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An update on the ocular manifestations 
of dengue
Christina Wang1, Arturo Castillo1, Federico Cortes‑Bejarano1, Eduardo Lopez1, 
Eduardo Cunha de Souza1, Lihteh Wu1*

Abstract:
Dengue is the most common arboviral disease. It is typically spread by the bite of an infected female 
Aedes aegypti or Aedes albopictus mosquitoes. Dengue is endemic in subtropical and tropical regions, 
but its geographic reach keeps expanding. Ophthalmic manifestations of dengue are common and may 
present with a wide spectrum of ophthalmic findings. These may range from conjunctival petechiae, 
retinal hemorrhage, retinal vasculitis to panophthalmitis. Some of these may be vision threatening 
and may require urgent ophthalmic evaluation. The precise pathophysiologic mechanisms involved 
in dengue infection involve a complex interplay between host immune responses, virus, and host 
genes. There is no specific treatment for ocular dengue. Therefore, treatment is supportive. Despite 
the lack of proven efficacy, corticosteroids have been used in vision‑threatening dengue‑related 
ocular complications. Dengue must be considered in endemic areas, and a careful travel history 
needs to be elicited in nonendemic areas.
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Introduction

Arbovirus refers to an arthropod‑borne 
virus or a virus carried by an arthropod. 

They serve as vectors of several viral 
diseases such as dengue. The dengue 
virus  (DENV) is  a  single‑stranded 
positive‑sense 11 kb RNA virus comprising 
four different serotypes  (DENV 1–4) with 
no cross‑immunity among them, which 
belong to the Flavivirus genus of the family 
Flaviviridae. The viral genome is housed in 
the nucleocapsid which is enclosed by a lipid 
envelope. The DENV genome consists of 
three structural proteins (envelope, capsid, 
and premembrane) and seven nonstructural 
proteins  (NS1, NS2A, NS2B, NS3, NS4A, 
NS4B, and NS5).[1]

DENV is commonly spread by the female 
mosquito of the Aedes genus, most commonly 
by Aedes aegypti and Aedes albopictus. The bite 
of an infected female mosquito inoculates 

the virus into the epidermis, dermis, and 
the bloodstream of a human. Macrophages, 
dendritic cells, and Langerhans cells become 
infected. The virus enters the cells via 
receptor‑mediated endocytosis. Following 
endocytosis, the endosome containing the 
viral RNA undergoes pH‑dependent fusion 
with a lysosome. The viral genome is then 
released into the cytoplasm and transported 
to the endoplasmic reticulum where it is 
translated. Posttranslational processing is 
performed at the Golgi apparatus. Mature 
viral particles are released from the infected 
cells via exocytosis. As these infected cells 
migrate to the regional lymph nodes, 
macrophages and monocytes are recruited 
to the lymph nodes which in turn become 
infected. Infection becomes disseminated via 
the bloodstream and lymphatic system.[2,3]

Dengue is the most common of the arboviral 
diseases. Dengue remains out of control 
as exemplified by the estimated 100–400 
million yearly cases.[3,4] It is the only 
communicable disease that has grown 
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four‑fold from 2000 to 2013 and six‑fold from 1999 to 
2019.[5] Dengue is endemic in subtropical and tropical 
regions. Almost half of the world’s population, about 
4 billion people, live in areas at risk of dengue.[6] Several 
factors are responsible for the explosive growth of 
dengue infections. Global warming has led to an increase 
in the average temperature and amount of rainfall 
which favor the proliferation of warmer environments 
in which the mosquitoes reproduce most efficiently. The 
increased ease of global trade and travel have facilitated 
the spread of both dengue and its vectors. The trade in 
used tires in particular has been implicated by collecting 
water and transporting mosquitoes long distances. 
Rapid international air travel allows infected travelers to 
arrive in nonendemic areas during their viremic period. 
During this period of time, invasive mosquitoes that are 
currently present in these nonendemic areas can bite the 
DENV‑infected traveler and become infected. Infected 
mosquitoes can then bite other humans.[3,4,7‑11]

Ocular manifestations in dengue fever  (DF) are 
common.[12,13] With the recent explosion in the incidence 
and geographic distribution of dengue, it is very likely 
that the ocular manifestations will increase as well. The 
purpose of this narrative review is to describe the ocular 
manifestations of dengue.

