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Purpose: To reassess the underlying pathophysiology of acute posterior multifocal
placoid pigment epitheliopathy (APMPPE) and relentless placoid chorioretinitis (RPC)
through comparison with the non-inoculated eye of the von Szily animal model of
neurotropic viral retinal infection.

Methods: Narrative review.

Results: Literature reports of isolated neurotropic viral entities and rising serological viral
titers in APMPPE after presentation support a potential direct infective etiology. In general,
viral transport along axons results in mitochondrial stasis and disruption of axoplasmic
flow. Clinical manifestations of axoplasmic flow disruption in APMPPE/RPC may signify
the passage of virus along the neuronal pathway. From a case series of 11 patients, we
demonstrate a timely, spatial, and proportional association of optic disc swelling with
APMPPE lesion occurrence. Signs within the inner retina appear to precede outer retinal
lesions; and acute areas of outer nuclear layer (ONL) hyperreflectivity appear to be the
result of coalescence of multiple hyperreflective foci resembling axonal spheroids (which
occur as a consequence of axoplasmic disruption) and follow the Henle fiber layer
neurons. Underlying areas of retinal pigment epithelium (RPE) hyper-autofluorescence
follow ONL hyperreflectivity and may signify localized infection. Areas of apparent
choriocapillaris hypoperfusion mirror areas of RPE/Bruch’s membrane separation and
appear secondary to tractional forces above. Increases in choroidal thickness with lesion
occurrence and focal areas of choriocapillaris hypoperfusion are observed in both
APMPPE/RPC and the von Szily model.
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Conclusions: The neurotrophic infection model provides significant advantages over the
existing primary choriocapillaris ischemia hypothesis to account for the range of imaging
signs observed in APMPPE and RPC.
Keywords: acute posterior multifocal placoid pigment epitheliopathy, relentless placoid chorioretinitis, von Szily
model, axonal spheroids, Henle fiber layer, Neurotropic virus
INTRODUCTION

The pathogenesis of herpes simplex virus (HSV) keratitis
illustrates how the nerve supply to ocular tissues can
opportunistically be utilized by neurotropic pathogens as a
means of transit to target tissues from sites of latency within
central nervous system (CNS) nuclei. While the pathogenesis for
HSV corneal infection is well established, the potential for retinal
infection via the ganglion cell axons is less clinically recognized
yet equally demonstrated in animal models (1, 2).

Observations of acute lesions in acute posterior multifocal
placoid pigment epitheliopathy (APMPPE) demonstrate areas
of outer nuclear layer (ONL) hyperreflectivity follow the Henle
fiber layer (HFL) (Figure 1) (4). In addition, evidence of
simultaneous viral infection (5–7), and a commonly reported
viral prodrome in approximately a third of patients (8),
highlight the possibility of a direct viral infective etiology in
what is currently regarded as a non-infective and primary
ocular posterior uveitis.

In this article, we introduce the reader to the von Szily animal
model of viral neurotropic retinal infection and outline the
evidence to support an infective association with APMPPE and
the related entity relentless placoid chorioretinitis (RPC). We
discuss the evidence supportive of neuronal involvement in
these entities and compare clinical imaging examples with the
histopathological findings of neurotropic viral retinopathies from
von Szily animal models to illustrate parallels between the two.
in.org 2
In 1924, von Szily demonstrated that following the
inoculation of herpes simplex virus (HSV) into the ciliary
body dialysis cleft of one eye in rabbits, a delayed retinitis in
the contralateral, non-inoculated eye occurs (9). This
phenomenon has been reproduced with other neurotropic
viruses (2, 10) and replicated in mouse models with
contralateral retinopathies produced following anterior
chamber (11, 12) and vitreous chamber inoculation (13).
While APMPPE is commonly a bilateral condition, bilateral
neurotropic ret inopathies were produced fol lowing
intracerebral viral inoculation (14) or in immunosuppressed
(15–17) or high viral dose inoculation of the von Szily model
(11, 16 , 18, 19) . Fol lowing propagat ion along the
parasympathetic fibers of the oculomotor nerve which supply
the iris and ciliary body of the inoculated eye, viral
dissemination in the CNS is limited primarily to nuclei of the
visual system (20). Viral transmission from the CNS to the
retina of the contralateral eye occurs via retrograde axonal
transport through the optic nerve along the endocrine-optic
pathway between the retina and the suprachiasmatic nucleus of
the hypothalamus (20).

