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Abstract
Human polyomavirus 2 (JC virus) is a neurotropic virus that is ubiquitous in the human 
population, and most carriers remain asymptomatic for life. However immune suppression, 
whether natural or because of medication, can lead to virus activation often leading to the 
fatal condition of progressive multifocal leukoencephalopathy. This critical review provides 
a survey of the mechanisms of environmental transmission between hosts, the cellular 
and molecular biology of JC virus-host interactions, and the available therapeutic options 
– both approved and experimental. It also highlights gaps in our knowledge of the biology 
and pathogenesis of this virus, and the challenges involved in better understanding the 
mechanistic basis of JC virus reactivation as well as tailoring therapeutic strategies to 
different disease contexts. Finally, the available findings are interpreted within an ecological-
evolutionary (eco-evo) framework.
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1 INTRODUCTION
The eponymous John Cunningham virus (officially: 

human polyomavirus 2, henceforth John Cunningham 
polyoma virus (JCV)) was first discovered in 1971 from a 
patient who manifested symptoms of progressive multifocal 
leukoencephalopathy (PML)[1]. This condition is the result of 
the JCV infection of oligodendrocytes in the white matter of 
the brain where it replicates in a lytic fashion, culminating 
in demyelination of neurons with progressively adverse 
effects on the cognitive and motor skills of the patient. Once 
commenced, PML is irreversible and fatal in most cases, 
unless the immune system is able (or aided) to bring the 
virus under control again.

JCV is a neurotropic virus that remains latent in the 
kidney[2,3] as well as other cell types and sites such as 
peripheral blood B lymphocytes[4,5], and most notably, in the 
brain[6] of immunocompetent individuals. Under conditions 

of immunosuppression, as in HIV-infected individuals and 
those undergoing immunosuppression for organ transplants 
or treatment of autoimmune disorders such as multiple 
sclerosis (MS), JCV reactivates and transits across the 
blood-brain barrier to infect brain tissue. The presence 
of JCV in normal as well as affected individuals may be 
detected by seroconversion. Its presence in the central 
nervous system (CNS) can be specifically detected by the 
polymerase chain reaction (PCR) amplification of JCV DNA 
sequences from cerebrospinal fluid (CSF). However, given 
the ubiquity of JCV in the general population, JCV presence 
in CSF detected by PCR, a highly sensitive method, could 
also be indicative of contamination with blood during 
lumbar puncture. Therefore, definitive diagnosis by taking 
clinical, imaging and virological evidence into account is 
recommended by the Neuroinfectious Disease Section of 
the American Academy of Neurology[7]. Briefly, as outlined 
in these recommendations, the most frequent clinical signs 
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include cognitive, motor, or sensory impairment, either 
singly or in combination. Specialized magnetic resonance 
imaging incorporating fluid-attenuated inversion recovery is 
recommended for the direct observation and estimation of 
the extent of brain lesions[7,8]. Thus, according to the AAN 
consensus statement, definitive diagnosis is achieved when 
PCR positivity of CSF co-occurs with clinical symptoms and 
positive imaging scans. PCR positivity combined with either 
clinical symptoms or positive imaging scans is considered 
‘probable’. Most authorities consider brain biopsy to be 
unnecessary except for a minority of cases where the clinical 
signs or imaging results are inconclusive, and PCR of CSF is 
negative for JCV[7]. The simultaneous presence of multifocal 
demyelination, hyperchromatic, enlarged oligodendroglial 
nuclei, and enlarged bizarre astrocytes with lobulated 
hyperchromatic nuclei is termed the ‘diagnostic triad’ for 
PML. The specific presence of JCV may then be confirmed 
by antibody staining for virions in oligodendrocytes within 
tissue sections, or by PCR for JCV in brain tissue sections. 
To summarize, imaging and clinical observation detect 
multifocal leukoencephalopathy in the brain, while PCR of 
CSF and immunohistochemistry of biopsies enable causative 
attribution to JCV invasion of the CNS. 

