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ABSTRACT

The incorporation of HPV DNA testing into cervical screening programs has shown that many HPV-positive women are cytologically normal, with HPV-positivity
fluctuating throughout life. Such results suggest that papillomaviruses may persist in a latent state after disease clearance, with sporadic recurrence. It appears
that virus latency represents a narrow slot in a wider spectrum of subclinical and possibly productive infections. Clinical studies, and animal model infection studies,
suggested a key role for host immune surveillance in maintaining such asymptomatic infections, and although infections may also be cleared, most studies have used
the term ‘clearance’ to describe a situation where the presence of HPV DNA falls below the clinical detection level. Given our knowledge of papillomavirus immune
evasion strategies and the restricted pattern of viral gene expression required for ‘basal cell’ persistence, the term ‘apparent clearance’ and ‘subclinical persistence’ of
infection may better summarise our understanding. Subclinical infection also encompasses the lag phase, which occurs between infection and lesion development.
This is dependent on infection titre, with multifocal infections developing more rapidly to disease. These concepts can usefully influence patient management where
HPV-positivity occurs sometime after the onset of sexual activity, and where vertical transmission is suspected despite a lag period.

1. Chronic viral infections typically require a ‘reservoir of
infection’ to facilitate persistence

Virus infections are generally classified as ‘acute’ or ‘chronic’, ac-
cording to their infection strategies and the disease biology that they
cause. Acute infections are typically characterised by the rapid devel-
opment of symptomatic disease - followed by the initiation of an
adaptive immune response, which over a period of days or weeks leads
to virus clearance and the resolution of disease symptoms [1,2]. Many
respiratory infections, including those caused by Influenza and Coro-
navirus follow this route, and once the initial infection is brought under
control and disease symptoms subside, the protective immune response
will gradually decline, allowing subsequent reinfection and disease
recurrence with milder systems. Viruses which cause acute infections
are typically associated with cycles of infection and clearance through
life, and for many RNA viruses, this is facilitated by error prone viral
replication which contributes to virus diversity [1,2].

An alternative life cycle strategy that is also commonly used by vi-
ruses, including Human Immunodeficiency virus (HIV), Human T-cell
leukaemia virus (HTLV), Polyomaviruses and several members of the
Herpes virus family, is to establish a chronic infection in a cell type that
can act as a reservoir of infection, but which is not lysed by the virus.
Typically, such ‘cellular reservoirs of infection’ are able to persist in the
body over an extended period of time without being recognised by the
immune system - a situation which facilitates the production of
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infectious virus particles as these cells divide to give rise to ‘daughter
cells’ which go on to differentiate [3-5]. This is the strategy used by
Epstein Barr virus and Cytomegalovirus for instance, which persist in B
cell and monocytes reservoirs respectively, but is also the strategy used
by papillomaviruses, who’s cellular reservoir of infection is contained
amongst the basal cells that make up the epithelial basal layer [6,7].
Viruses which establish chronic infections in this way are often
controlled by the host’s immune system, which can regulate the extent
of productive infection, but which cannot clear the cellular reservoir of
infection where viral gene expression is maintained at very low levels.
Indeed, the so-called ‘latently infected cells’ that have been charac-
terised by Herpes virus biologists, have tightly regulated
latency-associated virus transcription patterns, and represent a cellular
reservoir from which productive infection can be initiated when the
immune environment allows it [8]. The separation of the HPV life cycle
into an immunologically quiet basal cell ‘reservoir compartment’, and a
‘productive/genome amplification compartment” which is derived from
this reservoir following differentiation [9,10], we can draw analogies
between papillomaviruses and other viruses which cause chronic in-
fections and which have well established subclinical and/or latent
states.
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of infectious virus does not occur immediately, but
the virus retains the potential to initiate productive
infection at a later time. The process of re-initiating a
productive infection from the latent state is termed
reactivation. Latency is not merely a slow productive
replication cycle; Latency represents a unique
transcriptional and translational state of a virus in
which the productive replication cycle is not operative

but can become operative when the need arises.