Whilst the von Szily animal model often results in a severe,
full-thickness retinal necrosis to varying extents in the non-
inoculated eye (depending on a combination of host immunity vs
viral virulence), it is the early morphological changes in the non-
inoculated eye, before this endpoint which offer the basis for our
comparison, providing an endogenous viral entry pathogenesis,
FIGURE 1 | (A) Magnified infrared image demonstrating foveal lesion (increased infrared signal) with encircling speckled halo of increased infrared dots. Bottom right
insert, red square demonstrates the area of magnification. (B) Spectral-domain optical coherence tomography corresponding to area (A) Two lesions demonstrating
areas of ONL hyperreflectivity with oblique margins within the Henle Fiber layer (HFL) before orientating vertically and obscuring the external limiting membrane,
ellipsoid zone and interdigitation zone. Green arrow indicates HFL orientation. Red arrow demonstrates associated depression of retinal surface vertically above the
descending fibers. (C) Human retina immunostained with antibodies against cellular retinaldehyde-binding showing the orientation of the Muller cells and cone axons
which constitute the HFL. (Image C courtesy of Cuenca et al) (3).
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free from injection artifact. For clarity, in referring to the von
Szily model from this point onwards, it is the observations from
the non-inoculated eye we are referring to.

POTENTIAL FOR INFECTIVE ETIOLOGY

Since its original description (21), multiple infective etiologies with
known neurotropism have been associated with APMPPE
including adenovirus (5, 6), measles (22), mumps (23), dengue
virus (24), lyme disease (25, 26), and tuberculosis (21, 27). While
viral neurotropism is widely known, the ability of bacteria such as
Mycobacterium tuberculosis to also possess neurotropic capability is
a relatively new discovery (28). The association of adenovirus Type
5 with APMPPE is particularly supportive due to several factors.
Azar et al. reported a serological rise in adenovirus type 5 antibody
titer and isolated adenovirus type 5 from two sources (throat swab
and tonsil biopsy) during concurrentAPMPPE (5),while Thomson
andRoxburgh isolatedAdenovirusType5 fromaconjunctival swab
following the development of a follicular conjunctivitis post-
prednisolone treatment for APMPPE (6). The potential
association of adenovirus is also supported by reports of
preceding upper respiratory tract infections (8) and a higher
incidence of HLA-B7 in APMPPE patients (relative risk 3.38)
(29). HLA-B7 is known to confer an additional risk to adenovirus
secondary to its increased affinity to the adenoviral 19K protein in
comparison toother alleles (30).The adenoviral 19Kprotein retains
HLA class I molecules in the endoplasmic reticulum, thus
preventing the presentation of viral antigenic peptides at the cell
surface and consequently cytotoxic T cell recognition of
adenovirus-infected cells is averted (30). The reported case of 3
family members with the HLA-B7 and HLA-DR2, two of which
developed optic neuritis, and one APMPPEwithin 4months is also
suggestive of an infective etiology (31). CNS manifestations
associated with APMPPE (8) and RPC (32) and pleocytosis
occurrence (8, 32) (most commonly associated with CNS viral
infection) (33) also suggest a potential CNS origin for APMPPE/
RPC in keeping with the von Szily model.