Systemic Findings

Dengue has been classified into undifferentiated fever, 
DF, and dengue hemorrhagic fever (DHF). Depending 
on its severity, DHF was further subclassified into 
grades I through IV. Grades III and IV were defined 
as dengue shock syndrome. However, there have been 
multiple instances where cases could not be classified 
accordingly. Many have called for a new classification.[14] 
Individuals infected with the DENV become immune to 
re‑infection with the same serotype. Most severe forms 
of dengue occur when a previously infected individual 
is re‑infected with a different serotype. In these cases, 
preexisting antibodies from the primary infection react 
with dengue particles from a different serotype during 
the secondary infection.[15]

The clinical manifestations of dengue range from 
asymptomatic cases to hypovolemic shock, multi‑organ 
failure, and death. Most cases are asymptomatic. When 
cases become symptomatic, dengue is characterized 
by an abrupt onset of fever following the incubation 
period which can range anywhere from 3 to 15 days. 
Rarely, prodromal signs that include headache, myalgia, 
chills, malaise, and backache may precede the onset 
of fever. During the first 2  days, a transient macular 
rash that blanches under pressure develops. Flushing 
of the face may appear. Days 2–6 are characterized 
by nausea, vomiting, cutaneous hyperalgesia, and 

generalized lymphadenopathy. The fever usually lasts 
4–6  days. Viremia typically coincides with the fever. 
Defervescence is accompanied by profuse sweating. 
On the last day of fever or soon thereafter, a secondary 
maculopapular or morbilliform rash may appear for 
1–5 days. As the secondary rash appears, fever re‑appears 
giving rise to a saddleback fever profile. As the patient 
defervesces, the rash starts to fade as well. Petechiae 
over the lower extremities, hands, and the oral mucosa 
ensue. Thrombocytopenia and granulocytopenia 
are typical during this period of time. Most patients 
recover but in a small percentage, progression to 
severe disease characterized by plasma leakage with or 
without hemorrhage may occur. DHF is characterized 
by petechiae, purpura, gum bleeding, epistaxis, 
menorrhagia, and gastrointestinal hemorrhages.[16,17]

Diagnosis

The choice of laboratory tests will depend on the timing 
of patient presentation. Techniques that detect the virus, 
viral nucleic acid, or viral antigens are recommended 
during the first 5 days of illness during the febrile phase 
of the disease. After the 5th day, the virus and its antigen 
disappear just as specific antibodies begin to appear 
therefore serological tests such as immunoglobulin (Ig) M 
enzyme‑linked immunoassay/rapid tests or IgG‑paired 
acute and convalescent sera should be employed 
instead.[18] Cross‑reactivity with other Flavivirus gives 
rise to false‑positive results.[19]

Ocular Findings

The true incidence of ocular dengue remains unclear with 
different studies reporting rates anywhere from 7% to 
40%.[20] Most of the patients reported in the literature are 
from Singapore and India. Affected patients are mostly 
young adults although the reported range includes 
patients from 14 to 73 years old.[21]

Dengue can develop a variety of eye symptoms which 
are common such as blurry vision, floaters, scotomas, 
micropsia, metamorphopsia, impairment of color 
vision, red eye, and ocular pain. Of these, blurry vision 
was the most common followed by scotomas.[21] Most 
ocular symptoms appear within 1  day of the nadir 
of thrombocytopenia.[22,23] The severity of the blurry 
vision and scotomas are directly correlated to the 
degree of macular edema and the severity of retinal 
hemorrhage.[22,24‑29]