JCV is a non-enveloped double-stranded (circular) DNA 
virus belonging to the family Polyomaviridae that includes 
other human and animal viruses such the archetypical 
simian virus 40 (SV40) and BK virus (BKV). Several 
reviews of JCV are available that highlight various aspects 
of its epidemiology, molecular biology, immunology, 
pathogenesis and PML[9-13]. Therefore, to avoid redundancy, 
this short commentary seeks to bring into focus some 
less-studied and emerging facets of JCV biology and 
pathogenesis to stimulate discussion and further research 
– basic, translational and clinical – and attempts to situate 
this instance of host-pathogen interaction with an eco-
evolutionary framework.

2 TRANSIT BETWEEN AND WITH-
IN HOSTS

Up to 70% of the human population is estimated to 
be infected with JCV, with a wide range of variation likely 
attributable to a combination of geographic location 
and sample sizes, and the type and number of subjects 
surveyed[14-17]. There is sufficient evidence that humans 
acquire the virus over their lifetime, because seropositivity 
progressively increases with age[18,19]. The chronic but 
asymptomatic nature of JCV infection indicates that this 
virus has established a presence in the human population 
over a long period of time, as discussed in greater detail 
in the concluding section. Given that JCV is a widespread 
pathogen, the incidence of PML is remarkably low as 
it can be effectively controlled, but not eliminated by 
immunocompetent individuals. Notably, even while 
latent, JCV is shed in the urine[20,21], feces[22] and even 
semen[23] of a subset of infected, but otherwise healthy 
and asymptomatic individuals. Thus, it is believed that JCV 

spreads primarily through contaminated water and food in 
natural settings (see Figure 1). In the light of its presence 
in semen, specific subtypes seem to be associated with 
male infertility[24]. It is additionally possible that JCV could 
be sexually transmitted. In contrast to JCV presence in 
the above body fluids/excretions, it is almost absent from 
blood[25] and oropharyngeal fluids[26]. One particularly 
interesting study of 116 individuals of which half were HIV-
infected (i.e., immunosuppressed) and half were healthy 
controls found that JCV was not detectable in the saliva of 
any individual. Only two individuals in either group (control 
and HIV-infected) exhibited JCV-positive throat washings.

In the same study, JCV could be detected in the urine of 
70% of all subjects, with the HIV-positive individuals having 
an approximately 3.4-fold higher median JCV genome copy 
number compared to the control group[28]. This indicated 
that JCV was far more likely to be transmitted via urine, as 
compared to other body fluids. Another surprising finding 
from the same study was the detection of JCV in the buffy 
coat (i.e., leukocyte- and platelet-containing fraction of 
blood) of just one HIV-positive individual. More details 
regarding the strength of the evidence for various routes of 
transmission are given in Table 1. The presence of JCV in 
the buffy coat raises the question as to whether reactivated 
JCV reaches the CNS by residing within leukocytes (e.g., 
B cells) or by a different but not mutually exclusive 
mechanism. The major attachment receptor for JCV is 
lactoseries tetrasaccharide c (LSTc), a pentasaccharide 
having a terminal a2,6-linked sialic acid. However, note that 
the presence of type 2 serotonin (5-hydroxytryptamine) 
receptors (5-HT2Rs) is required for virus entry into target 
cells[29,30]. 

This receptor combination was found to be expressed 
in the kidney (the best-known reservoir of JCV within the 
body) and the choroid plexuses of the brain, but LSTc 
is absent from brain parenchyma (where 5-HT2Rs are 
expressed)[48], which is the precise region of the brain where 
JCV causes the most damage.

