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Viral hemorrhagic fevers (VHFs) are a diverse group of RNA virus-mediated

systemic diseases with significant morbidity and mortality and represent a

significant public health concern. Given the high systemic morbidity and

mortality in a number of these entities, delays in diagnosis can lead to

downstream public health consequences. Many viral hemorrhagic fevers have

ophthalmic manifestations and ophthalmologists thus play a key role in disease

recognition and the management of ocular complications associated with

specific hemorrhagic fevers. This review summarizes the key ophthalmic

consequences of viral hemorrhagic fevers, viral disease pathogenesis, disease

findings, and areas of unmet research need.
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Introduction

Viral hemorrhagic fevers (VHFs) are a diverse group of RNA virus-mediated systemic

diseases with significant morbidity and mortality and represent a significant public health

concern. Symptoms of disease can vary widely from mild flu-like illness to severe multi-

organ dysfunction caused by fever, vascular permeability, decreased plasma volume,

coagulation abnormalities, and varying degrees of hemorrhage (1). Given the high

systemic morbidity and mortality in a number of these entities, delays in diagnosis from

unusual clinical presentations and differing levels of community and regional laboratory

preparedness may lead to delayed outbreak response, infectious disease transmission, and

downstream public health consequences.

Many viral hemorrhagic fevers have ophthalmic manifestations which can include self-

limited conditions such as conjunctival injection/ocular surface disease as well as

conditions causing permanent vision loss such as ocular inflammation.

Ophthalmologists thus play a role in disease recognition and the management of ocular

surface disease, ocular inflammation and retinal pathologies that may lead to long-term

visual complications associated with specific hemorrhagic fevers.
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This review synthesizes existing literature regarding ophthalmic

manifestations and pathophysiology of VHFs organized by

taxonomic family and including Arenaviridae (Lassa fever, Lujo

hemorrhagic fever, Chapare Hemorrhagic fever), Flaviviridae

(Kyasanur Forest disease, Dengue fever, Yellow fever), Filoviridae

(Ebola virus disease), Hantaviridae (Orthohantavirus), Nairoviridae

(Crimean-Congo hemorrhagic fever) and Phenuiviridae (Rift

Valley fever). A summary of the general considerations, systemic

and ophthalmic features of these viruses can be found on Table 1.
Frontiers in Tropical Diseases 02
Methods

We performed an online PubMed search for the articles cited in

this review. Search terms related to viral hemorrhagic fever were

combined with terms related to clinical disease, ophthalmic

manifestations, treatment and pathophysiology. Ophthalmic

search terms used included the following: ophthalmic findings,

ophthalmology, eye, ocular, retina, uveitis, conjunctiva, cornea,

and retinopathy. This review summarizes the key ophthalmic
TABLE 1 General considerations, systemic and ophthalmic features of viral hemorrhagic fevers.

Virus Transmission Endemic
region Systemic signs Ocular signs Notes

Arenaviridae

Lassa virus
Excretion of
Mastomys rat or
infected body fluids

Western
Africa

Acute: respiratory distress, facial
swelling. Chronic: joint pain,
headache, sensorineural hearing
loss in 1/3 of survivors

Conjunctivitis, cataract, glaucoma,
posterior uveitis, anterior uveitis.

None

Lujo virus
Inhalation of
aerosolized excreta
of infected rodents

Southern
Africa

GI* upset, DIC** Bilateral ocular discharge
More abrupt onset than
Lassa virus

Chapare virus Under investigation
South
America

GI hemorrhages, ARDS† Conjunctivitis

Differs from dengue due
to persistence of
symptoms for > 1 week
after onset

Flaviviridae

Yellow fever
virus

Aedes aegypti
mosquito saliva

Tropical
Africa and
Americas

GI bleeding, petechiae and
ecchymoses, epistaxis, liver failure,
seizures/confusion/coma.

