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Editorial

Ebola virus and persistent chronic infection: when does replication 
cease?

John V. Forrester1,2

1Institute of Medical Sciences, University of Aberdeen, Aberdeen, UK; 2Lions Eye Institute, University of Western Australia, Perth, Western 

Australia, Australia

Correspondence to: John V. Forrester. Institute of Medical Sciences, University of Aberdeen, Aberdeen, UK; University of Western Australia, Lions 

Eye Institute, Perth, Western Australia, Australia. Email: j.forrester@abdn.ac.uk.

Comment on: Shantha JG, Mattia JG, Goba A, et al. Ebola Virus Persistence in Ocular Tissues and Fluids (EVICT) Study: Reverse Transcription-

Polymerase Chain Reaction and Cataract Surgery Outcomes of Ebola Survivors in Sierra Leone. EBioMedicine 2018;30:217-24.

Submitted Aug 27, 2018. Accepted for publication Sep 20, 2018.

doi: 10.21037/atm.2018.09.60 

View this article at: http://dx.doi.org/10.21037/atm.2018.09.60 

In this issue of the journal, Shantha et al. report a series 
of cataract surgeries on survivors of Ebola virus (EBOV) 
infection. EBOV, originally identified as a new pathogen in 
1976 during an outbreak of haemorrhagic fever in Zaire (1),  
is a highly virulent organism associated with a mortality 
rate ranging from 50 to nearly 90% [reviewed in (2)]. Up 
to 40% of EBOV survivors develop recurrent inflammation 
at certain sites (eye, testis, synovium, meninges) despite 
being tested virus-negative. These are sites of attenuated 
immunity (so-called “immune privilege”), a property which 
is dependent on the nature of the tissue environment (3). 
During recurrence of disease (uveitis, synovitis, arthritis, 
etc.), EBOV RNA is commonly detected in the extracellular 
compartment and EBOV can be readily cultured from tissue 
samples in these sites (4), suggesting that persistent or latent 
infection is the cause of the recurrent inflammation. In the 
case of EBOV disease (EBOVD), recurrence is presumed 
to be due to chronic persistent infection rather than 
reactivation of latent infection as occurs with DNA viruses 
such as cytomegalovirus (CMV) (5). In chronic persistent 
infection, disease is caused by an actively replicating 
virus, but presumably at low level. In contrast, in latent 
infection replication has ceased, although the virus remains 
replication competent. This distinction is important since 
transmission of EBOVD occurs through direct contact, 
and thus the presence of replicating virus, in conjunction 
with the virus’ duration, has implications for infectivity, 
for instance in the case of health workers treating EBOV 
survivors. Specifically, when can the virus-negative EBOVD 
survivor be considered not to be a health risk?

Much has been learned in recent years concerning the 
biology of EBOV. EBOV, is an anti-sense ssRNA filovirus, 
which along with Marburg-virus and Cuevavirus are classed 
as agents which cause haemorrhagic fever (2) and are 
thought to act through similar pathogenetic mechanisms. 
There are five known species of EBOV which are identified 
by the country where the first outbreak occurred [reviewed 
in (6)]. Four of these species are pathogenic to humans. 
Infection is contracted by exposure to infected animal 
tissue, by human-to-human fluid contact or by vertical 
transmission [reviewed in (7)]. Viral entry is thought to 
occur through skin abrasions or through mucosal surfaces.

EBOV induces an exaggerated innate immune response. 
Infection of several cell types occurs but tissue myeloid 
cells are primary targets with later spread to other cells 
such as fibroblasts, epithelia and muscle cells. Viral entry 
into myeloid cells occurs via a range of host receptors such 
as dendritic cell-specific intercellular adhesion molecule 
specific-3 integrin (DC-SIGN) (8), TAM-receptor tyrosine 
kinases (9,10), and T cell immunoglobulins and mucin 
domain-1 protein (TIM-1) (11). These receptors, especially 
DC-SIGN and TIM-1 are present on myeloid cells while 
TIM-1 has broader expression on other cells such as B and 
T cells and can contribute to non-specific T cell activation. 
Infection of this range of cells, particularly macrophages 
and neutrophils, leads to massive cytokine and chemokine 
production, including TNFα, IL-1, IL-6, IL-8, IL-15, IL-16,  
CCLs-2, -3 and -4, CXCL-10, MCSF and macrophage 
migration inhibition factor. This is in part mediated via 
TLR4 activation as well as signalling through the triggering 
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receptor of myeloid cells (TREM) which sends neutrophils 
into overdrive adding to the cytokine production (12). 
There is also an outpouring of reactive oxygen and nitrogen 
species as well as Tissue Factor and other pro-coagulant 
proteins.