Recent research employing model cell culture systems 
implicates JCV-containing, host-derived extracellular 
vesicles as an alternative, receptor-independent mechanism 
of invasion of target cells by JCV within the brain[49-51]. 
Extracellular vesicles are classified into subtypes based on 
their origin and surface markers: Exosomes originate from 
the endosomal pathway and typically possess tetraspanin 
proteins. Microvesicles and apoptotic bodies originate from 
the plasma membrane; the former possess integrins, 
selectins and the CD40 ligand, whereas the latter possess 
histones[52]. JCV has been detected in blood plasma-
borne extracellular vesicles as well[53], which could be a 
potential, but unproven alternative route of dispersal of 
the virus originating from other body sites to the brain. 
Research using cell culture systems indicates that the 
vesicles containing JCV possess tetraspanins and that their 
production can be blocked using drugs targeting exosome 
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Figure 1. Schematic Overview of Primary and Secondary/Infrequent Routes of JCV Transmission. Image generated 
using Gemini AI (Google)[27].

Table 1. Transmission Routes of JCV Ranked in Order of Importance (Primary and Secondary/Infrequent)

Transmission Route Supporting Evidence Remarks

Primary
Fecal-oral 
transmission / 
Urinary shedding

JCV DNA is detectable in the stool[22], gastrointestinal tracts[31] and tonsillar 
tissues[5] of healthy adults. It is detectable in urban sewage worldwide[32-35] 
frequently detected in urban sewage worldwide. JCV can be detected even 
in costal marine environments (beaches) otherwise considered suitable for 
recreation by virtue of low coliform bacterial counts[36]. JCV is also shed in 
urine of both healthy and diseased individuals[20,21,28,37,38].

Contaminated water (and by 
association, food) is considered the 
primary mode of JCV transmission. 
The gastro-intestinal tract is 
considered the main reservoir of JCV. 
JCV has been found to be stable at 
20oC for 70 days in sewage[38] and 
can survive standard wastewater 
treatment processes[33].

Secondary / 
infrequent
Vertical (Mother-to-
Child)

Sexual Transmission

Hematogenous 
transmission (Blood/
Organ donation)

Vertical transmission is an infrequent occurrence and contributes very little 
to overall rates of transmission[15,39].

JCV DNA has been detected in semen[23,24] and vaginal secretions[40].

While JCV is infrequently detected in blood plasma, particular cell types in 
the blood may host the virus[4,25,28,41]. In one study, patients undergoing 
immunosuppressive treatment for MS were found to harbour JCV within 
CD34+ hematopoietic stem cells and CD19+ B cells within the bone 
marrow[42].

There are cases of transplant patients manifesting PML due to 
immunosuppressive drugs administered as part of the transplantation 
protocol. Kidney transplant patients may be particularly vulnerable, given 
that the kidney is the main reservoir of JCV[43-47].  

While proven possible, this is 
considered an infrequent route 
compared to horizontal transmission 
after birth.

Most researchers view this as a 
secondary or minor route rather than 
a primary driver of the virus's high 
global prevalence.

Not likely to be a major transmission 
risk at the community level. 

biogenesis pathways[54] and cellular trafficking[55,56], 
indicating their origin within the endoplasmic reticulum, 
rather than the plasma membrane. Drugs targeting 
5-HT2Rs[57,58] have also been found to limit viral spread in in 

vitro studies. More encouragingly, a limited number of case 
studies indicate that currently available 5-HT2R antagonists 
such as mirtazapine[44,59-64] that are commonly used as anti-
depressives and anti-psychotics can significantly retard the 
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progression of multifocal leukoencephalopathy either on 
their own, or as adjuncts to immune reconstitution. More 
extensive and systematic studies are required to evaluate 
the advisability of repurposing 5-HT2R antagonists along 
with immune reconstitution in PML patients. While the 
relative importance of receptor-mediated and -independent 
modes of JCV entry into target cells is unknown, the further 
development of inhibitors of EV production and intracellular 
trafficking could potentially add to the treatment options 
currently available.