ability of a pathogenic virus to lie dormant (latent)
within a cell, denoted as the lysogenic part of the viral
life cycle. A latent viral infection is a type of persistent
viral infection which is distinguished from a chronic viral
infection. Latency is the phase in certain viruses' life
cycles in which, after initial infection, proliferation of
virus particles ceases. However, the viral genome is not
eradicated. The virus can reactivate and begin producing
large amounts of viral progeny (the lytic part of the viral
life cycle) without the host becoming reinfected by new
outside virus, and stays within the host indefinitely.
Virus latency is not to be confused with clinical latency
during the incubation period when a virus
is not dormant.

state, known as latency, where they no longer
replicate within the cell but remain dormant until
the immune system is weakened. Viral replication
does not occur during latency, so there are no viral
proteins produced to act as antigen and alert the
immune system of the infected cell. Viruses can
become latent in the initial cell type they infected or

in a different cell type near the initially infected cell.

Source; Louten, Jennifer. Essential Human

Virology. Netherlands: Elsevier Science, 2022.

Source; Knipe, D. M. Howley, P. (2013). Fields Source; Wikipedia contributors. (2023, May 9). Virus
Virology. United States: Wolters Kluwer Health. latency. In Wikipedia, The Free Encyclopedia. Retrieved
12:40, May 30, 2023,
from https://en.wikipedia.org/w/index.php?title=Virus laten

cy&oldid=1153962619

Fig. 1. Virus Latency as a Specific Category of Subclinical Infection. A(i) Although papillomaviruses cause chronic clinically-apparent infections that may persist
for months or years, these are preceded by subclinical infection stages known as the lag phase (or incubation period), where infected cells are dividing as part of the
lesion-formation process, and a period of immune control, where viral gene expression is suppressed by the host immune system. A(ii) The duration of the lag phase
is dependent on the infectious virus titre, and can extend to at least 3 months in experimental systems [24]. The term ‘clinical latency’ is sometimes used to
distinguish this phase from ‘virus latency’. A(iii) Subclinical infections occurring after disease clearance include those that are productive, and those that fit the
established definition of ‘virus latency’ which requires maintenance of a reservoir of infection without virus synthesis, but with the possibility of reactivation. B)
Virus latency is a recognised stage in the life cycle of many viruses, and is defined in a similar way by different sources [1,2,55].

2. Human Papillomavirus persistence at the population level;
virus shedding & transmission strategies

Papillomaviruses are a diverse group of small DNA viruses that have
genomes of around 8 thousand base pairs, and which infect a wide range
of epithelial sites in a host and tissue-specific manner [11]. Their
evolutionary divergence, which has led to the emergence of more than
200 human types, has been linked to the evolution of epithelial struc-
tures in their various hosts, which includes reptiles, birds, marsupials

and mammals [12]. Cutaneous epithelial hair follicles are a rich source
of Beta and Gamma HPV types in humans, while in the mouse and other
animal species, papillomavirus types from a range of genera have been
identified, with characteristics and tropisms similar to human Beta
types. Members of the human Mu genus are thought to have a tropism
for eccrine glands, while the human Alpha papillomavirus types com-
plete their life cycle at a range of interfollicular epithelial sites, and have
diverged into distinct species groups with tropism preferences for oral or
genital epithelial sites, or for the cutaneous epithelium where members
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Fig. 2. Immune Control of Papillomavirus Infections. A) The balance between viral gene expression and the immune response to infection is shown in a see-saw
format at the different stages of the papillomavirus infection cycle. In a naive host with no immunological memory of the infecting papillomavirus types, lesion
formation proceeds unchecked. As the immune response develops, viral gene expression (and cells expressing viral genes) declines. Transient immune depletion or
more prolonged immune suppression can change immune surveillance status to allow the redetection of papillomavirus DNA. B) Summary of infection and regression
data obtained using the rabbit model of mucosal epithelial infection [19,22]. In this system, experimental infection leads to the rapid appearance of palpable lesions
over the course of 5 weeks with papillomavirus DNA readily detectable in surface swabs (single green star). Following immune regression, detectable copies decline
by approximately seven orders of magnitude (orange star; note log scale), but increase following sustained immune suppression (double green star). The images
beneath show tissue histology and disease pathology during the course of lesion formation and regression (following H&E staining), as well as the appearance of the
experimentally-induced palpable lesions on the tongue. Following lesions regression, the animals showed no symptoms. The right-most histology image shows the
sites of tissue fragments that have been removed following laser-capture microdissection for the quantitation of papillomavirus DNA as described in Refs. [19,22].
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

