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Abstract

The causes of posterior uveitis can be divided into infectious, autoimmune, or masquerade 

syndromes. Viral infections, a significant cause of sight-threatening ocular diseases in the posterior 

segment, include human herpesviruses, measles, rubella, and arboviruses such as dengue, West 

Nile, and chikungunya virus. Viral posterior uveitis may occur as an isolated ocular disease in 

congenital or acquired infections or as part of a systemic viral illness. Many viruses remain latent 

in the infected host with a risk of reactivation that depends on various factors, including virulence 

and host immunity, age, and comorbidities. Although some viral illnesses are self-limiting and 

have a good visual prognosis, others, such as cytomegalovirus retinitis or acute retinal necrosis, 

may result in serious complications and profound vision loss. Since some of these infections may 

respond well to antiviral therapy, it is important to work up all cases of posterior uveitis to rule out 

an infectious etiology. We review the clinical features, diagnostic tools, treatment regimens, and 

long-term outcomes for each of these viral posterior uveitides.
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1. Introduction

Posterior uveitis is an inflammation of the posterior uveal tract (retina and choroid). 

According to the International Uveitis Study Group24 and Standardization of Uveitis 

Nomenclature working group106 classification, posterior uveitis includes focal, multifocal or 

diffuse choroiditis, chorioretinitis, retinochoroiditis, retinitis, and neuroretinitis.

The incidence of uveitis has been estimated between 17 and 52 cases per 100,000 population 

per year, with a prevalence of 38–714 cases per 100,000 population.242 Uveitis generally has 

an equal gender distribution,242 with a slight female predominance in some 

studies.55,131,150,153 Uveitis can occur at any age, but the mean age of incidence is between 

30 to 40 years in most studies.12,55,131,150,153,188,248 About 60%–80% of uveitis occurs 

between the ages of 20 to 50 years.242 In terms of anatomic classification, anterior uveitis is 

the most common form of uveitis, followed by panuveitis, posterior uveitis, and intermediate 

uveitis. The prevalence of anterior uveitis, panuveitis, posterior uveitis, and intermediate 

uveitis is reported to be 24.5%–52.3%, 11.8%–52.9%, 7.1%–46.0%, and 6.3%–19.3%, 

respectively, in several studies.12,55,131, 150,153,188,248 The causes of posterior uveitis can be 

infectious (bacterial, viral, fungal, and parasitic), noninfectious (autoimmune or associated 

with a systemic disease), or part of a masquerade syndrome.53 A significant proportion of 

the cases of posterior uveitis are infectious (Table 1).12,55,131,150,153,188,248

The pathophysiology of infectious uveitis is almost always hematogenous spread of 

infection from another part of the body to the highly vascular uvea, with a breach in the 

blood-eye barrier.178 Viral etiologies of infective posterior uveitis include human 

herpesviruses (HHVs), HIV, measles, rubella, arboviruses (dengue, chikungunya, Rift Valley 

virus, and West Nile virus [WNV]), and other rare causes such as influenza, Ebola, and Zika 

virus (ZIKV). Viral posterior uveitis may occur as an isolated ocular disease or as part of a 

systemic viral illness.

2. Viral posterior uveitis

2.1. Risk factors

The most important risk factor associated with viral posterior uveitis is an 

immunocompromised state, particularly in patients with HIV infection and AIDS. 

Opportunistic ocular infections are common among AIDS patients, with cytomegalovirus 

(CMV) retinitis and herpetic progressive outer retinal necrosis (PORN) being the 2 main 

types of viral posterior uveitis.141 Patients with multiple medical comorbidities that suppress 

the immune system are also predisposed to developing viral retinitis.218

Nonetheless, viral posterior uveitis may also occur in apparently immunocompetent 

individuals. In 2 studies by Rochat and colleagues201 and Guex-Crosier and colleagues80 

that evaluated the effects of an individual’s immune status on the presentation of necrotizing 

herpetic retinopathies, however, immune dysfunction was found in all apparently 

immunocompetent and HIV-negative patients diagnosed with herpetic retinitis. All patients 

may have abnormalities in one or more immunologic parameters, including diminished 

lymphocytic proliferative response, diminished cutaneous anergy, and relative or absolute 

Lee et al. Page 2

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



increase in B-lymphocytes.80,201 This suggests that most, if not all, patients with herpetic 

retinitis have an underlying immunodeficiency that predisposes them to infection, even when 

they appear to be immunocompetent.79,200 Although the pathogenesis in these individuals 

has yet to be established, further studies to determine the effect of virulence and host 

susceptibility in immunocompetent individuals in whom viral posterior uveitis is developed 

will be valuable in understanding the disease pathology.

In recent years, viral retinitis has appeared as a complication of intraocular injections. 

Several reports have shown that viral retinitis develops later in patients who received 

intraocular corticosteroid injections, including CMV, herpes simplex virus (HSV), and 

varicella zoster virus (VZV) retinitis.51,208,218,232,237 Since the first case of CMV retinitis 

following a sub-Tenon injection of triamcinolone acetonide was reported in 2002 by 

D’Alessandro and colleagues,51 several other studies have appeared (Table 

2).51,66,208,232,237,252

2.2. Clinical features

Viral posterior uveitis may present with symptoms of decreased visual acuity, visual field 

defects, floaters, photopsia, photophobia, and occasionally pain.270 Typical signs on 

examination include subconjunctival hemorrhage, mild anterior segment inflammation with 

or without conjunctival injection with diffuse fine keratic precipitates. There may be 

retrolental cells, ocular hypertension, or glaucoma.270 Fundus examination may reveal 

inflammatory infiltrates on the retina either retinitis or retinal vascular sheathing, macular 

edema in acute cases, scarring, retinal pigment epithelium (RPE) hyperplasia, and peripheral 

retinal neovascularization in long-standing cases.270

2.3. Diagnosis

The diagnosis of viral posterior uveitis is usually clinical. Characteristic features on the slit 

lamp and dilated fundus examination are used to diagnose viral posterior uveitis. Retinal 

imaging, including fundus photography, fundus fluorescein angiography (FFA), wide field 

retinal imaging, and optical coherence tomography (OCT), is useful in establishing the 

diagnosis and monitoring response to treatment.81 Other ancillary investigations, including 

laboratory tests for viral serology and imaging, can be used to confirm the diagnosis.270

Polymerase chain reaction (PCR) analyses of intraocular fluid samples are an effective aid 

for diagnosis50,70,135,229,239,267 and subsequent management84,204 of viral posterior uveitis 

caused by HSV, VZV, and CMV. The tetraplex PCR analysis of intraocular fluids for HSV, 

VZV, and CMV is effective in confirming the etiological pathogen involved in 59–100% of 

cases,28,84,204,211 with PCR having a sensitivity of 80.9%–84.0% and a specificity of 

97.4%–100.0%.50,84,135,211 Serial PCR analysis may be useful in monitoring viral activity 

and response to treatment.45,269 Negative PCR is useful in ruling out the disease in 

challenging cases. The Goldmann-Witmer coefficient analysis of intraocular antibody titers 

can also be used to identify the virus involved204; however, the tetraplex PCR has a greater 

sensitivity and specificity than the Goldmann-Witmer coefficient analysis in the diagnosis of 

herpes viruses (HSV, VZV, and CMV) involved in posterior uveitis.204 Chorioretinal biopsy 

is another diagnostic tool that may be useful in confirming the diagnosis and guiding 
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subsequent management in selected cases where both the PCR and Goldmann-Witmer 

coefficient analyses are negative, and there is still a high index of suspicion.163,207

2.4. Treatment

The treatment of viral posterior uveitis263,270 includes systemic antivirals given orally or 

intravenously, intravitreal antivirals or intraocular antiviral implants, and topical and 

systemic corticosteroids.40 Management of complications is also important to ensure a 

favorable prognosis. Measures include photocoagulation for neovascularization, vitrectomy 

for vitreous hemorrhage or retinal detachment,10,245 and intravitreal injection of antivascular 

endothelial growth factor agent for choroidal neovascularization or macular edema.

2.5. Outcomes

Early diagnosis and management may improve the visual prognosis of viral posterior uveitis. 

If diagnosis or treatment is delayed serious complications can develop, including cataracts, 

band keratopathy, uveitic glaucoma, cystoid macula edema (CME), and retinal 

detachment.270 All these can lead to permanent vision loss. Ultimately, the long-term 

outcomes depend on the type of viral posterior uveitis, severity, duration, responsiveness to 

treatment, associated conditions or medical comorbidities, and immune status of the patient.

2.6. Human herpesviruses

The most frequent causes of viral posterior uveitis come from the HHV family, with CMV 

being the most common, followed by HSV and VZV.131,153,188,248 The family of HHV 

includes HSV-1, HSV-2, VZV, Epstein-Barr virus (EBV), and CMV. HHV is an important 

infectious cause of ocular inflammation. Primary infection of the virus is followed by 

persistence in the latent form. Reactivation of the virus in the eye may occur in the form of 

keratitis, anterior uveitis, or retinitis (necrotizing and nonnecrotizing). The severity and 

outcome of ocular disease is influenced by a multitude of factors, including the host immune 

response, human leukocyte antigen (HLA) differences, virulence, and possibly intraocular 

viral load.

2.7. Etiologic viruses

2.7.1. Herpes simplex virus—HSV-1 and HSV-2, also known as human herpes virus 1 

and 2, respectively, are double-stranded DNA viruses that belong to the Herpesviridae 

family. Both HSV-1 and HSV-2 cause orofacial infections (cold sores), genital herpes, and 

encephalitis and can be vertically transmitted from infected mothers to neonates.261 As a 

neuroinvasive and neurotoxic virus, HSV persists in the latent state in the dorsal root ganglia 

after the initial primary infection and occasionally reactivates.261 HSV infection is usually 

asymptomatic, but symptoms of infection include fever and painful blisters in the skin and 

mucous membranes of the mouth and genitals.261 There are 2 forms of HSV retinitis–

necrotizing and nonnecrotizing. Necrotizing herpetic retinitis caused by both HSV-1 and 

HSV-2 may be found in patients with concomitant HSV encephalitis or HSV 

meningitis.39,67,130,228 Acute retinal necrosis (ARN) with HSV encephalitis is more 

commonly associated with HSV-1, whereas HSV meningitis is more often caused by 
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HSV-2.67 HSV-1 retinitis is more common in older patients, whereas HSV-2 retinitis is more 

likely to occur in younger patients.71,130,240

HSV posterior uveitis typically presents with features of ARN or nonnecrotizing herpetic 

retinitis (NNHR). In children, HSV-2 retinitis may be due to a delayed reactivation of 

asymptomatic neonatal HSV infection.76 HSV posterior uveitis generally has a good 

prognosis if there is no evidence of ARN. Often the lesions can be treated with systemic 

acyclovir and corticosteroids with complete resolution of inflammation.77,199

2.7.2. Varicella zoster virus—VZV is a double-stranded DNA virus belonging to the 

herpesviridae family.227 VZV causes 2 disease entities–a primary infection known as 

chickenpox that usually occurs during childhood and a secondary herpes zoster, also known 

as shingles, a result of its neurotropic properties that allow viral latency in ganglia and 

subsequent reactivation later in life.227,257,270 Transmission of VZV is by direct contact, 

droplets, or airborne particles.257 Symptoms of VZV infection include fever, malaise, and 

diffuse rash and vesicles in chickenpox and headache, malaise, and painful vesicles in a 

unilateral dermatomal distribution in shingles, with the thoracic, cranial, and cervical 

dermatomes being most commonly affected.257 VZV posterior uveitis typically presents 

with features of PORN, ARN, or NNHR.

VZV is the most common virus found in atypical necrotizing retinitis.70 VZV accounts for 

approximately half of ARN cases in non-HIV patients, more than one-third of ARN cases in 

HIV patients, and more than 70% of PORN cases.264 VZV retinitis may occur during 

concomitant chickenpox infection in adults, and is rare in children. It is more common in 

older patients67 and may precede shingles, especially in immunocompromised patients.162

VZV retinitis lesions may occasionally spontaneously regress270 or may be complicated by 

retinal tears or detachment and optic neuropathy.149 Visual prognosis is poor if there is ARN 

or PORN.

2.7.3. Epstein-Barr virus—EBV, also known as HHV-4, is a B lymphotropic, double-

stranded DNA virus in the Herpesviridae family. The seropositive prevalence of EBV is 

more than 90% of the population worldwide.9 EBV is spread by direct contact via saliva, 

airborne, or blood. EBV infection is lifelong but usually clinically silent in 

immunocompetent hosts.9 Similar to other HHV, EBV may be latent. Reactivation of EBV 

causes diseases usually of a lymphocytic nature−including infectious mononucleosis, 

lymphoproliferative disorders−or epithelial, such as nasopharyngeal carcinoma and 

undifferentiated gastric carcinoma.9

Known ocular complications of EBV include conjunctivitis, episcleritis, keratitis, iritis, optic 

neuritis, ARN, and retinal vasculitis.90,167,192,258 There have been a few reports of EBV 

infection associated with posterior uveitis.89,90, 118,133,146,192,213,258 Posterior uveitis 

associated with EBV typically presents as chorioretinitis. It can occur at any age, and there 

is usually a preceding history of EBV infection.89,118,133,192,213,258 The demographics and 

clinical features of EBV posterior uveitis are found in Table 3.89,118,133,192,213,258
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The role of EBV as a pathogen in the eye is unclear, as up to 20% of normal cadaver eyes 

have intraocular evidence of EBV by PCR.38 Most cases of ARN in which EBV is positive 

on PCR are also simultaneously positive for VZV.90,146 There are a few case reports of ARN 

that were only positive for EBV on PCR and histopathologic evidence in the retinal biopsy 

specimen.89,133,213

In general, EBV posterior uveitis appears to be as self-limited as infectious 

mononucleosis.192,258,270 Treatment of EBV posterior uveitis is supportive and may include 

corticosteroids for intraocular inflammation118 and antivirals such as oral valacyclovir 1 g 3 

times daily,133 acyclovir 400 mg 5 times daily,258 or famciclovir,213 and monitoring for 

resolution. The visual prognosis in EBV posterior uveitis is generally good. Vision usually 

improves and intraocular inflammatory signs resolve rapidly, with near complete recovery in 

the majority of the cases.118,133,192

2.7.4. Cytomegalovirus—CMV, or HHV-5, is a double-stranded DNA virus that belongs 

to the Herpesviridae family. Primary CMV infection is transmitted perinatally, by close 

contact, including sexual contact, or parenterally.270 The seropositive prevalence worldwide 

is between 60% and 100%.197 It is usually asymptomatic in immunocompetent hosts.270 An 

infectious mononucleosis-like syndrome develops in some patients, whereas more severe 

diseases may manifest in immunocompromised patients in the form of encephalitis, 

pneumonitis, hepatitis, colitis, and uveitis.197,270 The virus remains latent in mononuclear 

lymphocytes in immunocompetent hosts and only reactivates when immunity is 

suppressed.197,270

The most frequent ocular manifestation of CMV is CMV retinitis.108 Rarely, CMV may 

cause ARN42,172 and optic neuritis.161

2.8. Acute retinal necrosis

2.8.1. Background—ARN, a severe, sight-threatening ocular emergency, was initially 

described in 1971 by Urayama and colleagues246 in healthy young Japanese adults as an 

acute unilateral panuveitis with retinal periarteritis progressing to diffuse necrotizing retinitis 

with retinal detachment. ARN is rare, with an incidence of 1 of 2 million individuals per 

year in the UK.42,179 There is a 2-peak age distribution−20 and 50 years old, and both 

genders are equally affected.270 The demographics and clinical features of ARN are found in 

Table 4.42,90,146,172,179,205,240

ARN is usually found in immunocompetent individuals,73 but the risk factors for ARN 

include a younger age, history of previous herpes infections such as chickenpox, shingles 

and HSV encephalitis, preexisting chorioretinal scar, trauma, systemic corticosteroids, and 

genetics.42,96,146,172,179,205,240 ARN can present without a viral prodrome many years after 

the initial primary herpes infection or following herpetic encephalitis.42,130,205

2.8.2. Causative viruses—VZV is the leading cause of ARN.146 Patients with ARN 

caused by VZV and HSV-1 tend to be older, whereas HSV-2 is found in younger 

patients.42,130 Rarely, ARN may be caused by CMV and EBV.42,90,137,146,172,210
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2.8.3. Clinical features—Symptoms of ARN include redness, blurring of vision, 

photophobia, floaters, ocular pain, and flu-like symptoms or recent history of herpes 

infection.146,179,205,270 Bilateral involvement occurs in approximately one-third of patients, 

but some cases start off as a unilateral disease with subsequent involvement of the second 

eye.172,205

Characteristic features on examination include prominent anterior chamber inflammation 

and vitritis, peripheral necrotizing retinitis with focal areas of full thickness necrotic lesions, 

circumferential extension of necrotic foci, and occlusive vasculitis with arteriolar 

narrowing.93

ARN often occurs in 2 phases, the acute herpetic phase consisting of anterior uveitis and 

vitritis, peripheral confluent necrotizing retinitis with well-demarcated areas of full thickness 

yellow necrotic lesions, hemorrhages, occlusive vasculopathy, and rapid progression 

circumferentially toward the posterior pole. The late cicatricial phase consists of secondary 

retinal atrophy, proliferative vitreoretinopathy, and serous or rhegmatogenous retinal 

detachment.42,56,90,146,172,179,205,240

The severity of the disease is classified according to the amount of surface area affected–

mild (less than 25%), moderate (25%–50%), and severe (more than 50%).172 The severity of 

retinitis at presentation may be predictive of retinal detachment risk and final visual 

outcome. There is a correlation between mean initial and subsequent visual acuities with the 

severity of retinitis.172,205

2.8.4. Diagnosis—Diagnosis of HHV posterior uveitis can be made clinically based on 

history and signs seen on complete ophthalmologic examination and supported with 

laboratory testing of viral serology. Viral antibodies may be detected with complement 

fixation test, immunofluorescence, or enzyme-linked immunosorbent assay (ELISA) 

techniques.270 PCR analysis of intra-ocular fluids is particularly useful and commonly done 

to confirm the etiological viruses involved in cases of ARN.42,90,146,172,179,205,240 

Specifically, the diagnosis of ARN can be summarized by the diagnostic criteria established 

by the executive committee of the American Uveitis Society93 (Table 5).

Ocular imaging may be used to determine the extent of disease. FFA may show dye leakage 

from retinal vessels, choroid, RPE, or optic disk and is useful for confirming the diagnosis of 

co-existing pathologies such as CME, vascular occlusion, and retinal or choroidal 

neovascularization.81,255 OCT scan is useful for establishing the extent and depth of lesions 

and monitoring response to therapy. OCT scans may demonstrate full thickness tissue loss in 

necrotizing herpetic retinitis and demarcate the extent, depth, and thickness of macular 

edema or retinal detachment.23,81

In the acute phase of ARN, OCT shows inner retina hyperreflectivity with disorganization of 

the retinal structure, corresponding to areas of retinal necrosis. There may be subretinal 

exudates and macular edema.183,230 With resolution, there is marked inner and outer retina 

thinning within areas of retinal necrosis and resolution of the hyperreflectivity consistent 

with retinal tissue loss and scar formation, even when funduscopy is normal.183,230 This 
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suggests that regression of necrotic lesions does not mean normalization of the retinal 

structure, and retinal breaks may still occur.230 Thus, OCT is useful to monitor for early 

signs of retinal detachment.183 The necrotizing lesions extending into the macula are 

associated with irreversible damage and may lead to poor central vision.183 These findings 

are similar to those observed in central retinal artery occlusion as the necrotic lesions likely 

reflect ischemic changes caused by obstructive retinal vasculitis.230

2.8.5. Treatment—The goals of treatment in necrotizing herpetic retinitis are to eliminate 

active viral infection in the eye, stop progression of retinal necrosis to avoid complications 

such as retinal detachment and optic atrophy, prevent fellow eye involvement, and mitigate 

ocular damage from the host immune response. Treatment should begin immediately after a 

clinical diagnosis is made without waiting for the laboratory results. Details of the various 

pharmacologic treatment modalities for HHV posterior uveitis are found in Table 6.

Antivirals are the mainstay of treatment for ARN. The standard of care used to be inpatient 

hospitalization and induction with intravenous (IV) acyclovir 10 mg/kg every 8 hours or 

1500 mg/m2 per day for 5 to 10 days, followed by maintenance with oral acyclovir 800 mg 5 

times daily for an additional 6 weeks.6,26,56 Acyclovir is a synthetic acyclic purine-

nucleoside analogue that is viral static and stops viral replication by inhibiting DNA 

polymerase.26 There has, however, been a shift in recent years toward outpatient 

management of HSV- and VZV-associated posterior uveitis with the newer oral and 

intravitreal antivirals. Newer oral antivirals such as valacyclovir (a prodrug of acyclovir) and 

famciclovir have greater bioavailability and systemic concentrations similar to that of IV 

acyclovir.6,15,60,102 Thus, they may be used as induction agents. A few studies reported that 

all patients treated with either oral valacyclovir 1 g 3 times daily or oral famciclovir 500 mg 

3 times daily had complete resolution of retinitis without the need for IV acyclovir 

therapy.6,15,60 To achieve a similar area under the curve as IV acyclovir, oral agents must be 

used in high doses. There are only data for valacyclovir in this regard. Higher oral doses of 

valacyclovir 2 g 4 times daily are well tolerated and produce a daily area under the curve 

similar to that of IV acyclovir 10 mg/kg every 8 hours.2,79 Antiviral agents can also be 

delivered via intravitreal injections in cases of severe retinitis or that refractory to systemic 

antiviral therapy. This may be done immediately after diagnostic sampling of intraocular 

fluid is taken. Intravitreal foscarnet 2.4 mg/0.1 mL has been used successfully to treat ARN 

caused by HSV and VZV.265 Intravitreal ganciclovir 4 mg/0.1 mL may be effective in 

treating necrotizing herpetic retinitis in immunocompetent patients.134,155

Besides antivirals, systemic corticosteroids such as oral prednisone 40–80 mg daily, topical, 

or intravitreal corticosteroids can be added to the treatment regime in cases with significant 

inflammation, such as severe vitritis, serous retinal detachment, and retinitis or vasculitis 

involving the macula.40,258 This, however, should only be done after initiation of antiviral 

therapy, as the corticosteroids may promote viral replication.258

Surgery is performed for complications of ARN. Retinal detachment occurs in up to 3 

quarters of ARN cases.25,41,146 Pars plana vitrectomy, lensectomy, air-fluid exchange, 

endolaser, gas, or silicone oil tamponade is performed for reattachment and recovery of 

vision.5,25,90,170 Other than treatment of retinal detachment that has already occurred, early 
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prophylaxis can also be considered in severe cases, as it has been found to lower the risk of 

retinal detachment in eyes where necrotic lesions do not extend beyond the mid-

periphery.103 The role of prophylactic panretinal photocoagulation or prophylactic 

vitrectomy in patients with ARN is controversial. There is ongoing debate about whether or 

not prophylactic panretinal photocoagulation provides any protection. The issue is that there 

may be a selection bias. Milder cases of ARN may get laser because the media is clear and 

detach less frequently due to milder disease not prophylactic prophylactic panretinal 

photocoagulation. Conversely, prophylactic vitrectomy may select for more severe cases of 

ARN. Park and colleagues187 critically reviewed the role of laser photocoagulation in 

patients with ARN. Laser treatment does not prevent the progression of retinitis but forms a 

barrier posterior to the involved retina to form a stronger chorioretinal adhesion posterior to 

the retinal breaks, hence preventing potential retinal detachment. Though there are a number 

of studies showing the benefit of prophylactic laser versus no laser, there are no randomized 

control trials, and all are retrospective studies.187

Although there are several aspects of management of ARN, the long-term outcomes depend 

on the severity, duration, and comorbidities of the patient. Final visual acuity may be poor 

despite optimal treatment, especially in cases where the optic disk or macula is 

involved.5,25,90,170

2.8.6. Outcomes—ARN is a severe, blinding disease with poor visual outcomes. Two-

third of eyes has a final best corrected visual acuity of 6/60 or worse.205,240,270 

Complications include extension of retinal necrosis, involvement of the second eye in more 

than one-third of untreated cases, retinal detachment (up to 75% of untreated eyes), optic 

atrophy, CME, neovascularization, secondary vitreous hemorrhage, epiretinal membrane, 

cataracts, and phthisis or hypotony.41,42,56,58,90,146,172,179,184,205,239 Early diagnosis and 

proper treatment are critical to reduce the impact of these complications.