Scleral icterus, chemosis, vitritis, retinal
hemorrhages, vasculitis, choroidal
detachment, greyish deep retinal lesions

None

Dengue virus

Infected female
Aedes aegypti/
albopictus
mosquitoes

Tropics
Diffuse maculopapular rash,
hemorrhagic complications

Stromal keratitis, scleritis,
panophthalmitis. More commonly:
posterior uveitis, inflammatory ischemic
foveolitis and outer maculopathy

Most common arboviral
infectious disease
worldwide

Kyasanur Forest
disease virus

Ixodes tick
Western
Ghats of
India

GI hemorrhages, CNS†† symptoms
Chemosis, subconjunctival hemorrhage,
optic disc and macular edema, retinal
hemorrhages

2-10% case fatality rate

Filoviridae

Ebola virus

Contact with blood
and body fluids of
infected
mammalian host

West Africa
Acute: vomiting, diarrhea, bleeding.
chronic: hearing loss, arthralgia, GI/
CNS symptoms

Uveitis, conjunctival injection/
hemorrhages.

None

Hantaviridae

Orthohantavirus
Inhalation of
aerosolized excreta
of infected rodents

Worldwide Impaired renal function
Transient myopia, glaucoma, uveitis,
hemorrhage

Fever with renal failure
and ocular symptoms
should prompt suspicion
of hantavirus

Phenuiviridae

Rift valley fever
phlebovirus

Mosquito-borne,
exposure to blood
of infected cattle

Worldwide,
originally
Kenya

Elevated liver enzymes,
hepatosplenomegaly, GI/CNS
symptoms

Retinitis, hemorrhages
Retinitis causes
permanent vision loss in
50-70% of affected eyes.

Narioviridae

Crimean-Congo
hemorrhagic
fever
orthonairovirus

Tick-borne and
exposure to blood
of infected cattle

Asia, Africa,
eastern
Europe

Petechiae, mucous membrane
hemorrhages

Conjunctival injection/hemorrhage,
Purtscher-like retinopathy

Ribavirin is used for
post-exposure
prophylaxis.
*GI- gastrointestinal, **DIC- disseminated intravascular coagulation, †ARDS- acute respiratory distress syndrome, ††CNS- central nervous system.
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consequences of viral hemorrhagic fevers, viral disease

pathogenesis, disease findings, and areas of unmet research need
Arenaviridae

Lassa fever

Lassa fever (LF) is an acute hemorrhagic illness caused by Lassa

virus (LASV), an Arenavirus endemic to the West African countries

of Benin, Ghana, Liberia, Guinea, Mali, Sierra Leone, and Nigeria (1).

Humans become infected by LASV through exposure to excretions of

the Mastomys rat species or direct contact with bodily fluids of

another infected human (1). Up to 80% of those infected present

asymptomatically or with mild symptoms, which may complicate the

diagnostic process (2). A smaller subset of patients develops acute

disease with more severe symptoms, including hemorrhage,

respiratory distress, and facial swelling (1, 3, 4).

Ocular involvement in patients with acute LF may manifest as

conjunctivitis and conjunctival edema (5). There are a few reported

cases of transient blindness experienced during convalescence (6). In a

cohort of LF survivors in Sierra Leone, visual acuity was worse among

LF patients with ophthalmic findings suggestive of anterior or

posterior segment disease. These pathologies included cataract,

glaucoma, and findings suggestive of previous episodes of uveitis,

such as chorioretinal scarring, retinal fibrosis, and vitreous opacity (7,

8). Histological examination of eyes from guinea pigs 2-3 weeks after

being infected with LASV showed staining for LASV glycoprotein 2

most prominent in the anterior uvea, mainly in the filtration angle,

ciliary body, iris, vessels of the bulbar conjunctiva, and peripheral

cornea. Among animals that survived infection, no LASV staining was

seen six weeks after infection, however the potential for virus

persistence in the human eye is not understood (9). Long-term

systemic sequelae of LF include joint pain, hearing loss and headache

but further studies are needed to evaluate long-term ophthalmic

manifestations (7).

Several areas require further investigation to improve our

understanding of disease pathogenesis, facilitate the appropriate

response to outbreaks, and optimize disease surveillance.

Longitudinal studies may help determine the association between

LF and long-term effects on vision, although current findings have

shown minimal effects (10). In addition, LF survivors should

continue to undergo careful observation for ophthalmic findings.

