutinized. The gEcyt has been shown to contain important 

functional motifs. A YXXΦ motif, gE[582YAGL585], mediates endocytosis, 

gE[568AYRV571] enables trans-Golgi network targeting, and the gE[593SXSTXT598] acid 

cluster is phosphorylated [85–88]. A gE[Y582G] substitution is lethal as is the gEΔcyt [26]. 

In addition, the gE[AYRV], which has reduced skin virulence, and gE[SSTT], which is a 

mutant that prevents phosphorylation in the cytoplasmic domain of gE but does not affect 

replication in skin xenografts, were both able to replicate in DRG at similar levels to wild-

type virus demonstrating that these motifs are not required for neurovirulence [26, 32].
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VZV Glycoproteins Associated with Vaccination and the Immune Response

Vaccines are available to prevent both varicella and herpes zoster [89]. Varicella vaccines 

have been very successful in reducing the prevalence of varicella amongst children. Two 

doses are recommended, one at 12–15 months and one a 4–6 years of age is ~98% effective 

at preventing chicken pox [90]. Zostavax® is the only licensed vaccine available for herpes 

zoster and protects 51% of individuals over the age of 60 against shingles and 67% against 

post herpetic neuralgia, a very painful sequelae of herpes zoster [91]. Although successful in 

significantly reducing severe sequelae, there was limited success in complete protection 

against herpes zoster, which is thought to be related to limitations in boosting the immune 

response in the elderly.

The glycoprotein based enzyme linked immunosorbent assays (gpELISAs) are widely used 

to assess antibody levels to VZV in serum. The gpELISA relies on lentil/lectin-affinity 

purified glycoproteins from MRC5 cells infected with VZV and a control antigen from 

mock-infected MRC5 cells [92]. Based on the gpELISA, VZV vaccine efficiency is >95% in 

seronegative children if IgG titers are ≥ 5 gpELISA units at 6 weeks post vaccination and 

immunity to varicella is >90% after 6 years [93–95]. However, in elderly subjects that 

received a herpes zoster vaccine ≥ 10 years after originally being vaccinated, serum 

responses to VZV did not increase above baseline titers using the gpELISA after a single 

dose [96]. Importantly, booster vaccination enhances cell mediated immunity, which has 

been shown to decline after the age of 50, but a correlation between serum antibodies and 

protective cell mediated immunity is not apparent in this demographic [97, 98]. A new 

vaccine based on recombinant gE formulated with the liposome-based AS01B adjuvant 

system was demonstrated to be very effective in the elderly [99]. In recipients over the age 

of 70 vaccine efficacy was >96%, considerably greater than the current vaccine for herpes 

zoster [91]. Moreover, this subunit vaccine is safe for immunocompromised HIV and 

autologous hematopoietic cell transplant patients for whom live attenuated vaccines such as 

Zostavax are not recommended. This glycoprotein-based vaccine appears to be very 

promising.

Conclusions

Glycoproteins are critical for VZV entry and replication, which makes them potential targets 

for antiviral drug candidates. At present, generating effective pharmaceuticals that target 

VZV glycoproteins is challenging because of the vacuum in knowledge about their 

molecular mechanisms during VZV infection. More information about the structures and 

functions of VZV glycoproteins is also relevant to improving VZV vaccines to prevent 

primary and recurrent infections. Humoral and cell-mediate immunity induced by the live 

attenuated varicella and zoster vaccines includes responses directed against major VZV 

glycoproteins but how these responses contribute to protection from disease is not known. 

These questions are of particular interest given the recent report that a vaccine based on 

recombinant gE formulated with the liposome-based AS01B adjuvant system was highly 

effective against zoster in the elderly [99]. Gaining a better structural understanding of 

glycoprotein topology holds significant promise since it will aid in mapping critical 
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functional domains which will then make developing drugs and vaccines that target specific 

molecular functions of VZV glycoproteins more feasible.
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Figure 1. 
Model of the localization and trafficking of VZV glycoproteins during infection. VZV is 

presumed to use glycoproteins to bind cell surface receptors during attachment (1). The 

gB/gH-gL complex fuses the virion membrane with cell membranes either in endocytic 

vesicles or directly with the plasma membrane (2). The capsid is released into the cytoplasm 

and docks with a nuclear pore where the dsDNA genome is injected into the cell nucleus to 

initiate replication (3). Glycoproteins are synthesized in the endoplasmic reticulum (ER) and 

trafficked to the Golgi during maturation, exocytosed then endocytosed and trafficked to the 

trans-Golgi network (TGN) (4). Some glycoproteins, including gB, are trafficked to the 

nuclear envelope (inner nuclear membrane, INM; outer nuclear membrane, ONM) and might 

have roles in egress from the nucleus (5). Glycoproteins are trafficked from the TGN for 

incorporation into nascent virus particles (6). Adapted from [100].
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