Control of viral replication by the immune system is 
also impaired. Inhibition of Type 1 interferon production 
by blockade of IRF3 signalling is mediated by Ebola viral 
protein 35 (VP35), which prevents adequate viral clearance, 
allowing free rein to viral replication. This amplifies 
the cytokine/chemokine response as more mononuclear 
phagocytes are recruited to sites of inflammation with 
further cytokine production. The combined cytokine storm 
and disseminated intravascular coagulopathy (DIC) leads 
to hypovolemic shock, hypotension, and death (7). Much 
of this pathology is mediated by the EBOV surface protein 
GP, which is shed in large amounts from the infected cell 
surface, as well as being released as soluble protein (sGP) 
from live and dying macrophages (13). GP is the major 
mediator of myeloid cell infection via MerTK (14) and is a 
potent activator of macrophages.

Concomitant targeting of dendritic cells has profound 
effects on the adaptive immune response to EBOV. VP35 
in addition to blocking type 1 interferon production, also 
inhibits the maturation of dendritic cells and thus prevents 
an adequate T cell response required to kill virus-infected 
cells (15). Infected immature dendritic cells release viral 
matrix protein (VP40)-containing exosomes which are 
delivered to naive T cells (16) and induce apoptosis. Non-
activated CD4 and 8 T cells also undergo apoptosis, 
mediated by macrophages, through several mechanisms 
including upregulated expression of TRAIL (17).  
Collectively,  this process accounts for the severe 
lymphopenia in these patients.

Survival depends on how well the innate and adaptive 
immune responses can contain viral proliferation. As 
indicated above, EBOV infection of dendritic cells is the 
likely cause of the poor adaptive immune response and, 
unless infected cells can be cleared from the system by a 
sufficient T cell response, the outcome is poor. Individuals 
who have survived have clearly generated a sufficient 
adaptive response to clear the virus from vital organs but 
recurrence of infection as a late complication indicates 
either viral persistence or reactivation. Reservoirs of 
infection could implicate several cells types but myeloid 
cells are a strong contender for this role. Resident tissue 
macrophages and dendritic cells are recruited from the 
adult bone marrow, a tissue which is heavily infected during 

the acute phase of infection, as evidenced by the numerous 
inclusion bodies contained within bone marrow cells and 
the extensive deposition of extracellular viral antigen in 
the bone marrow stroma (18). Since bone marrow cells 
continue to be produced throughout life, it is likely, if 
not inevitable, that myeloid-dendritic progenitor (MDP) 
cells also become infected with EBOV. MDP cells in their 
normal life cycle continue to enter the blood circulation 
and populate the tissues where they differentiate to become 
resident tissue macrophages and dendritic cells. If infected, 
such cells could act as reservoirs of viral persistence in the 
tissues at least for the lifetime of the cell, which may be 
several weeks to months if not longer. Interestingly, EBOV+ 
CD68+ monocytic cells have recently been detected in 
the vitreous in a primate model of Ebola infection (19). 
A myeloid cell niche has been proposed as a common 
mechanism for viral persistence in other infections such as 
Dengue, Chikungunya and Marburg virus (7). In the case of 
DNA viruses such as CMV, viral targeting of myeloid cells 
is a prominent mechanism for achieving latent infection (20).