2.9. Progressive outer retinal necrosis

2.9.1. Background—PORN is a highly destructive and rapidly progressive variant of 

ARN found almost exclusively in immunocompromised individuals such as AIDS patients 

with low CD4+ T-lymphocytes count75,94,191,241 or posttransplant recipients.114,128,244 The 

demographic factors and clinical characteristics of PORN are found in Table 

7.75,114,128,191,241,244 PORN occurs in people between the ages of 20 to 50 years, has a male 

predominance, and is usually bilateral.75,114,128,191,241,244

2.9.2. Causative viruses—PORN is almost exclusively caused by 

VZV16,75,114,128,191,241,244 and may be associated with a previous or concurrent history of 

herpetic disease such as herpes zoster.75,114,128,191,241,244

2.9.3. Clinical features—PORN may present with acute or progressive blurring of vision, 

scotoma, and other visual field defects, but there is no pain or photophobia unlike in 

ARN.75,104,114,128,191,241,244 There is minimal nongranulomatous anterior uveitis and vitri-

tis.191,241 Extensive multifocal necrotizing chorioretinitis begins at the posterior pole and 

spreads toward the peripheral retina. There are peripheral confluent satellite lesions that 
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coalesce rapidly.114,175,191,241,244 The characteristic macular lesion is a white, necrotic 

parafoveal opacification with a central cherry red spot.175,191 There is RPE mottling, but 

absence of vascular inflammation and minimal hemorrhage.128 Optic disk involvement can 

masquerade as papillitis or neuroretinitis with the presence of relative afferent pupillary 

defect.191

2.9.4. Diagnosis—Diagnosis of PORN is based on the diagnostic criteria described by 

Engstrom and colleagues57 which includes clinical history and fundoscopic findings of well-

demarcated, multifocal, coalescing, and deep or full thickness areas of predominantly 

posterior retinal necrosis in immunocompromised patients, supported with laboratory testing 

of VZV and HIV serology, and PCR analysis of intraocular fluids for VZV.

In PORN, although it may appear clinically as an outer retinal necrosis, OCT shows 

widespread full thickness neurosensory retina loss, particularly as the disease 

progresses.23,241 Similarly to ARN, OCT findings in acute PORN are similar to those in 

central retinal artery occlusion. At presentation, there is extensive perifoveal retinal 

thickening with hyperreflectivity corresponding to the retinal edema and posterior 

shadowing.11 At resolution, however, there is total loss of identifiable retina layers 

corresponding to areas of retinal necrosis unlike a diffuse retinal thinning seen in central 

retinal artery occlusion.11

2.9.5. Treatment—As PORN tends to progress rapidly, early initiation of aggressive 

systemic and intravitreal antiviral therapy (a combination of ganciclovir, acyclovir, cidofovir, 

and foscarnet) is important to arrest the progression of retinitis, induce remission, prevent 

involvement of the fellow eye, and maintain useful vision.114,191,241

Similarly to ARN, antivirals are the mainstay of treatment. Acyclovir, ganciclovir, foscarnet, 

and cidofovir block the replication of VZV by selectively inhibiting viral DNA poly-

merase.244 Systemic antiviral therapy includes IV foscarnet 24 mg/mL 3 times daily,114 IV 

ganciclovir 5 mg/kg/24 h,128,241,244 IV cidofovir128 or IV acyclovir.191 PORN may have a 

poor response to IV acyclovir therapy alone.241 A combination therapy of IV ganciclovir 

and foscarnet, intravitreal ganciclovir combined with IV acyclovir or foscarnet, or 

intravitreal ganciclovir with foscarnet results in better visual outcomes.241 Intravitreal 

ganciclovir 4 mg/0.1 mL171,193,241,244 or intravitreal foscarnet 1.2 mg/0.05 mL114,128 has 

been effective in treating PORN in immunosuppressed patients. When response to treatment 

is observed, patients may also be given maintenance of oral valacyclovir 1 g 3 times 

daily,128 valganciclovir, or famciclovir.241 Oral prednisolone 40 mg/day128 may be given to 

reduce intraocular inflammation such as vitritis.

Surgery may be performed for complications of PORN. Panretinal photocoagulation can be 

performed for extensive full thickness necrosis,114,241 although prophylactic 

photocoagulation in preventing retinal detachment is not useful in most patients.241 Retinal 

detachment may be treated by vitrectomy with silicon oil tamponade.244
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In AIDS patients, highly active antiretroviral therapy (HAART) may benefit by lowering the 

HIV viral load and maintaining high CD4+ T-cell counts.241 Maintenance therapy is 

necessary despite immune recovery after HAART.241

2.9.6. Outcomes—PORN has a poor visual prognosis with rapid and profound vision loss. 

Two-thirds of eyes progress to no light perception.57,75,128,191,241,244 PORN tends to have a 

worse prognosis than ARN because PORN does not respond as well to antiviral therapy. 

Complications of PORN include retinal detachment in 70% of cases, optic disk edema or 

atrophy, vitreous hemorrhage, macular edema, and involvement of the fellow 

eye.73,75,114,128,191,241,244

2.10. Cytomegalovirus retinitis

2.10.1. Background—CMV retinitis is a form of opportunistic viral posterior uveitis that 

occurs mostly in severely immunocompromised AIDS patients195 or, rarely, in those on 

immunosuppressive therapy after organ transplantation or who are on systemic cortico-

steroids.4,100,105,108,139,140,189,214 75%–85% of AIDS patients with CD4+ counts less than 

50 cells/μL have CMV retinitis.97,100,105,195,254 CMV retinitis is the most frequent 

manifestation of CMV disease among AIDS patients and accounts for 75%–85% of all 

CMV end-organ disease.108 Rarely, CMV retinitis may occur in immunocompetent 

individuals, although these patients usually have some degree of immune dysfunction, such 

as advanced age, diabetes mellitus, corticosteroid, and noncytotoxic immunosuppressive 

medication use.214

CMV retinitis can occur at almost any age, but is most common between the ages of 30 and 

60. Most patients are males.4,100,105,108,140,189,214 CMV retinitis usually begins as a 

unilateral disease, but progresses to involve the contralateral eye within 6 months in about 

20% of cases, presumably from hematogenous spread.119,140 The disease follows a chronic 

clinical course.214 The demographics and clinical characteristics of CMV retinitis can be 

found in Table 8.4,100,105,108,140,189,214

2.10.2. Clinical features—CMV retinitis is asymptomatic in 50% of cases, and 

symptoms include blurred vision, floaters, scotomata, and ocular 

discomfort.4,100,105,108,140,189,214,270 Acute complaints such as pain, redness, and 

photophobia are typically absent.214

CMV retinitis presents with mild anterior segment inflammation, including keratic 

precipitates, anterior chamber cells, and minimal vitritis.189 The distinguishing feature is a 

single focus of full thickness yellow-white necrotizing granular retinitis in the peripheral 

retina with a perivascular distribution that expands centrifugally.100,214,270 There may be 

vitritis, retinal hemorrhage, and vasculitis, usually in the form of retinal 

arteritis,4,100,105,108,140,189,214 which have been described as a “pizza pie retinopathy.”189 

CMV posterior uveitis may also present as an optic neuritis.161

There are 2 stages in CMV retinitis. The first stage is an active retinitis. Three patterns of 

active retinal lesions have been described: fulminant/edematous, indolent/granular, and 

exudative.254 The fulminant/edematous form consists of large areas of retinal hemorrhage in 
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a background of confluent retinal necrosis.254 The indolent/granular pattern consists of 

granular satellite lesions with little or no hemorrhage.254 The exudative pattern, also known 

as frosted branch angiitis, has extensive vascular sheathing.154,189 The second stage is 

widespread necrosis and retinal tears. In quiescent disease, there is retinal atrophy with 

fibrosis, calcification, and sclerotic vessels.270

2.10.3. Diagnosis—CMV retinitis is diagnosed clinically on indirect ophthalmos-copy 

with concurrent documentation on digital fundal photography, as described by Newman and 

colleagues,181 and supported by clinical history, systemic review, laboratory, and ancillary 

tests. PCR analysis of CMV DNA in intraocular fluid samples aids with the diagnosis, 

subsequent management, and monitoring of treatment response.84,135,229

2.10.4. Treatment—The mainstay of treatment in CMV retinitis is the reversal of 

immunodeficiency. In the setting of HIV/AIDS, initiation of HAART, or checking for 

antiviral resistance if CD4+ counts is low despite HAART, is an aspect of management. In 

iatrogenically immunosuppressed patients, immunosuppression should be minimized as 

much as possible. Since CMV retinitis is found mostly in AIDS patients (and recently in 

immunocompetent individuals as well66,252), the use of HAART to treat the coexisting HIV 

infection lowers the progression of CMV retinitis and incidence of subsequent visual 

loss.100,108,120,260 Anti-CMV therapy may be discontinued in patients with sustained 

immune recovery to CD4+ counts ≥100 cells/μL.105,260

Antivirals such as ganciclovir, valganciclovir, cidofovir, and foscarnet are used in the 

treatment of CMV retinitis because these antivirals competitively inhibit CMV DNA po-

lymerase.95,100,166,254,270 Ganciclovir was also available as a surgically implanted delivery 

device, Vitrasert (Bausch & Lomb, Rochester, NY, USA), that released a sustained 

concentration of the drug into the vitreous cavity and had a low risk of complications.115,164 

This device was used for patients who could not tolerate systemic ganciclovir or 

foscarnet270; however, because of lack of demand, the ganciclovir implant is no longer 

available.

Since CMV retinitis is a manifestation of a systemic disease, antiviral therapy has to be 

given systemically. Studies from the Studies of Ocular Complications of AIDS have 

demonstrated that mortality is significantly increased in HIV/AIDS patients with CMV 

retinitis, if the CMV retinitis is treated locally alone by intravitreal injections or ganciclovir 

implant.1

2.10.5. Outcomes—The natural course of CMV retinitis includes regression, 

complications like retinal detachment, or recurrence. Most studies demonstrate improvement 

or stabilization of vision and ophthalmic findings in majority of patients, with many 

achieving complete remission.270

Complications of CMV retinitis are severe and may result in profound vision loss and 

blindness.120 Complications4,97,100,105,108,140,189,214 include extension of retinitis (although 

less rapidly than in HSV or VZV retinitis), involvement of second eye, epiretinal membrane, 

CME, retinal neo-vascularization, posterior subcapsular cataracts, phthisis, optic atrophy, 
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and rhegmatogenous retinal detachment in up to one-third of eyes.100,209 The strongest 

predictor for retinitis progression, involvement of the contralateral eye, and risk of retinal 

detachment is low CD4+ T-cell counts less than 50 cells/μL.108 CMV necrotizing retinitis 

can be differentiated from ARN by increased rates of neovascular complications and 

decreased rates of retinal detachment.214

Immune recovery uveitis is a HAART-dependent, noninfectious inflammatory response that 

occurs in up to 63% of patients with treated CMV retinitis and increased CD4+ 

counts.100,121,254 Complications include epiretinal membrane, CME, neovascularization, 

cataracts, and severe proliferative vitreoretinopathy.100,121,254 The risk of immune recovery 

uveitis increases with the severity of CMV retinitis and use of cidofovir during treatment.225 

This risk is reduced by delaying HAART therapy until induction of CMV antiviral therapy 

begins.

2.11. Nonnecrotizing herpetic retinitis

2.11.1. Background—NNHR is a relatively new disease entity first reported in 2003 by 

Bodaghi and colleagues.27 Five of 37 patients included in the initial report had PCR-

confirmed herpetic infections masquerading as atypical posterior uveitis.27 A viral etiology 

must be excluded in cases of sight-threatening and atypical posterior uveitis that is 

unresponsive to conventional corticosteroid treatment.27 The demographics and clinical 

features of NNHR are found in Table 9.7,27,259,262 NNHR can occur in any age group, with 

slightly more males affected than females. Most cases tend to be unilateral and chronic.

2.11.2. Causative viruses—VZV accounts for up to three-quarter of NNHR cases, 

followed by HSV in the remaining cases.7,27,259,262

2.11.3. Clinical features—Patients may present with symptoms of blurred vision or 

ocular pain.262 There is mild anterior chamber inflammation with vitritis. Fundus 

examination may reveal peripheral retinitis, diffuse occlusive retinal vasculitis, peripheral 

neo-vascularization, intraretinal or vitreous hemorrhage, retinal edema, and papillitis but no 

signs of retinal necrosis.7,27,259,262 In patients with atypical ARN or NNHR, the retinal 

lesions tend to progress slowly and generally do not completely destroy the involved 

retina.259

2.11.4. Diagnosis—Diagnosis of NNHR is made based on the clinical features described 

by Bodaghi and colleagues,27 in patients with atypical posterior uveitis that is PCR positive 

for HSV or VZV in the intraocular fluids and remain unresponsive to conventional therapy 

with systemic corticosteroids and immunomodulatory therapy.7 Viral serologies are 

measured by ELISA.27 Tetraplex PCR analysis is done using aqueous or vitreous samples to 

identify the herpes virus involved.7,27,259,262

2.11.5. Treatment—NNHR does not respond to conventional therapy with systemic 

corticosteroids or immunosuppressive therapy, but a favorable response may be achieved 

with systemic antivirals.7,27
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Antivirals should be started immediately after identification of the virus. The use of 

antivirals stabilizes intraocular inflammation, allows eventual tapering of corticosteroids and 

discontinuation of immunosuppressive therapy.27 Systemic antivirals include oral acyclovir 

800 mg 5 times daily or oral valacyclovir 2–3 g/day (depending on the creatinine clearance), 

tapered and maintained for 7–8 months.7,27,259,262 Relapses may be treated with oral 

acyclovir until resolution of the retinitis.7 Long-standing preventive antiviral therapy may be 

considered for patients who present with recurrent intra-ocular inflammation.7

Most patients may be treated with corticosteroids before diagnosis and identification of a 

viral etiology. Oral steroids should not be stopped but progressively tapered to avoid 

recurrences.27 Oral prednisone 10–20 mg/day or topical corti-costeroids7,259,262 and 

immunosuppressive treatment (such as cyclosporine A)7,27 are progressively tapered over a 

few months.27,262 Laser photocoagulation of the ischemic zones7,259 or pars plana 

vitrectomy can be performed for retinal detachment or diagnostic purposes.259

2.11.6. Outcomes—NNHR has a good visual prognosis, and a majority of cases show 

improvement in visual acuity and stabilization or resolution of uveitis.7,27,259,262 There was 

severe visual loss in one patient from multiple complications.7 Wensing and colleagues259 

noted that the presence of occlusive vasculitis was associated with a worse visual acuity at 

follow-up. Complications of NNHR include multiple recurrences of anterior uveitis or 

retinal vasculitis, CME, retinal detachment, retinal atrophy, band keratopathy, and 

cataracts.7,27,259,262

2.12. Other herpetic posterior segment manifestations

The most frequent findings in congenital HSV retinitis are multifocal, confluent patches of 

white retinal opacification, at times presenting as ARN.76 In acquired infections, typical 

features include vascular sheathing, arteriolar attenuation, hemorrhage, retinal and optic disc 

edema, multifocal chorioretinitis, and yellowish exudative plaques in the macula and 

posterior pole.39,77,228,270

In congenital VZV infections, posterior segment findings include discrete white 

chorioretinal scars.34 In acquired infections there may be focal, yellow-gray chorioretinitis, 

perivasculitis, or ARN features of diffuse necrotizing retinitis with macular extension, 

hemorrhage, retinal tears, edema, and vascular sheathing.107,117 A hemorrhagic variant of 

VZV retinitis was reported, with dense vitreous hemorrhage, per-ipapillary edema and 

hemorrhage, and intraretinal whitening.149

Features of EBV posterior uveitis include relative afferent pupillary defect, mild anterior 

chamber inflammation, vitritis, chorioretinitis, yellow-white fluffy retinal opacifications, 

multifocal choroiditis, localized choroidal effusions, hemorrhage, vasculitis, and optic 

neuritis.89,116,118,133,185,192,213,226,258 Other reported findings associated with EBV 

infection include subretinal fibrosis and uveitis syndrome and punctate outer retinitis with 

retinal pigment epithelial clumping and depigmentation.185,198
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2.13. Human immunodeficiency virus

2.13.1. Background—HIV is a single-stranded RNA retrovirus that causes AIDS. HIV is 

spread by sexual contact, blood, or vertical transmission from mother to child. AIDS is a 

multisystemic disease associated with progressive failure of the immune system that can 

cause opportunistic infections and viral-induced cancers.222

Ocular disease occurs in up to 70% of AIDS patients throughout the natural history of HIV 

infection.36,47 HIV itself is an extremely rare infectious cause of posterior uveitis. There 

have been few reports of posterior uveitis occurring in AIDS patients in the absence of other 

viral etiologies.148 AIDS patients are at risk of other opportunistic ocular infections 

secondary to their immunosuppressed state. The 2 most common viral posterior uveitis in 

AIDS patients are CMV retinitis and PORN, and rarely, HSV-related ARN.47–49,141,145,254 

HIV-related uveitis can also be the result of drug toxicity or Immune recovery uveitis.47

2.13.2. Clinical features—HIV retinitis may present with symptoms of blurred vision, 

floaters, photophobia, tearing, and foreign body sensation. Levinson and colleagues148 

reported in 1998 that several patients infected with HIV were found to have slowly 

progressive mid-peripheral multifocal retinal infiltrates, diffuse or located in clusters, with 

irregular faint yellow-white or translucent discrete foci, lacy inflammation in between, 

minimal anterior chamber inflammation, vitritis or vasculitis, and no retinal hemorrhage or 

necrosis. There was no evidence of opportunistic infections. The median CD4+ count at 

presentation was 272 cells/μL.148 Vrabec and colleagues254 also describe HIV retinitis as a 

peripheral multifocal retinitis with low-grade vitritis, retinal vasculitis, and no hemorrhage. 

Besides HIV retinitis, AIDS patients commonly present with features of CMV retinitis, 

PORN, or ARN.49,141,145,254

Retinal vascular changes, including cotton wool spots, intraretinal hemorrhages, and 

microaneurysms, are the most common manifestations of HIV retinopathy. These are caused 

by noninfectious microvasculopathy of HIV disease that may result in ischemic 

maculopathy.46 Visual symptoms are usually bilateral and abrupt in onset. On examination, 

there is juxtafoveal opacification of the superficial retina, cherry red spot, and intraretinal 

hemorrhages. Patients were diagnosed with ischemic maculopathy based on FFA changes, 

which show enlargement of the foveal avascular zone and mild staining of the juxtafoveal 

vessels.46

2.13.3. Diagnosis—Diagnosis of HIV retinitis is made based on positive HIV serology by 

ELISA for antibodies to the p24 antigen, signs on fundus examination, and exclusion of 

other etiologies.270

The CD4+ T-lymphocyte count has been used to predict the onset of certain ocular 

infections.49,243 Studies have found that a CD4+ count of less than 50 cells/μL is associated 

with CMV retinitis and PORN.97,100,105,191,195,254

2.13.4. Treatment—HIV retinitis responds to antiretroviral therapy such as zidovudine, 

saquinavir, and nelfinavir mesylate, but not to other antivirals such as ganciclovir or 

acyclovir commonly used to treat other types of viral retinitis.148,254
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HAART, a combination of nucleoside reverse transcriptase inhibitors, nonnucleoside reverse 

transcriptase inhibitors, and protease inhibitors, is a therapy used in AIDS patients to lower 

the plasma levels of HIV RNA and increase CD4+ T-lymphocyte counts, thereby improving 

the overall immune function of the patient43,83 and salvage the vision of AIDS patients by 

stopping the progression of ophthalmic opportunistic infections.99

Any infection or intraocular lymphoma should be treated with specific antimicrobial or 

antineoplastic therapy. Inflammatory complications such as severe vitritis, CME, or posterior 

synechiae should be treated with corticosteroids, in conjunction with a cycloplegic agent.47

2.13.5. Outcomes—The prognosis of HIV retinitis depends upon the location of the 

lesions and the CD4+ counts. The few complications reported include epiretinal membrane 

formation and CME, but there were no cases of retinal detachment, neovascularization, 

vascular occlusion, or optic nerve involvement.148

2.14. Measles

2.14.1. Background—Measles is a single-stranded, enveloped (nonsegmented) RNA 

Morbillivirus from the Paramyxoviridae family.98 Measles is an airborne disease that 

spreads via direct contact with secretions. It usually presents with fever, cough, coryza, and 

Koplik spots before the onset of rash.194

Posterior uveitis associated with measles can occur in both congenital and acquired 

infections, although it is more common in the latter.270 It may occur concomitantly with 

measles encephalitis, also known as subacute sclerosing pan-encephalitis 

(SSPE).17,18,216,238,268,270,271 Ocular involvement occurs in up to 50% of SSPE 

cases.18,216,268 SSPE is a condition that mainly affects children and young 

adults.17,216,238,268,271 SSPE is characterized by a history of primary measles infection, 

several asymptomatic years, followed by a gradual, progressive psychoneurological 

deterioration consisting of behavioral changes, myoclonic seizures, ocular abnormalities, 

and coma.17,194,268 The prevalence has declined since the introduction of the measles 

vaccine.21,30

The demographics and clinical characteristics of measles retinopathy are found in Table 

10.17,18,182,212,216,238,268,271 Measles retinopathy mainly affects younger patients and males. 

