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Abstract

The intrinsic properties of different viruses have driven their study. For
example, the capacity for efficient productive infection of cultured cells by
herpes simplex virus 1 has made it a paradigm for this mode of infection for
herpesviruses in general. Epstein-Barr virus, another herpesvirus, has two
properties that have driven its study: It causes human cancers, and it exhibits
a tractable transition from its latent to its productive cycle in cell culture.
Here, we review our understanding of the path Epstein-Barr virus follows
to move from a latent infection to and through its productive cycle. We use
information from human infections to provide a framework for describing
studies in cell culture and, where possible, the molecular resolutions from
these studies. We also pose questions whose answers we think are pivotal to
understanding this path, and we provide answers where we can.
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EPSTEIN-BARR VIRUS AS A HUMAN PATHOGEN

Most diseases caused by Epstein-Barr virus (EBV) reflect some form of its latent infection. By
latency we mean that viral genomes are maintained in infected cells and some viral genes are
likely expressed, but that viral progeny are not produced and the host cell survives. EBV’s latent
infections cause a gamut of diseases from self-limiting infectious mononucleosis to lethal can-
cers, including Burkitt’s lymphoma and nasopharyngeal carcinoma (1). Here, causality has been
demonstrated both by prospective epidemiological surveys and by using anti-EBV cytotoxic T
cells to successfully treat some EBV-positive tumors (1). In these examples, the infected cells
proliferate, express different viral genes, and, if they escape immune recognition, survive. In most
of the 7,000,000,000 people currently infected with EBV, the virus resides in memory B cells
(2) in an extreme state of latency, which we refer to as dormancy because the infected cells do not
proliferate and the virus expresses few or no genes at a detectable level. These infected cells may
well be ignored by the immune system.

We know of one disease associated with EBV’s productive cycle, oral hairy leukoplakia (OHL)
(3). This disease occurs most often in HIV-infected people and is associated with the immune
suppression characteristic of their disease. Epithelial cells in the upper layers of the tongue are
infected and support a productive infection in which viral progeny can be detected by electron
microscopy (4, 5). Whether the basal cells are also infected in OHL is controversial. If so, this
disease may reflect a reservoir of latently infected cells, which upon differentiation yield progeny
cells in which EBV’s productive cycle can occur, as has been found for human papillomaviruses
(6). Sensitive assays using polymerase chain reaction and in situ hybridization detected EBV DNA
in basal cells of 11 of 11 cases of OHL (7, 8), indicating that this benign disease may consist of
both phases of EBV’s life cycle, with its productive phase being pathognomonic.

EPSTEIN-BARR VIRUS IN CELL CULTURE

EBV is unique in its ability to infect resting human B cells and to induce and maintain their
proliferation in cell culture. In experimental settings, more than 90% of freshly isolated peripheral
B cells can be infected and begin to proliferate. Of these infected cells, 1–10% will go on to
proliferate for tens of generations, and some small number often survive senescence to become
immortalized. These cells efficiently secrete immunoglobulin, yielding 1–3× 107 molecules per
cell per hour (9). These cells, however, do not efficiently support the transition to EBV’s productive
cycle. They do not support it at all for the first 10 or so cell generations following initial infection,
and later usually less than 1 in 104 cells per generation spontaneously supports the productive
cycle (10).