Patients present with a wide spectrum of ocular findings 
that may occur from days to months from the onset of 
fever.[20,25] Most cases are bilateral but asymmetric.[12] 
Ocular involvement may depend on DENV serotypes, 
host responses, and geography.[27] For instance, in 
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the 2005 Singapore epidemic characterized by the 
DENV1 serotype, 10% of the hospitalized patients 
with dengue developed maculopathy. In comparison, 
none of the patients hospitalized during the 2007 
Singapore epidemic characterized by the DENV2 
serotype developed maculopathy.[27] Serotype‑specific 
differences in dengue severity have been reported as 
well.[30,31]

Anterior Segment Findings

Conjunctival petechiae are seen in almost half of all 
patients.[19,20] Subconjunctival hemorrhage is a common 
finding occurring in up to 60% of cases and appears to 
be independent of the degree of platelet count. It can 
present unilaterally or bilaterally.[20,24,25,32,33]

Patients with iridocyclitis typically present with 
a progressive loss of vision, red eye, perilimbal 
injection, photophobia, keratic precipitates, and cells 
in the anterior chamber.[23,25,34,35] In certain patients, the 
anterior uveitis occurs 3–4 months following the full 
recovery of the acute febrile illness. In these patients, 
there were no ocular manifestations during the acute 
dengue infection.[25,35] In another set of patients, 
anterior uveitis presents concurrently with dengue 
maculopathy.[36]

Keratitis has been described since the first ocular dengue 
reports.[34] More recently punctate lower corneal erosions 
and complications secondary to exposure keratitis such 
as corneal perforation and peripheral corneal ulceration 
have been reported.[24,37] In a case series of 29 eyes of 23 
Indian patients with DHF, 10% developed a scleral or 
corneal melt.[38] Very rarely necrotizing scleritis may 
occur.[39]

Posterior Segment Findings

The clinical findings in dengue retinopathy are typically 
inflammatory or occlusive in nature. Both inflammatory 
and occlusive manifestations may be present in the 
same eye. The most common posterior segment findings 
include posterior uveitis and maculopathy.[21]

Dengue maculopathy is typically bilateral but asymmetric. 
Furthermore, the findings may be different in each eye.[36] 
Dengue maculopathy typically presents a week after 
fever onset and coincides with the thrombocytopenia 
nadir. Maculopathy is typically characterized by 
parafoveal yellow spots, macular edema, dot blot or 
flame‑shaped retinal hemorrhages, cotton wool spots, 
Roth spots, perifoveal telangiectasias, microaneurysms, 
and arteriolar sheathing.[21,27,36,40,41] The retinal capillaries 
may be involved at all levels giving rise to cotton 
wool spots, acute macular neuroretinopathy  (AMN) 

lesions  [Figure  1], and paracentral acute middle 
maculopathy (PAMM) lesions.[42‑48]

The term foveolitis was coined to describe a 
well‑circumscribed, pale yellow‑orange lesion at the 
center of the fovea which may occur as a solitary lesion or 
in the presence of other lesions such as vascular occlusions. 
On optical coherence tomography (OCT), this lesion is 
seen as a foveal retinal pigment epithelium (RPE)‑outer 
retina thickening which disrupts the outer retina.[36,49] The 
degree of foveal thickening and the extent of foveolitis 
correlates with the severity of the central scotoma. 
Typically, foveolitis is not detected by fluorescein 
angiography (FA).

Posterior uveitis in dengue is commonly manifested 
as panuveitis, vitritis, intermediate uveitis, retinitis, 
chorioretinitis, and neuroretinitis[37]  [Figure  2]. Other 
forms include acute posterior multifocal placoid 
pigment epitheliopathy, acute zonal outer retinopathy, 
and choroidal effusions.[50‑54] Retinal venous occlusions 
have been reported to occur in 25% of eyes.[36] Retinal 
hemorrhages have been associated more frequently with 
vascular sheathing and vasculitis [Figure 3].[12,22,36,55,56] Eyes 
with severe and widespread retinal vascular leakage may 
develop neurosensory retinal detachments.[36] Extreme 
choroidal effusions have led to secondary angle closure 
glaucoma.[57] Panophthalmitis is a very rare complication 
that is usually associated with platelet transfusions.[58‑64]