of the Mu, Gamma and Beta papillomaviruses are also found [13].
Interestingly, the vast majority of these viruses cause only benign
self-limiting papillomas or subclinical/inapparent infections in immu-
nocompetent hosts, but can cause problematic papillomatosis in
immune-compromised individuals, and in individual with genetic sus-
ceptibilities which affect the ability of the host to control infection.
These genetic predispositions include Epidermodysplasia Verruciformis
(EV), Tree Man syndrome and Recurrent Respiratory Papillomatosis,
which are associated with cutaneous Beta/Gamma, cutaneous Gam-
ma/Alpha, and low risk ‘mucosal’ Alpha HPV types respectively [14].
The appearance of problematic disease in such individuals, and the
widespread distribution of human papillomaviruses in the general
population, point to an important role for the immune system in limiting
HPV associated disease in the general population. Indeed, the vast ma-
jority of Beta and Gamma HPV types have no known disease associations
in the general population, even though the vast majority of children
become infected before the age of five [15,16]. The conclusion from this
is that papillomaviruses from the Beta and Gamma genera have the
ability to persist as subclinical productive infections. Furthermore, it
appears that their activity is controlled by the normal immune-
surveillance mechanisms that protect the skin from pathogens, and that
this life cycle strategy is a result of papillomaviruses long term coevo-
lution with their human hosts. Extrapolation of these basic principles to

the medically important Alpha HPV types, provides us with a baseline
hypothesis from which to understand how sporadic HPV positivity can
occur at the cervix throughout life and how subclinical persistence oc-
curs at penile epithelial sites, and also offers a conceptual understanding
of the 5% high-risk HPV positivity in mouthwash samples collected from
the general population [17,18]. It appears that papillomaviruses pro-
duce infectious virions from conspicuous lesions such as warts, as well as
from inconspicuous subclinical infections.

3. Defining latency and immune control as components of the
Papillomavirus infectious cycle

Viral latency is well recognised as a phase in the life cycle of some
viruses, where after initial infection, the production of new virus par-
ticles ceases, without the eradication of the virus from the body. In these
situations, latency is linked to the possibility of future reactivation and
renewed virus particle production as the host immune response changes
over time. One of the best characterised example of this is Shingles,
which is a re-emergence of a productive Varicella Zoster infection of the
skin, which can occur many years after the resolution of chicken pox [1,
2]. Our current concepts of papillomavirus latency and reactivation
have to a large extent been derived from studies carried out in animal
infection models, and appear to fit this definition of ‘viral latency’ [19].
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Fig. 3. Disease Regression and the Inmune Control of Papillomavirus Infections. Current thinking suggests that immune detection involves dendritic cells that
despite papillomavirus immune-evasion strategies, will eventually become primed to PV-specific antigens (A) and present these to naive T-cells in the local lymph
node. Subsequent T-cell activation and T-cell infiltration is thought to suppress viral gene expression, leaving infected basal cells which already express viral gene
products at low levels (B). Immune control and long-term immune surveillance is dependent on memory T-cells and on the balance of ongoing stimulation by viral
antigens, and the suppression of viral gene expression following T-cell recognition (C). It is anticipated that this balance of immune control and viral gene expression
may support low level virus particle production. (D) Removal of immunesurveillance allows viral gene expression to go unregulated, leading to the redetection of
infection as viral copy number increases. Images based on data outlined in Refs. [19,22,56,57].

Furthermore, these studies suggest that host immunity may act to sup-
press the productive stages of the life cycle, but not necessarily clear
viral genomes from the infected basal cells, where the expression of viral
antigens are below detectable levels. In general, these models have
focused on immune responses occurring soon after disease resolution, or
have used low-titres of virus or nucleic acid scarification-approaches to
generate subclinical infections [20,21]. In human studies, the time since
infection is more difficult to precisely assess, and although we may
visualise ‘true’ viral latency as a particular type of subclinical infection,
it appears more appropriate to regard HPV latency (Fig. 1) as a special
state, with clearance of infection, and persistence as subclinical pro-
ductive infection representing alternative end stages when
immune-mediated disease resolution occurs (Fig. 1). Indeed, the sub-
clinical productive infections associated with the Beta and Gamma HPV
types appear to represent the successful control of infection by the host,
and the suppression of HPV gene expression by immunesurveillance to
prevent problematic disease. Our basic understanding of how these
stages in the HPV infectious cycle are modulated is relatively uncon-
troversial, and is drawn from observations made using other virus sys-
tems, and also from the use of both immune compromised and immune
competent animal models of papillomavirus infection and disease
clearance, as outlined in Fig. 2 and described below.