It is usually bilateral, and patients are often immunocompetent.17,18,182,212,216,238,268,271

2.14.2. Clinical features—Measles posterior uveitis may present with symptoms of 

painless visual loss. Fundus findings include optic disk swelling, arteriolar attenuation, 

diffuse retinal edema, scattered hemorrhages, and exudative stellate macular lesions.212,270 

Upon resolution, there is optic disk pallor, peripapillary vascular sheathing, and secondary 

pigmentary retinopathy with a “salt and pepper” appearance.212

In SSPE, visual symptoms and retinopathy precede the onset of neurological findings by 

weeks to years. The most characteristic fundus lesion in SSPE is focal necrotizing retinitis or 

chorioretinitis that starts in the macula and progresses toward peripheral retina. It 

preferentially affects the retina with secondary involvement of the RPE and 

Lee et al. Page 16

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



choroid.17,18,182,216,238,268,271 Ground-glass whitening of the retina with ill-defined margins 

and RPE mottling occur. Other findings include optic nerve involvement, such as 

papilledema and optic atrophy, and retinal changes such as retinal folds, edema, hemorrhage, 

serous detachments, and occlusive vasculitis.17,18,271 There is minimal vitreous 

inflammation.17 The lesions usually resolve rapidly with varying degrees of scarring and 

depigmentation.238,268,271

2.14.3. Diagnosis—Diagnosis of measles posterior uveitis is clinical and confirmed by 

positive measles serology with complement fixation, enzyme immunoassay, 

immunofluorescent and hemagglutination inhibition tests, or positive measles antibodies in 

the cerebral spinal fluid in cases of SSPE.270 FFA may show early hypofluorescence which 

changes into hyperfluorescence at later stages, compatible with chorioretinal inflammation, 

diffuse leakage secondary to widespread retinal edema, and zones of atrophy, RPE mottling, 

or occlusive vasculitis.18,212,268 OCT shows signs of necrotizing retinitis with focal areas of 

moth-eaten disorganization in the macula.18

2.14.4. Treatment—There is no definitive treatment for measles retinopathy or 

SSPE.182,216 SSPE can be managed with medications if treatment is started early; however, 

no cure for SSPE exists, and the condition is often fatal. Various treatment regimens have 

been tried with little success, including IV IgG, plasma exchange, cytarabine, amantadine, 

and interferons. The most promising results to date use a combination of isoprinosine 

(inosiplex), an antiviral agent, and intraventricular, intra-thecal, or intracameral interferon 

alpha as an immunomodulator, with stabilization or improvement in some 

cases.17,18,147,182,216,238 The role of corticosteroids in the management of measles posterior 

uveitis is controversial, and there is lack of any evidence or published literature about 

administering corticosteroids to prevent vision loss.

2.14.5. Outcomes—In measles retinopathy, permanent ocular damage due to 

complications of retinitis pigmentosa, macular scarring, and RPE mottling is developed in 

some patients.18,212,216 Even with return of useful vision, the visual fields usually remain 

constricted to less than 15 degrees.212,270

2.15. Rubella

2.15.1. Background—Rubella, also known as German measles or 3-day measles, is a 

single-stranded RNA Rubivirus from the Togaviridae family. Rubella virus is spread via 

airborne inhalation of aerosols or vertical transmission from mother to child.20 Rubella 

usually presents with fever, coryza, Forchheimer spots, cervical lymphadenopathy and a 

scarlatiniform rash that fades after 3 days.20

Retinopathy caused by rubella is usually associated with congenital rubella syndrome, 

characterized by a triad of auditory, ocular (cataracts, microphthalmos and pigmentary 

retinopathy) and cardiac defects.20 Pigmentary retinopathy secondary to rubella was first 

observed by Mitchell in 1941 as a pale fundus with scattered irregular spots of pigment.74 

Pigmentary retinopathy is developed in about 20%–60% of children with congenital rubella 

syndrome.44,138,186 Like measles, the prevalence of congenital rubella syndrome and 
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rubella-related posterior uveitis has decreased since the introduction of the rubella 

vaccine.144

Rubella retinopathy is a bilateral disease that usually occurs in immunocompetent children 

or young adults with a history of congenital rubella syndrome. The demographics and 

clinical characteristics of rubella retinopathy can be found in Table 

11.44,52,86,92,129,138,186,256

2.15.2. Clinical features—Congenital rubella causes a progressive pigmentary 

retinopathy that is characterized by a “salt and pepper” fundus. It often occurs in the 

posterior pole and macula, consisting of black, irregular pigmentary lesions, areas of 

depigmentation and hyperpigmentation, waxy disk, coarse macular mottling, and 

hemorrhage.44,92,129,138,186,256,270 Morlet described 3 types of fundus features–gross and 

generalized pigmentary changes, peripheral pepper-like pigmentary changes, and diffuse 

strange, moth-eaten areas with a waxy disk.129,138

Rubella retinitis, a rare feature of acquired rubella infection in adults,86 may present as a 

diffuse chorioretinitis with dark gray atrophic lesions at the posterior pole and diffuse retinal 

detachment, normal retinal vessels and optic disk, and absence of hemorrhage.86 There has 

also been a report of rubella neuroretinitis, characterized by diffuse retinal edema, macular 

star, vasculitis, and papillitis.52

2.15.3. Diagnosis—Diagnosis of rubella retinopathy is difficult because of a lack 

pathognomonic signs. Serological diagnosis is based on the presence of rubella IgM 

antibodies or detection of an IgG increase of fourfold or more, with hemagglutination 

inhibition, complement fixation, ELISA, or immunofluorescent44,52,86,138,270 in the absence 

of other possible causes. Fundus autofluorescence imaging is a sensitive and noninvasive 

method that supports the diagnosis of rubella retinopathy when stippled fluorescence is 

highlighted in the fundus.72 In some cases, FFA shows transmission and blockage of choroid 

fluorescence with subretinal neovascularization and multifocal leakage into the subretinal 

space.86,270 There is no published literature to support the role of PCR in the diagnosis of 

rubella posterior uveitis.

2.15.4. Treatment—There is no definite treatment for rubella retinopathy. Rubella 

retinopathy is usually just monitored as the retinopathy is generally benign and does not 

affect vision unless choroidal neovascularization develops in the macula.129,256 Systemic 

corticosteroids may be beneficial in instances where there is severe inflammation.52 

Photodynamic therapy may be effective for choroidal neovascularization secondary to 

rubella retinopathy, with a resulting improvement of visual acuity.256

2.15.5. Outcomes—The long-term prognosis of rubella retinopathy is excellent.44,92,138 

Rubella retinopathy is usually benign, nonprogressive, and does not interfere with vision.129 

Rare complications include subretinal or choroidal neo-vascularization, macular 

hemorrhage, and disciform scarring, which may lead to a significant reduction in visual 

acuity.92,186,256
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2.16. Vector borne diseases

Vector borne diseases contribute to some of the most serious epidemics in the world and are 

of great public health importance. Disease transmission by hematophagous arthropods was 

first reported by Manson in 1877. Since the discovery of filariasis being spread by Culex 
mosquitoes in 1877, other diseases such as malaria (1898), yellow fever (1900), and dengue 

(1903) have been shown to have similar transmission modes.78 Although malaria is the most 

important vector borne disease because of its global distribution and numerous deaths, 

arboviruses are the most abundant.78

There is insufficient evidence to suggest if the associated retinitis, choroiditis, or optic nerve 

involvement in these vector borne diseases are related to live viruses or a secondary 

immunologic process.

2.17. Dengue virus

2.17.1. Background—Dengue fever is caused by 4 closely related, but antigenically 

distinct, Flavivirus serotypes, and transmitted by the mosquito, Aedes aegypti. Dengue is 

endemic in Southeast Asia, Central America, and South America. Globally, approximately 

50–100 million cases of dengue fever and 500,000 cases of dengue hemorrhagic fever occur 

each year, although the public health impact of dengue is likely to be greatly 

underestimated.78

Dengue infection produces a clinical spectrum of disease, ranging from a nonspecific viral 

illness to severe and fatal dengue hemorrhagic fever or dengue shock syndrome. Dengue 

fever is usually characterized by fever, arthralgia, headache, and rash.82,136,151,234

The first case of dengue fever-related posterior uveitis was described by Deutman and 

colleagues54 in 1979 among tourists who returned from dengue endemic countries. Since 

2000, more cases have been reported, especially in the Southeast Asian 

countries.37,68,82,111,136,151,223,231,234 Dengue-related posterior uveitis is acute, bilateral in 

75% of cases, and occurs in immunocompetent individuals.37,82,111,136,151,223,231,234 The 

demographics and clinical features of dengue posterior uveitis are found in Table 

12.37,82,111,136,151,223,231,234

2.17.2. Clinical features—Symptoms of dengue-related posterior uveitis include blurring 

of vision, paracentral scotoma, metamorphopsia, floaters, red eyes, and systemic symptoms 

of dengue fever such as fever, petechial rash, and myalgia. There is no pain, photophobia, or 

tearing. Ocular symptoms frequently occur 1 week after the onset of dengue 

fever.37,82,111,136,151,223,231,234

Dengue-related posterior uveitis may present as chorioretinitis or a hemorrhagic retinopathy. 

On examination, there is minimal anterior chamber inflammation and vitritis. In dengue 

chorioretinitis, the characteristic feature is a chorioretinitis with maculopathy. The macular 

region is often involved. There may be focal chorioretinitis or choroiditis, retinal edema, 

vascular sheathing, retinal hemorrhages, foveolitis, cotton wool spots, and 

neuroretinitis.68,111,136,151,223,231,234 Foveolitis is a newly described manifestation specific 

Lee et al. Page 19

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



for dengue fever and is described as a discrete, round yellow-orange lesion localized to the 

fovea.111

Hemorrhagic retinopathy associated with dengue hemorrhagic fever is related to the induced 

thrombocytopenia.37,82 The onset of visual symptoms is usually observed within 1 day from 

the resolution of fever and at the nadir of the thrombocytopenia. Fundoscopic examination 

shows multiple dot and blot hemorrhages within the vascular arcades and macula.37,82

2.17.3. Ocular imaging findings—On FFA, there may be extensive retinal vasculitis, 

choroidal hyperfluorescence, blocked fluorescence, or capillary non-perfusion.136,151 

Similarly, on indocyanine green angiography, there may be early diffuse choroidal 

hypercyanescence with late silhouetting of the larger choroidal vessels151 or hypo-

fluorescent spots corresponding to yellow subretinal lesions seen clinically and additional 

spots in areas without clinically evident dots.123 On OCT scan, there are 3 patterns of 

maculopathy–diffuse retinal thickening, CME, and foveolitis.32,234,235 In diffuse retinal 

thickening, there is increased central or paracentral fovea thickness associated with loss of 

foveal dimple.235 CME is characterized by large intraretinal ovoid areas of hyporeflectivity 

with reflective septa separating the cystoid cavities.235 Foveolitis is characterized by an area 

of thickening and high reflectivity at the subfoveal outer retina layer. There may be a tented 

elevation and separation of the highly reflective layer with accumulation of subretinal fluid 

(area of low reflectivity) within cystic.235 Serial OCT imaging demonstrates spontaneous 

rapid resolution of edema, but patients may complain of persistent central or paracentral 

scotoma after resolution of the disease.234

2.17.4. Diagnosis—Dengue fever can be confirmed with serological tests such as serum 

PCR and dengue antibodies using ELISA, antibody capture, monoclonal antibody, or 

hemagglutination.190 There is also thrombocytopenia in the full blood count.64 

Thrombocytopenia has been found to have a predictive value for spontaneous ocular 

bleeds.190 Dengue posterior uveitis is diagnosed based on clinical history, signs, and positive 

dengue serology.

2.17.5. Treatment—Treatment of dengue fever and dengue retinitis is mainly supportive, 

with fluid correction for electrolyte imbalance and hypotension, and management of 

complications. There is no specific antiviral available for dengue, but systemic 

corticosteroids such as IV methylprednisolone or oral prednisone may be used to control the 

inflammation.82,136,151,234 In dengue hemorrhagic retinopathy, other than supportive care, 

platelet transfusion may be given to correct severe thrombocytopenia.37

2.17.6. Outcomes—Dengue posterior uveitis is a self-limiting condition with spontaneous 

recovery or recovery after treatment within 6 months.136 It has a good visual prognosis. 

Ocular complications associated with dengue fever are rare but may result in permanent 

visual impairment. Complications include neo-vascularization, vitreous hemorrhage, 

nummular scars, persistent scotoma, and optic neuropathy with impaired color 

vision.136,151,223,231,234
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2.18. Chikungunya virus

2.18.1. Background—Chikungunya virus is a single-stranded RNA Alphavirus from the 

Togaviridae family that is transmitted by Aedes mosquitoes. Chikungunya is relatively 

uncommon and poorly documented, but is endemic in India, Asia, and Africa. More than 

266,000 people were infected during the 2007 outbreak in Réunion and 1,400,000 cases 

were reported in India in 2006.196

Chikungunya fever is a self-limiting condition that presents with fever, skin rash, and 

myalgia. The characteristic feature of chikungunya is a debilitating and prolonged arthralgia 

that primarily affects the peripheral small joints.196

Ocular manifestations of chikungunya virus range from conjunctivitis to retinitis and optic 

neuritis.143,157 Chikungunya posterior uveitis is an acute disease that affects 

immunocompetent individuals.33,143,158,159,174,177,180,203 The demographics and clinical 

features of Chikungunya posterior uveitis are found in Table 13.33,143,158,159,174,177,180,203

2.18.2. Clinical features—Chikungunya posterior uveitis usually presents with fever, 

headache, arthralgia, and skin rash a few weeks before the onset of visual symptoms 

(blurring of vision, diplopia, scotomata, redness, and retro-orbital 

pain).33,143,158,159,174,177,180,203 On examination, there may be mild vitritis, areas of retinitis 

with or without macular star, retinal hemorrhages, retinal edema, multifocal choroiditis, 

neuroretinitis, and optic neuritis.33,143,158,159,174,177,180,203 It may morphologically mimic 

herpetic viral retinitis, but the clinical history (symptoms of fever, joint pain, and rash) can 

be used to distinguish between the 2.158 It may also resemble WNV retinitis; however, 

peripheral fundus lesions and linear chorioretinal streaks seen in WNV retinitis are not 

present in chikungunya retinitis.31

2.18.3. Ocular imaging findings—FFA may show early hypofluorescence with late 

hyperfluorescence with disk leakage and capillary nonperfusion corresponding to the areas 

of retinitis.33,158,159,177 On OCT scan, areas of retinitis are seen as hyperreflective with after 

shadowing, whereas serous retinal detachment is seen as a hyporeflective area.158,177

2.18.4. Diagnosis—The gold standard of diagnosis of chikungunya is a viral culture 

inoculation of mosquito cell cultures or mammalian cell cultures196; however, this is not 

normally done, and nearly all studies reporting ocular manifestations of chikungunya fever 

used reverse transcriptase PCR assay or chikungunya ELISA IgM antibodies 

instead.33,143,158,159,174,177,180,203

2.18.5. Treatment—There is no established treatment for ocular manifestations of 

chikungunya fever. Antipyretics such as acetaminophen, nonsteroidal antiinflammatory 

drugs, chloroquine, and hydration are given for supportive management.158 Systemic 

corticosteroids have been used to treat inflammation and optic neuritis caused by 

chikungunya virus infection.33,143,158,159,174,177,180,203 It is important to institute early 

therapy once there is onset of optic disk involvement, as a delay in treatment could result in 

poor visual outcomes.174 There is no specific antiviral available for chikungunya virus. 
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Some patients have been empirically treated with acyclovir, although its efficacy is 

doubtful.158,177,180

2.18.6. Outcomes—Majority of patients with chikungunya posterior uveitis recover well 

with good visual outcome. Complications include retinal detachment, central retinal artery 

occlusion, and optic nerve involvement (papillitis, neuroretinitis optic atrophy, or edema), 

which may result in severe vision loss in the minority.33,143,158,159,174,177,180,203

2.19. Rift Valley fever

2.19.1. Background—Rift Valley fever (RVF) virus is a single-stranded RNA Phlebo-
virus belonging to the Bunyaviridae family. Since the first report of a RVF outbreak in 

Kenya in 1930, several epidemics have occurred in Africa, including the largest outbreak in 

Egypt in 1977 involving 18,000 cases and 598 fatalities, and others in Kenya and Somalia 

from 1997 to 1998, as well as Saudi Arabia in 2000.8

RVF is an arboviral disease that affects livestock as well as humans.219 In humans, it is 

usually asymptomatic or causes an acute, self-limiting, influenza-like febrile disease. In 1%–

3% of cases, however, it can cause serious morbidity and mortality from severe 

manifestations such as meningoencephalitis or hemorrhagic fever.8,219

Ocular complications of RVF range from blurred vision to macular exudates, retinitis, and 

vasculitis. Most cases are unilateral and affect males, although there are no updated reports 

in the literature after 2005. The demographics and clinical characteristics of Rift Valley 

retinitis are found in Table 14.8,62,215,220,221

2.19.2. Clinical features—Systemic symptoms of RVF include pyrexia of unknown 

origin, headache, joint pain, and myalgia that occur 1 week before the onset of ocular 

symptoms such as blurring of vision, scotoma, floaters and retro-orbital pain.8,62,215,219–221 

The most common fundus findings are progressive macular or paramacular necrotizing 

retinitis consisting of white exudate-like lesions, accompanied by retinal edema, 

hemorrhages, occlusive vasculitis, optic disk edema, and vitreous haze.8,62,215,220,221 

Nongranulomatous anterior uveitis was always accompanied by posterior uveitis 

(panuveitis).8

2.19.3. Ocular imaging findings—In the acute phase, FFA shows obscuration of 

background fluorescence, delayed peripapillary choroidal filling corresponding to the area of 

lesion, widespread vascular occlusion with extensive leakage, and late staining of retinal 

lesions. After resolution, there may be a window defect at areas of scarring, residual delay in 

peripapillary choroidal filling, and residual sheathed vessels.8,221

2.19.4. Diagnosis—Diagnosis of RVF posterior uveitis is made based on the presenting 

history, ocular signs, and positive serology of RVF antibodies in ELISA, hemagglutination 

inhibition or complement fixation tests that show a 4-fold or higher rise in paired acute and 

convalescent samples.8,219–221
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2.19.5. Treatment—There is no established treatment for RVF infection, and management 

is mainly supportive with IV fluids, antimicrobials, blood transfusion, hemodialysis, or 

mechanical ventilation.8

2.19.6. Outcomes—The visual prognosis of RVF posterior uveitis is poor, with 40%–50% 

of cases having a permanent loss of visual acuity after resolution of retinitis.8,219,221 Most 

active retinal lesions spontaneously resolve within 12 weeks. The most common 

complications of RVF retinitis include chorioretinal (macular or paramacular) scarring in 

about half of cases, vascular occlusion and optic atrophy, leading to a persistent central 

scotoma and permanent vision loss.8,62,215,220,221 Up to 70% of patients remain legally 

blind.8

2.20. West Nile virus

2.20.1. Background—WNV is a single-stranded RNA Flavivirus from the Flaviviridae 

family that is transmitted by infected mosquitoes. WNV can be found in North America, 

Europe, Africa, Asia, and Australia. Since the spread of WNV in the Western Hemisphere 

after a 1999 outbreak in New York, there have been more than 16,000 cases and 660 deaths 

in North America.87

Majority of WNV infections are asymptomatic or present with a mild, self-limited febrile 

illness with fever, headache, myalgia, vomiting, and chills. Neurologic disease, including 

meningitis, encephalitis, and a poliomyelitis-like syndrome, develops in an estimated 1% of 

cases.87 WNV posterior uveitis is associated with WNV meningo-encephalitis.14,85

WNV chorioretinitis tends to occur in older patients, those with coexisting diabetes mellitus, 

with higher likelihood of presenting with encephalitis.85 Diabetes mellitus has been reported 

as a potential risk factor for multifocal chorioretinitis in WNV infection.88,122,126,127 The 

demographic factors and clinical characteristics of WNV chorioretinitis are found in Table 

15.13,14,19,69,88,122,126,127,218,224

2.20.2. Clinical features—WNV posterior uveitis may present with symptoms of 

blurring of vision, visual field defect, floaters, diplopia, eye redness, or pain about 1 to 2 

weeks after the onset of fever, headache, myalgia, and nausea.19,87 The most common ocular 

manifestation of WNV infection is bilateral multifocal chorioretinitis, found in more than 

80% of patients The characteristic feature of WNV chorioretinitis is a curvilinear clustering 

of whitish yellow chorioretinal scars with a “target-like” appearance, following the course of 

the retinal nerve fibers.19,126 Other features include occlusive retinal vasculitis, optic neuritis 

or edema, retinal hemorrhages, and no or minimal anterior and vitreous 

inflammation.13,14,19,69,85,88,122,126,127,217

2.20.3. Ocular imaging findings—Affected eyes are classified as active chorioretinitis 

or inactive chorioretinitis with or without residual active lesions, based on ophthalmoscopic 

and FFA findings.122 Active chorioretinal lesions appear as circular, deep, creamy lesions on 

ophthalmoscopy with early hypofluorescence and late staining on FFA. Inactive 

chorioretinal lesions appear partially atrophic and partially pigmented with central 

hypofluorescence and peripheral ring-like hyperfluorescence.13,19,69,89,122,127,217,224 
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Indocyanine green angiography shows well-delineated hypo-fluorescent choroidal lesions, 

more numerous than those appreciated by FFA or clinically.125,126,218,224 On OCT scan 

there may be inner retinal edema in active inflammation and retinal atrophy in the late 

stage.218,224

2.20.4. Diagnosis—WNV posterior uveitis is diagnosed based on clinical history, signs, 

and positive serology. The most common method used for detecting WNV is detection of 

WNV IgM ELISA antibodies, which has a sensitivity approaching 100% at titres greater 

than 1:30.13,14,19,69,88,122,125–127,224

2.20.5. Treatment—Currently, there is no proven treatment for WNV infection. 

Management of WNV infection and chorioretinitis is mainly supportive. Topical 

prednisolone may be given to reduce the inflammation. Khairallah and colleagues122 treated 

all of their hospitalized patients with ribavirin, according to its proven in vitro activity 

against WNV infection, although its efficacy has not been established. Complications of 

WNV may be managed with panretinal photocoagulation for neovascularization, vitrectomy 

for vitreous hemorrhage or retinal detachment, and intravitreal injection of antivascular 

endothelial growth factor agent for macular edema.3,13,14,19,69,88,122,126,127,217

2.20.6. Outcomes—WNV chorioretinitis is a self-limiting disease and usually has good 

visual prognosis. Visual acuity returns to the baseline in most patients, with up to half of 

patients having a final best corrected visual acuity of 6/12 or 

better.13,14,19,69,88,122,126,127,217 Visual prognosis tends to be better in patients with focal 

retinitis and worse in patients with occlusive vasculitis.224 Complications of WNV 

chorioretinitis include significant visual field loss, chorioretinal scarring, optic atrophy, 

retinal detachment, vitreous hemorrhage, choroidal neovascularization, and severe ischemic 

maculopathy.3,13,14,19,31,69,88,122,126,127,217,224

2.21. Zika virus

2.21.1. Background—Zika virus (ZIKV), a neurotropic mosquito-borne Flavivirus related 

to the dengue, yellow fever, and WNVs, was first identified in monkeys in 1947 and further 

isolated in humans in 1952. ZIKV is mostly transmitted by Aedes mosquitoes. Direct 

interhuman transmission by sexual intercourse, vertical, perinatal, and breast milk 

transmission has also been reported.63,249,251 Since the ZIKV emergence in Brazil in April, 

2015, it is estimated that more than one million Brazilians were infected. Nearly, 80% of 

patients with ZIKV infection are asymptomatic or oligosymptomatic.63,249,251

Six months following the onset of the ZIKV outbreak, a 20-fold annual increase of 

microcephaly cases was observed, with a prevalence of 99.7 per 10,0000 live births, leading 

the Brazilian Ministry of Health to confirm a relation between ZIKV and microcephaly. Up 

to 34.5% of infants born with presumed ZIKV-associated microcephaly have sight-

threatening ocular lesions. Majority of the children affected were female, and bilateral 

findings were present in 70% of cases.63,249,251

2.21.2. Clinical features—Several infants with microcephaly were found to have mild to 

gross macular pigment mottling, foveal reflex loss, well-demarcated circular areas of 
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neuroretinal or chorioretinal atrophy with a predilection for the posterior pole and macula, 

posterior pole pigmentary clumping, and optic nerve hypoplasia with a double-ring sign, 

pallor, and increased cup-to-disk ratio.63,109,169,249–251 In addition, there may also be 

pigmentary and hemorrhagic retinopathy, extensive vascular tortuosity, vascular absence, 

early abnormal vascular termination, and torpedo maculopathy.173 Other ocular 

abnormalities that have been reported include lens subluxation and iris coloboma, but no 

infants had vasculitis or active uveitis.169 These ocular findings can contribute to the 

diagnosis of ZIKV congenital infection in children with microcephaly.63,109,169,249–251

It remains unclear, however, whether the ocular lesions are a direct result of ZIKV or caused 

by microcephaly (secondary to ZIKV), but there could be a dual-mechanism involved. 