3 RESTORING IMMUNE FUNC-
TION AND BALANCE TO RESOLVE 
PML

Immunosuppression can result naturally from various 
types of immunodeficiency diseases, particularly HIV 
infection, or be deliberately induced during organ 
transplantation, and during the treatment of autoimmune 
diseases and different types of cancer. Currently, no JCV-
specific, approved antivirals or other therapies are available. 
The only way to protect a patient exhibiting signs of JCV 
reactivation is to attempt immune restoration/reconstitution 
(perhaps with adjuncts, as described in the previous section) 
and thereby limit viral multiplication and spreading[65]. In 
the case of HIV-infected patients, the most direct method 
of immune reconstitution is to administer highly active anti-
retroviral therapy (HAART), more recently termed combined 
anti-retroviral therapy (cART). Unfortunately, it has been 
observed that HAART in particular, and immune reconstitution 
in general, can lead to a rebound that manifests in a 

Figure 2. Receptor-mediated (left) and Receptor-independent (right) Pathways of JCV Entry into Target Cells. The 
receptor mediated pathway involves binding to LSTc receptor followed by transient binding to 5-HT2 receptors, that eventually 
results in internalization via the endosomal pathway (left). The receptor- independent pathway involves micropinocytosis or fusion 
exosomes containing JCV with the plasma membrane (right). Image generated using Gemini AI (Google)[27].

hyperinflammatory state termed ‘immune reconstitution 
inflammatory syndrome’ (IRIS). This is accompanied by 
emergence of PML (termed ‘unmasking’) as a result of 
a restored immune response against JCV that damages 
neural cells harboring the virus[66]. Worse, even immune 
reconstitution may not be effective in stopping the progress 
of PML in some cases[67,68], which points to rare, individual 
specific factors (e.g. age, sex, genetics and environment) that 
may influence the final outcomes. However, more directed 
efforts at immune restoration may also be warranted. Most 
notably, pembrolizumab – a humanized antibody against 
the programmed cell death protein 1 (PD-1) used in cancer 
immunotherapy – has produced mixed results in the case 
of PML[69-72]. The reasoning behind its usage is that high 
expression levels of PD-1 on the surface of CD4+ and CD8+ 
lead to apoptosis; therefore, blocking PD-1 (or its ligands PD-
L1 and -L2) should lead to improved immune responses that 
would eliminate JCV. The reasons for the observed variation 
are unknown, and may possibly reflect unknown genetic, 
physiological or environmental factors. An overview of 
various therapeutic strategies and agents/protocols for JCV-
associated PML with salient details is provided in Table 2[72-79].

At this point, it is important to note that there are 
additional wrinkles to be ironed out in this somewhat general 
account of immune restoration. On occasion, the immune 
system may fail to keep JCV under check even in the 
background of general hyperinflammation, as in sarcoidosis. 
Sarcoidosis is an inflammatory disease of unknown etiology 
wherein granulomas are spontaneously formed in multiple 
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organ systems, particularly in the lungs and lung hilar lymph 
nodes (bilateral hilar lymphadenopathy). It is accompanied 
by a disequilibrium between T cell subsets that manifests 
as anergy (i.e., failure to respond to antigen stimulation) in 
spite of intense inflammation[80]. Extrapulmonary sarcoidosis 
presentation varies with age, sex and ethnicity[81,82]. It is 
interesting (and confusing) to note that JCV reactivation 
and consequent PML may develop not only in patients who 
are administered immunosuppressants, but also in patients 
not receiving such therapy[83-85].  Specifically, increased 
T regulatory (Treg) cell frequency is accompanied by a 
decrease in CD4+ T cell numbers. This condition can be 
rescued by administering infliximab – a chimeric anti-TNF-a 
monoclonal antibody[84]. This is because TNF-a promotes the 
expansion and proliferation of Tregs[86] that, in turn, exert an 
antiproliferative effect on CD4+ T cells[80]. This brief excursus 
into JCV reactivation and PML in the context of sarcoidosis 
strongly suggests that future therapeutic strategies against 
JCV would benefit from a detailed understanding of how the 
equilibrium and interactions between populations of diverse 
T cell subsets impacts both health and disease. 