From a public health standpoint, areas of interest include expediting

recognition of distinctive disease features, initiating early treatment,

and targeted responses towards high-risk contacts (11). Presently,

there are no approved vaccines for LASV, and the only treatment,

ribavirin is controversial; requiring use early in the disease course to

be associated with improved outcomes (12).
Lujo hemorrhagic fever

Lujo virus (LUJV) is known to cause Lujo hemorrhagic fever

(LUHF). LUJV was discovered in 2008 following a nosocomial

outbreak of a LUHF in Johannesburg, South Africa, which had an

alarmingly high case-fatality rate of 80% (13).
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Clinical features of viral hemorrhagic fever caused by LUJV

include initial flu-like symptoms that progress to gastrointestinal

involvement and high rates of disseminated intravascular

coagulation (DIC) (14, 15). Use of a strain 13/N guinea pig model

infected with LUJV demonstrated development of disseminated

infection in various organs that eventually led to uniform lethality

11-16 days post-infection (16). In this model, the authors observed

an incubation period of 5 to 6 days from the time of inoculation to

the first clinical signs of illness (fever and weight loss). Over the next

24 to 48 h, the animals began to display signs of progressive illness

(bilateral ocular discharge, continued fever, weight loss, and

dehydration) until they were found dead or humanely euthanized

when moribund. By day 5 post infection, significant hematological

changes began to occur, inc luding hypoprote inemia,

thrombocytopenia, and lymphopenia. During the 2008 outbreak

of LUHF in Johannesburg, South Africa, three out of the five

patients developed subconjunctival injection and hemorrhage

within the first week of infection, otherwise no other ophthalmic

consequences were noted (16).

A potential area of interest for future research includes

establishment of a standardized animal LUJV model to better

understand pathogenesis and to work towards developing vaccines

and antiviral drugs. A more detailed funduscopic ophthalmic

examination of infected patients would also be beneficial to

determine whether LUHF can cause posterior segment findings.
Chapare hemorrhagic fever

Chapare virus (CHAPV) is known to cause Chapare

hemorrhagic fever (CHHF). There is a low number of

documented CHHF cases, which limits understanding of

symptom progression and stages of this illness. Infectivity is

hypothesized to result from a zoonotic reservoir (potentially O.

microtis, although further investigation is needed) or human-to-

human contact (17). Discovery of the virus was associated with a

small outbreak of severe hemorrhagic fever in Bolivia in 2003 (18).

Another series of CHAPV infection reported in Bolivia occurred in

2019 and had a significant case fatality rate of 60% (19).

CHAPV RNAwas detected using RT-PCR in conjunctiva, along

with other human body fluid samples, including blood, urine,

nasopharyngeal, oropharyngeal, and semen (17). No specific

ophthalmic symptoms associated with CHHF have been reported.

Reported symptoms of CHAPV include fever , upper

gastrointestinal hemorrhage and acute respiratory distress

syndrome (ARDS) (19, 20). Although the presentation of CHHF

may be similar to other endemic agents such as dengue and Bolivian

hemorrhagic fever in the absence of molecular testing, a defining

feature of CHHF may be continuation of fever, myalgia, weakness,

or neurologic symptoms with hemorrhagic manifestations

persisting more than seven days after symptom onset (17). The

specific mechanism of CHAPV pathogenesis is not clearly defined,

although postulated mechanisms of arenavirus infectivity include

factors that increase viral replication capacity and suppression of

the host’s innate immunity leading to severe hemorrhagic

disease (21).
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Further data on the degree of viral persistence is necessary.

Given the low numbers of patients and lack of understanding of

pathogenesis, a critical unmet research need is an animal model to

serve as a proxy for human disease in the absence of human data.

Furthermore, it may be useful to examine the long-term sequelae of

CHHF, as persistence of ocular, neurologic, and auditory symptoms

have been observed in individuals who recovered from other viral

hemorrhagic illnesses (17).
Flaviviridae

Yellow fever

Yellow fever virus (YFV) causes yellow fever (YF) which is

endemic to tropical regions of Africa and the Americas. It is a

mosquito-borne illness with mortality rates of 20%-50% (22).