Ongoing registry studies are under way to confirm the causative association between ZIKV 

and microcephaly.109,176

Although posterior uveitis in acquired ZIKV infection has not been reported, uveitis may be 

a potential manifestation of acquired ZIKV infection. At least one case of ZIKV anterior 

uveitis has been reported, in which the anterior chamber paracentesis PCR tested positive for 

ZIKV RNA, with signs of conjunctival hyperemia, punctate keratitis, non-granulomatous 

keratic precipitates, and anterior chamber cells.65

2.21.3. Diagnosis—Although ZIKV infection in infants could not be tested by reverse 

transcriptase PCR, small head circumference and cerebral calcifications or lissencephaly 

were characteristic findings on computed tomography. In addition, the affected mothers had 

dengue-like symptoms in the first or second trimester of pregnancy, and both the mothers 

and infants had negative serology for toxoplasmosis, rubella, CMV, and HIV, thus fulfilling 

the Brazilian Ministry of Health’s clinical criteria for ZIKV-related 

microcephaly.63,173,249–251

Recently, cerebrospinal fluid of infants with microcephaly has been tested for ZIKV using 

the IgM antibody capture enzyme-linked immunosorbent assay (MAC-ELISA) test,250 

following the Centers for Disease Control and Prevention protocol as described by Martin 

and colleagues.165

2.21.4. Treatment and outcomes—As yet, there are no data on treatment and long-term 

outcomes of ZIKV posterior uveitis. There is currently no vaccine for ZIKV. Environmental 

modifications and efforts to eradicate mosquitoes are important to reduce and prevent ZIKV-

related microcephaly and ocular manifestations, as well as reduce the infection rates of other 

vector borne diseases such as dengue fever, chikungunya, and WNV. In areas where ZIKV is 

prevalent, clinicians should perform ophthalmologic examination on all microcephalic 

babies.109 Further long-term follow-up studies have to be done to determine the optimal 

management and visual prognosis of ZIKV posterior uveitis.

2.22. Other rare viruses

2.22.1. Influenza A (H1N1) virus—Influenza H1N1 virus is a more recent variant strain 

of influenza that is most closely related to the swine influenza A viruses. H1N1 virus was 

the most common cause in a human influenza pandemic in 2009. Symptoms of H1N1 
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include fever, cough, sore throat, diarrhea, and vomiting.152 Ocular involvement is rare and 

has been associated with H1N1 infection as well as influenza vaccination.124,160,233

Ocular symptoms include pain, redness, and decreased visual acuity.200 On 

examination,59,200 there may be dense anterior chamber inflammation, vitritis, peripheral 

retinal necrosis, choroiditis, submacular hemorrhages, macular edema, neuroretinitis, vaso-

occlusive retinal vasculitis,35 frosted branch angiitis,110 exudative retinal detachment,233 and 

optic neuritis.142,206 Other ocular conditions associated with H1N1 include uveal effusion 

syndrome202 and orbital inflammatory syndrome.22 Visual loss may also be caused by 

simultaneous retinal and lateral geniculate body infarction.29

No proven treatment exists for influenza retinopathy. Treatment of influenza posterior 

uveitis with systemic corti-costeroids has been shown to reduce the inflammation.233 

Frosted branch angiitis and macular edema may be treated with oral prednisone.110 The 

long-term outcomes are generally favorable in majority of the reported cases and H1N1 

posterior uveitis carries a better visual prognosis than other viruses that cause acute 

retinitis.59,110,200,233 Complications are few and include involvement of the fellow eye.200

2.22.2. Coxsackie B virus—Group B coxsackieviruses are single-stranded RNA 

Enterovirus from the Picornavirus family. These viruses cause a number of diseases ranging 

from asymptomatic, nonspecific febrile illnesses, rashes, and upper respiratory tract disease 

to aseptic meningitis and myocarditis.101

Posterior uveitis caused by coxsackieviruses is extremely rare. There have been few reports 

of chorioretinitis linked to coxsackievirus, first described by Hirakata and colleagues in 

1990.91 Symptoms include a viral prodrome consisting of fever, arthralgia, sore throat, 

headache, and diarrhea preceding ocular symptoms such as blurring of vision, meta-

morphopsia, and photopsia. On fundus examination, there was a unilateral retinal vasculitis, 

papillitis, and chorioretinitis in one case caused by coxsackievirus B3,61 and cream-colored 

parafoveal spots at level of the RPE with similar confluent spots in the midperiphery in 

another case caused by coxsackievirus B4.113 In both cases, there was complete resolution 

of the lesions with excellent visual outcomes.61,113

Unilateral acute idiopathic maculopathy has also been associated with Coxsackie virus.112 

Unilateral acute idiopathic maculopathy is a rare cause of unilateral, sudden, painless vision 

loss in young immunocompetent adults. A viral prodrome is common and 50% of patients 

had positive titres for Coxsackie virus.112 Initially there are irregular, circular areas of white-

gray macular discoloration, serous macular detachment, or exudative neurosensory retinal 

detachment.112 Several FFA studies showed findings of irregular RPE hyperfluorescence 

and hypofluorescence. Following resolution, there is a bull’s eye pattern of pigmentary 

disturbance at the macula, well-circumscribed areas of RPE atrophy, and progressive 

hyperplasia with late staining on FFA. Indocyanine green angiography showed “moth-eaten” 

choroidal vasculature, and OCT showed partially reversible disruption of the outer 

photoreceptor layer. Nearly, all patients experienced spontaneous visual recovery, with 

improvement between 20/20 and 20/30 at final follow-up.112
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2.22.3. Ebola virus—Ebola virus disease (EVD) is a severe hemorrhagic fever caused by 

5 species of RNA Ebolaviruses from the Filoviridae family. Ebola virus infects human 

monocytes and causes a loss of endothelial barrier function. The first reported cases of EVD 

occurred in 1976. The current epidemic in West Africa that began in December, 2013, is the 

largest known. As of February, 2016, over 28,500 cases have been reported, with a fatality 

ratio of 50%–65%.168,236,247,253

EVD cases may be asymptomatic or manifest as high fever, diarrhea, myalgia, arthralgia, 

and conjunctival injection. Fatal cases present with shock and coagulopathy. Late 

complications in survivors include auditory, arthritic, cardiac, and ocular disease (including 

vision loss, conjunctivitis, and uveitis) that develop during convalescence.168,236,247,253

Hypertensive uveitis characterized by ocular pain, photophobia, hyperlacrimation, foreign 

body sensation, red eye, and progressive visual loss develops in as many as 20% of 

convalescent patients, who may be asymptomatic for up to 2 months. The presence of 

blurred vision, photophobia, red or itchy eye, or fever during acute EVD was associated with 

underlying uveitis during convalescence. Vitreous opacities, multiple, peripheral 

chorioretinal scars with hypopigmented halos, and small intraretinal hemorrhages were seen 

on posterior segment examination. Uveitis was diagnosed as posterior uveitis and panuveitis 

in up to 26% and 25% of patients with ocular symptoms, respectively.132,168,236,247,253

Ebola virus is detected by ELISA, reverse transcriptase PCR assay, or viral culture from the 

serum, semen, conjunctival swab, or aqueous humour samples. Ebola viral load at the time 

of EVD diagnosis is a key independent predictor of ocular symptoms and uveitis in patients 

during convalescence.132,168,247,253 Posterior uveitis caused by Ebola virus can be treated 

with topical, oral, or periocular corticosteroids, mydriatics, and management of intraocular 

pressure with ocular hypotensive agents.132,236,247,253 The mainstay of management of EVD 

is supportive (IV fluids, antipyretics, antibiotics, and blood transfusion) with isolation and 

strict barrier nursing.156 Currently, no antiviral agents have proven efficacy in patients with 

EVD. The World Health Organization has published a list of potential drugs with 

demonstrated antiviral efficacy in in vitro or animal models and undergoing clinical trials. 

This includes direct antiviral agents (favipiravir−a RNA-dependent RNA polymerase 

inhibitor−and BCX4430), monoclonal antibodies (ZMapp), type I interferons, RNA 

interference–based drugs (TKM-Ebola and AVI-7537), and anticoagulant drugs (rNAPc2). 

So far, there is no conclusive evidence of efficacy in clinical trials with the above drugs, and 

further testing is required.156,266

In a study done by Tiffany and colleagues,236 the visual acuity did not change during the 

follow-up period in majority of uveitis patients, worsened unilaterally in 4, and improved in 

9 of 58 patients. Complications of Ebola posterior uveitis include recurrence of anterior 

uveitis that may evolve into a sight-threatening panuveitis, ocular hypertension, scleritis, and 

cataracts.236,247
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3. Conclusion

Viruses are an important cause of infectious posterior uveitis. In the clinical setting, it is 

useful to consider common infectious etiologies and rule out infectious causes. The 

diagnosis of viral posterior uveitis is primarily based on typical clinical symptoms and signs. 

Laboratory tests are used to confirm the virus involved and aid in the subsequent 

management of the disease. Investigations of intraocular fluids such as PCR assays may be 

useful, especially in cases of atypical clinical presentations. The treatment of viral posterior 

uveitis is complex and requires careful monitoring to provide the appropriate balance of 

symptomatic treatment, systemic or ocular antiviral medication, corticosteroids, and 

management of complications to ensure optimal long-term visual outcomes.

4. Method of literature search

A search of Medline, using PubMed and Google Scholar was performed. Keywords that 

were included for the search were: “viruses,” “viral posterior uveitis,” “herpetic retinitis,” 

“acute retinal necrosis,” “progressive outer retinal necrosis,” “CMV retinitis,” “HIV 

retinitis,” “measles retinopathy,” “rubella retinopathy,” “dengue posterior uveitis,” 

“chikungunya posterior uveitis,” “Rift Valley retinitis,” “West Nile Virus chorioretinitis,” 

“Zika posterior uveitis,” “Ebola posterior uveitis,” “polymerase chain reaction.” Articles 

were selected based on clinical importance. Additional references of key articles were also 

included. Articles with non-English abstracts were excluded.

References

1. Studies of ocular complications of AIDS research group, in collaboration with the AIDS Clinical 
Trials Group. Mortality in patients with the acquired immunodeficiency syndrome treated with 
either foscarnet or ganciclovir for cytomegalovirus retinitis. N Engl J Med. 1992; 326(4):213–20. 
[PubMed: 1345799] 

2. Acosta EP, Fletcher CV. Valacyclovir. Ann Pharmacother. 1997; 31(2):185–91. [PubMed: 9034421] 

3. Afshar AR. Use of intravitreous bevacizumab to treat macular edema in West Nile Virus 
chorioretinitis. Arch Ophthalmol. 2012; 130(3):396. [PubMed: 22411674] 

4. Agarwal A, Kumari N, Trehan A, et al. Outcome of cytomegalovirus retinitis in 
immunocompromised patients without human immunodeficiency virus treated with intravitreal 
ganciclovir injection. Graefes Arch Clin Exp Ophthalmol. 2014; 252(9):1393–401. [PubMed: 
24557658] 

5. Ahmadieh H, Soheilian M, Azarmina M, Dehghan MH, Mashayekhi A. Surgical management of 
retinal detachment secondary to acute retinal necrosis: clinical features, surgical techniques, and 
long-term results. Jpn J Ophthalmol. 2003; 47(5):484–91. [PubMed: 12967865] 

6. Aizman A, Johnson MW, Elner SG. Treatment of acute retinal necrosis syndrome with oral antiviral 
medications. Ophthalmology. 2007; 114(2):307–12. [PubMed: 17123607] 

7. Albert K, Masset M, Bonnet S, Willermain F, Caspers L. Long-term follow-up of herpetic non-
necrotizing retinopathy with occlusive retinal vasculitis and neovascularization. J Ophthal Inflamm 
Infect. 2015; 5(1):6.

8. Al-Hazmi A, Al-Rajhi AA, Abboud EB, et al. Ocular complications of Rift Valley fever outbreak in 
Saudi Arabia. Ophthalmology. 2005; 112(2):313–8. [PubMed: 15691569] 

9. Ali AS, Al-Shraim M, Al-Hakami AM, Jones IM. Epstein-Barr virus: clinical and epidemiological 
revisits and genetic basis of oncogenesis. Open Virol J. 2015; 9(1):7–28. [PubMed: 26862355] 

Lee et al. Page 28

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Almeida DR, Chin EK, Tarantola RM, et al. Long-term outcomes in patients undergoing 
vitrectomy for retinal detachment due to viral retinitis. Clin Ophthalmol. 2015; 9:1307–14. 
[PubMed: 26229423] 

11. Almony A, Dhalla MS, Feiner L, Shah GK. Macular optical coherence tomography findings in 
progressive outer retinal necrosis. Can J Ophthalmol. 2007; 42(6):881.

12. Al-Shakarchi FI. Pattern of uveitis at a referral center in Iraq. Middle East Afr J Ophthalmol. 2014; 
21(4):291–5. [PubMed: 25371632] 

13. Anninger WV, Lomeo MD, Dingle J, Epstein AD, Lubow M. West Nile virus-associated optic 
neuritis and chorioretinitis. Am J Ophthalmol. 2003; 136(6):1183–5. [PubMed: 14644244] 

14. Anninger WV, Lubow M. Visual loss with West Nile Virus infection: a wider spectrum of a “New” 
disease. Clin Infect Dis. 2004; 38(7):e55–6. [PubMed: 15034847] 

15. Aslanides IM, Souza SD, Wong DT, et al. Oral valacyclovir in the treatment of acute retinal 
necrosis syndrome. Retina. 2002; 22(3):352–4. [PubMed: 12055471] 

16. Austin RB. Progressive outer retinal necrosis syndrome: a comprehensive review of its clinical 
presentation, relationship to immune system status, and management. Clin Eye Vis Care. 2000; 
12(3–4):119–29. [PubMed: 11137426] 

17. Babu RB, Biswas J. Bilateral macular retinitis as the presenting feature of subacute sclerosing 
panencephalitis. J Neuroophthalmol. 2007; 27(4):288–91. [PubMed: 18090563] 

18. Baillif S, Tieulie N, Queyrel V, Cornut PL, Gastaud P. New aspects of viral necrotizing retinitis in 
subacute sclerosing panencephalitis with spectral-domain optical coherence tomography. Retin 
Cases Brief Rep. 2012; 6(3):235–41. [PubMed: 25389720] 

19. Bains HS, Jampol LM, Caughron MC, Parnell JR. Vitritis and chorioretinitis in a patient with West 
Nile Virus infection. Arch Ophthalmol. 2003; 121(2):205–7. [PubMed: 12583786] 

20. Banatvala JE, Brown DW. Rubella. Lancet. 2004; 363(9415):1127–37. [PubMed: 15064032] 

21. Bellini WJ, Rota JS, Lowe LE, et al. Subacute sclerosing panencephalitis: more cases of this fatal 
disease are prevented by measles immunization than was previously recognized. J Infect Dis. 
2005; 192(10):1686–93. [PubMed: 16235165] 

22. Belliveau MJ, Kratky V, Evans GA, Almeida DR, El-Defrawy S. Acute orbital inflammatory 
syndrome following H1N1 immunization. Can J Ophthalmol. 2011; 46(6):552–3. [PubMed: 
22153648] 

23. Blair MP, Goldstein DA, Shapiro MJ. Optical coherence tomography of progressive outer retinal 
necrosis. Retina. 2007; 27(9):1313–4. [PubMed: 18046245] 

24. Bloch-Michel E, Nussenblatt RB. International uveitis study group recommendations for the 
evaluation of intraocular inflammatory disease. Am J Ophthalmol. 1987; 103(2):234–5. [PubMed: 
3812627] 

25. Blumenkranz M, Clarkson JG, Culbertson WW, Flynn HW, Lewis ML, Young GM. Visual results 
and complications after retinal reattachment in the acute retinal necrosis syndrome. The influence 
of operative technique. Retina. 1989; 19(3):170–4.

26. Blumenkranz MS, Culbertson WW, Clarkson JG, Dix R. Treatment of the acute retinal necrosis 
syndrome with intravenous acyclovir. Ophthalmology. 1986; 93(3):296–300. [PubMed: 3703498] 

27. Bodaghi B, Rozenberg F, Cassoux N, Fardeau C, Lehoang P. Nonnecrotizing herpetic retinopathies 
masquerading as severe posterior uveitis. Ophthalmology. 2003; 110(9):1737–43. [PubMed: 
13129871] 

28. Boer JD, Verhagen C, Bruinenberg M, et al. Serologic and polymerase chain reaction analysis of 
intraocular fluids in the diagnosis of infectious uveitis. Am J Ophthalmol. 1996; 121(6):650–8. 
[PubMed: 8644808] 

29. Breker DA, Stacey AW, Srinivasan A, Bursztyn LLCD, Trobe JD, Johnson MW. Vision loss caused 
by retinal and lateral geniculate nucleus infarction in H1N1 influenza. J Neuroophthalmol. 2015; 
35(3):265–9. [PubMed: 25887303] 

30. Campbell H, Andrews N, Brown KE, Miller E. Review of the effect of measles vaccination on the 
epidemiology of SSPE. Int J Epidemiol. 2007; 36(6):1334–48. [PubMed: 18037676] 

31. Chan C, Limstrom S, Tarasewicz D, Lin S. Ocular features of West Nile Virus infection in North 
America: a study of 14 eyes. Ophthalmology. 2006; 113(9):1539–46. [PubMed: 16860390] 

Lee et al. Page 29

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



32. Chan DP, Teoh SC, Tan CS, et al. Ophthalmic complications of dengue. Emerg Infect Dis. 2006; 
12(2):285–9. [PubMed: 16494756] 

33. Chanana B, Azad RV, Nair S. Bilateral macular choroiditis following Chikungunya virus infection. 
Eye. 2007; 21(7):1020–1. [PubMed: 17479113] 

34. Charles NC, Bennett TW, Margolis S. Ocular pathology of the Congenital Varicella Syndrome. 
Arch Ophthalmol. 1977; 95(11):2034–7. [PubMed: 411463] 

35. Cheung AY, Anderson B, Stec L, Khandhar P, Williams GA. Bilateral vaso-occlusive retinal 
vasculitis with H1N1 influenza A infection. Retin Cases Brief Rep. 2015; 9(2):138–41. [PubMed: 
25423042] 

36. Chiotan C, Radu L, Serban R, Cornăcel C, Cioboată M, Anghelie A. Posterior segment ocular 
manifestations of HIV/AIDS patients. J Med Life. 2014; 7(3):399–402. [PubMed: 25408764] 

37. Chlebicki MP, Ang B, Barkham T, Laude A. Retinal hemorrhages in 4 patients with dengue fever. 
Emerg Infect Dis. 2005; 11(5):770–2. [PubMed: 15890137] 

38. Chodosh J, Gan YJ, Sixbey JW. Detection of Epstein-Barr virus genome in ocular tissues. 
Ophthalmology. 1996; 103(4):687–90. [PubMed: 8618773] 

39. Cibis GW, Flynn JT, Davis EB. Herpes simplex retinitis. Arch Ophthalmol. 1978; 96(2):299–302. 
[PubMed: 204273] 

40. Ciulla TA, Walker JD, Fong DS, Criswell MH. Corticosteroids in posterior segment disease: an 
update on new delivery systems and new indications. Curr Opin Ophthalmol. 2004; 15(3):211–20. 
[PubMed: 15118508] 

41. Clarkson JG, Blumenkranz MS, Culbertson WW, Flynn HW, Lewis ML. Retinal detachment 
following the acute retinal necrosis syndrome. Ophthalmology. 1984; 91(12):1665–8. [PubMed: 
6151638] 

42. Cochrane TF, Silvestri G, Mcdowell C, Foot B, Mcavoy CE. Acute retinal necrosis in the United 
Kingdom: results of a prospective surveillance study. Eye. 2012; 26(3):370–8. [PubMed: 
22281865] 

43. Collier AC, Coombs RW, Schoenfeld DA, et al. Treatment of human immunodeficiency virus 
infection with Saquinavir, Zidovudine, and Zalcitabine. N Engl J Med. 1996; 334(16):1011–8. 
[PubMed: 8598838] 

44. Collis WJ, Cohen DN. Rubella retinopathy: a progressive disorder. Arch Ophthalmol. 1970; 84(1):
33–5. [PubMed: 5423604] 

45. Cottet L, Kaiser L, Hirsch HH, Baglivo E. HSV2 acute retinal necrosis: diagnosis and monitoring 
with quantitative polymerase chain reaction. Int Ophthalmol. 2008; 29(3):199–201. [PubMed: 
18297242] 

46. Cunningham ET Jr, Levinson RD, Jampol LM, Engstrom RE, Lewis H, Holland GN. Ischemic 
maculopathy in patients with acquired immunodeficiency syndrome. Am J Ophthalmol. 2001; 
132(5):727–33. [PubMed: 11704034] 

47. Cunningham ET Jr. Uveitis in HIV positive patients. Br J Ophthalmol. 2000; 84(3):233–6. 
[PubMed: 10684829] 

48. Cunningham, ET., Jr, Belfort, R, Jr. HIV/AIDS and the eye: a global perspective. San Francisco: 
American Academy of Ophthalmology; 2002. 

49. Cunningham ET, Margolis TP. Ocular manifestations of HIV Infection. N Engl J Med. 1998; 
339(4):236–44. [PubMed: 9673303] 

50. Cunningham ET, Short GA, Irvine AR, Duker JS, Margolis TP. Acquired immunodeficiency 
syndrome–associated herpes simplex virus retinitis. Clinical description and use of a polymerase 
chain reaction–based assay as a diagnostic tool. Arch Ophthalmol. 1996; 114(7):834–40. 
[PubMed: 8660167] 

51. D’alessandro L, Bottaro E. Reactivation of CMV retinitis after treatment with subtenon 
corticosteroids for immune recovery uveitis in a patient with AIDS. Scand J Infect Dis. 2002; 
34(10):780–2. [PubMed: 12477338] 

52. Damasceno N, Damasceno E, Souza E. Acquired unilateral rubella retinopathy in adult. Clin 
Ophthalmol. 2010; 5:3–4. [PubMed: 21311649] 

Lee et al. Page 30

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



53. Deschenes J, Murray PI, Rao NA, Nussenblatt RB. International Uveitis Study Group (IUSG) 
Clinical Classification of Uveitis. Ocul Immunol Inflamm. 2008; 16(1–2):1–2. [PubMed: 
18379933] 

54. Deutman AF, Bos PJ. Macular bleeding in dengue fever. Klin Monbl Augenheilkd. 1979; 175(3):
429. [PubMed: 529757] 

55. Dhibi HAA, Shamsi HNA, Al-Mahmood AM, et al. Patterns of uveitis in a Tertiary Care Referral 
Institute in Saudi Arabia. Ocul Immunol Inflamm. 2016:1–8. [Epub ahead of print]. 

