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virus endangers 3.9 billion people, with no less than 390 OCT: Optical Coherence Tomography, DRT: Diffuse Retinal
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of clinical manifestations; from completely asymptomat-
ic to life threatening complications. This review discusses

the relevance of dengue in current medical practice as well Introduction
as the scarcely known ophthalmological complications. We ] ] )
aimed to first describe the epidemiology, viral characteris- Dengue Fever (DF) it's a febrile disease caused by

tics, transmission and global distribution, classification of one of the four Dengue virus subtypes (DENV’s 1-4). Its
disease, systemic manifestations and treatment. Secondly, transmission occurs during the capillary blood consump-

the ophthalmological findings, prognosis and complications . . . .
associated with dengue fever. This is a literature review of tion of Aedes aegypti or Aedes albopictus [1-3]. Primary

dengue virus infection with an ophthalmologist’'s perspec- infection may be asymptomatic or ranging from mild fe-
tive. 97 publications were used to synthesize the most im- brile disease up to extremely life-threatening shock syn-
portant points in the vast knowledge on dengue, and its oc- drome. Numerous host factors, viral determinants and

ular findings. Complications vary from relatively benign skin vector characteristics influence the clinical outcome
petechiae and subconjunctival hemorrhage, to life threaten- . o . . .
ing conditions such as shock syndrome. Ocular complica- and severity of this infection. The scope of this review
tions of dengue may occur as late as 5 months after infection ~ lies with the ophthalmologic signs and symptoms, com-
resolution and have severe visual consequences. Closely plications and prognosis associated with DF.
examination of patients with dengue and early detection of

ocular findings may result in better clinical outcomes. Fur- Epidemiology

ther research is needed to determine the precise moment . . . . o

and regimen strategies for achieving successful visual and Dengue is endemic to 128 nations, it prevails in low
systemic outcomes. and middle income countries (LMIC) where it endangers

3.9 billion people annually [4]. Approximately 390 mil-
lion dengue infections occur every year [5,6]. The Indian
subcontinent is the epicenter and many cases go undi-
agnosed and unaccounted for [7].
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envelope) and 7 non-structural proteins (namely; NS1,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5) [4]. Despite the
fact that there are four different DENVs, none of them
provides an adequate immunologic response to protect
from reinfection of other subtypes for more than a few
months. This is particularly important in endemic re-
gions where multiple strains and reinfection represent
significant public health challenges. Primary dengue in-
fection refers to the first wild-type DENV the patient's
organism encounters. Secondary infection refers to any
DENV subtype after that, which infects the patient. Sec-
ondary dengue infections are very important because
they often lead to severe dengue and worse clinical out-
comes, especially if they occur after 18 months of the
first one [10,11].

Aedes as vectors

Aedes aegypti, Dengue’s primary vector, reproduc-
es near human settlements or near their boundaries.
Eggs are laid in freshwater bodies where they initiate
fast growing cycles [12,13]. These mosquitoes fester at
night and are able to puncture the human flesh multiple
times in order to satisfy their appetite. Although their
flight distance may be short, one Aedes spp with DENV
could be able to infect several individuals within the
same household [14,15]. Aedes mosquitoes are distrib-
uted between latitudes 45 N and 35'S, these represent
mainly tropical and subtropical areas. While Dengue vi-
rus is transmitted through this mosquito species, so is
Yellow Fever and Chinkungunya. In fact, both of them
represent important public health concerns [16,17].

Aedes albopictus are also important Dengue vec-
tors, both in natural and experimental conditions [18].
They are more tolerant to low temperatures and have
a wider geographic distribution [19]. Despite this, they
are not the main source of dengue transmission due to
their less frequent eating habits. Endemic outbreaks are
far less common with this Aedes species [17].

Transmission cycle

Endemic and epidemic transmission is produced
by human-mosquito-human cycles [12]. Virus spread
through mosquitoes and non human primates has been
demonstrated in Southeastern Asia and Africa. None-
theless, it does not readily serve as an important reser-
voir [20]. Infection occurs after female Aedes spp mos-
quito festers on capillary vessels and DENVs are released
by their salivary glands. Then, the virus commences its
replicating functions that lasts approximately from 4 to
13 days that are accompanied by fever and general mal-
aise [16,21,22]. In this phase, viral loads in the host's
plasma are in sufficient numbers for being contagious
to other non-infected mosquitoes shall they fester on
the host. Incubation period in Aedes spp ranges from 8
to 12 days, after this time period the DENVs can be ef-
fectively transferred to humans and be infectious during
the entire lifespan of the mosquito.
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Atypical dengue transmission

Dengue virus can be transmitted by blood inocula-
tion (needle puncture, transfusion, etc...) and mucocu-
taneous exposure [23]. Infected blood donors may be
asymptomatic depending on the virus incubation [24].
Whereas this fact is a relevant form of transmission is
unknown [25]. Dengue transmissibility by blood con-
taining derivatives lies approximately at 37%.