Neuro‑ophthalmic Findings

Optic neuropathy has been described in multiple case 
studies in the forms of optic disc swelling, hyperemia, 
hemorrhages, and neuroretinitis. Some of these patients 
developed optic atrophy and lost visual acuity to no 
light perception.[21,36,41,65‑67] Other neuro‑ophthalmic 
complications include neuromyelitis optica, proptosis 
due to panophthalmitis or retrobulbar hemorrhage, 
and cranial nerve III and VI palsies.[21,34,37,68] Severe 
thrombocytopenia may cause a retrobulbar hemorrhage 

Figure  1: A  27‑year‑old woman with dengue who developed acute macular 
neuroretinopathy following dengue infection. (a) Infrared reflectance imaging of the 
left fundus demonstrating two oval‑shaped hyporeflective lesions. (b) Spectral‑domain 
optical coherence tomography horizontal scan across the oval‑shaped hyporeflective 
lesion demonstrating attenuation of the ellipsoid zone
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accompanied by vitreous and suprachoroidal hemorrhage 
that leads to globe perforation and a phthisical eye.[37,68]

Multimodal Imaging

Multimodal imaging with infrared reflectance imaging, 
FA, indocyanine green angiography (ICG‑A), OCT, and 
OCT angiography (OCT‑A) are useful ancillary tools in 
the assessment of the posterior segment manifestations 
of dengue.

Retinal vascular occlusion or leakage is easily assessed 
with FA[36]  [Figure  3]. ICG‑A may detect the areas of 
choroidal involvement that are not clinically evident, 
particularly the yellow subretinal dots.[36] OCT is 
a useful tool for both diagnostic and monitoring 
purposes. Macular edema is best diagnosed by an 
OCT. Time‑domain OCT patterns serve as predictors 
of visual outcome in dengue maculopathy. Type  1 

is characterized by a diffuse edema, type  2 describes 
cystoid macular edema, and type  3 foveolitis.[26] 
Spectral‑domain OCT in conjunction with OCTA is very 
helpful in characterizing and defining retinal capillary 
and choriocapillaris involvement  [Figure  1]. Acutely, 
a paracentral hyper‑reflective band is observed. 
Chronically, the hyper‑reflective bands lose their 
hyper‑reflectivity and thin out. OCTA has been used 
to describe diminished flow signals in the different 
retinal capillary plexuses and the choriocapillaris.[42‑44] 
Electrophysiological tests demonstrate that the inner 
retina is spared whereas the outer and middle retina are 
affected in dengue maculopathy.[69]

Mechanisms of Ocular Disease

The precise pathophysiologic mechanisms involved 
in dengue infection are complex and remain largely 
unknown. There is a complex interplay between host 
immune responses, virus, and host genes.[70] Viral 
factors include variations in the DENV genome that may 
make the virus more virulent, subgenomic Flavivirus 
RNA  (sfRNA), and DENV NS1.[70] During replication 
of the DENV RNA genome, the host’s exoribonuclease 
incompletely breaks it down generating small RNA (0.3–
0.5  kb) fragments. These small RNA fragments, also 
known as sfRNA, accumulate and suppress the host’s 
antiviral defenses, particularly interferon signaling.[70] 
A direct cytopathic effect of DENV on ocular cells may 
contribute to ocular dengue. An in vitro study has shown 
that both human RPE and retinal endothelial cells are 
susceptible to infection by the DENV. However, it 
appears that the RPE is more susceptible than the retinal 