Transmission of the virus to humans occurs in 3 cycles: sylvatic,

intermediate, and urban. The most concerning of these is the urban

cycle which is initiated when YFV carried in the saliva of Aedes

aegypti mosquitoes is introduced into areas with high human

population density and limited vaccine coverage resulting in large-

scale epidemics. The clinical course of the disease starts with an

incubation period of 3-7 days, with most patients having a mild flu-

like illness and about 15% of cases have severe symptoms including

chills, low back pain, headache, and fever. Next is a period of

remission for 24-48 hours which may then be followed by a return

of symptoms and marked intoxication, prostration, dehydration,

petechiae, ecchymoses, epistaxis and the characteristic “black

vomit” (gastrointestinal bleeding) (23). Yellow fever is distinguished

from other VHFs by the characteristic severity of liver damage and

eventual jaundice. Late central nervous system manifestations, such

as confusion, seizure, and coma, presage death, which typically

follows within 7 to 10 days of onset (22).

Ocular manifestations include conjunctival icterus and

chemosis, vitritis, retinopathy (superficial and deep hemorrhages,

macular exudates, retinal vasculitis, retinal venous congestion and

choroidal detachments) (23–27). Studies of two recent outbreaks of

yellow fever in Minas Gerais, Brazil (2016 and 2017) allowed for a

characterization of retinal changes associated with the disease (24).

Twenty percent of patients with confirmed yellow fever had

evidence of retinopathy. Elevated aspartate aminotransferase

(AST) levels, elevated total bilirubin levels, and renal failure were

associated with higher levels of retinopathy. The most common

fundus changes were retinal nerve fiber layer (RNFL) infarcts

(55%), superficial hemorrhages (35%), and grayish deep lesions

that appeared to be at the level of the outer retina or choroid (30%).

The superficial retinal microangiopathic changes are associated

with occlusion of RNFL precapillary arterioles due to immune-

mediated endothelial damage and coagulopathy. Although the

pathophysiology of the grayish deep lesions is unknown, similar

lesions have been described during the convalescent stage of Ebola

virus disease, suggestive of an immunologic mechanism.

Although live virions have been isolated from bodily fluids,

there has been no evidence of direct ocular infection of YFV (28).

Further research is needed to determine a protocol for ophthalmic
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screening of patients with yellow fever and potential avenues of

treatment for ophthalmic manifestations. Additionally, more

research is needed to determine the ophthalmic sequelae in

vaccinated populations/experimental models.
Dengue fever

Dengue Fever (DF) is caused by the Dengue virus which is a

mosquito-borne flavivirus that is endemic to the tropics. There are

four known serotypes of the virus, but currently no studies showing

one is more prone to causing ophthalmic manifestations than

another serotype. It is transmitted by infected female Aedes

aegypti/albopictus mosquitoes and is the most common arboviral

infectious disease worldwide. The incubation period usually lasts 3-

14 days and the initial infection may either cause a mild febrile

illness or may produce a distinctive sudden onset high fever,

headache, myalgia/arthralgias, nausea, vomiting and a diffuse

maculopapular rash. Although most infections are self-limited, a

small portion of patients may develop the lethal Dengue

hemorrhagic fever syndrome (DHF) or Dengue shock syndrome

(29). Highlighting the need for early diagnosis, a survey of European

tourists showed an estimated 1% to 3% were exposed to Dengue

virus after traveling to a tropical region for 1 month (30).

Ocular manifestations of DF and DHF are common, bilateral

and associated with thrombocytopenia, inflammation and

ischemia. Adnexal involvement is rare and can include orbital

inflammation and retrobulbar hemorrhage (31). Subconjunctival

hemorrhages are common and self-limited. Cases of stromal

keratitis, necrotizing scleritis (32), anterior uveitis and

panophthalmitis are infrequent but have been described.

Numerous posterior segment findings have been noted,

including vitritis, retinal hemorrhage, retinal vasculitis (33),

choroiditis (34), foveolitis, yellow subretinal lesions, optic

neuritis and neuroretinitis (35). Fluorescein angiography can

reveal vascular leakage and occlusion while indocyanine green

angiography can show hypocyanescent spots corresponding to the

yellow subretinal lesions and large areas of choroidal

hypercyanescence. Ocular coherence tomography (OCT) is

useful in detecting and monitoring dengue induced inflammatory

ischemic foveolitis and outer maculopathy (DIII-FOM) as well as for

diagnosing serous retinal detachments and macular edema. OCT

angiography (OCTA) can show ischemia of the deep retinal capillary

plexus (36). Laboratory diagnosis involves serological tests to detect

Dengue virus structural protein 1 and IgG/IgM antibodies directed

against Dengue virus (29).