The occurrence of APMPPE post influenza vaccination has also
been reported (34, 35). While the specific vaccine type (egg-based,
cell-based or recombinant) is not specified in these case reports,
many strains of the influenza virus possess neurotropic capabilities
(36, 37). Influenza virus has also been associated with cases of acute
macula neuroretinopathy which shares a number of imaging
characteristics with APMPPE (38). In addition, the potential for
recombinant vaccines to exhibit an unanticipated neurotropism
and have the capability to cause direct ocular infection has been
demonstrated in the Ebola vaccine (rVSVDG-ZEBOV-GP) (39).
EVIDENCE FOR NEURONAL
INVOLVEMENT

Optic Nerve Involvement
The observation of optic disc edema (and by definition, a disruption
of axoplasmic flow)with cases of APMPPE/RPChas been frequently
reported (8, 40) yet received little consideration. In the following
examples, we demonstrate how this is both timely, spatially, and
Frontiers in Ophthalmology | www.frontiersin.org 3
proportionally associated. Increases in optic disc edema (and
secondary increases in retinal vessel diameter and tortuosity) can
be observed to occur concurrently with the presence of new retinal
lesions (Supplementary Video 1) and coincide with episodes of
lesion recurrence after periods of quiescence (SupplementaryVideo
2). A reversible relationship between lesions and disc edema is also
evident as corresponding reductions in retinal vessel tortuosity and
opticdisc edemaareobserved following the resolutionofacute lesions
(Supplementary Video 3). Spatially, where lesions appear
predominately limited to a single retinal sector, a corresponding
sectoral optic disc edema can be observed (Figure 2) (40). Finally, the
extent of disc edema appears proportional to thenumber of lesions in
bilateral cases (Supplementary Figure 1).

In the von Szily model, virions initially enter the eye via
axonal transport along the ganglion cell axons (20). The
pathophysiology of viral axonal transport provides a potential
explanation for optic disc edema associated with lesion
occurrence. Since no viral genome encodes molecular motors,
viruses must encode adaptor or modifying gene products to
repurpose neuronal components to enable their axonal transport
(41). One such means is the ‘hijacking’ of the mitochondria
motility protein, kinesin-1 (42). While enabling the propagation
of virions along the neuronal microtubule, it does so at the
expense of mitochondrial motility (42), leading to stasis and
accounting for the disruption of axoplasmic flow with
simultaneous lesion occurrence (Supplementary Video 4) (43).

Henle Fiber Layer Involvement
Optical coherence tomography (OCT) observations of the ONL at
the time of acute lesions provide further evidence of neuronal
involvement in APMPPE/RPC. Outside of the foveal region, areas
of ONL hyperreflectivity appear vertically orientated (Figure 3).
However, within the foveal region, areas of ONL hyperreflectivity
mirror the angulations of theHFLwhen the orientation of theOCT
scan is in parallel with the circumferentially orientatedHFL as seen
in Figure 1. As the HFL is constituted of unmyelinated
photoreceptor axons, this suggests areas of ONL hyperreflectivity
represent a change along these nerve axons. Given that, expanding
APMPPE lesions do so from the center outwards, fine OCT slices
through a lesion from the margin towards the center provide a
timeline of lesional evolutionwith the earliest changes at themargin
and oldest towards the center (Figure 3). This evidence combined
with evidence obtained from consecutive frequent OCT imaging
suggest that areas of confluent ONL hyperreflectivity are preceded
by, and therefore constituted of multiple, individual speckled
hyperreflective dots (Figure 3). Since the ONL hyperreflective
dots are occurring along the path of the HFL (photoreceptor
axons and Muller cells), these may represent the formation of
axonal spheroids (accumulations of multivesicular bodies and
disorganized cytoskeletal elements) which occur in an
asynchronous formation as a consequence of a disruption of
axoplasmic flow along an axon (44). We previously discussed the
potential mechanism by which viral nerve infection can lead to a
disruptionof axoplasmicflowand therefore the formationof axonal
spheroidsmay signify thepassage of virus to thephotoreceptors and
RPE. The hyper-autofluorescence signal observed from the RPE
may therefore be a secondary response to RPE infection (Figure 4)
January 2022 | Volume 1 | Article 802962
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The fact that the ONL reflectivity resolves back to its usual
hyporeflective appearance following the acute lesion phase
mirrors the behavior of axonal spheroids which can resolve once
axoplasmic flow is restored (45).
LESION EVOLUTION AND THE
VON SZILY MODEL