Infection of primary epithelial cells by EBV in cell culture contrasts strikingly with that of B
cells. Infection of epithelial cells is often inefficient, can rapidly lead to a productive infection, and
does not provide these cells with an obvious selective advantage in vitro (11). Dissociated primary
epithelial cells have been infected with EBV that was first bound to primary B cells, which were
then cocultivated with the epithelial cells (12). The resulting epithelial infections did not lead
to the long-term maintenance of EBV in the cells, and less than 1 in 1,000 of these infected
cells expressed viral capsid antigens (13). EBV infections in organotypic epithelial raft cultures
are strikingly different because they can be productive (14). These raft cultures are characterized
by most of the infected cells expressing viral capsid antigens within four days of infection and
eventually yielding significant titers of infectious particles. These results are therefore consistent
with the idea that EBV infects tongue epithelial cells in OHL patients, directly yielding productive
infections, a finding without parallel for infections of cells in monolayer cultures.
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EBV can also infect cell lines, that is, cells that have survived senescence and are operationally
immortalized. These cell lines include derivatives of EBV-positive Burkitt’s lymphoma that have
lost their endogenous virus, and EBV-negative gastric carcinoma cells. The B cell lines can be rein-
fected, and the epithelial cell lines can be infected by cocultivation (15, 16). In such cases, the newly
introduced viral DNA can be maintained only under selection by engineering it to encode resis-
tance to an antibiotic, such as hygromycin B or G418. Several epithelial cell lines initially positive
for EBV, many derived from nasopharyngeal carcinomas, have lost EBV and have then been rein-
fected (17). Even though some of these lines appear to retain EBV, their provenance is uncertain
because they appear to be derived from HeLa cervical carcinoma cells or to be somatic fusions
with HeLa cells (18). None of these cell lines initially yields productive infections, despite the fact
that in some cases the infected cells can eventually be induced to support productive EBV infec-
tions by various means. This failure has two consequences: First, we have no practical means of
plaquing EBV in cell culture, meaning we cannot use standard virological approaches to examine
EBV genetically. Second, the path from initial infection to productive infection is complex and
usually indirect, including an initial latent infection. We need to understand this failure; in other
words, What in the biology of EBV might necessitate its entering latency before supporting a
productive cycle?

BEGINNING THE PATH BY EXITING LATENCY

Given our definition of latency as a virus-host state in which the infected cell survives and viral
progeny are not produced, an initial question essential to address is, What triggers EBV’s exit
from latency? To answer this question, we first need to describe latency at the molecular level.
EBV’s genome is maintained as a plasmid during latency (Figure 1). It encodes an origin of DNA
synthesis and an independent maintenance element, which together are termed oriP, and one
protein, EBNA-1, which binds these sequences to mediate DNA synthesis and partitioning of the
viral genomes (19). Enzymatic machinery encoded by the host cell provides all the other factors
that are needed for EBV’s genome replication. A variety of different viral genes can be expressed
during latency. The regulation of their expression has been studied extensively for decades. We
know now that this varied expression reflects the host cell’s transcriptional machinery, the degree
of methylation of the viral genomes, and which EBV genes are expressed (20–22). In general,
the viral genes expressed in latently infected B cells both foster the proliferation of cells and
block their dying by apoptosis (23). What these genes do in latently infected epithelial cells is
not so clear. Once a latent infection is established in either B cells or epithelial cells, the viral
genes needed to induce the productive cycle are not expressed. Thus, latency is maintained by the
absence of certain viral proteins. The trigger to exit latency is the sufficient expression of at least
two viral transcription factors, Zta and Rta (the gene products expressed from BZLF1 and BRLF1,
respectively), which when expressed can induce entry into EBV’s productive cycle (Figures 1
and 2). The regulation of expression of Zta and Rta has also been examined extensively (24, 25).
Treating different cells, for example, with tetradecanoyl phorbol acetate (TPA), sodium butyrate,
or anti-immunoglobulin can induce the expression of one or both of these viral transcription
factors, leading to the productive cycle in a fraction of the treated cells. TPA is an agonist of
protein kinase C; sodium butyrate inhibits histone deacetylases; and anti-immunoglobulin can, by
binding surface immunoglobulin (i.e., the B cell receptor), induce the signaling mediated by it.
Each of these treatments in the appropriate cell can lead to the transcription of BZLF1, BRLF1,
or both. The viral promoters of these two genes are complex but have been well dissected (26).
Both Zta and Rta are required for EBV’s productive cycle (27); however, the expression of one is
often sufficient to induce the productive cycle because each can activate the other (28, 29).
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Figure 1
A map of the Epstein-Barr virus (EBV) genome. The letters on the inside of the annulus indicate the BamHI
fragments of EBV DNA used to assemble and sequence the viral genome (62). The colored lollipops on the
outside of the annulus identify genes mapping to all or a portion of the adjacent BamHI fragments, with each
color indicating a functional category for the gene product. The outer partial annuli indicate the primary
transcripts of genes expressed during the latent phase of the viral life cycle, with the gray boxes marking their
exons. The names of the proteins encoded by these latent genes are noted alongside the gray boxes. The
promoters for the latent transcripts are denoted with a lowercase p, such as the BamHI Cp promoter. The
black boxes denote cis-acting elements, and their names are indicated alongside the boxes. The EBERs are
two small noncoding RNAs. The positions of two clusters of miRNAs are shown in green and blue. A third
cluster (not shown) is located in the BamH1 H fragment near oriLyt L.
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EARLY TRANSCRIPTIONAL EVENTS: ON THE PATH
TO THE PRODUCTIVE CYCLE