Figure 2: A 27‑year‑old woman with dengue who developed vitritis in her left eye. (a) 
Infrared reflectance imaging of the left optic nerve.  (b) Spectral‑domain optical 
coherence tomography circular scan of the retinal nerve fiber layer demonstrating 
hyper‑reflective dots (arrow) in the vitreous cavity
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Figure 3: A 20‑year‑old woman with dengue developed flu‑like symptoms and central visual loss of her left eye. The patient was treated with 60 mg of prednisone for 2 weeks. (a) 
Fundus photograph of the left eye demonstrating loss of the foveal reflex suggesting macular edema. (b) Time‑domain optical coherence tomography (TD‑OCT) demonstrating 
macular edema. (c) Fluorescein angiogram demonstrating late leakage of macular retinal vessels. (d) Fundus photograph of the left eye 2 weeks postprednisone demonstrating 
resolution of macular edema. (e) TD‑OCT 2 weeks postprednisone demonstrating resolution of macular edema. (f) Fluorescein angiogram 2 weeks postprednisone demonstrating 
resolution of fluorescein leakage
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endothelial cells. Unlike retinal endothelial cells, RPE 
cells lose their F‑actin cellular structure and express less 
junctional molecules causing increased permeability.[71]

On the other hand, there are several lines of evidence that 
suggest that pathological immunological responses are 
at play. Systemically, DENV infections are most severe 
at the time that the virus is being cleared by the host 
immune system rather than when the viremia load is at 
its peak.[72] The late presentation following some cases 
of anterior uveitis suggests that immune mechanisms 
are at play.[25,35] In addition, the typical 1‑week delay 
between the onset of fever and visual symptoms that 
is characteristic of dengue maculopathy also points 
toward immunological responses rather than direct 
DENV infection.[13,26,36,44] Serum complement 3 levels are 
significantly lower in patients with maculopathy.[13]

NS1 has been implicated in the pathogenesis of dengue. 
During the acute phase of the disease, the NS1 levels 
are markedly elevated. These levels are correlated 
with the severity of dengue infection.[73] NS1 activates 
macrophages and peripheral blood monocytes via 
toll‑like receptor 4 to produce and release inflammatory 
cytokines which disrupt the endothelial cell monolayer 
integrity.[74] NS1 also activates the alternative complement 
system leading to the activation of the membrane attack 
complex which lyses the target cells and releases a host 
of pro‑inflammatory cytokines.

Host factors include antibody‑dependent enhancement, 
anti‑NS1 antibodies, and T‑cells.[70] Antibody‑dependent 
enhancement occurs when an individual is secondarily 
infected with a different DENV serotype. Antibodies 
to the original DENV serotype cross‑react but do not 
neutralize the secondary DENV forming virion–antibody 
immune complexes. Host phagocytes expressing the Fcɣ 
receptor recognize and uptake these immune complexes 
causing the amplification of viral replication and the 
release of pro‑inflammatory cytokines. Concurrently, 
there is an enhanced production of interleukin (IL)‑10 
which skews the immune response toward TH2. TH2 
has a limited antiviral effect and is unable to clear the 
DENV prolonging the infection. Furthermore, elevated 
IL‑10 levels lead to T‑cell apoptosis which reduces 
DENV clearance.[70,75] Ocular autoantibody production 
may account for the ocular manifestations of DENV.[12] 
The DENV may induce autoimmunity via molecular 
mimicry.[76] Antibodies directed against NS1 may 
cross‑react with human platelets and endothelial cells 
causing thrombocytopenia and an increased vascular 
permeability.[75]

The release of pro‑inflammatory cytokines by all the 
different mechanisms mentioned above leads to retinal 
vascular occlusion or a breakdown of the blood‑retinal 

barrier. This explains the common findings of macular 
edema and retinal hemorrhages. Immune complex 
deposition may occlude different retinal capillary 
plexuses giving rise to cotton wool spots and PAMM 
and AMN lesions. Thrombocytopenia may serve as a 
potential factor contributing to the onset of AMN.[20,47,77] 
Ocular hemorrhages are related to the severity of 
thrombocytopenia.[20]