Vertical transmission has been described in some
case reports [26]. If the mother contracts dengue 10
days prior to labour, this infection may be present in
the neonate 4 to 11 days after birth. However, contrary
to the common belief, dengue does not increase its in-
cidence or severity [27]. Immunoglobulin M effectively
protects and has been associated with the 1.6% vertical
transmission rate [28].

Aedes aegypti recognized global distribution [29]
(Figure 1, Figure 2 and Figure 3) [30]

Dengue Fever

Classification

The latest World Health Organization (WHO) dengue
classification was made in 2009. It includes the follow-
ing categories; dengue without warning signs, dengue
with warning signs and severe dengue [31]. Dengue
without warning signs can be diagnosed after fulfilling
the residence or travel criteria in an endemic area, plus
fever and 2 of either; nausea/vomiting, rash, head-
ache, eye pain, muscle ache, joint pain, leukopenia or
a positive tourniquet test. Dengue with warning signs
include the previous described diagnosis plus any of the
following; abdominal pain, persistent vomiting, fluid
accumulation (ascites, pleural effusion, pericardial ef-
fusion, etc...), mucosal hemorrhage, lethargy, restless-
ness, > 2 cm hepatomegaly, hematocrit increase with
thrombocytopenia. The diagnosis of severe dengue is
made when there is at least one of the following criti-
cal conditions; shock, fluid accumulation that leads to
respiratory failure, clinically relevant hemorrhage, As-
partate aminotransferase or Alanine aminotransferase
enzyme > 1000 u/L, impaired consciousness or organ
failure. Furthermore, dengue without warning signs has
two clinically evident phases; febrile and convalescent.
While severe and dengue with warning signs have three
well described phases; febrile, critical and recovery
phases [31].

Systemic signs and symptoms

More than 360 million DENV infections happen ev-
ery year. From this impressive number, approximately
96 million of these (24.6%) are clinically present [5].
Most of the clinically apparent dengue infections are
diagnosed in adults, they are slightly less frequent in
children in whom the infection usually presents asymp-
tomatic [32].
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Figure 1: Dengue risk and distribution in the Caribbean and Central and South America [30].
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Figure 2: Dengue risk and distribution in Asia and Oceania [30].

Hernandez-Delgado et al. Int J Trop Dis 2021, 4:047 e Page 3 0of 12 »



https://doi.org/10.23937/2643-461X/1710047

DOI: 10.23937/2643-461X/1710047

ISSN: 2643-461X

Symptoms take place within the first 4 to 7 sev-
en days after the mosquito bite [22]. The first dengue
phase (febrile) presents as high fever, headache, nau-
sea, vomiting, arthralgias, anorexia, diarrhea, cough,
nasal congestion and macular rash [33,34]. In patients
that develop dengue with warning signs, the critical
phase is characterized by hemorrhage, either mucosal
or gastrointestinal. The most concerning of these may
be as dangerous as hematemesis, profound menstrual
bleeding, melena and uncontrolled epistaxis. It is im-
portant to mention that roughly 20% of infections trans-
cur symptomatically [35].

Diagnosis from systemic signs and symptoms: Clin-
ical diagnosis may be challenging depending on the
symptoms or clinical stage. Depending on where the
patient has travelled or lives there can be several differ-
ential diagnoses [36]. Early stages resemble a “flu-like”
disease such as measles, Zika virus, Chinkungunya virus,
Malaria, yellow fever, rhinovirus, parainfluenza virus or
influenza [31]. Later stages may present relatively be-
nign or severe, thus early accurate suspicion and diag-
nosis is essential.