The first events in EBV’s productive cycle, following the accumulation of Zta and Rta, reflect
these proteins’ transcriptional activities. Zta alone in a variety of cell types in culture can induce
EBV’s productive cycle. Zta is a viral relative of the cellular transcription factor AP-1, and both
can bind to similar DNA sequence motifs. Zta, however, preferentially binds some sites that
are methylated (30, 31). This preferential binding to methylated DNA can explain EBV’s initial
inability to enter its productive cycle upon infecting primary B cells or any other cells tested in
monolayer culture. Zta can bind some sites in the viral genome essential for EBV’s productive
cycle only when those sites are methylated. EBV DNA in virions is not methylated and gradually
becomes methylated by cellular enzymes as the infected cells proliferate (32). For example, the
promoter for the essential gene BBLF4, which encodes the ATPase subunit of EBV’s helicase-
primase complex, can be bound by Zta only when its binding sites are methylated (31). This
knowledge leads to the following conundrum: If Zta cannot bind the viral genes necessary for
EBV’s productive cycle following primary infections, how can EBV enter its lytic cycle immediately
on infecting tongue epithelial cells in raft cultures? Rta can bind unmethylated DNA to activate
transcription; its introduction into an epithelial cell line maintaining latent EBV, in which the
viral genome was largely unmethylated, induced the productive cycle. In parallel experiments,
Zta did not induce the lytic cycle (33). Apparently EBV needs to express Rta immediately to
induce its productive cycle on infecting epithelial cells, and to bypass the need for Zta to bind
those sites, it can only bind when methylated. This bypass remains conjectural and needs testing
(Figure 3).

There are two consequences of the early transcription mediated by Zta and Rta that are nec-
essary for progression into EBV’s productive cycle. First, viral genes that mediate virus-specific
DNA synthesis are expressed, leading to the amplification of viral DNA. Second, viral genes that
mediate the transcription of viral structural genes are expressed, leading to the accumulation of
viral late proteins and subsequent capsid assembly.

ONE MILESTONE: DNA AMPLIFICATION

EBV encodes two origins of DNA synthesis, oriLyt L and oriLyt R, which are dedicated to its
productive cycle (34) and bind Zta to function (Figure 1) (35). At least six viral gene products
in addition to Zta are required for viral DNA synthesis during the productive cycle. The viral
replication proteins that are recruited to the oriLyts include a DNA polymerase (BALF5), a single-
stranded DNA–binding protein (BALF2), a DNA polymerase processivity factor (BMRF1), and
a primase-helicase complex (consisting of BSLF1, BBLF4, and BBLF2/3) (Figure 1) (36). The
oriLyts also are bound by cellular proteins, including Sp1 and ZBP-89, which are necessary for
their efficient function (37). The initial product of this amplification is a covalently closed, circular
DNA molecule with decreased negative superhelicity, consistent with its being bound by fewer
nucleosomes (38). As amplification proceeds, it is thought that the product of viral DNA synthesis
becomes a rolling circle as has been found for herpes simplex virus type 1 (HSV-1) (39). The
amplified DNA concatemers are eventually packaged into assembled capsids and cleaved at specific
sites at the termini of virion DNA to ensure a headful of DNA is packaged (Figure 2) (40). This
simplified description of viral DNA amplification leads to the question, How does EBV subvert
host functions to change from being a licensed replicon to managing its own unlicensed DNA
amplification? Glimpses of an answer to this question have come from visualizing these events in
live cells (see below).
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A SECOND MILESTONE: LATE GENE TRANSCRIPTION