56. Duker JS, Blumenkranz MS. Diagnosis and management of the acute retinal necrosis (ARN) 
syndrome. Surv Ophthalmol. 1991; 35(5):327–43. [PubMed: 2038718] 

57. Engstrom RE, Holland GN, Margolis TP, et al. The progressive outer retinal necrosis syndrome. A 
variant of necrotizing herpetic retinopathy in patients with AIDS. Ophthalmology. 1994; 101(9):
1488–502. [PubMed: 8090452] 

58. Esposito FA, Ducos G, Tran T, et al. Long-term visual outcome of patients presenting with 
necrotizing viral retinopathies. Invest Ophthalmol Vis Sci. 2011; 52(14):4268.

59. Faridi OS, Ranchod TM, Ho LY, Ruby AJ. Pandemic 2009 influenza A H1N1 retinopathy. Can J 
Ophthalmol. 2010; 45(3):286–7. [PubMed: 20436542] 

60. Figueroa MS, Garabito I, Gutierrez C, Fortun J. Famciclovir for the treatment of acute retinal 
necrosis (ARN) syndrome. Am J Ophthalmol. 1997; 123(2):255–7. [PubMed: 9186134] 

61. Forster W, Bialasiewicz AA, Busse H. Coxsackievirus B3-associated panuveitis. Br J Ophthalmol. 
1993; 77(3):182–3. [PubMed: 8384474] 

62. Freed I. Rift valley fever in man, complicated by retinal changes and loss of vision. S Afr Med J. 
1951; 25(50):930–2. [PubMed: 14892953] 

63. Freitas BDP, Dias JRDO, Prazeres J, et al. Ocular findings in infants with microcephaly associated 
with presumed Zika virus congenital infection in Salvador, Brazil. JAMA Ophthalmol. 2016; 
134(5):529–35.

64. Funahara Y, Ogawa K, Fujita N, Okuno Y. Three possible triggers to induce thrombocytopenia in 
dengue virus infection. Southeast Asian J Trop Med Public Health. 1987; 18(3):351–5. [PubMed: 
3433166] 

65. Furtado JM, Espósito DL, Klein TM, Teixeira-Pinto T, Fonseca BAD. Uveitis associated with Zika 
virus infection. N Engl J Med. 2016; 375(4):394–6. [PubMed: 27332784] 

66. Furukawa M, Kumagai K, Ogino N, Okinami S, Uemura A, Larson E. Cytomegalovirus retinitis 
after intravitreous triamcinolone treatment of a vitrectomized eye in an immunocompetent patient. 
Retin Cases Brief Rep. 2007; 1(4):205–7. [PubMed: 25390978] 

67. Ganatra JB, Chandler D, Santos C, Kuppermann B, Margolis TP. Viral causes of the acute retinal 
necrosis syndrome. Am J Ophthalmol. 2000; 129(2):166–72. [PubMed: 10682968] 

68. Garcia CA, Gomes AH, Oliveira ÁG. Bilateral stellar neuroretinitis in a patient with dengue fever. 
Eye. 2006; 20(12):1382–3. [PubMed: 16410810] 

69. Garg S, Jampol LM, Wilson JF, Batlle IR, Buettner H. Ischemic and hemorrhagic retinal vasculitis 
associated with West Nile Virus infection. Retina. 2006; 26(3):365–7. [PubMed: 16508444] 

70. Garweg J, Bohnke M. Varicella-zoster virus is strongly associated with atypical necrotizing 
herpetic retinopathies. Clin Infect Dis. 1997; 24(4):603–8. [PubMed: 9145733] 

71. Gelder RNV, Willig JL, Holland GN, Kaplan HJ. Herpes simplex virus type 2 as a cause of acute 
retinal necrosis syndrome in young patients. Ophthalmology. 2001; 108(5):869–76. [PubMed: 
11320015] 

72. Goldberg N, Chou J, Moore A, Tsang S. Autofluorescence imaging in rubella retinopathy. Ocul 
Immunol Inflamm. 2009; 17(6):400–2. [PubMed: 20001260] 

73. Goldstein DA, Pyatetsky D. Necrotizing herpetic retinopathies. Focal Points: Clin Modules 
Ophthalmologists. 2008; 26:1–16.

74. Gregg NM, Marks EO. Pigmentary abnormality in children congenitally deaf following German 
measles. Trans Ophthalmol Soc Aust. 1946; 6:122.

75. Greven CM, Ford J, Stanton C, et al. Progressive outer retinal necrosis secondary to varicella zoster 
virus in acquired immune deficiency syndrome. Retina. 1995; 15(1):14–20. [PubMed: 7754241] 

Lee et al. Page 31

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



76. Grose C. Acute retinal necrosis caused by herpes simplex virus type 2 in children: reactivation of 
an undiagnosed latent neonatal herpes infection. Semin Pediatr Neurol. 2012; 19(3):115–8. 
[PubMed: 22889540] 

77. Grutzmacher RD, Henderson D, Mcdonald PJ, Coster DJ. Herpes Simplex Chorioretinitis in a 
healthy adult. Am J Ophthalmol. 1983; 96(6):788–96. [PubMed: 6660268] 

78. Gubler D. Resurgent vector-borne diseases as a Global Health Problem. Emerg Infect Dis. 1998; 
4(3):442–50. [PubMed: 9716967] 

79. Guex-Crosier Y, Meylan PR. High dosage of oral valaciclovir as an alternative treatment of 
varicella zoster acute retinal necrosis syndrome. Eye (Lond). 2005; 20(2):247.

80. Guex-Crosier Y, Rochat C, Herbort CP. Necrotizing herpetic retinopathies: a spectrum of herpes 
virus-induced diseases determined by the immune state of the host. Ocul Immunol Inflamm. 1997; 
5(4):259–66. [PubMed: 9455742] 

81. Gupta V, Al-Dhibi HA, Arevalo JF. Retinal imaging in uveitis. Saudi J Ophthalmol. 2014; 28(2):
95–103. [PubMed: 24843301] 

82. Gupta P, Jain C, Aggarwal A, Gupta SC. Dengue fever presenting with macular hemorrhages. 
Retin Cases Brief Rep. 2011; 5(3):213–8. [PubMed: 25390167] 

83. Hammer SM, Squires KE, Hughes MD, et al. A controlled trial of two nucleoside analogues plus 
indinavir in persons with human immunodeficiency virus infection and CD4 cell counts of 200 per 
cubic millimeter or less. N Engl J Med. 1997; 337(11):725–33. [PubMed: 9287227] 

84. Harper TW, Miller D, Schiffman JC, Davis JL. Polymerase chain reaction analysis of aqueous and 
vitreous specimens in the diagnosis of posterior segment infectious uveitis. Am J Ophthalmol. 
2009; 147(1):140–7. e2. [PubMed: 18834576] 

85. Hasbun R, Garcia MN, Kellaway J, et al. West Nile Virus retinopathy and associations with long 
term neurological and neurocognitive sequelae. PLoS One. 2016; 11(3):e0148898. [PubMed: 
26950214] 

86. Hayashi M, Yoshimura N, Kondo T. Acute rubella retinal pigment epitheliitis in an adult. Am J 
Ophthalmol. 1982; 93(3):285–8. [PubMed: 7072790] 

87. Hayes EB, Sejvar JJ, Zaki SR, Lanciotti RS, Bode AV, Campbell GL. Virology, pathology, and 
clinical manifestations of West Nile Virus disease. Emerg Infect Dis. 2005; 11(8):1174–9. 
[PubMed: 16102303] 

88. Hershberger VS, Augsburger JJ, Hutchins RK, Miller SA, Horwitz JA, Bergmann M. Chorioretinal 
lesions in nonfatal cases of West Nile virus infection. Ophthalmology. 2003; 110(9):1732–6. 
[PubMed: 13129870] 

89. Hershberger VS, Hutchins RK, Witte DP, Schneider S, Harris RE, McGonegle SJ. Epstein-Barr 
virus–related bilateral acute retinal necrosis in a patient with X-linked lymphoproliferative 
disorder. Arch Ophthalmol. 2003; 121(7):1047–9. [PubMed: 12860814] 

90. Hillenkamp J, Nölle B, Bruns C, Rautenberg P, Fickenscher H, Roider J. Acute retinal necrosis: 
clinical features, early vitrectomy, and outcomes. Ophthalmology. 2009; 116(10):1971–5. e2. 
[PubMed: 19592111] 

91. Hirakata K, Oshima T, Azuma N. Chorioretinitis induced by coxsackievirus B4 infection. Am J 
Ophthalmol. 1990; 109(2):225–7. [PubMed: 2154107] 

92. Hirano K, Tanikawa A, Miyake Y. Neovascular maculopathy associated with rubella retinopathy. 
Jpn J Ophthalmol. 2000; 44(6):697.

93. Holland GN. Standard diagnostic criteria for the acute retinal necrosis syndrome. Am J 
Ophthalmol. 1994; 117(5):663–7. [PubMed: 8172275] 

94. Holland GN. The progressive outer retinal necrosis syndrome. Int Ophthalmol. 1994; 18(3):163–5. 
[PubMed: 7852023] 

95. Holland GN, Buhles WC, Mastre B, Kaplan HJ. A controlled retrospective study of ganciclovir 
treatment for cytomegalovirus rRetinopathy. Use of a standardized system for the assessment of 
disease outcome. UCLA CMV Retinopathy Study Group. Arch Ophthalmol. 1989; 107(12):1759–
66. [PubMed: 2556989] 

96. Holland GN, Cornell PJ, Park MS, et al. An association between acute retinal necrosis syndrome 
and HLA-DQw7 and Phenotype Bw62, DR4. Am J Ophthalmol. 2015; 108(4):370–4.

Lee et al. Page 32

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



97. Holland GN, Vaudaux JD, Jeng SM, et al. Characteristics of untreated AIDS-related 
cytomegalovirus retinitis. Am J Ophthalmol. 2008; 145(1):5–22. [PubMed: 18154750] 

98. Horikami SM, Moyer SA. Structure, transcription, and replication of measles virus. Curr Top 
Microbiol Immunol. 1995; 191:35–50. [PubMed: 7789161] 

99. Hsu WM, Chiou SH, Chen SSL, et al. The HIV RNA levels of plasma and ocular fluids in AIDS 
patients with ophthalmic infections. Ophthalmologica. 2004; 218(5):328–32. [PubMed: 15334014] 

100. Huang G, Jiang Q, Li M, Lu Y, Wang Z. Retrospective study of cytomegalovirus retinitis 
complicated with acquired immunodeficiency syndrome. Int J Clin Exp Med. 2015; 8(6):9537–
42. [PubMed: 26309620] 

101. Huber S. Host immune responses to coxsackievirus B3. Curr Top Microbiol Immunol. 2008; 
323:199–221. [PubMed: 18357771] 

102. Huynh TH, Johnson MW, Comer GM, Fish DN. Vitreous penetration of orally administered 
valacyclovir. Am J Ophthalmol. 2008; 145(4):682–6. [PubMed: 18226802] 

103. Ishida T, Sugamoto Y, Sugita S, Mochizuki M. Prophylactic vitrectomy for acute retinal necrosis. 
Jpn J Ophthalmol. 2009; 53(5):486–9. [PubMed: 19847603] 

104. Ittner EA, Bhakhri R, Newman T. Necrotising herpetic retinopathies: a review and progressive 
outer retinal necrosis case report. Clin Exp Optom. 2015; 99(1):24–9. [PubMed: 26084658] 

105. Jabs DA, Ahuja A, Natta MV, Dunn J, Yeh S. Comparison of treatment regimens for 
cytomegalovirus retinitis in patients with AIDS in the era of highly active antiretroviral therapy. 
Ophthalmology. 2013; 120(6):1262–70. [PubMed: 23419804] 

106. Jabs DA, Nussenblatt RB, Rosenbaum JT. Standardization of uveitis nomenclature for reporting 
clinical data. Results of the First International Workshop. Am J Ophthalmol. 2005; 140(3):509–
16. [PubMed: 16196117] 

107. Jabs DA, Schachat AP, Liss R, Knox DL, Michels RG. Presumed varicella zoster retinitis in 
immunocompromised patients. Retina. 1987; 7(1):9–13. [PubMed: 3602608] 

108. Jabs DA, Van Natta ML, Thorne JE, et al. Course of cytomegalovirus retinitis in the era of highly 
active antiretroviral therapy. Ophthalmology. 2004; 111(12):2224–39. [PubMed: 15582078] 

109. Jampol LM, Goldstein DA. Zika virus infection and the eye. JAMA Ophthalmol. 2016; 134(5):
535.

110. Jo T, Mizota A, Hatano N, Tanaka M. Frosted branch angiitis-like fundus following presumed 
influenza virus type A infection. Jpn J Ophthalmol. 2006; 50(6):563–4. [PubMed: 17180537] 

111. Juanarita J, Azmi MNR, Azhany Y, Liza-Sharmini AT. Dengue related maculopathy and 
foveolitis. Asian Pac J Trop Biomed. 2012; 2(9):755–6. [PubMed: 23570008] 

112. Jung CS, Payne JF, Bergstrom CS, et al. Multimodality diagnostic imaging in unilateral acute 
idiopathic maculopathy. Arch Ophthalmol. 2012; 130(1):50–6. [PubMed: 22232475] 

113. Kadrmas E, Buzney S. Coxsackievirus B4 as a cause of adult chorioretinitis. Am J Ophthalmol. 
1999; 127(3):347–9. [PubMed: 10088751] 

114. Kalpoe JS, Dehn CEV, Bollemeijer JG, et al. Varicella zoster virus (VZV)-related progressive 
outer retinal necrosis (PORN) after allogeneic stem cell transplantation. Bone Marrow 
Transplant. 2005; 36(5):467–9. [PubMed: 15995710] 

115. Kappel PJ, Charonis AC, Holland GN, et al. Outcomes associated with ganciclovir implants in 
patients with AIDS-related cytomegalovirus retinitis. Ophthalmology. 2006; 113(4):683, e1–e8. 
[PubMed: 16581428] 

116. Karpe G, Wising P. Retinal changes with acute reduction of vision as initial symptoms of 
infectious mononucleosis. Acta Ophthalmol. 1948; 26(1):19–24. [PubMed: 18861145] 

117. Kelly SP, Rosenthal AR. Chickenpox chorioretinitis. Br J Ophthalmol. 1990; 74(11):698–9. 
[PubMed: 2223711] 

118. Kelly SP, Rosenthal AR, Nicholson KG, Woodward CG. Retinochoroiditis in acute Epstein-Barr 
virus infection. Br J Ophthalmol. 1989; 73(12):1002–3. [PubMed: 2611181] 

119. Kempen JH, Jabs DA, Wilson LA, Dunn JP, West SK. Incidence of cytomegalovirus (CMV) 
retinitis in second eyes of patients with the acquired immune deficiency syndrome and unilateral 
CMV retinitis. Am J Ophthalmol. 2005; 139(6):1028–34. [PubMed: 15953432] 

Lee et al. Page 33

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



120. Kempen JH, Jabs DA, Wilson LA, Dunn JP, West SK, Tonascia JA. Risk of vision loss in patients 
with cytomegalovirus retinitis and the acquired immunodeficiency syndrome. Arch Ophthalmol. 
2003; 121(4):466–76. [PubMed: 12695243] 

121. Kempen JH, Min YI, Freeman WR, et al. Risk of immune recovery uveitis in patients with AIDS 
and cytomegalovirus retinitis. Ophthalmology. 2006; 113(4):684–94. [PubMed: 16581429] 

122. Khairallah M, Benyahia S, Ladjimi A, et al. Chorioretinal involvement in patients with West Nile 
Virus infection. Ophthalmology. 2004; 111(11):2065–70. [PubMed: 15522373] 

123. Khairallah M, Jelliti B, Jenzeri S. Emergent infectious uveitis. Middle East Afr J Ophthalmol. 
2009; 16(4):225–38. [PubMed: 20404989] 

124. Khairallah M, Kahloun R, Yahia SB, Jelliti B, Messaoud R. New infectious etiologies for 
posterior uveitis. Ophthalmic Res. 2013; 49(2):66–72. [PubMed: 23258387] 

125. Khairallah M, Yahia SB, Attia S, et al. Indocyanine green angiographic features in multifocal 
chorioretinitis associated with West Nile Virus infection. Retina. 2006; 26(3):358–9. [PubMed: 
16508441] 

126. Khairallah M, Yahia SB, Attia S, Zaouali S, Ladjimi A, Messaoud R. Linear pattern of West Nile 
Virus-associated chorioretinitis is related to retinal nerve fibres organization. Eye. 2006; 21(7):
952–5. [PubMed: 16628235] 

127. Khairallah M, Yahia SB, Letaief M, et al. A prospective evaluation of factors associated with 
chorioretinitis in patients with West Nile Virus infection. Ocul Immunol Inflamm. 2007; 15(6):
435–9. [PubMed: 18085487] 

128. Khot A, Dignan F, Taylor S, Potter M, Cubitt D, Treleaven JG. Another case of PORN (bilateral 
progressive outer retinal necrosis) after allogeneic stem cell transplantation. Bone Marrow 
Transplant. 2006; 37:113–4. [PubMed: 16247414] 

129. Khurana RN, Sadda SR. Salt-and-Pepper retinopathy of rubella. N Engl J Med. 2006; 355(5):499. 
[PubMed: 16885553] 

130. Kianersi F, Masjedi A, Ghanbari H. Acute retinal necrosis after herpetic encephalitis. Case Rep 
Ophthalmol. 2010; 1(2):85–9. [PubMed: 21113344] 

131. Kianersi F, Mohammadi Z, Ghanbari H, Ghoreyshi SM, Karimzadeh H, Soheilian M. Clinical 
patterns of uveitis in an Iranian tertiary eye-care center. Ocul Immunol Inflamm. 2014; 23(4):
278–82.

132. Kibadi K, Mupapa K, Kuvula K, et al. Late ophthalmologic manifestations in survivors of the 
1995 Ebola virus epidemic in Kikwit, Democratic Republic of the Congo. J Infect Dis. 1999; 
179(Suppl 1):S13–4. [PubMed: 9988158] 

133. Kim SJ, Barañano DE, Grossniklaus HE, Martin DF. Epstein-Barr infection of the retina: case 
report and review of the literature. Retin Cases Brief Rep. 2011; 5(1):1–5. [PubMed: 25389670] 

134. Kishore K, Jain S, Zarbin MA. Intravitreal ganciclovir and dexamethasone as adjunctive therapy 
in the management of acute retinal necrosis caused by Varicella zoster Virus. Ophthalmic Surg 
Lasers Imaging. 2011; 42:e87–90. [PubMed: 21899249] 

135. Knox CM, Chandler D, Short GA, Margolis TP. Polymerase chain reaction-based assays of 
vitreous samples for the diagnosis of viral retinitis. Use in diagnostic dilemmas. Ophthalmology. 
1998; 105(1):37–45. [PubMed: 9442777] 

136. Koh YT, Sanjay S. Characteristics and ophthalmic manifestations of the classic dengue fever 
epidemic in Singapore (2005–2006). Asia Pac J Ophthalmol (Phila). 2013; 2(2):99–103. 
[PubMed: 26108046] 

137. Kramer S. Epstein-Barr virus associated acute retinal necrosis. Br J Ophthalmol. 2001; 85(1):114.

138. Kresky B, Nauheim JS. Rubella retinitis. Am J Dis Child. 1967; 113(3):305–10. [PubMed: 
6066938] 

139. Kulshrestha MK, Goble RR, Murray PI. Cytomegalovirus retinitis associated with long term oral 
corticosteroid use. Br J Ophthalmol. 1996; 80(9):849–50.

140. Kuo IC, Kempen JH, Dunn JP, Vogelsang G, Jabs DA. Clinical characteristics and outcomes of 
cytomegalovirus retinitis in persons without human immunodeficiency virus infection. Am J 
Ophthalmol. 2004; 138(3):338–46. [PubMed: 15364214] 

141. Kuppermann BD, Petty JG, Richman DD, et al. Correlation between CD4+ counts and prevalence 
of cytomegalovirus retinitis and human immunodeficiency virus-related noninfectious retinal 

Lee et al. Page 34

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



vasculopathy in patients with acquired immunodeficiency syndrome. Am J Ophthalmol. 1993; 
115(5):575–82. [PubMed: 8098183] 

142. Lai CC, Chang YS, Li ML, Chang CM, Huang FC, Tseng SH. Acute anterior uveitis and optic 
neuritis as ocular complications of influenza A infection in an 11-year-old boy. J Pediatr 
Ophthalmol Strabismus. 2011; 48:e30–3. [PubMed: 21732577] 

143. Lalitha P, Rathinam S, Banushree K, Maheshkumar S, Vijayakumar R, Sathe P. Ocular 
involvement associated with an epidemic outbreak of chikungunya virus infection. Am J 
Ophthalmol. 2007; 144(4):552–6. [PubMed: 17692276] 

144. Lambert SR. Congenital rubella syndrome: the end is in sight. Br J Ophthalmol. 2007; 91(11):
1418–9. [PubMed: 17947261] 

145. Lamichhane G, Shah D, Sharma S, Chaudhary M. Ocular manifestations in HIV/AIDS cases in 
Nepal. Nepal J Ophthalmol. 2010; 2(1):45–50. [PubMed: 21141327] 

146. Lau CH, Missotten T, Salzmann J, Lightman SL. Acute retinal necrosis: features, management, 
and outcomes. Ophthalmology. 2007; 114(4):756–62. [PubMed: 17184841] 

147. Letko E. Measles. Ocul Immunol Uveitis Found. 1999; 4(4):1–3.

148. Levinson RD, Vann R, Davis JL, et al. Chronic multifocal retinal infiltrates in patients infected 
with human immunodeficiency virus. Am J Ophthalmol. 1998; 125(3):312–24. [PubMed: 
9512148] 

149. Lewis JM. Varicella-zoster virus retinitis presenting as an acute vitreous hemorrhage. Arch 
Ophthalmol. 1998; 116(1):104. [PubMed: 9445218] 

150. Liberman P, Gauro F, Berger O, Urzua CA. Causes of uveitis in a tertiary center in Chile: a cross-
sectional retrospective review. Ocul Immunol Inflamm. 2014; 23(4):339–45.