4 AN ECO-EVOLUTIONARY PER-
SPECTIVE OF JCV INFECTION

No biological entity is an island. From the viewpoint of two 
different interacting organisms, the range of outcomes for 
each of them can depend on the abiotic environment (e.g., 

Table 2. Overview of Therapeutic Strategies and Therapeutic Agents/Protocols Used in JCV-
associated PML

Therapeutic strategy Therapeutic agent/protocol Remarks

Immune restoration/ 
reconstitution

Cessation of immunosuppressive treatment

Intravenous immunoglobulin

HAART/cART in HIV patients
Only one recent case report available of an HIV patient’s 
PML due to JCV being controlled[73]; further validation 
required.

Effective, but attendant risk of IRIS and unmasking of 
PML (see text).

Directed immuno-modulation Adoptive transfer of JCV-specific T 
lymphocytes

Immune checkpoint inhibitors (ICIs)

A few case reports of successful outcomes are 
available[74-76]. Considered one of the most effective 
among upcoming treatment methods.

A recent retrospective, non-controlled analysis of 
outcomes of therapy targeting PD-1 and/or its ligands 
(PD-L1 & -L2) indicated that slightly more than half 
of patients (41/79) survived for more than one year. 
However, the study also found adverse events in 24 out 
of 79 patients, suggesting that genetics, pre-existing 
conditions and environmental factors have to be 
taken into account[72]. Pre-existing antiviral immunity 
enhances effectiveness of ICIs[77].

Antivirals Tenofovir alafenamide fumarate

Other antivirals

Repurposed broad-activity antiviral, already approved 
for use against HIV & hepatitis B virus. Achieved 
reduction of JCV titres to undetectable levels in a single 
case study only[78].

A comprehensive listing of antivirals targeting multiple 
steps of JCV life cycle is provided in Table 1 of 
Kaiserman et al.[79]

Notes: The strategies have been classified as immune reconstitution, directed immunomodulation and antivirals. Therapeutic agents have been 
grouped into types, rather than listing individual ones for reasons of brevity and to avoid redundancy. At present, there is no JCV-specific ap-
proved treatment or vaccine. 

survival under given conditions of temperature or humidity), 
their physiological state (e.g., nutritional status of the host, 
virulence of the pathogen), the specific biological context of 
the interaction (e.g., historical contingency arising from pre-
existing interactions with other organisms) and the mode(s) 
of transmission available (e.g. insect vectors, fomites, 
water). It is becoming increasingly clear that either partner 
in a symbiotic association may move along this continuum 
of association types over time[87], and that organisms may 
adopt different strategies in a context-dependent manner 
to secure their fitness. A particular association may become 
long-lasting due to mutual interdependence for ensuring the 
biological fitness of either partner (nitrogen-fixing bacteria 
in leguminous plants) or due to the ability of one of the 
partners to irreversibly ‘enslave and exploit’ the other (as in 
the case of mitochondria and chloroplasts within eukaryotic 
cells) or due to one of the partner’s ability to parasitize the 
other in spite of the host’s efforts at defending itself or the 
host’s ability to tolerate some level of persistence. Therefore, 
from the viewpoint of the pathogen, reducing virulence to 
enable persistence is a fitness-enhancing strategy. This may 
be contrasted with the case of pulmonary anthrax infection 
by Bacillus anthracis, in which the high fatality rate of the 
hosts (humans or ruminants) does not present an obstacle 
to transmission for the bacterium, as it is able to persist as 
a highly resistant and durable spore for extended periods of 
time in the soil. 
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Another important issue to be considered is the difference 
in the generation times of the participating organisms, as it 
is crucial to determining evolutionary trajectories for each 
of them. In the classic case of bacteria and bacteriophage, 
there seems to be a perpetual ‘arms race’ between the 
host (bacteria) and the pathogen (phage) where selection 
imposed by phage infection results in the evolution of 
bacterial defenses (both specific and non-specific) to 
eliminate phages which, in turn, amounts to imposing 
selection on the phage populations for variants that are able 
to evade or resist or are otherwise unaffected by bacterial 
defenses. Both organisms reproduce rapidly and attain 
large population sizes. This may be contrasted with humans 
and microbial pathogens which is germane to our context, 
where there is a major gulf in terms of both population size 
and generation time resulting different constraints on the 
interacting organisms that influence the ensuing outcomes. 
We parenthetically note that human populations have 
be generally low for the majority of the duration that our 
species has inhabited the earth, with major increases in 
population having occurred relatively recently as a result of 
profound changes in our habits and habitat caused firstly 
by the agricultural revolution (~8th millennium B.C.) and 
secondly, the industrial revolution (~18th century A.D.). As 
a result, the ecological context and evolutionary constraints 
have changed with unprecedented rapidity, particularly 
with the advent of large-scale transcontinental travel, as 
the world discovered to its collective cost during the SARS-
CoV-2 pandemic that originated in Wuhan, China. This 
background is necessary to keep in mind while formulating 
public health policy, even as research continues on 
individual-focused preventive and therapeutic strategies for 
various diseases. 