EBV encodes multiple transcription factors, including Zta and Rta, that facilitate transcription of
viral genes during both latency and its productive cycle (41, 42). It also encodes its own version of a
TATA-binding protein, BcRF1, which recognizes the TATT sequence found in the promoters of
many late viral genes (Figure 1) (43–46). This TATT-binding protein is expressed when latently
infected cells are induced to enter the productive cycle, for example, through the introduction of
a vector that can express Zta. In parallel experiments, if the resident EBV lacks the BcRF1 gene,
the viral DNA can still undergo amplification, but late genes cannot be expressed (45). EBV’s
TATT-binding protein is not the only viral contribution required for late gene transcription. A
combination of experiments using viral mutants and expression vectors with luciferase reporters
has identified five additional genes—BGLF3, BDLF4, BVLF1, BDLF3.5, and BFRF2—as neces-
sary for the transcription of late genes (Figure 1) (45, 46). These genes, along with BcRF1, share
homology to genes found in other gammaherpesviruses, including murine herpesvirus 68 and
Kaposi’s sarcoma–associated herpesvirus. All three gammaherpesviruses appear to share the same
mechanism to transcribe specifically genes encoding viral structural proteins. Alphaherpesviruses
do not. Why? Different groups have disagreed on whether this mechanism depends on unlicensed
viral DNA amplification. This disagreement leads to intriguing alternatives: Does viral DNA am-
plification simply provide more templates for transcription of the late genes, or are these templates
functionally distinct from those used during latency or in the early phase of the productive cycle?
As described below, experiments with live-cell imaging favor the second of these alternatives,
which has been confirmed genetically (Figure 3) (45).

A THIRD MILESTONE: PARTICLE ASSEMBLY

Many EBV structural proteins share sequence homologies with those of other human herpesviruses
(47). These homologies have helped to identify functional homologs in herpesviruses, such as
HSV-1, whose virion assembly is well studied. EBV’s minor capsid proteins BDLF1 and BORF1
have been identified by electron microscopy (48). These two proteins form a triplex. When ex-
pressed in insect cells, the major capsid protein (BcLF1), another minor capsid protein (BFRF3),
a scaffold protein (BdRF1), and a protease (BVRF2), along with the BDLF1-BORF1 triplex, form
an icosahedron that resembles a mature nucleocapsid (Figure 1) (49). These structural studies
are a tantalizing beginning to answering the many questions arising from studies with other her-
pesviruses that have more amenable productive cycles. For example, Where do EBV nucleocapsids
assemble? Where and how do they become filled with viral DNA? Where do they acquire their

←−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
Figure 2
Schematic counterclockwise depiction of the different facets of the life cycle of Epstein-Barr virus (EBV), focusing on its
double-stranded DNA genome. At the top is a virion with its duplex, linear DNA ending in terminal repeats (TRs). The TRs are the
site at which the DNA is circularized on infecting cells (40, 63). Recombinants of EBV with ∼250 copies of LacO allow visualization of
the virus when LacO is bound by a LacI-tdTomato fusion (60). Induction of EBV’s productive cycle in cells carrying these
recombinants, termed visible EBV, allows visual examination of viral DNA as it is amplified during the productive cycle. The timing of
this amplification depends on when in the cell cycle the induction occurs and can be tracked by observing levels of a fusion between
eGFP and a portion of Cdt1, which confers a cell cycle dependence on that fusion (60). The initial products of viral DNA replication
following induction of the productive cycle are termed theta or Cairns structures and have a deficit of nucleosomes (38); these
structures are likely to eventually yield rolling-circle intermediates. The synthesis of viral DNA occurs in amplification factories, which
are devoid of histones. Images of these amplification factories are at the right; the amplified viral DNA is shown in red and the histones
(H3.1 and H3.3) at the margins of the nuclei in green (detected by fusion to eGFP). The linear concatemers of viral DNA are packaged
by a headful mechanism (50) into capsids by cleavages within the TRs (64).
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Figure 3
Schematic clockwise depiction of different facets of the life cycle of Epstein-Barr virus (EBV), focusing on
the transcription of its DNA template in B cells. Viral DNA in virions is unmethylated (32); the virus, when
infecting primary resting B lymphocytes, supports the transcription of genes such as BZLF1. The protein
encoded by BZLF1, Zta, fails to transcribe viral genes involved in EBV’s productive cycle because the
promoters for these genes are not methylated (30, 31, 65). As the infected cells proliferate, viral DNA is
progressively methylated (32), and the spontaneous induction of BZLF1 allows a commitment to entering the
productive cycle. The various triggers of this spontaneous induction are complex and are still being unraveled
(24–26). Zta can bind promoters that have become methylated and mediate their transcription, allowing
entry into EBV’s productive cycle. Among these genes are those that mediate the amplification of viral DNA
and transcription of the viral structural genes. EBV encodes its own version of a TATA-binding protein,
which recognizes the TATT sequence upstream of multiple late genes (43, 45) and along with the products
of five additional viral genes directs transcription of these late genes. This TATT-dependent machinery uses
amplified viral DNA not bound by histones as a template for transcribing EBV’s late genes (45).

tegument proteins? Where and how do they bud from the nucleus? Into what cytoplasmic com-
partment do they enter? And how do they exit from the cell? We can propose reasonable answers
to some of these questions using insights gleaned from studies of other herpesviruses. We can also
hope to answer some of these questions by performing live-cell imaging experiments.