A The Post-Infection Incubation Period or Lag Phase

Following the infection of an immunologically naive (new) host,
where immunity to the infecting papillomavirus type has not yet
developed, lesion formation can occur quite rapidly (Fig. 2), with visible
lesions apparent by week 4 or 5 weeks post infection [22,23]. The timing
of lesion formation can however take longer than this, and in experi-
mental systems, the process takes over three months when infectious
titres are low (Fig. 2, [24]) with early studies in humans proposing a
range of between 3 and 18 months [25]. The explanation for this appears
straightforward. Low infectious titres result in small numbers of infected
basal cells, and because these infected cells must expand in competition
with their uninfected neighbours to produce a lesion, the time before
palpable lesions are seen can be lengthy. By contrast, high titre inocu-
lation gives rise to multiple foci of infection and the appearance of le-
sions in weeks, a situation which may explain why genital warts
transmitted by close physical contact have been reported to be poly-
clonal [26], while indirectly transmitted plantar warts can be clonal
[27]. In virological terms, the lag phase is distinct from the latent phase,
and indeed, the idea that the lag phase may extend for months or even
years in some cell environments, has significant implications when

considering vertical transmission of HPV from mother to child, and the
extended time frame of lesion appearance that has sometimes been
reported.

B Mechanisms of Lesion Persistence in Inmune Competent Individuals

HPV infection of cells in the epithelial basal layer, is followed by the
expansion of the basal cell population, and eventually to the differen-
tiation of cells from this infection reservoir. The immune status of the
host influences these downstream events, and in mouse PV infection
models can restrict lesion expansion within days [28]. Lesion expansion
requires the expression of viral gene products involved in cell prolifer-
ation and the recognition of cell density, and requires PV-mediated
modulation of the cellular pathways that normally control epithelial
homeostasis [10]. Clearly, the viral E6 protein is an important epithelial
homeostasis regulator, with E7 providing additional regulatory func-
tions during cell cycle progression and cell differentiation. In addition,
PVs require the expression of E2, and possibly also E1 to ensure episomal
HPV genome maintenance and genome partitioning in the basal cell
reservoir. Importantly, the evasion of immune detection is also critically
important for lesion persistence, and as is typical amongst viruses,
papillomaviruses use a plethora of approaches to extend the duration of
infection and to optimise virus production and transmission [29]. The
most basic of these strategies involves the tight control of viral gene
expression in the basal and parabasal epithelial layers where immune
detection is most likely, with late gene expression and the assembly of
virus particles restricted to the upper epithelial layers [29]. In addition,
papillomaviruses use active methods to limit immune detection,
including the expression of E5, which restricts MHC class I presentation
on the cell surface, and the expression of E7, which suppresses the TAP
1-mediated processing and display of foreign antigens. Indeed, the E6
and E7 gene products, which are integral in driving basal cell expansion
and in modulating epithelial homeostasis, have key immune evasion
functions, and can dampen the response to a range of cytokines, inhibit
pathogen-associated molecular pattern (PAMPS) responses (e.g. to
double stranded cytoplasmic DNA), and restrict the local density of
immune cells, including the Langerhans cells (and other epithelial
dendritic cells) that are a first line of defence in the activation of the
adaptive immune system [29,30]. Persistence may also be facilitated in
particular cell compartments, and indeed, in the epithelial basal layer a
hierarch of cells is thought to exist, with the long-lived stem cell like
compartment having distinct survival characteristics [31]. Stem cells
may have lower HLA abundance and have other anti-apoptotic mecha-
nisms to resist immune-mediated destruction, with stem cell
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compartments often considered as immune privileged sites [32]. The
bulge region of the hair follicle, and the uterus are sites that can become
conditionally immune privileged, and it is though that local immune
privileged niches may allow stem cell persistence at other sites [33].
Using these strategies, productive papillomavirus infections are able to
evade effective immune control, to persist in the body, and to ensure
adequate levels of transmission in the human population.