Febrile phase typically characterizes high grade fe-
ver, myalgias, arthralgias, retro-orbital pain, facial ery-
thema, photophobia and cephalea [37,38]. A positive
tourniquet test may help differentiate dengue from
other viral etiologies. The tourniquet test is executed by
an inflated cuff between the systolic and diastolic blood
pressure of the patient's arm for five minutes. Petechi-
aie may be seen distant to the cuff after that and they
must be counted. A positive test can be declared if they
exceed more than 20 per square inch area [39,40]. It is
important to note that in some cases the febrile phase
could be accompanied by stronger hemorrhagic symp-
toms such as gastrointestinal bleeding and epistaxis
[31]. Furthermore, the severity of this phase is not pre-
dictive of severe dengue progression and jealous mon-
itoring of additional signs and symptoms is crucial [31].

For those unfortunate to enter the critical phase of
Dengue infection, develop warning signs and symptoms
mostly related to plasma leakage. This deleterious con-
dition is produced by a steep reduction in white blood
cells along with platelets that often happens four days
after high fever reduction (patients temperature approx-
imate 27.5 - 38 Celcius) [38,41]. Plasma leakage may last
up to 48 hours, hematocrit levels and fluid status must
be closely monitored to prevent further deterioration
[38]. Abdominal ultrasound may reveal free fluid in the
peritoneal cavity or chest [42]. Warning signs precede
hypovolemic shock (sometimes in a manner of hours)
and its profound consequences in metabolic state, co-
agulation and organ impairment [43]. Therefore, the
significance of this 48 hours in diagnosis and prevention
of severe dengue is paramount [35,43,44].

After this phase, the patient's fluid status recovers
exponentially, renal and cardiovascular function re-
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establishes, appetite increases and fever diminishes
[44,45]. A “recovering rash” can be seen in some cases,
this rash predominates in the chest and back area with
white patches surrounded by erythematous skin [45].

Severe dengue can be suspected if the patient pres-
ents with severe plasma leakage leading to shock, re-
spiratory distress, major haemorrhage and/or organ
failure [31]. If shock appears a few days after fever (at
“defervescence”) could be linked to an immune-medi-
ated pathology [46]. Patients with Dengue shock syn-
drome evolve from an asymptomatic plasma leakage to
a life threatening hypovolemic shock with cardiac fail-
ure [47,48].

Laboratory diagnosis: Technological development
has led to an oversum of diagnostic laboratory tests, in-
cluding: host response to virus, virus or viral products
[36]. Virus isolation is done by cultivating blood sam-
ples into mammalian (Vero, BHK-21 and LLCMK2) or
mosquito cells (CLA-1, AP61, AP64, Tra-284 and C6/36)
[49]. Even though this vigorous process may take days
or even weeks, results are absolute [50].

Reverse-transcription polymerase chain reaction (rt-
PCR) can provide efficient diagnosis in hours, [50,51] the
disadvantage lies in the availability of specialized equip-
ment and standardization methods [52,53].

DENV serology offers many laboratory tests: En-
zyme-Linked Immunosorbent Assay (ELISA) for captur-
ing IgM and IgG, Hemagglutination Inhibition (HI), com-
plement fixations, Indirect Immunofluorescent antibody
tests and Western blot. The most commonly available
tests are IgG and IgM ELISAs and HI [36]. As a matter of
fact, HI was the gold standard of laboratory diagnosis
for many years despite having the great disadvantage of
being virtually unable to distinguish from other flaviviri-
dae infections (Yellow Fever, West Nile virus, Zika virus,
Japanese encephalitis, Tick-borne Encephalitis disease)
[54,55]. Consequently, ELISA for IgM and IgG has be-
come the most used serological test. The viremic phase
is short so early disease onset and high IgM titers point
to a confirmatory diagnosis [54]. IgG does not appear in
early primary infection, but on secondary dengue infec-
tion rapid increase can be observed [36].

Specific NS1 protein capture tests are also a sensi-
ble and specific marker for disease, mainly because NS1
protein is released by infected cells and can be detected
in the first 9 days of disease onset [36]. This NS1 num-
ber can even be related to the viral titer, [56,57] and is
even related to plasma leakage [58]. Furthermore, NS1
> 600 ng/ml in secondary infections can be predictive of
severe dengue disease [46].

Combination assays have led to a more concrete lab-
oratory diagnosis using a small blood sample with an
approximate sensitivity of 68.9 - 93.9% and specificity
of 72.5 -98.75% [54,59,60].
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Figure 3: Dengue risk and distribution in Africa and the Middle East [30].

Treatment: There is no specific antiviral therapy for
dengue virus. Symptom-based therapy is prescribed for
the clinical manifestations depending on the gravity of
the infection; bed rest, intravenous or oral hydration,
antipyretic drugs or non-steroid anti-inflammatory
drugs is given. On the contrary, severe dengue may re-
quire hospitalization, complete blood count analysis,
transfusion, urine output measurement, intravenous
fluid therapy, continuous blood pressure and vital signs
measurement [4].