PLAUSIBLE EXTRAPOLATIONS FOR LATE GENE FUNCTIONS
FROM OTHER HERPESVIRUSES

Extensive comparisons of the sequences of the late genes of the herpesviruses have been made
(47) and are informative because of the high levels of conservation exhibited among many of these
viruses. We consider three sets of these genes whose functions are shared among all herpesviruses
tested. Two sets of conserved late genes are involved in the packaging and cleavage of viral DNA
as it enters the preformed capsid. For EBV, the products of the genes BBRF1 and BVRF1 are
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predicted to form a portal and a covering for that portal through which virion DNA is fed into
the capsid. Once a headful of DNA is inserted (50), it is cleaved by a terminase complex whose
constituents are predicted to be encoded by the genes BGRF1, BDRF1, BALF3, and BFRF1A
(Figure 1) (47). The capsid with its headful of DNA binds multiple tegument proteins, which are
contained within the final viral envelope. Among these, the product of the gene BBRF2 is predicted
to support capsid exit from the nucleus, and the product of the gene BSRF1 is predicted to foster
exit from the cytoplasm (Figure 1) (47). In addition, the functions of some late gene products
have been predicted from their conserved alignment among herpesvirus genomes. For example,
two EBV late genes, BFRF1 and BFLF2, are predicted on the basis of their positional homology to
HSV-1 genes to promote efficient primary envelopment and egress of nucleocapsids, respectively
(Figure 1) (51, 52). Compelling experimental findings confirm these predictions (51, 53). As with
other herpesviruses, these steps in EBV’s productive cycle likely involve first budding from the nu-
cleus and acquiring an envelope from the inner nuclear membrane, and then fusing with the outer
nuclear membrane to enter the cytoplasm. In the cytosol, the nucleocapsid, along with tegument
proteins, acquires two layers of membrane while it passes through a cytoplasmic organelle, which
is likely to be the Golgi or the trans Golgi network, allowing newly synthesized glycoproteins
embedded in the Golgi or trans Golgi network to be incorporated into the virion. Finally, EBV
is released from cells by fusing the second membrane with the plasma membrane (54).

ACQUISITION OF ENVELOPE GLYCOPROTEINS

Although the functions of many of EBV’s late gene products can be predicted but have not yet
been confirmed experimentally, the roles of its envelope glycoproteins during infections have
been well studied. This research has illuminated how the virion’s acquisition of one glycoprotein,
gp42, during EBV’s productive cycle depends on the cell in which this cycle occurs. gp42 is
required for EBV to infect B cells (55), where it binds HLA class II as a coreceptor (56, 57), but
it is not required for the virus to infect epithelial cells (55). When EBV particles mature in B
lymphoid cells that express HLA class II molecules, the gp42 molecules apparently associate with
the HLA class II molecules as they mature, leading to the degradation of much of the gp42 in
these cells (58, 59). Epithelial cells in general do not express HLA class II molecules and thus do
not support this mechanism of decreasing the levels of gp42 on EBV’s envelope. EBV produced
in B cells therefore has a higher infectivity-to-particle ratio for epithelial cells than for B cells;
EBV produced in epithelial cells has the opposite preferential tropism (58, 59).

SEEING THE PATH: LIVE-CELL IMAGING OF EPSTEIN-BARR VIRUS
DNA FROM LATENT TO PRODUCTIVE INFECTION

Insertion of approximately 250 binding sites for the Lac repressor (LacI) into EBV DNA renders
it visible by fluorescence microscopy when the DNA also expresses LacI fused to the fluorescent
protein tdTomato red. The genome of this virus, termed visible EBV, can be observed as punctate
red fluorescent signals over multiple cell cycles (60). The cells can be engineered to express Zta
conditionally so that, when they are treated with the inducer tamoxifen, the majority of them
eventually exit from latency and pass through a complete productive cycle. Visualizing single cells
that support this complete path over 60 h has allowed mapping of several of its features, some of
which were unexpected (60).