151. Lim W, Mathur R, Koh A, Yeoh R, Chee SP. Ocular manifestations of dengue fever. 
Ophthalmology. 2004; 111(11):2057–64. [PubMed: 15522372] 

152. Lindstrom S, Garten RJ, Gubareva LV, Xu X, Bridges CB, Uyeki TM. Emergence of a novel 
swine-origin influenza A (H1N1) virus in humans. N Engl J Med. 2009; 360(25):2605–15. 
[PubMed: 19423869] 

153. Llorenç V, Mesquida M, Maza MSDL, et al. Epidemiology of uveitis in a Western urban 
multiethnic population. The challenge of globalization. Acta Ophthalmol. 2015; 93(6):561–7. 
[PubMed: 25683136] 

154. Lozano LAA, Dibildox AG. Frosted branch angiitis associated with cytomegalovirus retinitis. 
Ophthalmology. 2016; 123(3):645. [PubMed: 26902566] 

155. Luu KK, Scott IU, Chaudhry NA, Verm A, Davis JL. Intravitreal antiviral injections as adjunctive 
therapy in the management of immunocompetent patients with necrotizing herpetic retinopathy. 
Am J Ophthalmol. 2000; 129(6):811–3. [PubMed: 10926999] 

156. Madelain V, Nguyen THT, Olivo A, et al. Ebola virus infection: review of the pharmacokinetic 
and pharmacodynamic properties of drugs considered for testing in human efficacy trials. Clin 
Pharmacokinet. 2016; 55:907–23. [PubMed: 26798032] 

157. Mahendradas P, Avadhani K, Shetty R. Chikungunya and the eye: a review. J Ophthalmic 
Inflamm Infect. 2013; 3(1):35. [PubMed: 23514031] 

158. Mahendradas P, Ranganna SK, Shetty R, et al. Ocular Manifestations Associated with 
Chikungunya. Ophthalmology. 2008; 115(2):287–91. [PubMed: 17631967] 

159. Mahesh G, Giridhar A, Shedbele A, Kumar R, Saikumar S. A case of bilateral presumed 
chikungunya neuroretinitis. Indian J Ophthalmol. 2009; 57(2):148. [PubMed: 19237792] 

160. Mansour DEAA, El-Shazly AAF, Elawamry AI, Ismail AT. Comparison of ocular findings in 
patients with H1N1 influenza infection versus patients receiving influenza vaccine during a 
pandemic. Ophthalmic Res. 2012; 48(3):134–8. [PubMed: 22572924] 

161. Mansour A, Li HK. Cytomegalovirus optic neuritis: characteristics, therapy and survival. 
Ophthalmologica. 1995; 209(5):260–6. [PubMed: 8570149] 

162. Margolis TP, Lowder CY, Holland GN, et al. Varicella-zoster virus retinitis in patients with the 
acquired immunodeficiency syndrome. Am J Ophthalmol. 1991; 112(2):119–31. [PubMed: 
1651054] 

Lee et al. Page 35

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



163. Martin DF, Chan CC, Smet MDD, et al. The role of chorioretinal biopsy in the management of 
posterior uveitis. Ophthalmology. 1993; 100(5):705–14. [PubMed: 8493014] 

164. Martin DF, Dunn JP, Davis JL, et al. Use of the ganciclovir implant for the treatment of 
cytomegalovirus retinitis in the era of potent antiretroviral therapy: recommendations of the 
International AIDS Society-USA panel. Am J Ophthalmol. 1999; 127(3):329–39. [PubMed: 
10088745] 

165. Martin DA, Muth DA, Brown T, Johnson AJ, Karabatsos N, Roehrig JT. Standardization of 
immunoglobulin M capture enzyme-linked immunosorbent assays for routine diagnosis of 
arboviral infections. J Clin Microbiol. 2000; 38(5):1823–6. [PubMed: 10790107] 

166. Martin DF, Sierra-Madero J, Walmsley S, et al. A controlled trial of valganciclovir as induction 
therapy for cytomegalovirus retinitis. N Engl J Med. 2002; 347(11):862.

167. Matoba AY. Ocular disease associated with Epstein-Barr virus infection. Surv Ophthalmol. 1990; 
35(2):145–50. [PubMed: 2173161] 

168. Mattia JG, Vandy MJ, Chang JC, et al. Early clinical sequelae of Ebola virus disease in Sierra 
Leone: a cross-sectional study. Lancet Infect Dis. 2016; 16(3):331–8. [PubMed: 26725449] 

169. McCarthy M. Severe eye damage in infants with microcephaly is presumed to be due to Zika 
virus. BMJ. 2016; 352:i855. [PubMed: 26864344] 

170. Mcdonald HR, Lewis H, Kreiger AE, Sidikaro Y, Heckenlively J. Surgical management of retinal 
detachment associated with the acute retinal necrosis syndrome. Br J Ophthalmol. 1991; 75(8):
455–8. [PubMed: 1873262] 

171. Meffert SA, Kertes PJ, Lim PL, Conway MD, Peyman GA. Successful treatment of progressive 
outer retinal necrosis using high-dose intravitreal ganciclovir. Retina. 1997; 17(6):560–2. 
[PubMed: 9428025] 

172. Meghpara B, Sulkowski G, Kesen MR, Tessler HH, Goldstein DA. Long-term follow-up of acute 
retinal necrosis. Retina. 2010; 30(5):795–800. [PubMed: 20057342] 

173. Miranda HAD, Costa MC, Frazão MAM, Simão N, Franchischini S, Moshfeghi DM. Expanded 
spectrum of congenital ocular findings in microcephaly with presumed Zika infection. 
Ophthalmology. 2016; 123(8):1788–94. [PubMed: 27236271] 

174. Mittal A. Optic neuritis associated with chikungunya virus infection in South India. Arch 
Ophthalmol. 2007; 125(10):1381–6. [PubMed: 17923547] 

175. Moorthy RS, Weinberg DV, Teich SA, et al. Management of varicella zoster virus retinitis in 
AIDS. Br J Ophthalmol. 1997; 81(3):189–94. [PubMed: 9135381] 

176. Moshfeghi DM, Miranda HAD, Costa MC. Zika virus, microcephaly, and ocular findings. JAMA 
Ophthalmol. 2016; 134(8):945. [PubMed: 27254835] 

177. Murthy KR, Venkataraman N, Satish V, Babu K. Bilateral retinitis following Chikun- gunya fever. 
Indian J Ophthalmol. 2008; 56(4):329–31. [PubMed: 18579997] 

178. Mustafa M, Muthusamy P, Hussain S, Shimmi S, Sein M. Uveitis: pathogenesis, clinical 
presentations and treatment. IOSR J Pharm. 2014; 04(12):42–7.

179. Muthiah MN, Michaelides M, Child CS, Mitchell SM. Acute retinal necrosis: a national 
population-based study to assess the incidence, methods of diagnosis, treatment strategies and 
outcomes in the UK. Br J Ophthalmol. 2007; 91(11):1452–5. [PubMed: 17504853] 

180. Nair AG, Biswas J, Bhende MP. A case of bilateral chikungunya neuroretinitis. J Ophthal 
Inflamm Infect. 2012; 2(1):39–40.

181. Newman H, Gooding C. Viral ocular manifestations: a broad overview. Rev Med Virol. 2013; 
23(5):281–94. [PubMed: 23797960] 

182. Nguyen NQ, Lee AG, Mcclure CD, Miller G. Subretinal lesions in subacute sclerosing 
panencephalitis. J AAPOS. 1999; 3(4):252–4. [PubMed: 10477230] 

183. Ohtake-Matsumoto A, Keino H, Koto T, Okada AA. Spectral domain and swept source optical 
coherence tomography findings in acute retinal necrosis. Graefes Arch Clin Exp Ophthalmol. 
2015; 253(11):2049–51. [PubMed: 26012421] 

184. Okunuki Y, Usui Y, Kezuka T, Takeuchi M, Goto H. Four cases of bilateral acute retinal necrosis 
with a long interval after the initial onset. Br J Ophthalmol. 2011; 95(9):1251–4. [PubMed: 
21242577] 

Lee et al. Page 36

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



185. Opremcak, EM. Other viral infections of the retina. In: Pepose, JS.Holland, GN., Wilhelms, KR., 
editors. Ocular infection & immunology. St. Louis: Mosby; 1996. p. 1169-82.

186. Orth DH, Fishman GA, Segall M, Bhatt A, Yassur Y. Rubella maculopathy. Br J Ophthalmol. 
1980; 64(3):201–5. [PubMed: 6155934] 

187. Park JJ, Pavesio C. Prophylactic laser photocoagulation for acute retinal necrosis. Does it raise 
more questions than answers? Br J Ophthalmol. 2008; 92(9):1161–2. [PubMed: 18723739] 

188. Pathanapitoon K, Kunavisarut P, Ausayakhun S, Sirirungsi W, Rothova A. Uveitis in a tertiary 
ophthalmology centre in Thailand. Br J Ophthalmol. 2008; 92(4):474–8. [PubMed: 18369063] 

189. Pathanapitoon K, Tesavibul N, Choopong P, et al. Clinical manifestations of cytomegalovirus-
associated posterior uveitis and panuveitis in patients without human immunodeficiency virus 
infection. JAMA Ophthalmol. 2013; 131(5):638. [PubMed: 23494002] 

190. Paula SO, Fonseca BA. Dengue: a review of the laboratory tests a clinician must know to achieve 
a correct diagnosis. Braz J Infect Dis. 2004; 8(6):390–8. [PubMed: 15880229] 

191. Pavesio CE, Mitchell SM, Barton K, Schwartz SD, Towler HMA, Lightman S. Progressive outer 
retinal necrosis (PORN) in AIDS patients: A different appearance of varicella-zoster retinitis. 
Eye. 1995; 9(3):271–6. [PubMed: 7556731] 

192. Peponis VG, Chatziralli IP, Parikakis EA, Chaira N, Katzakis MC, Mitropoulos PG. Bilateral 
multifocal chorioretinitis and optic neuritis due to Epstein-Barr virus: a case report. Case Rep 
Ophthalmol. 2012; 3(3):327–32. [PubMed: 23139677] 

193. Pérez-Blázquez E, Traspas R, Marín IM, Montero M. Intravitreal ganciclovir treatment in 
progressive outer retinal necrosis. Am J Ophthalmol. 1997; 124(3):418–21. [PubMed: 9439379] 

194. Perry RT, Halsey NA. The clinical significance of measles: a review. J Infect Dis. 2004; 
189(Suppl 1):S4–16. [PubMed: 15106083] 

195. Pertel P, Hirschtick R, Phair J, Chmiel J, Poggensee I, Murphy R. Risk of developing 
cytomegalovirus retinitis in persons infected with the human immunodeficiency virus. Retina. 
1993; 13(3):262–3.

196. Pialoux G, Gaüzère BA, Jauréguiberry S, Strobel M. Chikungunya, an epidemic arbovirosis. 
Lancet Infect Dis. 2007; 7(5):319–27. [PubMed: 17448935] 

197. Rafailidis PI, Mourtzoukou EG, Varbobitis IC, Falagas ME. Severe cytomegalovirus infection in 
apparently immunocompetent patients: a systematic review. Virol J. 2008; 5(1):47. [PubMed: 
18371229] 

198. Raymond LA, Wilson CA, Linnemann CC, Ward MA, Bernstein DI, Love DC. Punctate outer 
retinitis in acute Epstein-Barr virus infection. Am J Ophthalmol. 1987; 104(4):424–6. [PubMed: 
2821813] 

199. Reynolds JD, Griebel M, Mallory S, Steele R. Congenital herpes simplex retinitis. Am J 
Ophthalmol. 1986; 102(1):33–6. [PubMed: 3728622] 

200. Rifkin L, Schaal S. H1N1-associated acute retinitis. Ocul Immunol Inflamm. 2012; 20(3):230–2. 
[PubMed: 22537287] 

201. Rochat C, Polla BS, Herbort CP. Immunological profiles in patients with acute retinal necrosis. 
Graefes Arch Clin Exp Ophthalmol. 1996; 234(9):547–52. [PubMed: 8880152] 

202. Roesel M, Heinz C, Heiligenhaus A. H1N1 and uveal effusion syndrome. Ophthalmology. 2010; 
117(7):1467. [PubMed: 20610007] 

203. Rose N, Anoop T, John AP, Jabbar P, George K. Acute optic neuritis following infection with 
chikungunya virus in southern rural India. Int J Infect Dis. 2011; 15(2):e147–50. [PubMed: 
21131222] 

204. Rothova A, Boer JHD, Loon NHTDV, et al. Usefulness of aqueous humor analysis for the 
diagnosis of posterior uveitis. Ophthalmology. 2008; 115(2):306–11. [PubMed: 17669497] 

205. Roy R, Pal BP, Mathur G, Rao C, Das D, Biswas J. Acute retinal necrosis: clinical features, 
management and outcomes – a 10 year consecutive case series. Ocul Immunol Inflamm. 2014; 
22(3):170–4. [PubMed: 24738972] 

206. Rubinov A, Beiran I, Krasnitz I, Miller B. Bilateral optic neuritis after inactivated influenza 
vaccination. Isr Med Assoc J. 2012; 14(11):705–7. [PubMed: 23240380] 

Lee et al. Page 37

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



207. Rutzen AR, Ortega-Larrocea G, Dugel PU, et al. Clinicopathologic study of retinal and choroidal 
biopsies in intraocular inflammation. Am J Ophthalmol. 1995; 119(5):597–611. [PubMed: 
7733185] 

208. Saidel MA, Berreen J, Margolis TP. Cytomegalovirus retinitis after intravitreous triamcinolone in 
an immunocompetent patient. Am J Ophthalmol. 2005; 140(6):1141–3. [PubMed: 16376669] 

209. Sandy CJ, Bloom PA, Graham EM, et al. Retinal detachment in AIDS-related cytomegalovirus 
retinitis. Eye. 1995; 9(3):277–81. [PubMed: 7556732] 

210. Schaal S, Kagan A, Wang Y, Chan CC, Kaplan HJ. Acute retinal necrosis associated with 
Epstein-Barr virus: immunohistopathologic confirmation. JAMA Ophthalmol. 2014; 132(7):881. 
[PubMed: 24743882] 

211. Scheepers MA, Lecuona KA, Rogers G, Bunce C, Corcoran C, Michaelides M. The value of 
routine polymerase chain reaction analysis of intraocular fluid specimens in the diagnosis of 
infectious posterior uveitis. ScientificWorldJournal. 2013; 2013:1–8.

212. Scheie HG, Morse PH. Rubeola retinopathy. Arch Ophthalmol. 1972; 88(3):341–4. [PubMed: 
5053262] 

213. Schmoll C, Mcatamney S, Madill S. Identification of Epstein–Barr virus in a case of aggressive 
retinochoroiditis. Eye. 2013; 27(7):893–4.

214. Schneider EW, Elner SG, van Kuijk FJ, et al. Chronic retinal necrosis: cytomegalovirus 
necrotizing retinitis associated with panretinal vasculopathy in non-HIV patients. Retina. 2013; 
33(9):1791–9. [PubMed: 23584702] 

215. Schrire L. Macular changes in Rift Valley fever. S Afr Med J. 1951; 25(50):926–30. [PubMed: 
14892952] 

216. Serdaroglu A, Gücüyener K, Dursun I, et al. Macular retinitis as a first sign of subacute sclerosing 
panencephalitis: the importance of early diagnosis. Ocul Immunol Inflamm. 2005; 13(5):405–10. 
[PubMed: 16419428] 

217. Seth RK, Stoessel KM, Adelman RA. Choroidal neovascularization associated with West Nile 
virus chorioretinitis. Semin Ophthalmol. 2007; 22(2):81–4. [PubMed: 17564926] 

218. Shah AM, Oster SF, Freeman WR. Viral retinitis after intravitreal triamcinolone injection in 
patients with predisposing medical comorbidities. Am J Ophthalmol. 2010; 149(3):433–40. 
[PubMed: 20172069] 

219. Shawky S. Rift Valley fever. Saudi Med J. 2000; 21(12):1109–15. [PubMed: 11360082] 

220. Siam AL, Meegan JM. Ocular disease resulting from infection with Rift Valley fever virus. Trans 
R Soc Trop Med Hyg. 1980; 74(4):539–41. [PubMed: 7192443] 

221. Siam AL, Meegan JM, Gharbawi KF. Rift Valley fever ocular manifestations: observations during 
the 1977 epidemic in Egypt. Br J Ophthalmol. 1980; 64(5):366–74. [PubMed: 7192158] 

222. Simon V, Ho DD, Abdool Karim Q. HIV/AIDS epidemiology, pathogenesis, prevention, and 
treatment. Lancet. 2006; 368(9534):489–504. [PubMed: 16890836] 

223. Siqueira RC, Vitral NP, Campos WR, Oréfice F, Figueiredo LTDM. Ocular manifestations in 
dengue fever. Ocul Immunol Inflamm. 2004; 12(4):323–7. [PubMed: 15621872] 

224. Sivakumar RR, Prajna L, Arya LK, et al. Molecular diagnosis and ocular imaging of West Nile 
virus retinitis and neuroretinitis. Ophthalmology. 2013; 120(9):1820–6. [PubMed: 23642374] 

225. Song MK, Azen SP, Buley A, et al. Effect of anti-cytomegalovirus therapy on the incidence of 
immune recovery uveitis in AIDS patients with healed cytomegalovirus retinitis. Am J 
Ophthalmol. 2003; 136(4):696–702. [PubMed: 14516810] 

226. Spaide RF, Sugin S, Yannuzzi LA, Derosa JT. Epstein-Barr virus antibodies in multifocal 
choroiditis and panuveitis. Am J Ophthalmol. 1991; 112(4):410–3. [PubMed: 1656755] 

227. Steiner I, Kennedy PG, Pachner AR. The neurotropic herpes viruses: herpes simplex and 
varicella-zoster. Lancet Neurol. 2007; 6(11):1015–28. [PubMed: 17945155] 

228. Stevens J, Herbert E, Johnston S, Fathers E. 075 herpes simplex retinitis in a patient with prior 
herpes simplex encephalitis. J Neurol Neurosurg Psychiatry. 2012; 83(3):e1.

229. Sugita S, Shimizu N, Watanabe K, et al. Use of multiplex PCR and real-time PCR to detect 
human herpes virus genome in ocular fluids of patients with uveitis. Br J Ophthalmol. 2008; 
92(7):928–32. [PubMed: 18408082] 

Lee et al. Page 38

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



230. Suzuki J, Goto H, Minoda H, Iwasaki T, Sakai J, Usui M. Analysis of retinal findings of acute 
retinal necrosis using optical coherence tomography. Ocul Immunol Inflamm. 2006; 14(3):165–
70. [PubMed: 16766400] 

231. Tabbara K. Dengue retinochoroiditis. Ann Saudi Med. 2012; 3(5):530–3.

232. Takakura A, Tessler HH, Goldstein DA, et al. Viral retinitis following intraocular or periocular 
corticosteroid administration: a case series and comprehensive review of the literature. Ocul 
Immunol Inflamm. 2014; 22(3):175–82. [PubMed: 24655372] 

233. Tao Y, Chang LB, Zhao M, Li XX. Two cases of exudative retinal detachment and uveitis 
following H1N1 influenza vaccination. Chin Med J (Engl). 2011; 124(22):3838–40. [PubMed: 
22340253] 

234. Teoh SC, Chan DP, Laude A, Chee C, Lim TH, Goh KY. Dengue chorioretinitis and dengue-
related ophthalmic complications. Ocul Immunol Uveitis Found. 2006; 9(4):1–19.

235. Teoh SC, Chee CK, Laude A, Goh KY, Barkham T, Ang BS. Optical coherence tomography 
patterns as predictors of visual outcome in dengue-related maculopathy. Retina. 2010; 30(3):390–
8. [PubMed: 20094013] 

236. Tiffany A, Vetter P, Mattia J, et al. Ebola virus disease complications as experienced by survivors 
in Sierra Leone. Clin Infect Dis. 2016; 62:1360–6. [PubMed: 27001797] 

237. Toh T, Borthwick JH. Acute retinal necrosis post intravitreal injection of triamcinolone acetonide. 
Clin Exp Ophthalmol. 2006; 34(4):380–2. [PubMed: 16764663] 

238. Tomoda A, Miike T, Miyagawa S, Negi A, Takeshima H. Subacute sclerosing panencephalitis and 
chorioretinitis. Brain Dev. 1997; 19(1):55–7. [PubMed: 9071491] 

239. Tran THC. Polymerase chain reaction analysis of aqueous humour samples in necrotising 
retinitis. Br J Ophthalmol. 2003; 87(1):79–83. [PubMed: 12488268] 

240. Tran THC, Stanescu D, Caspers-Velu L, et al. Clinical characteristics of acute HSV-2 retinal 
necrosis. Am J Ophthalmol. 2004; 137(5):872–9. [PubMed: 15126152] 

241. Tseng CC, Chen SN, Hwang JF, Lin CJ, Chen HS. Progressive outer retinal necrosis associated 
with occlusive vasculitis in acquired immunodeficiency syndrome. J Formos Med Assoc. 2015; 
114(5):469–72. [PubMed: 26002429] 

242. Tsirouki T, Dastiridou A, Symeonidis C, et al. A focus on the epidemiology of uveitis. Ocul 
Immunol Inflamm. 2016:1–15. [Epub ahead of print]. 

243. Turner BJ, Hecht FM, Ismail RB. CD4 T-lymphocyte measures in the treatment of individuals 
infected with human immunodeficiency virus type 1. Arch Intern Med. 1994; 154(14):1561–73. 
[PubMed: 7913314] 

244. Turno-Kręcicka A, Boratynska M, Tomczyk-Socha M, Mazanowska O. Progressive outer retinal 
necrosis in immunocompromised kidney allograft recipient. Transpl Infect Dis. 2015; 17(3):400–
5. [PubMed: 25846017] 

245. Turno-Krecicka A, Misiuk-Hojlo M, Grzybowski A, Oficjalska-Młynczak J, Jakubowska-Kopacz 
M, Jurowska-Liput J. Early vitrectomy and diagnostic testing in severe infectious posterior 
uveitis and endophthalmitis. Med Sci Monit. 2010; 16(6):296–300.

246. Urayama AY, Sasaki T, Nishiyama Y, et al. Unilateral acute uveitis with periarteritis and 
detachment. Jpn J Ophthalmol. 1971; 25:607–19.

247. Varkey JB, Shantha JG, Crozier I, et al. Persistence of Ebola virus in ocular fluid during 
convalescence. N Engl J Med. 2015; 372(25):2423–7. [PubMed: 25950269] 

248. Venkatesh P, Gogia V, Shah B, Gupta S, Sagar P, Garg S. Patterns of uveitis at the Apex Institute 
for Eye Care in India: results from a prospectively enrolled patient data base (2011–2013). Int 
Ophthalmol. 2016; 36:365–72. [PubMed: 26408195] 

249. Ventura CV, Maia M, Bravo-Filho V, Góis AL, Belfort R. Zika virus in Brazil and macular 
atrophy in a child with microcephaly. Lancet. 2016; 387(10015):228.

250. Ventura CV, Maia M, Travassos SB, et al. Risk factors associated with the ophthalmoscopic 
findings identified in infants with presumed Zika virus congenital infection. JAMA Ophthalmol. 
2016; 134(8):912. [PubMed: 27228275] 

251. Ventura CV, Maia M, Ventura BV, et al. Ophthalmological findings in infants with microcephaly 
and presumable intra-uterus Zika virus infection. Arq Bras Oftalmol. 2016; 79(1):1–3. [PubMed: 
26840156] 

Lee et al. Page 39

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



252. Vertes D, Snyers B, Potter PD. Cytomegalovirus retinitis after low-dose intravitreous 
triamcinolone acetonide in an immunocompetent patient: a warning for the widespread use of 
intravitreous corticosteroids. Int Ophthalmol. 2010; 30(5):595–7. [PubMed: 20931263] 

253. Vingolo EM, Messano GA, Fragiotta S, Spadea L, Petti S. Ocular manifestations of Ebola virus 
disease: an ophthalmologist’s guide to prevent infection and panic. Biomed Res Int. 2015; 
2015:1–7.