Ocular signs and symptoms

Dengue’s ophthalmologic manifestations may be uni-
lateral or bilateral, predominantly the former [61,62].
They appear between 2 and 150 days after infection
and their incidence approximates 5-6% of dengue cases
[63,64]. Nonetheless, the majority of these appear af-
ter thrombocytopenia (about the seventh day of fever
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commencement) [64]. Commonly referred signs and
symptoms include: visual fatigue (30%), periorbital and
retro-orbital pain (20%), blurred vision (10%), diplopia
(3%), foreign body sensation (3%), photopsias (2%) and
myodesopsias (1%) [65]. Subconjuntival haemorrhage
can also be found after thrombocytopenia [63].

The most common clinical ocular features are; mac-
ular haemorrhage (69%) and oedema (77%), retinal
vasculitis 23.1%, intermediate uveitis 12.3%, posterior
vitreous cells 10.8%, anterior uveitis 7.7% [66,67] (Fig-
ure 4).

Subconjunctival hemorrhage: Independently of
platelet count, subconjunctival hemorrhage presents in
up to 8 and 60% of cases [68,69]. Incidence is greater in
patients requiring intensive care unit and increases with
worsening thrombocytopenia, particularly if less than
50,000/ml platelets [67,70] (Figure 5).
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Figure 4: A fundus photo of a patient who had dengue fever and blurring of vision in the right eye showed intraretinal
hemorrhage, cotton wool spots, macular edema confined to the macula, and a yellow-orange spot at the fovea [67].

Figure 6: A 32-year-old male with a history of blurring of vision in both eyes one week following febrile illness showing
multifocal areas of retinochoroiditis, with cotton-wool spots and retinal hemorrhages in the right eye [74].
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Uveitis: Quite rarely does anterior uveitis is present-
ed because of dengue fever, only about 7.7% [64,66,71].
It can be a result of active infection or be present as late
as 3-4 months. If present, it is usually unilateral. One
particular feature of dengue’s anterior uveitis is the
scarce ciliary congestion despite anterior segment in-
flammation, and that all sizes of keratic precipitates can
be found [72]. Intermediate uveitis is present in approx-
imately 12.3% of cases and can co-occur with anterior
uveitis in 11%. Adequate steroid response is reported in
such cases [66,71,73].

Posterior uveitis is the most frequent uveitis in re-
spect to the abovementioned types. Its clinical presen-
tation is vast; retinochoroiditis, neuroretinitis and reti-
nitis. Retinochoroiditis may be focal or multifocal with
or without associated macular involvement [74] (Figure
6).

Unilateral panuveitis combined with branch retinal
artery occlusion can occur in the following five months
after dengue infection [75]. The precise mechanisms by
which dengue causes uveitis is unknown, it is theorized
that low C3 and C4, as well as autoantibody production
in ocular tissues leads to all the anterior and posterior
pole manifestations [69,76-78].

Neuro-ophthalmologic manifestations: Neurologi-
cal manifestations of dengue virus are seldom, and their
pathophysiologic basis not fully comprehended [79,80].

Despite being quite rare, several cases of bilateral
and unilateral optic neuropathy have been reported in
the literature after dengue virus infection [71,80-86]
(Figure 7).

Furthermore, neuromyelitis optica spectrum disor-
der (NMOSD) has also been reported. In fact, DENV-1
has been positively associated with NMOSD despite
presence or absence of anti-Aquaporin 4 antibodies.
Concluding that dengue infection triggers NMOSD’s
clinical symptoms [87-89]. Steroid treatment resulted in
successful resolution in all reported cases.

Miller Fisher syndrome (MFS), a rare variant of Guil-
lain Barré syndrome (GBS) caused by preceding viral or
bacterial infection can also be attributed to dengue vi-
rus [79,90,91]. Classic MFS triad includes ophthalmople-
gia, ataxia and areflexia [92].

Vascular occlusions: Dengue virus is also causative of
vascular occlusions even in absence of severe disease.
The host response to infection is the determining factor,
rather than a direct viral effect [76,93]. Thrombocytope-

Figure 7: Left: Pallid disc edema with obliteration of the cup; Right: Red-free photograph of the same eye with an anterior

ischemic optic neuropathy following dengue infection [83].