C Immune Detection, Disease Regression and Immune Surveillance

Despite the evolution of immune evasion functions, the usual end
consequence of infection is lesion regression and disease clearance
following the activation of a HPV-specific cell-mediated immune
response. Our working model suggests that although viral immune
evasion functions act to extend lesion-duration, in most individuals a
successful antiviral T-cell response to the infecting HPV type can be
mounted, and that this occurs with variable timing during the months or
years that follow initial infection (Fig. 3). Treatments that increase the
chance of immune detection, such as the use of Immiquimod or even
partial lesional excision, increase the probability of lesion regression by
increasing local immune cell density or by enhancing the access of im-
mune cells to viral antigens. It is clear however, that in some situations,
the genetic background of the host affects the course of disease following
HPV infection, with defects in the EVER genes [34] or CD28 (amongst
others [14,35]) predisposing to the proliferation of cutaneous lesions in
EV and Tree man syndrome patients, or CXCR4 mutation which con-
tributes to HPV susceptibility in WHIMS individuals [36]. Although not
all HPV susceptibilities are so well defined (e.g. RRP), our general un-
derstanding of virus infections [37] tells us that different HPV types will
be seen differently in individuals with different HLA backgrounds, and
that is likely to influence persistence. Indeed, we can go further and
suggest that the host immune response has played an important role in
HPV diversification during evolution, with different HPV types having
inherently different persistence probabilities that are linked to the ge-
netics and immune status of the host. Unfortunately, our understanding
of this has been hampered by the use of DNA-based HPV typing ap-
proaches, which cannot precisely establish causality when multiple HPV
types are present, and also because of the diversity of environmental and
genetic risk factors which influence infection risk and the risk of pro-
gression to cancer in the host. Even so, several studies have noted as-
sociations between HLA haplotype and the development cervical cancer
[38,39], with further analytical clarity requiring consideration of the
infecting HPV type and the duration of infection, and the likelyhood of
deregulated viral gene expression occurring, which is influenced by the
site of infection within the cervix. In situations where disease clearance
has been monitored, observational studies suggest that T-cell infiltration
may lead to the cytokine-mediated suppression of viral gene expression
rather than to extensive cytotoxic T-cell mediated killing of infected cells
within the lesion (Fig. 3, [22,40,41]). Although this model fits with
observations from both animals and humans [42-44], our mechanistic
understanding of the disease regression process is startlingly incom-
plete, especially given the importance of such information for the design
of immune therapeutics. Similarly, we lack a detailed insight of how
persistent subclinical infections, such as those associated with the
ubiquitous Beta and Gamma types are regulated by the host’s immune
system to allow long term virus shedding. Immune control of infection,
and long-term immune surveillance is clearly however part of the
papillomavirus strategy.