Future studies linking the serotype of Dengue virus to

ophthalmic manifestations might be important in screening these

individuals as well as to avoid loss of follow up after resolution of

acute systemic manifestations.
Kyasanur forest disease

Kyasanur Forest disease (KFD) or “monkey fever” is a tick-

borne, arboviral illness endemic to the Western Ghats of India.
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Transmission is usually through tick bites and the disease is self-

limited in around 80 percent of patients, but the remaining 20

percent will develop severe hemorrhagic complications with

neurological involvement. Although KFD had been limited to a

small region of India for the past 60 years, evidence over the last 5

years shows an increase in disease burden and geographic

distribution within India, necessitating an increased awareness by

health care workers and effective diagnostic testing (37).

After being bitten by an infected Ixodes petauristae/ceylonensis

tick, an incubation period of 3-8 days is followed by a biphasic, or

occasionally quadriphasic, course of illness. The first phase involves

a sudden onset of fever, headache, generalized myalgias localized to

the neck/upper and lower back and extremities, gastrointestinal

symptoms, lethargy and occasionally lymphadenopathy/

hepatosplenomegaly. Hemorrhagic complications usually start 3-4

days after the onset of symptoms. 20 percent of patients further

develop a second phase of illness which is accented by neurological

symptoms and fever. The case-fatality rate of KFD is 2-10 percent

but fortunately survivors have rarely shown long term

complications (23).

Ocular complications include conjunctival injection in almost

all cases during the initial phase followed by chemosis and serous

discharge in more than half of all patients. Subconjunctival

hemorrhages are common and up to 13 percent of cases can

involve optic disc edema, macular edema with exudates and

retinal/vitreous hemorrhage (38).

Long term ophthalmic follow up studies need to be performed

in the future as well as testing of ocular fluids to determine whether

live virus can be isolated from previously exposed patients as this

can be a potential source of transmission.

With the evidence of ocular involvement from YF, DF and

KFD other flaviviruses should also be investigated for any

ophthalmic consequences. For example, only one study has

been published regarding ocular manifestations in Omsk

hemorrhagic fever, which noted subconjunctival hemorrhages

in the early phases and scleral injection in the later phases (38).

Since the second phase of illness includes meningo-encephalitis,

it seems probable that this phase could manifest with posterior

segment inflammation or hemorrhage (39, 40). Similarly,

Alkhurma hemorrhagic fever has been known to cause ocular

symptoms including orbital pain, photophobia and conjunctival

injection, but comprehensive ophthalmic exams in exposed

patients would be useful to establish whether inflammatory

changes are present within the eye and orbit, as photophobia

and orbital pain usually indicate an inflammatory or uveitic

process (41, 42).
Filoviridae

Ebola virus disease

Ebola virus disease (EVD) in humans can be caused by four

different viruses each with varying levels of mortality including:
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Bundibugyo virus (BDBV), Sudan virus (SUDV), Taï Forest virus

(TAFV) and Ebola virus (EBOV, formerly Zaire Ebola virus). Out of

these four viruses, EBOV infection is associated with the highest

number of outbreaks. EVD is an acute and serious illness that is

rapidly progressive and fatal if left untreated (43). The

unprecedented outbreak of EVD in West Africa from 2014-2016

that unfortunately affected over 28,600 patients and resulted in over

11,300 deaths in the countries of Liberia, Guinea, and Sierra Leone

was declared a Public Health Emergency of International Concern

by the World Health Organization. The public and global health

threat in West Africa, recent sporadic outbreaks in the Democratic

Republic of the Congo, and the ongoing EVD outbreak in Uganda

are critical reminders of the paramount importance of outbreak

preparedness throughout the world (44).

