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T
he World Health Organization (WHO) 

describes the mosquito as the 

world’s most significant disease 

vector, yearly responsible for at 

least 214 million cases of malaria and 438,000 

malaria-related deaths,1,2 50–100 million cases 

of dengue,3,4 120 million cases of lymphatic 

filariasis,5 and millions of infections of Zika 

virus,6,12 yellow fever virus,7,12 chikungunya 

virus,8,12 West Nile virus,9 Rift Valley virus,10,11 

and viral encephalitis.9-13 

While male mosquitoes feed on nectar and 

are incapable of feeding upon blood, female 

mosquitoes require the protein provided by blood 

to produce eggs. This need for blood meals 

makes female mosquitoes important vectors for a 

variety of diseases. During feeding, pathologic 

agents present in the host blood are ingested by 

the female mosquito. These pathogens travel 

from the mosquito’s gut into its salivary glands 

and during the next blood meal are transmitted 

from salivary glands into the subsequent host.

In most countries, there is a general 

awareness that mosquitoes can transmit certain 

diseases such as those caused by parasites or 

viruses. However, there is little familiarity with the 

ocular pathologies often associated with 

mosquito transmitted diseases and the significant 

risks to vision posed by these diseases. Mosquito 

transmitted diseases in the United States are 

relatively uncommon;12,14 however, dengue, 

chikungunya, West Nile, and various other 

encephalitis viruses do occur in the US and result 

in significant illness and disability.12,14,21,24 Yet, the 

incidence of some of these diseases is increasing 

as the range of disease-carrying mosquitoes is 

extended and people bring back infections after 

travelling to exotic destinations or visiting relatives 

in areas where there is active mosquito-to-human 

disease transmission. The various diseases for 

which mosquitoes are primary vectors pose a 

significant risk to our Service members when 

they are deployed to areas where infected 

mosquitoes are present.19 Similarly, Veterans 

Health Administration facilities have treated a 
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number of patients with mosquito 

transmitted illnesses including dengue, 

West Nile virus, and malaria.18-22 All of the 

diseases transmitted by mosquitoes have 

some effect on the eyes and visual system. 

Some of these effects are quite significant 

and can include double vision, drooping 

eyelids, retinal scarring, bleeding both 

within and outside the eye, blockage of the 

blood supply to the eye, optic nerve 

damage, double vision, inflammation within 

the eye, retinal detachment, loss of vision, 

and blindness. Failure to recognize the 

ocular manifestations of mosquito 

transmitted diseases can delay diagnosis 

and treatment, when available, as well as 

interventions to aggressively manage 

mosquito populations in an effort to 

prevent further transmission.

Worldwide, the most prevalent 

mosquito transmitted disease is malaria, 

which infects at least 200 million people 

annually and results in over 400,000 

deaths, particularly in children.1,12 Malaria 

is caused by the Plasmodium parasite 

and transmitted by the Anopheles 

mosquito. This mosquito species is 

present worldwide, including across the 

United States. Though once endemic in 

the United States, cases of malaria 

reported in the US are presently the result 

of foreign travel.1,21 Malaria parasites 

invade and damage red blood cells, 

causing severe anemia, bleeding, and 

blockages in small blood vessels, 

resulting in ischemic damage. Retinal 

hemorrhage, hyphema, as well as 

ischemic injury of the optic nerve are 

major causes of vision loss resulting from 

malaria. Ophthalmoscopic findings of 

malarial white centered retinal 

hemorrhage are illustrated above. 