D Immune Control, Latency and the Concept of Clearance or
Reactivation

The sensitivity of HPV DNA detection in cytology samples has been
set to maximise clinical utility, and aims to detect the majority HSIL/
CIN2+ lesions, in order to allow colposcopy and subsequent treatment.
Although HPV DNA testing also detects LSIL/CIN1, it’s sensitivity cut off
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limits the detection of subclinical or asymptomatic infections which are
not associated with a significant cancer risk. At first glance, it is sur-
prising therefore, that a significant fraction of women without cyto-
logical abnormalities are identified as HPV positive during routine
screening [45-47]. In addition, several studies have shown that HPV
positivity can fluctuate over a woman’s lifetime and that the
re-occurrence, often after repeated negative HPV tests, shows no
apparent correlation with the acquisition of a new sex partner, but can
occur in women who are not sexually active at the time of HPV testing,
or who are in a stable partner relationship [46]. Given our knowledge of
chronic viral infections, and our understanding of the basal cell reservoir
where HPV genomes can persist, the simplest explanation is that HPV
infections can persist subclinically, and that the levels of HPV DNA at the
cervix can sometimes rise above the clinical detection threshold, and can
in some individuals, oscillate above and below this threshold throughout
life. Indeed, it is well known that immune status can affect the extent of
viral gene expression and disease recurrence in individual harbouring
cutaneous HPV, and in infection models using immunocompetent ani-
mals, immunosuppression led to a dramatic increase in viral copy
number at sites of previous disease. In the latter case, where the sites of
productive infection had been precisely marked using tattoo ink,
papillomavirus copy number rises were found to be restricted to the
tattoo site, with tissue sites not previously infected showing only base-
line levels of PV DNA. Given these observations, and many others linking
host immunity to the control of papillomavirus infection, it appears that
there may be a continuum of clinical and subclinical HPV infections at
different sites across the body, that are controlled by immunsurveil-
lance. Indeed, the Beta and Gamma HPV types, appear to depend on this
balance to ensure the long-term and possibly lifelong shedding of in-
fectious HPV particles from cutaneous skin sites. This description of
papillomaviruses as being subject to immune control, but still main-
taining an ability to shed infectious virions, does not however fit with
the classical definition of viral latency, which precludes vegetative virus
synthesis except during periods of reactivation. While subclinical or
asymptomatic persistence may be relatively common following disease
clearance, the term ‘virological latency’ carries with it a level of inferred
precision which remains speculative. Although ‘clinical latency’ is an
alternative term that could be used to describe subclinical or asymp-
tomatic infections, it seems that ‘immune control of infection’, more
specifically and clearly describes the situation that appears to ensue
following disease regression. This brings the question of whether HPV
infections are ever completely cleared by the immune system, or
whether they are always brought under ‘immune control’. As infected
basal cells express viral genes at only very low levels, even during pro-
ductive infection, we can speculate that complete clearance (by an im-
mune response that must detect the intracellular expression of foreign
antigens in the cell) is not a certainty. However, some degree of viral
gene expression does appear to be required to maintain the infected cell
in the basal layer and to reduce the chance of inadvertent delamination,
and we can invoke a latency-associated transcription pattern which
would possibly include E6, E2 and E1, in a similar way to the minimal
transcript patterns proposed for other viruses. Establishing just how
often immune-mediated ‘disease clearance’ gives rise to a persistent but
subclinical immune controlled infection, true viral latency or to the
absolute clearance of all infected cells from the body remains unre-
solved. Furthermore, although many clinical ‘natural history’ studies
report intermittent patterns of HPV-positivity and negativity, and may
also detect recurrence of the same HPV type [48], it is clear that some
individuals have a pattern of HPV positivity followed by consistent
HPV-negativity. Although this is sometimes reported as clearance of
both infection and disease, in most cases the sensitivity of the detection
process, which is often carried out on exfoliated cell collected by cyto-
brush or lavage is not sufficiently rigorous for us to reach such definitive
conclusions. Interestingly, our own work using RNAscope approaches
has revealed evidence of basal and suprabasal HPV gene expression in
biopsies that were negative following HPV typing on the cervical smear
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but positive in the whole tissue section. It is interesting that other studies
using targeted research-based approaches and/or more sensitive
tissue-based HPV typing methodologies have suggested that subclinical,
immune controlled or latent infections may be more common than at
first anticipated, particularly in women with a past history of
HPV-associated cervical neoplasia [49,50].

4. Extrapolating our understanding to human disease
management, screening & treatment

Although papillomaviruses are often described as infecting epithelial
basal cells in order to drive the formation of an epithelial lesion which
can support the production and release of new infectious particles, the
biology of these viruses is significantly more complex than this. The
epithelial sites where the high-risk HPV types cause neoplasia and
cancer are not in general the conventional stratified epithelial sites that
are modelled in organotypic raft culture, but specific epithelial niches
with discrete mechanisms of homeostasis control, that are influenced by
local immune and growth factor microenvironments. These niches
contain columnar epithelial cells such as at the cervical TZ, as well as
epithelial cells with specialised epithelial organisations. The general
conclusions drawn from the analysis of animal papillomaviruses need to
be considered alongside clinical observations in order generate a
working model of how papillomaviruses may behave at these various
sites. Clearly the idea that HPV infected cells that remain after surgical
excision and which express E6 & E7, may eventually repopulate the
surrounding epithelium and reform the lesion is straightforward, and
the identification of ‘clear margins’ following the excision of cervical
neoplasia attempts to limit this possibility. The stimulation of a cell
mediated immune response able to suppress viral gene expression in
these infected cells is an important additional control which is likely to
contribute to clearance in some individuals (Fig. 4). As cervical cancer
typically occurs in women who are unable to effectively resolve their
infection, and who do not appear to generate an effective immune
response, an additional layer of caution would seem appropriate to limit
the possibility of reinfection such as might occur from neighbouring
productive LSIL during cervical excision, particularly given our under-
standing of HPV infection, lesion formation and the HPV titre-dependent
lag phase that precedes the appearance of clinical disease. Current
vaccines are prophylactic rather than therapeutic, but would appear to
have a rationale for use here. Although the lag or incubation period has
been known about for decades, the long duration between infection and
lesion appearance seen in animal models, may explain some of the long
and unexplained time frames reported for vertical transmission that
have been reported in the literature, and which should perhaps be taken
into account when considering the acquisition of genital warts in young
children, especially in cases of possible sexual abuse where correctly
assigning the source of infection is important. Interestingly, these animal
model transmission studies also highlighted the remarkable stability of
papillomavirus particles in the environment and their ability to persist
for at least a year without significant loss of titre.