Initial symptoms of EVD include fever, myalgia, and fatigue that

progress to vomiting, rash, diarrhea, and bleeding (8). Ophthalmic

findings in the early stages of disease include conjunctival injection,

conjunctivitis, and subconjunctival hemorrhage (8, 45). Uveitis is the

most common complication reported to occur during EVD

convalescence and can cause severe vision loss in 40% of those

affected (46, 47). Other EVD-associated ocular complications leading

to vision impairment include cataract, optic neuropathy, retinal

scarring, hypotony, and phthisis bulbi (48). Ophthalmic sequelae

such as color vision deficits, low intraocular pressure (i.e., hypotony),

vitreous cells, macular scars, and uveitis were more likely to be seen in

EVD survivors compared to non-infected close contacts (49).

Furthermore, survivors have reported symptoms of a post-

Ebola virus disease syndrome including arthralgia, abdominal

pain, neurologic complications, and hearing loss (48, 50). The

pathogenesis of this persistent disease during convalescence is

uncertain but may involve severe inflammation and tissue edema

(47). Analysis of aqueous humor sample from an EVD survivor

three months after recovery showed Ebola virus persistence, as well

as five point mutations compared to an earlier sample, suggesting

continued viral replication in the eye during convalescence (51).

Hypotheses for the disease pathogenesis include a reaction similar

to cytokine storm or the formation of auto-antibodies. An

autoimmune process is believed to be involved in the

development of post-Ebola virus disease syndrome (52).

Areas of future research may involve addressing gaps in

understanding the mechanism of viral pathogenesis. Further

investigation regarding the timing and mechanism of uveitis

development, effective management strategies, and treatment with

antivirals or anti-inflammatory medications may be necessary as

well (50).
Hantaviridae

Orthohantavirus

Orthohantaviruses are zoonoses transmitted via inhalation of

aerosolized excreta of infected rodents (53–55). The incubation

period typically ranges from 10 to 14 days following which systemic
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infection can occur and lead to bleeding or shock manifestations

(53). The common clinical pattern associated with orthohantavirus

infection is hemorrhagic fever with renal syndrome (HFRS), which

is characterized by acute onset of fever, headache, abdominal pain,

nausea, diarrhea, impaired renal function, reduced vision, and

hemorrhagic complications (54).

Ocular involvement is common in patients with HFRS with up to

87% experiencing reduced vision during the acute infection (54).

Several ocular manifestations including transient myopia, acute

glaucoma attacks, decrease in intraocular pressure (IOP), anterior

uveitis, lid edema, conjunctival chemosis, conjunctival hemorrhages,

retinal edema and hemorrhages, and pupillary defect have been

reported in patients with HFRS (55). Transient myopia has been

reported to occur from 41% to 78% of patients with HFRS (54, 56,

57). Shallowing of the anterior chamber is also common and occurs

up to 93% of patients suffering from myopic shift (58). It was

speculated that relaxation of lens zonules and anterior displacement

of the lens might have explained the occurrence of transitory myopia

and shallowing of the anterior chamber (56). Another proposed

mechanism describes the changes of osmolarity of the aqueous

humor and crystalline lens, and edema of ciliary body due to

increased capillary leakage (58). Contradictory results of IOP have

been reported in patients with HFRS with several cases reports

showing acute glaucoma attacks and several studies showing a

decline in IOP (53–64). The decrease in IOP may be explained by

the diminished aqueous formation and filtration in the ciliary body

due to damage of the capillary endothelial cells (55). Eyelid edema,

conjunctival chemosis, conjunctival hyperemia, retinal edema, and

retinal hemorrhages have also been reported in patients with HFRS,

and these are likely related to the increased capillary permeability in

these patients (54, 56, 57, 59, 64). Although rare, uveitis has been

reported in a few patients with HFRS (57, 59). However, these cases

were reported to have resolved without treatment.

Ocular symptoms are common and usually present during the

acute phase of orthohantavirus infection. In the setting of pyrexia of

unknown origin and unexplained renal failure, ocular symptoms

should prompt the suspicion of orthohantavirus infection,

especially in the endemic areas and potentially avert severe

systemic manifestations if timely treatment is undertaken.