Areas of choriocapillaris ischemia are regarded by many to be the
primary disorder in APMPPE/RPC (46). However, in the von
Frontiers in Ophthalmology | www.frontiersin.org 4
Szily model, viral propagation enters the eye via the ganglion cell
axons before descending vertically either partially or completely
to the photoreceptor layer (20). Therefore, changes within the
retinal nerve fiber layer (RNFL) before the occurrence of outer
retinal lesions, would provide additional supporting evidence
that APMPPE/RPC may share a neurotropic pathogenesis.
Figure 5 provides an example of such an occurrence in a case
of RPC with a 43-day interval before the second eye involvement.
Although the appearance of retinal folds was observed in the
non-involved eye at the time of presentation, multiple
hyperreflective retinal surface foci and saw-tooth like
FIGURE 2 | (A) Ultra-widefield fundus imaging demonstrating lesions predominantly clustered in the superior nasal retinal quadrant. (B) Infrared image of the right eye
optic disc demonstrating corresponding sectoral disc edema. (C) Corresponding right eye optic disc spectral-domain optical coherence tomography appearance.
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distortions of the RNFL with or without hyperreflective apices
were observed on OCT at 15 days before the more typical outer
retinal lesions appeared and symptoms occurred. These signs
were transient and resolved following the early presentation.

The asynchronous timing of lesions and short intervals
between repeat examinations provides evidence to suggest that
areas of choriocapillaris hypoperfusion appear in conjunction with
the presence of focal, subtle elevations of the retinal pigment
epithelium (RPE) with an apparent separation from Bruch’s
membrane (BM). This enables the discrimination of both,
ordinarily indistinguishable hyperreflective structures on OCT
(Figure 6; Supplementary Figure 2). The classical, creamy
colored APMPPE lesions with indistinct margins on color
imaging also appear to correlate to the area of RPE/BM
separation and may be secondary to the contents within a cavity
formed between the two structures. A corresponding upward
deviation of the overlying interdigitation zone (IDZ), ellipsoid
zone (EZ), and external limiting membrane (ELM) may also be
seen. The appearance of areas of RPE/BM separation is typically
transient and often becomes indiscernible with flattening and
development of areas of ONL hyperreflectivity and progressive
structural loss. In contrast, the duration of areas of choriocapillaris
hypoperfusion and typically observed recovery usually occur over
a longer time frame, in the order of weeks to months, depending
on lesion size (Supplementary Figure 3).

The appearance of areas of RPE/BM separation (with a
seemingly nondisplaced BM, yet elevated, plateau topped RPE)
with no apparent tissue loss and no intense hyper-
Frontiers in Ophthalmology | www.frontiersin.org 5
autofluorescence (at this stage of lesion evolution) provides an
insight into the forces leading to its morphological appearance.
Any force from beneath the BM would result in a secondary
upward deviation of both BM and the RPE, while if the
appearance were solely secondary to a fluid accumulation
between the two structures, a resultant dome-shaped elevation
of the RPM may be expected. Instead, the plateau topped,
elevated RPE appearance seen in Figure 6 with clear marginal
angulations tapering down to re-join the BM, appears more
consistent with a tethering effect from a secondary tractional
force in the overlying retina. In parallel with the von Szily model,
Holland et al. also noted early disruption of the outer retinal
structures (in the absence of viral particles) (11). They
hypothesized that following release from the ganglion cells,
viral infection of the adjacent Muller cells occurs (the
supporting retinal neuroglia). Unlike neurons which are only
susceptible at their synaptic endings, the entire surface of
neuroglia cells such as the Muller cell is susceptible to viral
penetration (11). Destruction of the Muller cells which provide
the architectural support structure to the retina, extending from
the internal limiting membrane to the external limiting
membrane may potentially account for the upward traction on
the RPE-transmitted either via the interdigitations between the
photoreceptors and RPE villi or to the ELM itself.