254. Vrabec TR. Posterior segment manifestations of HIV/AIDS. Surv Ophthalmol. 2004; 49(2):131–
57. [PubMed: 14998690] 

255. Walton RC, Byrnes GA, Chan CC, Nussenblatt RB. Fluorescein angiography in the progressive 
outer retinal necrosis syndrome. Retina. 1996; 16(5):393–8. [PubMed: 8912965] 

256. Wang LK, Kansal S, Pulido JS. Photodynamic therapy for the treatment of choroidal 
neovascularization secondary to rubella retinopathy. Am J Ophthalmol. 2002; 134(5):790–2. 
[PubMed: 12429271] 

257. Weaver BA. Herpes zoster overview: natural history and incidence. J Am Osteopath Assoc. 2009; 
109(6 Suppl 2):S2–6.

258. Weller JM, Bergua A, Mardin CY. Retinopathy in a patient with acute Epstein–Barr virus 
infection. Retin Cases Brief Rep. 2015; 9(1):72–7. [PubMed: 25383851] 

259. Wensing B, de Groot-Mijnes JD, Rothova A. Necrotizing and nonnecrotizing variants of herpetic 
uveitis with posterior segment involvement. Arch Ophthalmol. 2011; 129(4):403. [PubMed: 
21149747] 

260. Whitcup SM. Cytomegalovirus retinitis in the era of highly active antiretroviral therapy. JAMA. 
2000; 283(5):653–7. [PubMed: 10665706] 

261. Whitley RJ, Roizman B. Herpes simplex virus infections. Lancet. 2001; 357(9267):1513–8. 
[PubMed: 11377626] 

262. Wickremasinghe SS, Stawell R, Lim L, Pakrou N, Zamir E. Non-necrotizing herpetic vasculitis. 
Ophthalmology. 2009; 116(2):361. [PubMed: 19187825] 

263. Winterhalter S, Stuebiger N, Maier AK, et al. Acute retinal necrosis: diagnostic and treatment 
strategies in Germany. Ocul Immunol Inflamm. 2016; 24:537–43. [PubMed: 26399848] 

264. Wong RW, Jumper JM, Mcdonald HR, et al. Emerging concepts in the management of acute 
retinal necrosis. Br J Ophthalmol. 2013; 97(5):545–52. [PubMed: 23235944] 

265. Wong R, Pavesio CE, Laidlaw DA, Williamson TH, Graham EM, Stanford MR. Acute retinal 
necrosis: the effects of intravitreal foscarnet and virus type on outcome. Ophthalmology. 2010; 
117(3):556–60. [PubMed: 20031221] 

266. World Health Organization. [Accessed May 13, 2016] Categorization and prioritization of drugs 
for consideration for testing or use in patients infected with Ebola. WHO | Categorization and 
prioritization of drugs for consideration for testing or use in patients infected with Ebola. 2015. 
Available at:. http://who.int/medicines/ebola-treatment/2015_0703tablesofeboladrugs.pdf?ua=1

267. Yamamoto S, Pavan-Langston D, Kinoshita S, Nishida K, Shimomura Y, Tano Y. Detecting 
herpesvirus DNA in uveitis using the polymerase chain reaction. Br J Ophthalmol. 1996; 80(5):
465–8. [PubMed: 8695570] 

268. Yimenicioglu S, Yakut A, Erol N, Carman K, Ekici A. Chorioretinitis as a first sign of SSPE. 
Neuropediatrics. 2012; 43(03):149–51. [PubMed: 22473286] 

269. Yin PD, Kurup SK, Fischer SH, et al. Progressive outer retinal necrosis in the era of highly active 
antiretroviral therapy: Successful management with intravitreal injections and monitoring with 
quantitative PCR. J Clin Virol. 2007; 38(3):254–9. [PubMed: 17280866] 

270. Yoser SL, Forster DJ, Rao NA. Systemic viral infections and their retinal and choroidal 
manifestations. Surv Ophthalmol. 1993; 37(5):313–52. [PubMed: 8387231] 

271. Yuksel D, Sonmez PA, Yilmaz D, Senbil N, Gurer Y. Ocular findings in subacute sclerosing 
panencephalitis. Ocul Immunol Inflamm. 2011; 19(2):135–8. [PubMed: 21428756] 

Lee et al. Page 40

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://who.int/medicines/ebola-treatment/2015_0703tablesofeboladrugs.pdf?ua=1


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 41

Ta
b

le
 1

E
pi

de
m

io
lo

gy
 o

f 
uv

ei
tis

A
ut

ho
r 

(y
ea

r)
G

en
de

r,
 n

 (
%

)
A

ge
 (

ye
ar

s)
A

na
to

m
ic

 d
ia

gn
os

is
, n

 (
%

)
P

os
te

ri
or

 u
ve

it
is

L
at

er
al

it
y,

 n
 (

%
)

In
fe

ct
io

us
 s

ta
tu

s,
 %

V
ir

al
et

io
lo

gy
, n

 (
%

)

M
al

e
F

em
al

e
R

an
ge

M
ea

n 
(±

 S
D

)
A

nt
er

io
r

In
te

rm
ed

ia
te

P
os

te
ri

or
P

an
B

ila
te

ra
l

U
ni

la
te

ra
l

In
fe

ct
io

us
N

on
in

fe
ct

io
us

Pa
th

an
ap

ito
on

 e
t a

l (
20

08
)18

8
10

5 
(5

2.
5)

95
 (

47
.5

)
8–

85
38

.4
49

 (
24

.5
)

17
 (

8.
5)

92
 (

46
.0

)
42

 (
21

.0
)

48
 (

52
.2

)
44

 (
47

.8
)

N
R

N
R

C
M

V
: 5

4 
(5

8.
7)

A
R

N
: 7

 (
7.

6)

K
ia

ne
rs

i e
t a

l (
20

14
)13

1
91

5 
(4

5.
4)

11
01

 (
54

.6
)

2–
98

33
.7

6 
±

 1
0.

56
86

5 
(4

2.
9)

39
0 

(1
9.

3)
43

2 
(2

1.
4)

32
9 

(1
6.

3)
63

 (
14

.6
)

36
9 

(8
5.

4)
88

.4
11

.6
C

M
V

: 4
 (

0.
9)

H
IV

: 1
 (

0.
2)

A
l-

Sh
ak

ar
ch

i (
20

14
)12

15
9 

(5
0.

0)
15

9 
(5

0.
0)

N
R

36
.2

78
 (

24
.5

)
20

 (
6.

3)
12

3 
(3

8.
7)

97
 (

30
.5

)
63

 (
51

.2
)

60
 (

48
.8

)
69

.9
30

.1
A

R
N

: 2
 (

1.
6)

C
M

V
: 1

 (
0.

8)

L
ib

er
m

an
 e

t a
l (

20
14

)15
0

25
6 

(4
1.

9)
35

5 
(5

8.
1)

3–
91

38
.0

 (
m

ed
ia

n)
24

7 
(4

0.
4)

51
 (

8.
3)

11
0 

(1
8.

0)
20

3 
(3

3.
2)

42
 (

38
.2

)
68

 (
61

.8
)

40
.0

60
.0

C
M

V
: 5

 (
4.

5)

H
SV

: 2
 (

1.
8)

L
lo

re
nç

 e
t a

l (
20

15
)15

3
46

5 
(4

5.
5)

55
7 

(5
4.

5)
1–

92
38

.0
 (

m
ed

ia
n)

53
4 

(5
2.

3)
92

 (
9.

0)
24

0 
(2

3.
5)

15
6 

(1
5.

3)
12

0 
(5

0.
0)

12
0 

(5
0.

0)
47

.9
52

.1
C

M
V

: 9
 (

3.
8)

A
R

N
: 6

 (
2.

5)

H
IV

: 5
 (

2.
1)

N
N

H
R

: 2
 (

0.
8)

PO
R

N
: 1

 (
0.

4)

V
en

ka
te

sh
 e

t a
l (

20
15

)24
8

48
9 

(6
1.

1)
31

1 
(3

8.
9)

4–
81

34
.2

1 
±

 1
3.

94
41

3 
(5

1.
6)

13
1 

(1
6.

4)
16

2 
(2

0.
3)

94
 (

11
.8

)
84

 (
51

.9
)

78
 (

48
.1

)
51

.2
48

.8
H

IV
: 1

1 
(6

.8
)

C
M

V
: 8

 (
4.

9)

A
R

N
: 2

 (
1.

2)

D
hi

bi
 e

t a
l (

20
16

)55
39

0 
(4

3.
9)

49
8 

(5
6.

1)
6–

94
39

.6
 ±

 1
1

24
2 

(2
7.

3)
11

3 
(1

2.
7)

63
 (

7.
1)

47
0 

(5
2.

9)
40

 (
63

.5
)

23
 (

36
.5

)
47

.6
52

.4
C

M
V

: 1
 (

1.
6)

Su
m

m
ar

y,
 n

 (
%

)
M

: 2
77

9 
(4

7.
5)

; F
: 3

07
6 

(5
2.

5)
; M

:F
 r

at
io

 1
:1

.1
R

an
ge

: 1
–9

8;
 m

ea
n:

 3
6.

4
24

28
 (

41
.5

)
81

4 
(1

3.
9)

12
22

 (
20

.9
)

13
91

 (
23

.7
)

46
0 

(3
7.

6)
76

2 
(6

2.
4)

65
.5

34
.5

A
R

N
: 1

7 
(1

4.
0)

H
IV

: 1
7 

(1
4.

0)

H
SV

: 2
 (

1.
7)

N
N

H
R

: 2
 (

1.
7)

PO
R

N
: 1

 (
0.

8)

A
R

N
, a

cu
te

 r
et

in
al

 n
ec

ro
si

s;
 C

M
V

, c
yt

om
eg

al
ov

ir
us

; F
, f

em
al

e;
 H

SV
, h

er
pe

s 
si

m
pl

ex
 v

ir
us

; M
, m

al
e;

 N
N

H
R

, n
on

ne
cr

ot
iz

in
g 

he
rp

et
ic

 r
et

in
iti

s;
 N

R
, n

ot
 r

ep
or

te
d;

 P
O

R
N

, p
ro

gr
es

si
ve

 o
ut

er
 r

et
in

al
 n

ec
ro

si
s.

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 42

Ta
b

le
 2

R
et

in
iti

s 
af

te
r 

in
tr

ao
cu

la
r 

st
er

oi
d 

in
je

ct
io

n

A
ut

ho
r 

(y
ea

r)
A

ge
 (

ye
ar

s)
G

en
de

r
H

IV
st

at
us

In
di

ca
ti

on
 fo

r
co

rt
ic

os
te

ro
id

T
im

e 
fr

om
co

rt
ic

os
te

ro
id

to
 r

et
in

it
is

(m
on

th
s)

E
st

ab
lis

he
d

di
ag

no
si

s
V

A
 w

he
n

re
ti

ni
ti

s
fi

rs
t

di
ag

no
se

d

T
re

at
m

en
t

D
ur

at
io

n 
of

fo
llo

w
-u

p
(m

on
th

s)

V
A

 a
t 

la
st

 v
is

it

D
’A

le
ss

an
dr

o 
et

 a
l (

20
02

)51
45

M
+

Im
m

un
e 

re
co

ve
ry

 u
ve

iti
s

2
C

M
V

 r
et

in
iti

s
20

/1
00

In
tr

av
en

ou
s 

ga
nc

ic
lo

vi
r

18
“H

ab
itu

al
 v

is
ua

l a
cu

ity
”

Sa
id

el
 e

t a
l (

20
05

)20
8

75
M

−
C

M
E

4
C

M
V

 r
et

in
iti

s
20

/4
00

O
ra

l v
al

ga
nc

ic
lo

vi
r, 

in
tr

av
itr

ea
l 

ga
nc

ic
lo

vi
r

6
20

/4
00

To
h 

et
 a

l (
20

06
)23

7
62

F
−

C
ho

ro
id

al
 n

eo
va

sc
ul

ar
 m

em
br

an
e

6
H

SV
-1

 r
et

in
iti

s
20

/6
0

In
tr

av
en

ou
s 

ac
yc

lo
vi

r, 
or

al
 

ac
yc

lo
vi

r
3

20
/1

20

Fu
ru

ka
w

a 
et

 a
l(

20
07

)66
54

F
−

C
M

E
3

C
M

V
 r

et
in

iti
s

1.
0

In
tr

av
en

ou
s 

ga
nc

ic
lo

vi
r, 

in
tr

av
itr

ea
l f

os
ca

rn
et

, v
itr

ec
to

m
y

14
0.

5

V
er

te
s 

et
 a

l (
20

10
)25

2
78

F
−

C
M

E
3

C
M

V
 r

et
in

iti
s

20
/4

0
In

tr
av

en
ou

s 
ga

nc
ic

lo
vi

r, 
or

al
 

va
lg

an
ci

cl
ov

ir
, i

nt
ra

vi
tr

ea
l 

ga
nc

ic
lo

vi
r, 

vi
tr

ec
to

m
y,

 p
er

ip
he

ra
l 

en
do

la
se

r

8
20

/2
5

Ta
ka

ku
ra

 e
t a

l (
20

14
)23

2
65

M
−

V
K

H
 w

ith
 s

te
ro

id
-i

nd
uc

ed
 c

at
ar

ac
ts

1.
8

C
M

V
 r

et
in

iti
s

20
/2

00
In

tr
av

itr
ea

l g
an

ci
cl

ov
ir

, o
ra

l 
va

lg
an

ci
cl

ov
ir

2
20

/7
0

37
F

−
Id

io
pa

th
ic

 p
os

te
ri

or
 u

ve
iti

s 
w

ith
 C

M
E

12
C

M
V

 r
et

in
iti

s
20

/8
0

In
tr

av
itr

ea
l f

os
ca

rn
et

, o
ra

l 
va

lg
an

ci
cl

ov
ir

2
20

/8
0

63
M

−
G

ra
nu

lo
m

at
ou

s 
pa

nu
ve

iti
s 

w
ith

 C
M

E
2

C
M

V
 r

et
in

iti
s

20
/4

0
In

tr
av

en
ou

s 
ga

nc
ic

lo
vi

r, 
or

al
 

pr
ed

ni
so

ne
, p

ar
s 

pl
an

a 
vi

tr
ec

to
m

y
84

20
/2

00

72
M

−
B

R
V

O
1

C
M

V
 r

et
in

iti
s

20
/6

0
In

tr
av

itr
ea

l g
an

ci
cl

ov
ir

12
C

F

37
F

−
C

hr
on

ic
 id

io
pa

th
ic

 ir
id

oc
yc

lit
is

2
A

R
N

20
/3

0
O

ra
l a

cy
cl

ov
ir

, i
nt

ra
vi

tr
ea

l 
ga

nc
ic

lo
vi

r
36

20
/2

00

Su
m

m
ar

y;
 n

 (
%

)
R

an
ge

: 3
7–

78
; 

m
ea

n:
 5

8.
8;

 
m

ed
ia

n:
 6

2.
5

M
al

e:
 

fe
m

al
e 

ra
tio

 1
:1

H
IV

 
po

si
tiv

e:
 1

 
(1

0.
0)

C
M

E
: 5

 (
50

.0
);

 o
th

er
s:

 5
 (

50
.0

)
R

an
ge

: 1
–1

2;
 

m
ea

n:
 3

.7
; 

m
ed

ia
n:

 2
.5

C
M

V
 r

et
in

iti
s:

 8
 

(8
0.

0)
; o

th
er

s:
 2

 
(2

0.
0)

≤2
0/

40
: 3

 
(3

0.
0)

; 2
0/

40
–

20
/1

00
: 4

 
(4

0.
0)

; 
≥2

0/
10

0:
 3

 
(3

0.
0)

Sy
st

em
ic

: 3
 (

30
.0

);
 in

tr
av

itr
ea

l: 
1 

(1
0.

0)
; b

ot
h 

sy
st

em
ic

 a
nd

 
in

tr
av

itr
ea

l: 
6 

(6
0.

0)

R
an

ge
: 2

–8
4;

 
m

ea
n:

 1
8.

5;
 

m
ed

ia
n:

 1
0

≤2
0/

40
: 1

 (
10

.0
);

 2
0/

40
–

20
/1

00
: 2

 (
20

.0
);

 ≥
20

/1
00

: 7
 

(7
0.

0)

M
, m

al
e;

 F
, f

em
al

e;
 C

M
V

, c
yt

om
eg

al
ov

ir
us

; H
SV

, h
er

pe
s 

si
m

pl
ex

 v
ir

us
; A

R
N

, a
cu

te
 r

et
in

al
 n

ec
ro

si
s;

 V
K

H
, V

og
t-

K
oy

an
ag

i-
H

ar
ad

a 
di

se
as

e;
 C

/B
R

V
O

, c
en

tr
al

/b
ra

nc
h 

re
tin

al
 v

ei
n 

oc
cl

us
io

n;
 C

M
E

, c
ys

to
id

 m
ac

ul
ar

 e
de

m
a;

 V
A

, v
is

ua
l a

cu
ity

; C
F,

 c
ou

nt
in

g 
fi

ng
er

s.

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 43

Ta
b

le
 3

D
em

og
ra

ph
ic

s 
an

d 
cl

in
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 E
ps

te
in

-B
ar

r 
vi

ru
s 

ch
or

io
re

tin
iti

s

A
ut

ho
r

(y
ea

r)
A

ge
(y

ea
rs

)
G

en
de

r
L

at
er

al
it

y
Im

m
un

o
de

fi
ci

en
cy

M
et

ho
d 

of
di

ag
no

si
s

Sy
m

pt
om

s
Si

gn
s

V
A

 a
t

pr
es

en
ta

ti
on

T
re

at
m

en
t

C
om

pl
ic

at
io

ns
D

ur
at

io
n

of
 fo

llo
w

-
up

(m
on

th
s)

V
A

 a
t 

la
st

vi
si

t

K
el

ly
 e

t a
l 

(1
98

9)
11

8
17

M
U

N
il

Se
ro

lo
gy

Pa
in

, b
lu

rr
ed

 v
is

io
n

R
A

PD
, A

C
/v

itr
eo

us
 c

el
ls

, 
w

hi
te

 f
lu

ff
y 

re
tin

iti
s,

 r
et

in
al

 
he

m
or

rh
ag

e,
 v

itr
eo

us
 h

az
e,

 
va

sc
ul

ar
 s

he
at

hi
ng

, o
pt

ic
 

di
sk

 e
de

m
a

O
S:

 C
F 

1/
3 

m
O

ra
l c

lin
da

m
yc

in
, p

re
dn

is
ol

on
e,

 
ac

et
az

ol
om

id
e,

 to
pi

ca
l 

de
xa

m
et

ha
so

ne

A
tr

op
hi

c 
m

ac
ul

ar
 s

ca
r

0.
25

6/
36

H
er

sh
be

rg
er

 e
t a

l 
(2

00
3)

89
0.

8
M

B
X

-l
in

ke
d 

ly
m

ph
op

ro
lif

er
at

iv
e 

di
so

rd
er

Se
ro

lo
gy

, r
et

in
al

 b
io

ps
y

U
na

bl
e 

to
 f

ix
 a

nd
 f

ol
lo

w
R

A
PD

, p
os

te
ri

or
 s

yn
ec

hi
ae

, 
ru

be
os

is
, h

az
y 

vi
tr

eo
us

, 
w

id
es

pr
ea

d 
ye

llo
w

-w
hi

te
 

re
tin

al
 o

pa
ci

fi
ca

tio
n,

 r
et

in
al

 
he

m
or

rh
ag

es
, R

D
, o

pt
ic

 
ne

rv
e 

sw
el

lin
g 

an
d 

he
m

or
rh

ag
e,

 v
as

cu
la

r 
sh

ea
th

in
g,

 a
tr

op
hi

c 
R

PE
 

le
si

on
s

N
R

V
itr

ec
to

m
y,

 b
on

e 
m

ar
ro

w
 tr

an
sp

la
nt

R
D

, p
ht

hi
si

s 
bu

lb
i

N
R

N
R

K
im

 e
t a

l 
(2

01
1)

13
3

65
F

B
N

il
Se

ro
lo

gy
, v

itr
eo

us
 b

io
ps

y
Su

dd
en

 d
ec

re
as

ed
 v

is
io

n
E

R
M

, c
oa

le
sc

in
g,

 y
el

lo
w

 
le

si
on

s 
at

 th
e 

le
ve

l o
f 

th
e 

R
PE

 in
 th

e 
m

ac
ul

a

O
D

: 2
0/

20
0;

 O
S:

 
C

F
O

ra
l v

al
ac

yc
lo

vi
r, 

pr
ed

ni
so

ne
R

PE
 a

tr
op

hy
6

O
D

: 2
0/

80

O
S:

 C
F

Pe
po

ni
s 

et
 a

l 
(2

01
2)

19
2

67
M

B
E

B
V

 e
nc

ep
ha

lit
is

C
SF

 P
C

R
Pr

og
re

ss
iv

e 
de

cr
ea

se
d 

vi
si

on
M

ul
tip

le
, w

el
l-

de
m

ar
ca

te
d 

gr
ay

-w
hi

te
 a

re
as

 o
f 

re
tin

al
 

at
ro

ph
y,

 m
ul

tif
oc

al
 

ch
or

io
re

tin
iti

s,
 o

pt
ic

 
ne

ur
iti

s

O
D

: 6
/6

0;
 O

S:
 H

M
C

ef
tr

ia
xo

ne
, a

m
pi

ci
lli

n,
 a

cy
cl

ov
ir

N
il

2
O

D
: 6

/1
8

O
S:

 C
F

Sc
hm

ol
l e

t a
l 

(2
01

3)
21

3
65

F
U

A
pl

as
tic

 a
ne

m
ia

 o
n 

im
m

un
os

up
pr

es
si

ve
 th

er
ap

y
A

nt
er

io
r 

ch
am

be
r 

pa
ra

ce
nt

es
is

Pa
in

, r
ed

ne
ss

, b
lu

rr
ed

 v
is

io
n

R
A

PD
, a

nt
er

io
r 

uv
ei

tis
, 

hy
po

to
ny

, v
itr

iti
s,

 f
oc

al
 

re
tin

iti
s,

 lo
ca

liz
ed

 c
ho

ro
id

al
 

ef
fu

si
on

s,
 h

em
or

rh
ag

ic
 

ar
te

ri
ol

iti
s

O
S:

 P
L

IV
 a

cy
cl

ov
ir

, t
op

ic
al

 d
ex

am
et

ha
so

ne
, 

or
al

 p
re

dn
is

ol
on

e,
 o

ra
l f

am
ci

cl
ov

ir
H

yp
ot

on
y,

 p
ro

gr
es

si
on

 
of

 r
et

in
oc

ho
ro

id
iti

s
1

PL

W
el

le
r 

et
 a

l 
(2

01
5)

25
8

30
M

U
N

il
Se

ro
lo

gy
Pa

ra
ce

nt
ra

l s
co

to
m

a
In

tr
ar

et
in

al
, w

hi
te

 s
ha

rp
-

ed
ge

d 
m

ac
ul

ar
 le

si
on

, 
su

rr
ou

nd
ed

 b
y 

se
ve

ra
l 

sm
al

le
r 

in
tr

ar
et

in
al

 w
hi

te
-

ye
llo

w
 s

po
ts

20
/2

0
IV

/o
ra

l a
cy

cl
ov

ir
, t

op
ic

al
 

pr
ed

ni
so

lo
ne

N
il

1
20

/2
0

Su
m

m
ar

y;
 n

, %
M

ea
n:

 
40

.8
; 

ra
ng

e:
 

0.
8–

67

M
: 4

 
(6

6.
7)

; F
: 

2 
(3

3.
3)

B
: 3

 (
50

.0
);

 
U

: 3
 (

50
.0

)
2 

(3
3.