Figure 8: Left: Fundoscopy reveals dilated tortuous veins, retinal hemorrhages, optic disc edema, and cotton wool spots
around the disc corresponding to a central retinal vein occlusion. Right: Fundus fluorescein angiography of the same eye

shows delayed venous filling [94].
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nia is also a common feature of dengue infection, none-
theless the inflammatory procoagulant state is often
overlooked [94]. Reported occlusions happened even
five months after infection, and even though arterial oc-
clusions are far more common, vein or combined occlu-
sions may be found [75,94,95] (Figure 8 and Figure 9).

Maculopathy: The concern behind maculopathy as-
sociated with dengue fever is that many patients do not

recover adequate central vision and scotoma remains
even after resolution on OCT (optical coherence tomog-
raphy [96]. Maculopathy may be serotype dependent
(particularly DENV-2) [97]. Approximately 70% of pa-
tients present some degree of maculopathy, but only
do 10% of patients have macular associated symptoms
[77]. They usually appear seven days after fever onset,
but they may appear up to 30 days later [71].

Figure 9: Wide field color fundus photo of the right eye showing retinal hemorrhages, retinal opacification inferior macula
and sheathing of inferotemporal branch of retinal artery (white arrow) [75].

Figure 10: OCT imaging of the maculae showing severe maculopathy with edema [63].
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Findings include; intraretinal and flame hemorrhag-
es, macular edema and retinochoroiditis along para-
macular and macular regions (Figure 10).

Dengue maculopathy is divided in three types ac-
cording to Teoh, et al. depending on their OCT patterns:
1) Type 1 - diffuse retinal thickening (DRT), 2) Type 2
- cystoid macular edema (CME), 3) Type 3 - Foveolitis
with or without macular oedema. Type 1 (44.6% of cas-
es) had the best prognosis of them all. Patients with
type 2 (21.6%) and 3 (33.8%) had central scotoma, with
type 3 being far more detrimental for visual acuity and
poor resolution. The use of OCT helps in determining
the extent of macular affectation after dengue infec-
tion. However, it does not necessarily correlate with
clinical outcomes and visual acuity. Despite the aver-
age 4 week maculopathy resolution on OCT, 59.5% of

patients presenting this complication had remaining
central/paracentral scotoma that persisted for nearly 2
years [96]. The other concern is that anti inflammatory
treatment has little effect on changing clinical outcome
[63,64] (Figure 11, Figure 12 and Figure 13).

Treatment: As stated before, there is no specific an-
tiviral therapy. Ophthalmological intervention must be
related to ocular findings. Subconjunctival hemorrhages
resolve in a couple of weeks. Steroid therapy may be
used in cases of uveitis or optic neuropathy. In vein oc-
clusions antiangiogenic agents may be applied. Severe
central nervous system involvement may require a mul-
tidisciplinary approach, including the use of intravenous
steroid or immunoglobulins. Maculopathy may resolve
without intervention or may require intravitreal antian-
giogenic agents. So far, no clinical trials of steroid ther-

Figure 11: A) Left: Horizontal OCT scan obtained through the fovea of a patient showing Type 1 DRT in a paracentral region;
B) Right: Solid arrow indicates a localized retinal thickening [96].

Figure 12: A) Optical coherence tomography showing large Type 2 CME with loss of normal foveal contour and B) Areas of
low intraretinal reflectivity (dashed arrow) consistent with intraretinal cysts and fluid [96].
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Figure 13: A) Optical coherence tomography showing cystic foveolitis (Type 3) characterized by subtle elevation and
disruption of the foveal outer retina photoreceptors and/or retinal pigment epithelium layer as highlighted by asterisks (*) [96].
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apy exist for ocular dengue manifestations. Treatment
depends on the clinical response of patients, DENV se-
rotype and severity of infection. A multimodal approach
must be considered in these patients.

Conclusion

Dengue virus is vastly distributed around the globe,
different serotypes are responsible for the millions of
dengue infections worldwide. Early recognition of den-
gue’s systemic and ocular symptoms prevents the detri-
mental complications that arise from the direct viral ef-
fect and host response to the virus. Complications vary
from relatively benign skin petechiae and subconjuncti-
val hemorrhage, to life threatening conditions such as
shock syndrome. Ocular complications of dengue may
occur as late as 5 months after infection resolution, and
have severe visual consequences. Closely examination
of patients with dengue and early detection of ocular
findings may result in better clinical outcomes. Further
research is needed to determine the precise moment
and regimen strategies for achieving successful visual
and systemic outcomes.
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