The mechanism of how changes within the choriocapillaris
result as a consequence of a separation between the RPE and BM
is unclear but focal loss of the choriocapillaris associated with
lesions has also been observed in the von Szily model (10). Given
FIGURE 3 | Advancing phases of APMPPE lesion from lesion margin to lesion center. Upper row – spectral-domain optical coherence tomography (SD-OCT).
Lower row - corresponding infrared fundus image. The green line denotes the scan section through the lesion with progressive slices towards the center left to right.
(A) Superior peripheral margin of the lesion with a subtle elevation of retinal pigment epithelium (RPE) from Bruch’s membrane (BM) visible (red arrow). (B) Lesion
peripheral edge. Multiple hyperreflective foci (white arrow) seen within the outer nuclear layer (ONL). Ellipsoid zone (EZ) and RPE hyperreflective bands are still visible.
(C) Confluent hyperreflectivity of the ONL, loss of the EZ and RPE band hyperreflectivity, and marginal RPE/BM separation. (D) Broadening column of ONL
hyperreflectivity with subluxation of all overlying retinal layers.
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the choriocapillaris is responsible for vascular perfusion of the
RPE, it may occur as a direct consequence of anatomical trauma
caused by the mechanical separation of the two structures or as a
secondary vasoconstrictive response.

Observations of increases in choroidal thickness with lesion
occurrence are also paralleled in both entities (4, 10, 11)
(Supplementary Video 5). In a rabbit model utilising a
fluorescein-labelled antibody technique, Petite et al. reported “at
no time were viral antigens identified in the choroid of these eyes
although itwas always greatly thickened andheavily infiltratedwith
inflammatory cells when uveitis was present” (13). Similarly,
histological evidence of an increase in choroidal thickness with an
increase in polymorphonuclear leukocytes in response to the outer
retinal infection was noted by Holland et al (11).

While our observations have focused primarily on APMPPE
and RPC, given the parallels in many of the signs and symptoms
Frontiers in Ophthalmology | www.frontiersin.org 6
associated with related conditions our hypothesis may have
wider implications for other entities. Like APMPPE, a viral
prodrome is frequently reported in both multiple evanescent
white dot syndrome (MEWDS) (47), Vogt-Koyanagi-Harada
syndrome (VKH) (48) and acute macular neuroretinopathy
(AMN) (49). While both AMN and MEWDS have been
associated with acute viral infections specifically (Influenza
virus (38) and Epstein-Barr virus (EBV) (50) respectively),
EBV has been isolated by polymerase chain reaction (PCR)
from the vitreous (51) and cerebrospinal fluid (52) in patients
with VKH.

As we have demonstrated increases in optic disc edema and
choroidal thickness which acute activity in APMPPE/RPC,
similar findings have been reported in MEWDS (53, 54) VKH
(55, 56), AMN (57, 58) and punctate inner choroidopathy (PIC)
(59, 60).
A B DC

FIGURE 4 | Descending retinal structural loss. Column (A) Fundus scanning laser ophthalmoscopy. Column (B) Fundus autofluorescence (FAF) imaging. Column
(C) Fundus infrared (IR) imaging. Column (D) Spectral-domain optical coherence tomography (SD-OCT). Day 2, Retinal pigment epithelium (RPE) band on SD-OCT
appears intact with overlying outer nuclear layer (ONL) hyperreflectivity. Corresponding lesion area on FAF demonstrates faint hyper autofluorescence only. RPE
disturbance on SD-OCT and corresponding changes visible on FAF apparent at day 9 while the area of ONL hyperreflectivity has resolved. Appearance at day 30
and 57 demonstrate gradual restoration of the outer retinal structures.
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Areas of ONL hyperreflectivity following the HFL, identical to
those demonstrated in APMPPE (Figure 1) are also seen in acute
macula neuroretinopathy (49) and hyperreflective dots following
the HFL have been demonstrated in MEWDS (61). While the
Frontiers in Ophthalmology | www.frontiersin.org 7
appearance of bacillary layer detachments is most commonly
associated with cases of VKH, the appearance has also been
reported in cases of APMPPE (4, 62–64) and observed in our
series (Supplementary Figure 4). As we have hypothesised that
A B DC