3)
Se

ro
lo

gy
, a

qu
eo

us
/v

itr
eo

us
 

PC
R

, r
et

in
al

 b
io

ps
y,

 C
SF

B
lu

rr
ed

 v
is

io
n,

 s
co

to
m

a,
 p

ai
n,

 
re

dn
es

s
R

A
PD

, a
nt

er
io

r 
ch

am
be

r/
vi

tr
eo

us
 in

fl
am

m
at

io
n,

 
ch

or
io

re
tin

iti
s,

 h
em

or
rh

ag
e,

 
va

sc
ul

iti
s,

 o
pt

ic
 n

eu
ri

tis

R
an

ge
: 2

0/
20

-P
L

IV
/o

ra
l a

cy
cl

ov
ir

, o
ra

l v
al

ac
yc

lo
vi

r, 
to

pi
ca

l/s
ys

te
m

ic
 c

or
tic

os
te

ro
id

s
Pr

og
re

ss
io

n,
 R

D
, 

ph
th

is
is

, h
yp

ot
on

y,
 

at
ro

ph
y,

 m
ac

ul
ar

 s
ca

r

M
ea

n:
 2

.0
5

Im
pr

ov
ed

: 3

R
an

ge
: 0

.2
5–

6
St

ab
le

: 2

M
, m

al
e;

 A
C

, a
nt

er
io

r 
ch

am
be

r;
 B

, b
ila

te
ra

l; 
C

F,
 c

ou
nt

in
g 

fi
ng

er
s;

 C
SF

, c
er

eb
ro

sp
in

al
 f

lu
id

; E
B

V
, E

ps
te

in
-B

ar
r 

vi
ru

s;
 E

R
M

, e
pi

re
tin

al
 m

em
br

an
e;

 F
, f

em
al

e;
 H

M
, h

an
d 

m
ov

em
en

t; 
IV

, i
nt

ra
ve

no
us

; N
R

, n
ot

 r
ep

or
te

d;
 N

PL
, n

o 
lig

ht
 p

er
ce

pt
io

n;
 O

D
, o

cu
lu

s 
de

xt
er

; O
S,

 o
cu

lu
s 

si
ni

st
er

; P
C

R
, p

ol
ym

er
as

e 
ch

ai
n 

re
ac

tio
n;

 P
L

, l
ig

ht
 p

er
ce

pt
io

n;
 R

D
, r

et
in

al
 d

et
ac

hm
en

t; 
R

PE
, r

et
in

al
 p

ig
m

en
t e

pi
th

el
iu

m
; R

A
PD

, r
el

at
iv

e 
af

fe
re

nt
 p

up
ill

ar
y 

de
fe

ct
; U

, u
ni

la
te

ra
l.

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 44

Ta
b

le
 4

D
em

og
ra

ph
ic

s 
an

d 
cl

in
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 A
cu

te
 R

et
in

al
 N

ec
ro

si
s

A
ut

ho
r

(y
ea

r)
A

ge
(y

ea
rs

)
G

en
de

r,
n 

(%
)

L
at

er
al

it
y,

n 
(%

)
Im

m
un

od
ef

ic
ie

nc
y,

n 
(%

)

V
ir

al
et

io
lo

gy
,

n 
(%

)

M
et

ho
d

of di
ag

no
si

s

P
re

vi
ou

s
he

rp
es

in
fe

ct
io

n,
 n

(%
)

Sy
m

pt
om

s,
n 

(%
)

Si
gn

s,
 n

 (
%

)
V

A
 a

t
pr

es
en

ta
ti

on
T

re
at

m
en

t,
n 

(%
)

C
om

pl
ic

at
io

ns
,

n 
(%

)
D

ur
at

io
n

of
 fo

llo
w

-
up (m

on
th

s)

V
A

 a
t 

la
st

vi
si

t

T
ra

n 
et

 a
l 

(2
00

4)
24

0
M

ea
n:

 3
6;

 
ra

ng
e:

 1
0–

57
M

: 6
; F

: 
5

B
: 4

 (
27

.2
);

 
U

: 7
0

H
SV

-2
: 1

1
A

qu
eo

us
 o

r 
vi

tr
eo

us
 b

io
ps

y
N

eo
na

ta
l 

he
rp

es
: 1

; 
pr

ev
io

us
 A

R
N

: 
3

N
R

R
PE

 
ab

no
rm

al
iti

es
, 

ne
ur

or
et

in
al

 
at

ro
ph

y,
 

ch
or

io
re

tin
al

 
sc

ar
s

R
an

ge
: 2

0/
25

–
C

F;
 <

20
/6

0:
 4

; 
20

/7
0–

20
/4

00
: 4

; 
>

20
/4

00
: 4

IV
 a

cy
cl

ov
ir

/
fo

sc
ar

ne
t, 

in
tr

av
itr

ea
l 

ga
nc

ic
lo

vi
r, 

or
al

 
va

la
cy

cl
ov

ir
, 

in
te

rf
er

on
, 

vi
tr

ec
to

m
y,

 la
se

r

R
D

: 5
 (

41
.7

);
 E

R
M

: 
4 

(3
3.

3)
; c

at
ar

ac
t: 

5 
(4

1.
7)

; o
pt

ic
 n

er
ve

 
at

ro
ph

y:
 2

 (
16

.7
);

 
C

M
E

: 1
 (

8.
3)

M
ea

n:
 

14
.5

; 
ra

ng
e:

 5
–

22

Im
pr

ov
ed

: 5
 

(4
1.

7)
; <

20
/6

0:
 4

 
(3

3.
3)

; 2
0/

70
–

20
/4

00
: 4

 (
33

.3
);

 
>

20
/4

00
: 4

 
(3

3.
3)

L
au

 e
t a

l 
(2

00
6)

14
6

M
ea

n:
 

49
.5

±
3.

5;
 

m
ed

ia
n:

 5
1;

 
ra

ng
e:

 1
8–

83

M
: 1

0;
 F

: 
12

B
: 5

 (
22

.7
);

 
U

: 1
7

0
V

Z
V

 a
lo

ne
: 

9/
18

 (
50

.0
);

 
H

SV
 a

lo
ne

: 
4/

18
 (

22
.2

);
 

E
B

V
 +

 
V

Z
V

: 3
/1

8 
(1

6.
7)

V
itr

eo
us

 b
io

ps
y

Sh
in

gl
es

: 2
; 

co
ld

 s
or

e:
 1

; 
R

am
sa

y 
H

un
t 

sy
nd

ro
m

e:
 1

; 
co

rn
ea

l 
de

nd
ri

tic
 u

lc
er

: 
1

Fl
u-

lik
e 

sy
m

pt
om

s:
 1

 
(4

.5
)

N
R

M
ea

n:
 0

.3
2 

±
 0

.0
5

Sy
st

em
ic

 
co

rt
ic

os
te

ro
id

, 
la

se
r, 

IV
 a

nd
 o

ra
l 

ac
yc

lo
vi

r, 
vi

tr
ec

to
m

y

R
D

: 1
4/

27
 (

51
.9

);
 

m
ac

ul
ar

 le
si

on
: 7

 
(2

5.
9)

; 
vi

tr
eo

re
tin

op
at

hy
: 7

 
(2

5.
9)

; o
pt

ic
 

ne
ur

op
at

hy
: 3

 
(1

1.
1)

; E
R

M
: 1

 
(3

.7
);

 c
at

ar
ac

ts
: 1

 
(3

.7
);

 g
la

uc
om

a:
 1

 
(3

.7
)

M
ea

n:
 4

8;
 

ra
ng

e:
 1

2–
14

6

M
ea

n:
 0

.3
8 

±
 0

.1
7

M
ut

hi
ah

 e
t a

l 
(2

00
7)

17
9

M
ea

n:
 5

4.
3;

 
ra

ng
e:

 1
3–

85
M

: 2
2 

(7
1.

0)
; F

: 
9 

(2
9.

0)

B
: 3

 (
9.

7)
; 

U
: 2

8 
(9

0.
3)

7 
(2

2.
6)

V
Z

V
: 9

; 
H

SV
-1

: 3
; 

H
SV

-2
: 2

; 
H

SV
-1

 +
 

H
SV

-2
: 1

; 
H

SV
 +

 
V

Z
V

: 1

A
qu

eo
us

 o
r 

vi
tr

eo
us

 b
io

ps
y

H
er

pe
s 

si
m

pl
ex

 
ke

ra
tit

is
: (

9.
7)

; 
he

rp
es

 z
os

te
r 

op
ht

ha
lm

ic
us

: 
(2

0.
7)

; c
ol

d 
so

re
: (

25
.0

);
 

ge
ni

ta
l u

lc
er

s:
 

(4
.5

);
 

en
ce

ph
al

iti
s:

 
(1

5.
4)

; c
hi

ck
en

 
po

x:
 (

70
.6

);
 

Sh
in

gl
es

: (
29

.4
)

Su
dd

en
 v

is
ua

l 
lo

ss
: (

85
.1

);
 

ph
ot

op
ho

bi
a:

 
(5

4.
5)

; f
lu

-
lik

e 
sy

m
pt

om
s:

 
(2

6.
1)

; o
cu

la
r 

pa
in

: (
25

.8
);

 
re

d 
ey

e:
 

(1
6.

1)

A
C

 a
ct

iv
ity

: 2
5 

(8
0.

6)
; v

itr
eo

us
 

ce
lls

: 2
6 

(8
3.

9)
; 

pe
ri

ph
er

al
 r

et
in

al
 

in
vo

lv
em

en
t: 

25
 

(8
0.

6)

R
an

ge
: 6

/5
–N

PL
IV

 a
nt

iv
ir

al
s 

(a
cy

cl
ov

ir
, 

ga
nc

ic
lo

vi
r, 

an
d 

ci
do

fo
vi

r)
: 2

3 
(8

5.
2)

; o
ra

l 
an

tiv
ir

al
s 

(a
cy

cl
ov

ir
 a

nd
 

va
la

cy
cl

ov
ir

):
 4

 
(1

4.
8)

; s
ys

te
m

ic
 

st
er

oi
ds

: 1
6 

(5
1.

6)
; a

sp
ir

in
: 2

 
(6

.5
);

 la
se

r:
 5

R
D

: 9
/1

2 
(7

5.
0)

; 
hy

po
to

ny
, C

M
E

, 
ru

be
os

is

12
W

or
se

ne
d:

 1
5/

34
 

(4
4.

1)
; 

im
pr

ov
ed

: 9
/3

4 
(2

6.
5)

H
ill

en
ka

m
p 

et
 

al
 (

20
09

)90
M

ea
n:

 5
8 

±
 2

1;
 r

an
ge

: 
17

–9
6

M
: 1

6;
 F

: 
11

B
: 3

; U
: 2

4
N

R
V

Z
V

 a
lo

ne
: 

23
; H

SV
 

al
on

e:
 4

; 
V

Z
V

 +
 

E
B

V
: 2

; 
V

Z
V

 +
 

H
SV

:1

V
itr

eo
us

 b
io

ps
y

N
R

N
R

N
R

M
ea

n:
 1

.0
9 

±
 0

.8
3;

 r
an

ge
: 

0.
1–

3.
0

IV
 a

cy
cl

ov
ir

 +
 

or
al

 
pr

ed
ni

so
lo

ne
: 

32
; v

itr
ec

to
m

y,
 

in
tr

av
itr

ea
l 

ac
yc

lo
vi

r, 
la

se
r:

 
10

R
D

: 2
2/

30
 (

73
.0

);
 

ph
th

is
is

: 2
/3

0
M

ea
n:

 3
8 

±
 5

3;
 

ra
ng

e:
 1

–
21

6

M
ea

n:
 1

.4
6 

±
 0

.8
8;

 r
an

ge
: 

0.
18

–3
.0

M
eg

hp
ar

a 
et

 a
l 

(2
01

0)
17

2
M

ea
n:

 4
2 

±
 1

9;
 r

an
ge

: 
9–

77

M
: 5

; F
: 

15
B

: 5
 (

25
.0

);
 

U
: 1

5 
(7

5.
0)

0
V

Z
V

: 2
; 

C
M

V
: 1

V
itr

eo
us

 b
io

ps
y

C
hi

ck
en

 p
ox

: 7
 

(3
5.

0)
; c

ol
d 

so
re

: 5
; 

sh
in

gl
es

: 2
; 

ge
ni

ta
l u

lc
er

s:
 1

; 
ph

ar
yn

ge
al

 
he

rp
es

: 1

N
R

R
et

in
al

 
in

vo
lv

em
en

t: 
<

25
%

: 1
1 

(4
4.

0)
, 

25
–5

0%
: 8

 
(3

2.
0)

, >
50

%
: 6

 
(2

4.
0)

; o
pt

ic
 d

is
k 

sw
el

lin
g:

 6

N
R

IV
 a

cy
cl

ov
ir

/
fo

sc
ar

ne
t: 

14
 

(7
0.

0)
; o

ra
l 

ac
yc

lo
vi

r/
va

la
cy

cl
ov

ir
/

fa
m

ci
cl

ov
ir

: 1
9 

(9
5.

0)
; 

in
tr

av
itr

ea
l 

R
D

: 5
 (

25
.0

)
M

ea
n:

 
20

.4
 

±
 2

0.
5;

 
ra

ng
e:

 
0.

3–
57

.9

Im
pr

ov
ed

: 4
; 

w
or

se
ne

d:
 5

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 45

A
ut

ho
r

(y
ea

r)
A

ge
(y

ea
rs

)
G

en
de

r,
n 

(%
)

L
at

er
al

it
y,

n 
(%

)
Im

m
un

od
ef

ic
ie

nc
y,

n 
(%

)

V
ir

al
et

io
lo

gy
,

n 
(%

)

M
et

ho
d

of di
ag

no
si

s

P
re

vi
ou

s
he

rp
es

in
fe

ct
io

n,
 n

(%
)

Sy
m

pt
om

s,
n 

(%
)

Si
gn

s,
 n

 (
%

)
V

A
 a

t
pr

es
en

ta
ti

on
T

re
at

m
en

t,
n 

(%
)

C
om

pl
ic

at
io

ns
,

n 
(%

)
D

ur
at

io
n

of
 fo

llo
w

-
up (m

on
th

s)

V
A

 a
t 

la
st

vi
si

t

ga
nc

ic
lo

vi
r/

fo
sc

ar
ne

t: 
11

 
ga

nc
ic

lo
vi

r 
im

pl
an

ts
: 2

 
(8

.0
%

);
 la

se
r:

 6
 

(2
4.

0)
 (

44
.0

);

C
oc

hr
an

e 
et

 a
l 

(2
01

2)
42

R
an

ge
: 1

0–
94

M
: 2

5 
(5

5.
6)

; F
: 

20
 (

44
.4

)

B
: 7

 (
15

.6
);

 
U

: 3
8 

(8
4.

4)
13

 (
28

.9
)

V
Z

V
 a

lo
ne

: 
15

; H
SV

 
al

on
e:

 9
; 

C
M

V
 a

lo
ne

: 
2;

 E
B

V
 

al
on

e:
 1

; 
V

Z
V

+
E

B
V

: 
2;

 V
Z

V
+

C
M

V
: 1

A
qu

eo
us

 ta
p,

 
vi

tr
eo

us
 b

io
ps

y,
 

or
 C

SF
 lu

m
ba

r 
pu

nc
tu

re

C
hi

ck
en

 p
ox

: 9
 

(2
0.

2)
; S

hi
ng

le
s/

he
rp

es
 z

os
te

r 
op

ht
ha

lm
ic

us
: 6

 
(1

3.
3)

; 
en

ce
ph

al
iti

s/
m

en
in

gi
tis

: 7
 

(1
5.

6)

N
R

N
R

N
R

O
ra

l a
nt

iv
ir

al
s:

 
11

 (
24

.4
; 8

 w
ith

 
va

la
cy

cl
ov

ir
);

 I
V

 
an

tiv
ir

al
s:

 3
4;

 
in

tr
av

itr
ea

l 
an

tiv
ir

al
s 

(f
os

ca
rn

et
):

 2
1 

(4
6.

7)
; o

ra
l 

st
er

oi
ds

: 2
6 

(5
7.

8)
; a

sp
ir

in
: 

14
/4

3 
(3

2.
6)

; 
la

se
r:

 1
0 

(2
3.

2)

R
D

: 1
6/

52
 (

30
.8

);
 

ph
th

is
is

: 2
/4

2 
(4

.7
)

6
<

6/
60

: 2
1 

(4
7.

7)

R
oy

 e
t a

l 
(2

01
4)

20
5

M
ea

n:
 3

6.
0;

 
ra

ng
e:

 6
–7

0
M

: 3
8 

(7
1.

7)
; F

: 
15

 (
28

.3
)

B
: 9

 (
17

.0
);

 
U

: 4
4 

(8
3.

0)
2

V
Z

V
: 2

8 
(4

5.
2)

; 
H

SV
: 1

9 
(3

0.
6)

A
qu

eo
us

 o
r 

vi
tr

eo
us

 b
io

ps
y

C
hi

ck
en

 p
ox

: 4
 

(7
.5

);
 h

er
pe

s 
en

ce
ph

al
iti

s:
 1

H
az

y 
vi

si
on

: 
53

 (
10

0.
0)

; 
he

ad
ac

he
/

pe
ri

oc
ul

ar
 

pa
in

: 1
0 

(1
8.

9)
; v

ir
al

 
fe

ve
r:

 4
 (

7.
5)

R
et

in
al

 n
ec

ro
si

s
M

ea
n:

 2
.0

2
O

ra
l s

te
ro

id
s,

 
sy

st
em

ic
 

ac
yc

lo
vi

r, 
la

se
r, 

vi
tr

eo
re

tin
al

 
su

rg
er

y

R
D

: 4
1 

(6
6.

1)
; 

pr
ol

if
er

at
iv

e 
vi

tr
eo

re
tin

op
at

hy
: 

14
 (

35
.0

);
 o

pt
ic

 
at

ro
ph

y:
 1

0 
(2

9.
4)

; 
ph

th
is

is
: 4

 (
11

.7
);

 
hy

po
to

ny
: 3

 (
8.

8)
; 

m
ac

ul
ar

 s
ca

r:
 1

 
(2

.9
)

M
ea

n:
 2

7;
 

ra
ng

e:
 6

–
12

0

M
ea

n:
 1

.7
8;

 
<

6/
60

: 2
8 

(4
5.

1)

Su
m

m
ar

y;
 n

, %
M

ea
n:

 4
6.

0;
 

ra
ng

e:
 6

–9
6

M
: 1

22
 

(5
8.

4)
; F

: 
87

 (
41

.6
)

B
: 3

6 
(1

7.
2)

; U
: 

17
3 

(8
2.

8)

22
 (

12
.1

)
V

Z
V

 a
lo

ne
: 

86
 (

41
.1

);
 

H
SV

 a
lo

ne
: 

53
 (

25
.4

);
 

C
M

V
: 4

 
(1

.9
);

 E
B

V
: 

8 
(3

.8
)

A
qu

eo
us

 o
r 

vi
tr

eo
us

 b
io

ps
y,

 
C

SF

C
hi

ck
en

 p
ox

: 4
2 

(2
0.

1)
; s

hi
ng

le
s:

 
19

 (
9.

1)
; c

ol
d 

so
re

: 1
4 

(6
.7

);
 

he
rp

es
 

en
ce

ph
al

iti
s:

 1
3 

(6
.2

);
 o

th
er

s:
 

ne
on

at
al

 h
er

pe
s,

 
he

rp
es

 s
im

pl
ex

 
ke

ra
tit

is
, g

en
ita

l 
ul

ce
rs

V
is

io
n 

lo
ss

, 
oc

ul
ar

 p
ai

n,
 

ph
ot

op
ho

bi
a,

 
fl

u-
lik

e 
sy

m
pt

om
s,

 
re

d 
ey

e

A
C

 
in

fl
am

m
at

io
n;

 
re

tin
al

 n
ec

ro
si

s,
 

R
PE

 
ab

no
rm

al
ity

, 
ne

ur
or

et
in

al
 

at
ro

ph
y,

 
ch

or
io

re
tin

al
 

sc
ar

s

R
an

ge
: 6

/5
-N

PL
Sy

st
em

ic
/

in
tr

av
itr

ea
l 

an
tiv

ir
al

s,
 

sy
st

em
ic

/to
pi

c 
st

er
oi

ds
, a

sp
ir

in
, 

pr
op

hy
la

ct
ic

 
la

se
r, 

vi
tr

ec
to

m
y

R
D

: 1
12

 (
53

.6
);

 
ph

th
is

is
: 8

 (
3.

8)
; 

m
ac

ul
ar

 le
si

on
: 1

3 
(6

.2
);

 o
pt

ic
 

ne
ur

op
at

hy
/a

tr
op

hy
: 

15
 (

7.
2)

; c
at

ar
ac

ts
:6

 
(2

.9
);

 o
th

er
s:

 C
M

E
, 

ru
be

os
is

, 
vi

tr
eo

re
tin

op
at

hy

M
ea

n:
 

23
.7

; 
ra

ng
e:

 
0.

3–
21

6

M
aj

or
ity

 w
or

se
n 

or
 n

o 
im

pr
ov

em
en

t

A
C

, a
nt

er
io

r 
ch

am
be

r;
 A

R
N

, a
cu

te
 r

et
in

al
 n

ec
ro

si
s;

 B
, b

ila
te

ra
l; 

C
M

E
, c

ys
to

id
 m

ac
ul

ar
 e

de
m

a;
 C

F,
 c

ou
nt

in
g 

fi
ng

er
s;

 C
SF

, c
er

eb
ro

sp
in

al
 f

lu
id

; E
B

V
, E

ps
te

in
-B

ar
r 

vi
ru

s;
 E

R
M

, e
pi

re
tin

al
 m

em
br

an
e;

 F
, f

em
al

e;
 H

M
, h

an
d 

m
ov

em
en

t; 
H

SV
, h

er
pe

s 
si

m
pl

ex
 v

ir
us

; I
V

, i
nt

ra
ve

no
us

; M
, 

m
al

e;
 N

R
, n

ot
 r

ep
or

te
d;

 N
PL

, n
o 

lig
ht

 p
er

ce
pt

io
n;

 P
C

R
, p

ol
ym

er
as

e 
ch

ai
n 

re
ac

tio
n;

 P
L

, l
ig

ht
 p

er
ce

pt
io

n;
 R

D
, r

et
in

al
 d

et
ac

hm
en

t; 
U

, u
ni

la
te

ra
l; 

V
A

, v
is

ua
l a

cu
ity

; V
Z

V
, v

ar
ic

el
la

 z
os

te
r 

vi
ru

s.

Surv Ophthalmol. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lee et al. Page 46

Table 5

Diagnostic criteria of acute retinal necrosis by the American Uveitis Society

Clinical characteristics that must be seen Characteristics that support but are not 
required for diagnosis

• One or more focus of retinal necrosis with discrete borders located in the 
peripheral retina (primarily involving the area adjacent to, or outside of, 
the major temporal vascular arcades).

• Rapid progression of disease (advancement of lesion borders or 
development of new foci of necrosis) if antiviral therapy is not given

• Circumferential spread of disease

• Evidence of occlusive vasculopathy with arteriolar involvement

• Prominent inflammatory reaction in the vitreous and anterior chambers

• Optic neuropathy/atrophy

• Scleritis

• Pain
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