Current Treatments

Development of an anti‑dengue vaccine is challenging 
since it requires to be equally preventative against all 
four serotypes to reduce the risk of immune‑mediated 
enhancement.[78] Since 2015, the CYD‑TDV (Dengvaxia) 
vaccine has been approved in several countries. It is a 
tetravalent live attenuated vaccine where the DENV 
proteins prM and E of each one of the four serotypes 
were included. The reported efficacy was 66%, but 
those with the DENV2 serotype only achieved a 43% 
efficacy.[79] Furthermore, seronegative individuals had a 
lower efficacy than those who were seropositive at the time 
of vaccination. Furthermore, there was an unexplained 
increase in hospitalizations in children ≤9 years of age 
when compared to unvaccinated children. Therefore, 
Dengvaxia is only recommended in dengue‑endemic 
areas where the seropositivity is at least 70% and only 
in individuals 9–45 years of age.[80]

Treatment is  supportive.  There is  no known 
treatment for dengue maculopathy. Despite the 
lack of proven efficacy, corticosteroids have been 
used.[36,41] The anterior uveitis responds well to 
topical corticosteroids.[26,35] Patients with extensive 
retinal vasculitis and exudative retinal detachments 
and poor vision upon presentation did not show 
an improvement despite aggressive treatment with 
systemic corticosteroids.[23]

Visual Outcomes

Ocular manifestations typically resolve spontaneously, 
and the prognosis is overall favorable.[20,21,22,41] Typically, 
the visual prognosis for anterior segment manifestations 
is better than the posterior segment.[81] Most patients 
with maculopathy regain a best‑corrected visual 
acuity  ≥20/40.[26] Recovery time varies from days 
to months. However, 5%–8% of eyes may develop 
permanent visual loss.[13] In eyes with maculopathy, 
scotomata may persist for ≥2 years even after resolution 
of the disease. Foveolitis is a marker for poor vision. 
Only 50% of eyes recuperated a visual acuity ≥20/40. 
These eyes are also at an increased risk of persistent 
scotomata.[26] The visual outcome of eyes that develop 
retinal vasculitis will depend on the degree of ischemia 
and maculopathy.[82] Patients with extensive retinal 
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vasculitis and exudative retinal detachments and 
poor vision upon presentation did not show an 
improvement despite aggressive treatment with systemic 
corticosteroids.[23] Panophthalmitis typically portends 
blindness and even phthisis.[58‑64]

Future Directions

As illustrated by the ever‑increasing number of global 
cases, current mosquito vector control measures 
have been inadequate. These have typically relied 
on using insecticides and breeding site reduction. 
Mosquitoes are some of the most ubiquitous and 
resilient organisms in the planet evolving resistance 
to these insecticides.[83]

Suppressing wild‑type mosquito populations with 
biological and genetic manipulations are promising 
methods to better control the vectors of disease.[84,85] 
Wolbachia pipientis is a natural bacterial parasite of insects 
that has an inhibitory effect on the replication of positive 
sense RNA viruses. Wolbachia endosymbionts of A. aegypti 
that block DENV transmission have been deployed 
into wild‑type  A. aegypti populations. The Wolbachia 
then spreads via normal mating, and eventually, 
most wild‑type mosquitoes become infected with the 
Wolbachia.[84] Alternatively, sterile male mosquitoes 
induced by different means such as precision‑guided 
sterile insect technique or the radiation‑based sterile 
insect technique have also been released into wild‑type 
mosquito populations.[85]

There are no specific anti‑dengue treatments available at 
the time, and this represents a huge unmet medical need.

Method of Literature Search

The PubMed database was searched in December 2022 
and again on June 15, 2023. The search strategy was as 
follows: (Dengue) and (ocular) OR (retina) OR (macula). 
There were no language filters or restriction for 
publication date. All articles were screened by their 
titles and abstracts by the senior author  (LW) for 
relevance. The full‑text articles were retrieved and 
distributed among the rest of the authors. The reference 
list of each retrieved full‑text article was scanned for 
any omissions.
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