The lag phase or incubation period, differs from our understanding of
latency, which has a standard virology definition (Fig. 1). Indeed this
definition is quite tight, and differs from the relatively loose way in
which the term latency is currently used by the cross-disciplinary
papillomavirus community, which includes practicing clinicians,
healthcare professional, and researchers in a wide range of disciplines
including virologists. Latency, which is a state in which productive
infection is not supported, seems to be positioned at one end of an
‘immunological’ sliding scale, which includes subclinical productive
infections to the right, and clearance of infection to the left. Although we
have no clear data to help us distinguish between cleared, latent and
immune controlled infections, the realisation that HPV infections can
persist in the absence of disease symptoms, clearly explains why some
women who are HPV positive have normal cytology (Fig. 4). What
matters here is their risk of developing neoplasia and cancer, which
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although higher than those who consistently test negative, is consider-
ably lower than the HSIL group [45,47,51]. Having a scientific basis for
the HPV positivity is also a benefit in patient counselling and can avoid
patient concern regarding a new unexplained sexually transmitted
infection. Although HPV testing has value in highlighting the ‘at risk’
group as part of the cervical screening programme, the approach has
limited value amongst young women where HPV infection is more
common, and plays a primary role in detecting HPV persistence in those
over the age of 30. The detection of HPV throughout life in the absence
of disease has been an emerging reality since the introduction of routine
testing over the last decade, and emphasises the important of triage
approaches that can distinguish those women have identifiable HSIL.
Although this is an inconvenience of using HPV testing for primary
screening, it is clear that a better understanding of how immune control
is mediated, can lead us towards the development of better intervention
strategies in the future.

5. Conclusions

There are many examples of subclinical or asymptomatic HPV in-
fections, including those caused by the Beta and Gamma HPV types, but
also many caused by Alpha HPV types such as HPV3 and 10 which cause
inconspicuous flat lesions, and even the high risk Alpha HPV types,
which cause inapparent penile lesions in men [52] as well as being
detected in up to 7% or so of mouthwash samples collected from the
general population depending on region [17,18,53]. Such infections
pose a challenge for HPV-based cervical screening programmes, and
most likely explain the sporadic HPV-positivity that can occur following
disease clearance in some women. For virologists, the term ‘virus la-
tency’ defines a particular type of subclinical infection that does not
support virus synthesis, but has the capacity to do so upon reactivation,
with members of the Herpes virus family such as HSV, EBV and CMV
leading the way in developing this understanding. Curiously, recent
work has challenged this conventional idea, and has suggested that
Herpes Simplex virus latency is ‘noisier the closer we look’, and may be
associated with sporadic low-level virus shedding [54]. The description
of HPV infections as subclinical, asymptomatic or inapparent would
appear a more straightforward term when the precise nature of the
subclinical infection remains undefined. These states appear to be
broadly equivalent to what is also sometimes referred to as ‘clinical la-
tency’ ... i.e. the detection of viral DNA and thus the inference of virus
infection, in the absence of apparent clinical disease. In this context,
many of the clinical observations that centre around recurrence and
sporadic HPV-positivity in women who lack cytological abnormalities
becomes relatively straightforward to interpret as infections can be
subclinical or clinically-apparent. A clearer understanding of the mo-
lecular processes that drive lesion regression and the processes of im-
mune surveillance, will hopefully in future help us to understand how
subclinical HPV infections are maintained.
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