Future research can evaluate the temporal relationship between

transient myopia and onset systemic symptom as this could be a

potent screening tool in endemic regions. Further studies evaluating

ocular fluids (aqueous, vitreous and tear samples) for live virus are

needed to determine whether transmission can occur via exposure

to ocular fluids.
Phenuiviridae

Rift valley fever

Rift valley fever (RVF), caused by Rift valley fever phlebovirus, is a

mosquito-borne, viral hemorrhagic fever associated with significant

morbidity and mortality. The first documented outbreak occurred in

Kenya in 1930 but has since spread across Africa and the Middle East.
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Transmission occurs via contact with blood or organs of infected

animals (typically cattle) or via mosquito bite. Following an

incubation period of 2-6 days, a diverse array of systemic

presentations of RVF can occur (65). The classical presentation is

that of a generalized febrile/flu-like illness with hepatic syndrome

(elevated liver enzymes, hepatosplenomegaly, liver failure). Other

body systems that may be affected include the gastrointestinal

(nausea/vomiting/diarrhea/epigastric pain), renal (renal failure,

acute kidney injury), neurological (encephalitis, meningismus,

asthenia, hallucinations, confusion), hemorrhagic (pallor,

maculopapular rash, diffuse hemorrhages), obstetric (abortion/

miscarriage), cardio-pulmonary (syncope, check pain, cough,

myocarditis, pneumonia) and finally ophthalmic (66).

Ophthalmic findings have been documented previously and

include posterior segment manifestations that may lead to vision

loss. A cross-sectional study of the 2000 outbreak in Saudi Arabia

described retinal hemorrhages (40%), vitreous reactions (26%),

optic disc edema (15%), retinal vasculitis (7%), and anterior

uveitis (31%) (66). Retinitis which has a predilection for the

macula can lead to vascular occlusion and chorioretinal scarring

causing permanent vision loss in 50-70% of affected eyes (10, 67).

Future directions of study include establishing the temporal

relationship between the course of systemic illness and the onset of

ophthalmic manifestations. Furthermore, ocular fluid sampling

should be performed to determine whether live virus can be found

and whether transmission can occur via contact with ocular fluids.
Nairoviridae

Crimean-Congo hemorrhagic fever

Crimean-Congo hemorrhagic fever (CCHF), caused by

Crimean-Congo hemorrhagic fever orthonairovirus, is a tick-borne

viral illness endemic to Asia, Africa and Eastern Europe. It is

transmitted to humans via bite of infected ticks (generally

Hyalomma spp) or exposure to blood/tissues of infected livestock

or humans and has a fatality rate of 3-30% percent. After an

incubation period of 1-9 days, symptoms consist of a febrile flu-

like illness which later progress to a hemorrhagic stage with

petechiae, hemoptysis and mucous membrane hemorrhages.

Death can occur from multi-system failure or bleeding

diathesis (68).

Ocular manifestations include conjunctival injection,

subconjunctival and retinal hemorrhages and Purtscher- like

retinopathy (68). One prospective study in children affected with

CCHF noted increased retinal vascular tortuosity (69).

Although treatment is primarily supportive, ribavirin is

commonly used in practice during outbreaks because it has been

shown to reduce the spread of the virus, disease severity and

mortality as a post-exposure prophylaxis (70). Future research

can evaluate the onset of retinal vascular tortuosity to determine

whether this can be used as a screening tool to detect early CCHF

during the incubation phase.
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Conclusion

Given recent viral hemorrhagic fever outbreaks with

ophthalmic findings that may threaten vision, as well as

implications related to viral persistence and immune response,

understanding the eye remains an important aspect of disease

surveillance. The acute and long-term implications of specific

VHF syndromes (e.g., Rift Valley fever, Dengue fever, EVD)

require further research, given their status as World Health

Organization high priority pathogens with the potential for

broad transmission.

Ophthalmologists have previously responded to prior outbreaks

for eye disease detection and management, given the unique

instrumentation required for anterior segment and posterior

segment biomicroscopic examination and retinal imaging.

Understanding the signs and symptoms, as well as rigorous

clinical ophthalmic phenotyping in viral hemorrhagic fevers will

provide useful information for public health workers as well as

patients. Increased collaboration between different medical

disciplines, as well as with public health officials will be needed to

avert organ-specific damage and to deploy programs at scale where

needed in the future.
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