FIGURE 5 | Top row (A-C). Right eye spectral-domain optical coherence tomography (SD-OCT) demonstrating increasing retinal surface undulations and
hyperreflective foci and stable choroidal appearance before the occurrence of APMPPE lesions. Bottom row (A-C). Corresponding sequential infrared fundus
imaging preceding the occurrence of lesions demonstrating retinal undulations. (D). Magnified SD-OCT of image C.
FIGURE 6 | Right eye, multimodal imaging comparison of an early lesion. (A) Fundus scanning laser ophthalmoscopy demonstrating characteristic creamy yellow
lesion appearance. (B) Indocyanine green angiography (ICGA) demonstrating area of hypofluorescence associated with the lesion. (C) Infrared (IR) fundus image.
Green arrow denotes orientation of spectral-domain optical coherence tomography (SD-OCT) scan reference line; (D) SD-OCT of early lesion appearance. White
arrow indicates area of retinal pigment epithelium (RPE) and Bruch’s membrane separation with a plateau top configuration. (E) Diagrammatic representation of the
outer retina highlighting the area of choriocapillaris hypoperfusion in relation to the area of retinal pigment epithelium/Bruch’s membrane separation and the
corresponding zone of outer nuclear layer hyperreflectivity.
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areas of hypofluorescence on indocyanine green angiography
occur as a consequence of RPE-BM separation (Figure 6), areas
of RPE-BM separation can also be observed in early bacillary
layer detachments (Supplementary Figure 4). Our observations
of inner retinal changes preceding outer retinal signs in
APMPPE (Figure 3) have also been mirrored in VKH, with
internal limiting membrane folds being reported to precede
bacillary layer detachments (65).

From our cases series, we have observed how an initial
presentation classically resembling APMPPE, can progress to
resemble a phenotype in keeping with Birdshot chorioretinopathy
(Supplementary Figure 5). Although rare, cases of depigmented
chorioretinal lesions, resembling Birdshot chorioretinopathy have
been shown to occur following Varicella-Zoster Virus infection
(66, 67).

Beyond the spectrum of the white dot syndromes, a
neurotropic means of viral transmission to the retina has been
hypothesised in both Ebola Virus Disease retinopathy (68, 69)
and West Nile Virus associated retinopathy (70, 71) based on the
distribution of peripapillary lesions following the ganglion cell
axon anatomical pathway. While Dengue virus, although not
known for its neurotropism, has also been attributed to several
cases of APMPPE (24).
LIMITATIONS

Our study is limited by its small sample and retrospective design.
Our evidence of RNFL disturbances preceding lesion occurrence
is limited to two cases due to the chance scenarios of sequential
eye involvement permitting contralateral, pre-symptomatic
macula imaging. Secondly, our conclusions are the summation
of imaging collated from clinical reviews at differing intervals,
varying imaging protocols, and devices due to a combination of
availability and clinician preferences at the study sites.
DIRECTIONS OF FUTURE STUDIES

The utilisation of matched, high resolution enhanced depth
imaging of the macula combined with OCT-angiography and
OCT of the optic disc repeated at frequent interval during the
rapidly evolving acute phase of lesion evolution would enable our
hypothesis of retinal sequelae to be tested.

Given that more than half of patients with APMPPE will
exhibit cells in the vitreous or aqueous (8) the potential for viral
detection from ocular fluids utilising PCR or metagenomic deep
sequencing (72) would provide definitive evidence for a direct
infective role.
CONCLUSIONS

The pathogenesis of the non-inoculated eye in the von Szily or
neurotrophic infection model provides a conceptual framework
in which to interpret the clinical signs observed in cases of
Frontiers in Ophthalmology | www.frontiersin.org 8
APMPPE/RPC. Given the significant parallels with associated
viral entities, neuronal involvement, destructive descending
sequelae and shared choroidal responses, the neurotrophic
infection model has significant advantages over the existing
primary choriocapillaris ischemia hypothesis to account for the
range of signs observed in APMPPE and RPC.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.
Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.
AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.
ACKNOWLEDGMENTS