Moving from populations to individuals, we note that in 
host-pathogen interactions, a vigorous and effective immune 
response need not necessarily culminate in a favorable 
outcome for the host. It has been proposed that the cost 
and benefit of immune responses may be understood within 
a ‘damage response framework’[88]. In this view, increasing 
immune responses to a pathogen do not necessarily result 
in increased benefits for the host. Both specific and non-
specific immune responses (e.g. cytolysis of infected cells 
and production of reactive oxygen species respectively) can 
damage host tissues as well. Therefore, the graph of the 
costs and benefits to the host plotted against the strength 
of the immune response follows a parabolic U-shaped curve. 
Essentially, a weak immune response results in major 
(adverse) costs to the host, that could culminate in death. 
As the immune response becomes stronger, these costs to 
the host are reduced as the pathogen is either eliminated 
altogether, or evolves to a state of latency. But notably, a 
stronger immune response beyond this point starts affecting 
the host adversely due to tissue damage and may result in 
death, without necessarily eliminating the pathogen. The 
occurrence of IRIS in instances of immune restoration[46,89] 
indicates that the mounting of a balanced immune response 
is perhaps as critical as the mounting of an immune 

response itself.

Finally, in devising preventive and therapeutic strategies 
against microbial diseases in humans and animals, the 
innate and adaptive immune systems have been (rightly) 
viewed as being critical to the desired outcome, which is 
resistance to the pathogen. However, this neglects the 
phenomenon of host tolerance to pathogens that may 
be significant and has been known in plants for a long 
time[90,91], but is less well-studied in animals and humans[92]. 
In tolerance, the host responds to colonization by pathogens 
with physiological adjustments, and the pathogen itself 
may evolve towards a state of attenuated virulence[93]. 
As a result, significant pathogen populations persist in an 
asymptomatic host, without any observable deleterious 
effects. 

In the specific case of JCV, it is to be noted that its chronic 
persistence is not known to cause any kind of pathology or 
symptoms in the majority of immunocompetent individuals. 
Given that humans are the only natural reservoir for JCV 
and its mode of transmission is likely through the orofecal 
route or through airborne droplet infection, the survivability 
of JCV in the environment is probably low (in contrast to 
B. anthracis discussed above). Note that JCV is detectable 
in sewage[32,33,35,94-99] and stable in it for up to 70 days at 
20oC[38]. Recent studies of JCV seroconversion rates during 
the COVID-19 lockdowns at seem to indicate that airborne 
droplet infection is likely a minor or insignificant contribution 
to JCV transmission[100,101]. Furthermore in a minority of 
cases, JCV can also be transmitted vertically by human 
females to their offspring[39]. Based on the discussion in the 
preceding paragraphs, this could also be interpreted as JCV 
evolving towards attenuated virulence and persistence in 
the host which, given the decades-long life expectancy of 
the host, offers innumerable opportunities for multiplication 
and transmission. 