This brings back the important question of how EBOV 
establishes a chronic persistent infection and whether this 
slowly replicating virus is in replicative decline. In EBOVD, 
infected dendritic cells, which traffic from the bone marrow 
as progenitors, and reside in the secondary lymphoid and 
non-lymphoid tissues, are likely to be surveyed by T and 
B cells, albeit as part of a struggling adaptive immune 
response in the case of Ebola survivors. In tissues where 
there are sufficient virus specific T cells to respond to 
and remove the infected cells, the virus will be cleared. 
However, in tissues such as the uveal tract, the meninges, 
the synovium and the testis, where the infected myeloid cell 
has limited exposure to memory T cells, the newly recruited 
infected dendritic cell may survive and permit the virus 
to proliferate unchecked or partially checked (low grade 
chronic inflammation). This might explain the random 
recurrence of disease in these tissues, since the balance 
between low level immune cell surveillance and low level 
viral replication will be constantly shifting. In addition, 
if viral replication in these sites gains the upper hand and 
expands, it will threaten the organism by spreading to other 
organs and tissues.

The above mechanism thus might explain the recurrence 
of disease in EBOV survivors in sites such as the eye, 
joint or testis and probably is an indicator of a partially 
effective systemic memory T cell response. This response is 
probably sufficiently strong to allow adequate recruitment 
of cytotoxic cells to the site to clear the virus and, in the 
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process, manifests clinically as a prominent/severe uveitis 
or enthesitis (etc.). The payoff however depends on the 
tissue and includes for instance, severe damage to the eye 
and loss of vision, or severe testicular damage and infertility. 
In the eye, lower levels of inflammation are manifest as 
secondary complications such as cataract and the hypotony 
of low grade cyclitis (21). The ocular damage is as likely 
to be caused by the immune response as by direct viral 
cytotoxicity and indeed this notion is borne out by the 
partial response of infected sites to immunosuppressive 
drugs. However, the beneficial effect of antiviral drug 
favipiravir in the case of uveitis suggests that persistent viral 
replication is also a factor in tissue damage (4).

The paper by Shantha et al. addresses the issue of the 
reservoir of EBOV in the eye and by implication the life-
span of EBOV-infected cells. The study (the EVICT Study) 
was designed to prospectively determine whether cataract 
surgery might lead to a resurgence of uveitis in patients who 
had already suffered EBOV-induced uveitis. It is believed 
by many that various stimuli, including physical trauma, 
may exacerbate or even amplify a low grade persistent 
infection. As indicated above, in survivors of EBOV, it is 
likely that the virus resides in ciliary body or iris myeloid 
cells which constitute a dense network of cells in the healthy 
eye and which are constantly replenished from bone marrow 
progenitors (22). The replication cycle of persistent slowly-
replicating virus in such cells would likely be accelerated by 
the trauma of cataract surgery if only by release of virions to 
infect neighbouring cells. However, Shantha et al. report that 
there were no recurrences of viral replication or of uveitis in 
any of survivors of EBOVD who underwent cataract surgery 
when the eye was uninflamed. Surgery was not undertaken in 
cases where inflammation was active since viral activity was 
assumed. The failure to reactivate viral infection in this study 
suggests that recurrence of disease in EBOV survivors is the 
result of persistent low grade, replicating virus, which escapes 
immune control in certain tissues such as the eye or testis but 
can eventually be cleared. A recent study in primates supports 
this notion (19).

While these data encourage the belief that permanent 
c learance of  v irus  has  occurred after  i t  becomes 
undetectable symptomatically and by repeated sampling in 
survivors of Ebola, caution is advised until further evidence 
is gathered, not least because of the extreme consequences 
of full-blown Ebola infection. In addition, the duration of 
a viral-free period and the necessary frequency of sampling 
fluids and tissues before the all clear can be given are not 
known and in some cases might be very long. The intervals 

from the original EBOVD in the series reported by Shantha 
et al. were 19 months in the phase 1 cohort and 34 months 
in the phase 2 cohort of patients. More positively, analysis 
of persistent virus in semen, urine and aqueous samples 
suggests that persistent EBOV is in a low level replicative 
phase, and is not a dormant or latent infection (23). The 
data from Shantha et al. would support this contention. 
However, if the above pathogenesis of EBOV recurrence is 
correct, then the bone marrow would seem to be the source 
of infected cells and a clean bill of health for survivors of 
EBOV might require evidence of viral-free bone marrow.
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