We thank the imaging departments of the respective centers for
providing the imaging necessary to conduct this study. We also
thank the Olivia’s Vision charity for their support which has
enabled this study to be conducted.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fopht.2021.
802962/full#supplementary-material

Supplementary Figure 1 | Disc edema proportional to lesion quantity. (A). Right
eye ultra-widefield fundus imaging, 74 days post symptom onset. Comparatively
fewer lesions than the left eye seen in ultra-wide field fundus image D. (B). Right eye
optic disc spectral-domain optical coherence tomography (SD-OCT)
demonstrating optic disc edema but significantly less edema in comparison to the
left eye (E, F). (C). Right eye optic disc infrared (IR) image. (D). Left eye ultra-
widefield fundus image. (E). Left eye optic disc IR image. (F). Left eye optic disc SD-
OCT.

Supplementary Figure 2 | Multimodal imaging comparison of early lesions.
Column A, Fundus scanning laser ophthalmoscopy appearance. Column B,
Corresponding hypofluorescence seen on indocyanine green angiography.
Column C, Infrared fundus imaging. Column D, Spectral-domain optical
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coherence tomography (SD-OCT) demonstrating acute lesions with retinal pigment
epithelium andBruch’smembrane separation.White circles indicate the lesion location
on comparative modalities. White arrows indicate location of lesions on SD-OCT.

Supplementary Figure 3 | APMPPE lesion recovery. (A). Swept-source optical
coherence tomography (SS-OCT) of acute lesion with outer nuclear layer (ONL)
hyperreflectivity. (B). Corresponding en face OCT angiography (OCTA)
demonstrating associated choriocapillaris hypoperfusion. (C). Appearance at day
13 demonstrating resolution of the ONL hyperreflectivity with loss of the ellipsoid
zone (EZ) and interdigitation zone (IDZ) with a dipping of overlying structures. (D).
Partial resolution of choriocapillaris perfusion on OCTA. (E). Appearance at day 203,
demonstrating outer retinal structure restoration. (F). Corresponding improvement
of choriocapillaris perfusion on OCTA. Purple line denotes lesion location on SS-
OCT. Purple and turquoise intersection denote corresponding APMPPE lesion
location on en face OCTA imaging.

Supplementary Figure 4 | Case 4, Left eye. (A), Days since presentation. (B),
Scanning laser ophthalmoscopy (C), Infrared fundus image. Bold green line
denotes spectral-domain optical coherence tomography (SD-OCT) scan position.
(D), SD-OCT. Creamy colored acute lesions are seen on color fundus imaging at
day 3 and fade by day 24. SD-OCT demonstrates a bacillary layer detachment of
two adjacent lesions which coalesce by day 3 with underlying separation of the
retinal pigment epithelium (RPE) from Bruch’s membrane (BM) observed at
presentation (Red arrows). Bacillary layer detachment worsens acutely following
Frontiers in Ophthalmology | www.frontiersin.org 9
presentation before resolving without treatment by day 24. Presenting Snellen visual
acuity was 6/18 which decreased to 6/24 by day 3 but improved to 6/9 by day 24
and 6/6 by the following review at day 85.

Supplementary Figure 5 | Acute posterior multifocal placoid pigment
epitheliopathy (APMPPE) resembling Birdshot Chorioretinopathy, Right eye. Initial
presentation demonstrated multifocal APMPPE lesions within the macula. By days
15 and 25, central lesions appear to fade as new lesions radiate towards the
peripheral retina. The patient was HLA A29 negative.

Supplementary Video 1 | Increases in optic disc edema and retinal tortuosity
with lesion occurrence.

Supplementary Video 2 | Increases in optic disc edema and retinal tortuosity
with lesion recurrence after quiescence.

Supplementary Video 3 | Reductions in optic disc edema and vessel tortuosity
following lesion resolution.

Supplementary Video 4 | Mitochondrial motion during alpha-herpes virus
infection in neurons. (Video courtesy of Tal Kramer).

Supplementary Video 5 | Increases in choroidal thickness with lesion
occurrence.
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