The experiments have been conducted with clones of cells carrying visible EBV or an amplicon
derived from it (60). In the latter case, the cells were also infected with an intact EBV. Even though
the cells in these clones presumably all expressed Zta, no more than 60% of them eventually
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supported a full productive cycle. In fact, in no case have we observed all cells in a clone supporting
EBV’s productive cycle. This failure indicates that entry into the productive cycle has some still
unknown requirements (60). Second, entry into the productive cycle as evidenced by unlicensed
amplification of viral DNA was not synchronous but depended on the phase of the cell cycle in
which Zta was functionally induced. This insight came from expressing a portion of the cellular
protein Cdt1 fused with eGFP in the cells with visible EBV. This fusion protein is expressed
as a function of the cell cycle, becoming visible late in mitosis and peaking at the beginning
of S phase. In cells induced early in G1, EBV entered its productive cycle in S phase. In cells
induced in S phase, EBV waited for the next cell cycle and entered its productive cycle in the
ensuing S phase (Figure 2) (60). Thus, even though Zta is expressed in a cell, it can drive the cell
to support EBV’s lytic cycle only if the cell’s milieu is conducive to lytic induction. How EBV
senses where it is in a host’s cell cycle and what its specific needs are to commit to its productive
cycle are intriguing unknowns we still need to address. These findings also demonstrate that the
asynchrony in inducing EBV’s productive cycle will complicate interpretation of all but single-cell
experiments.

In live cells, EBV was seen to amplify in defined sites consistent with the clustering of some
replication proteins immunologically detected in static assays (60, 61). Visualizing these amplifi-
cation factories has been satisfyingly informative. These factories were observed to grow in time
as the productive cycle advanced. They increased at similar times within the same nucleus and at
different times between nuclei. These factories were clearly delineated by the absence of histones,
which were detected by fusing them with eGFP. Chromosomal DNA bound by the eGFP-tagged
histones tended to be at the margin of the nuclei as the factories grew. When the factories were
resolved as fixed samples in the absence of out-of-focus light, many individual signals were de-
tected in each factory, which may reflect individual replicating molecules, and all were devoid of
detectable histone-eGFP signals (Figure 2) (60).

EBV encodes its own clamp protein, BMRF1, for amplification of viral DNA during its produc-
tive cycle. Accordingly, the host cell’s PCNA did not colocalize with the sites at which EBV DNA
was being amplified (60). PCNA has multiple roles during DNA synthesis, including recruiting
histone chaperones to sites of DNA synthesis. Its absence from the sites at which EBV DNA is
amplified, coupled with EBV’s inhibition of the synthesis of multiple histone chaperones, helps to
explain the absence of histones from amplified EBV DNA and from encapsidated DNA (60). We
propose that the absence of histones, and therefore the absence of nucleosomes, from amplified
EBV DNA makes these templates functionally distinct and underlies the need for EBV and other
beta- and gammaherpesviruses to encode their own machinery dedicated to late gene transcrip-
tion (60). Histone modifications on nucleosomes in normal cellular chromatin, for example, are
essential signals for dictating sites for the initiation of transcription. They are clearly lacking from
the EBV DNA amplified during its productive cycle. It has now been shown that derivatives of
EBV deleted for the oriLyts cannot be induced to support late gene expression (45). In addition,
RNAs encoding late genes accumulate at the sites where EBV DNA is being amplified, which
lack detectable histones (Figures 2 and 3) (45). These results indicate that EBV has evolved its
own rules for the transcriptional regulation of its late genes while linking that transcription to the
amplification of its genomes.

REFINING THE PATH

Although the path from latency to the productive cycle for EBV is infrequently begun and rarely
completed, it is essential for the virus. Several of its features warrant additional scrutiny. EBV
resides dormant in memory B cells in most infected people. What signals are required for these
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cells to evolve to support EBV’s productive cycle? Why are all forms of latently infected cells so
inefficient in their spontaneous transition to a productive infection? What are the mechanisms
by which EBV commandeers cellular functions to enter, execute, and complete its productive
cycle? Addressing these questions will illuminate our understanding of this human pathogen. The
protracted duration of this transition for EBV makes its continued study appealing and tractable.
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