The outcome of JCV infection in the context of pre-
existing diseases/pathogens or co-infecting pathogens, 
particularly in vulnerable populations such as the elderly 
and children, is also a matter of concern. At a conceptual 
level, prior or co-existing disease conditions could potentially 
bias the immune response such that reactivation of JCV 
takes place. In other words, changes in selection pressures 
arising from altered states of humoral and cell-mediated 
immunity could result in the reactivation of the virus and 
emergence of neurotropic variants leading to PML or even 
cause disease in an atypical manner. As readers will recall, 
JCV-induced PML emerged as a cause of mortality following 
the global emergence and prevalence of AIDS[102]. More 
recently, the possibility of PML in multiple myeloma patients 
has been recognized[103]. Another worrying instance of 
collateral damage due to JCV concerns COVID-19 patients. 
Given the general immune dysregulation observed in 
SARS-CoV-infection, superinfection with SARS-CoV-2 has 
been observed to exacerbate PML symptoms in multiple 
myeloma patients[104] and, in one case, triggered PML 
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in an asymptomatic, undiagnosed HIV patient[105]. The 
hyperinflammatory state induced in COVID-19 patients 
could result in unexpected adverse consequences of JCV 
activation at sites other the CNS as well. Likewise, recall 
the foregoing discussion on PML associated with the 
inflammatory disease sarcoidosis. In other words, changes 
in selection pressures arising from altered states of humoral 
and cell-mediated immunity could result in the reactivation 
of the virus and emergence of neurotropic variants leading 
to PML or even cause disease in an atypical manner. For 
example, Lv and Liu have reported an atypical case of 
hemorrhagic cystitis (a urinary tract disease) due to JCV in 
a SARS-CoV-2-infected individual who had received antiviral 
treatment[106]. 

Changing selection pressures in terms of altered 
immune states may also be responsible for the emergence 
of neurotropic JCV mutants in an instance of intra-host 
evolution. The viruses with ‘archetype’ sequences in 
the non-coding control region (NCCR) of the genome 
conventionally denoted as ‘ABCDEF’ are not neurotropic. 
However, deletions and partial duplications in the NCCR (e.g. 
ACEACEF in the mad1 strain and ABCEBCEF in the mad7 
strain) render the virus virulent and neurotropic, resulting 
in PML[107,108]. These variants likely have a competitive 
advantage over viruses with archetype sequences in 
the absence of a ‘normal’ immune response[109]. How 
environmental and physiological triggers influence mutation 
rates of JCV variants and their differential survival remains 
to be understood.

In closing, we would like to draw our readers’ attention to 
an intriguing inverse relationship between the occurrence of 
JCV viruria and diabetic kidney disease in African-American 
subjects[110]. Whether JCV is merely a biomarker for some 
unidentified aspect of normal physiology or whether it has a 
causal effect on kidney function remains to be investigated. 
The lack of an unambiguous small animal model is a major 
limitation in the field. No mouse-adapted strains of JCV 
are available. However, some success has been achieved 
through studies in chimeric mice harboring human glial 
cells[111] and in humanized mice into which human thymus 
and lymphocytes have been grafted[112]. These and other 
model systems have been reviewed in detail elsewhere[113]. 
In spite of these limitations, is amply clear that studies 
of JCV will not only lead to the progressive refinement of 
treatment and prevention strategies but also inform our 
understanding of how chronic pathogens interact with the 
immune system of the host – when remaining latent as well 
as when turning rogue. 

5 CONCLUSION
JCV infections are widespread, and the virus can persist 

without incident through the lifetime of immunocompetent 
hosts. However, in the event of immunosuppression by 
natural or artificial means, the latent infection is reactivated 
and causes severe, irreversible brain damage wherein the 

white matter is progressively destroyed. JCV reactivation 
is also implicated in oncogenesis. There is much to be 
learnt about the basic biology of JCV-host interactions and 
its implications for the management of disease, requiring 
sustained research into basic, translational and clinical 
aspects of infection by this ubiquitous virus. Viewing this 
widespread, chronic yet infrequently pathogenic virus 
infection within an ecological-evolutionary framework could 
offer us additional insights into disease management in a 
public health context.
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