Significant inflammation within the eye 

also contributes to vision loss following 

infection. Bleeding and swelling in the 

brain is associated with cranial nerve 

compression and diplopia.2 In these 

cases, urgent treatment is necessary to 

prevent permanent loss of vision and 

death. WHO Guidelines for treatment of 

uncomplicated malaria include the 

preferential use of artemisinin-based 

combination therapies and palliative or 

supportive care.32 Guidelines for acute 

malaria include intensive supportive care 

and the use of parenteral antimalarial 

agents for a minimum of 24 hours followed 

by a full course of artemisinin-based 

combination therapy that is effective in the 

area where infection was acquired.32

Unlike malaria for which there is both 

prophylaxis and treatment, there are no 

effective treatments against mosquito 

transmitted viral diseases. Notably, 

primary prevention of mosquito bites is 

the only way to avoid transmission of 

these diseases. Recent estimates indicate 

that the dengue virus infects over 100 

million individuals yearly with over 22,000 

deaths worldwide.3 The WHO estimated 

that, in 2015, there were approximately 2.4 

million dengue infections in the US and 

the Americas with over 12,000 cases of 

severe dengue hemorrhagic fever that 

resulted in 1,400 deaths.3 While there are 

four separate dengue virus serotypes, 

infection with one serotype does not 

provide cross-protection against another.4 

Additionally, the hemorrhagic form of 

dengue, like Ebola, causes severe 

bleeding, organ failure and death. 

Furthermore, dengue virus can invade 

both the brain and the eye, and between 

3–19% of infected individuals have 

neuro-invasive disease.4,28 In addition to 

hemorrhagic conjunctivitis, retinal and 

vitreous hemorrhage, white-centered 

hemorrhage, and orbital hemorrhage are 

all characteristic of this disease.28 

Occlusion of retinal vessels, swelling and 

significant inflammation of the retina and 

optic nerve, as well as retinal scar 

formation with permanent loss of visual 

acuity can also occur.28 Most individuals, 

however, recover without permanent 

damage to their vision, although 

recovery is often slow.

Chikungunya, another viral disease 

with worldwide distribution, can also 

cause a total or partial loss of vision. Like 

dengue, chikungunya is present 

throughout the Americas, and primary 

transmission has occurred in southern 

parts of the United States. In the 

Americas alone, the Pan American Health 

Organization reported 1.7 million 
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“  ...the number of humans 
killed by other humans 
annually is estimated to be 
475,000, while the number of 
humans killed my mosquitoes 
is estimated to be at least 
725,000 annually...”

Severe malaria with large white centered hemorrhage (Left: big black arrow), scattered patches of retinal whitening (white 
arrows), and hemorrhages (black arrows). (Source: https://openi.nlm.nih.gov)
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chikungunya cases in 2013.8 The ocular 

manifestations of chikungunya, unlike 

dengue, are less hemorrhagic and more 

inflammatory. While bleeding within the 

retina and subconjunctival hemorrhage 

are features of this disease, inflammation 

within the eye and involving retina and 

optic nerve are the most common 

findings.27 Blockage of retinal vessels 

with retinal edema and detachment, 

optic disc edema, various cranial nerve 

palsies and visual field defects are some 

of the other findings associated with 

chikungunya infection. While many of 

these findings resolve without any 

residual visual deficit, a number of 

individuals do suffer some permanent 

loss of vision.27

Of the various mosquito transmitted 

diseases, the one with the greatest 

impact on health in the continental 

United States is West Nile virus.9,23,24 

While West Nile virus is transmitted by 

Culex mosquitoes, chikungunya and 

dengue are transmitted by Aedes aegypti 

and Aedes albopictus which are well 

adapted to urban environments often 

using small containers and pools of 

standing water, ever present in urban 

trash piles and sidewalk debris, to lay 

their eggs. Culex mosquitoes do not 

breed as easily in urban environments.9 

These Culex mosquitoes are also 

responsible for transmitting St. Louis, 

Venezuelan, Eastern equine and Western 

equine encephalitis.9,13,15,16 West Nile 

encephalitis is the most common of 

these encephalitic viruses and most 

commonly affects the eye, permanently 

damaging vision. The recovery period 

after West Nile virus-associated 

encephalitis can be a year or longer and 

is often associated with permanent brain 

damage.25,26 In addition to inflammation 

of the retina, retinal scarring and the 

formation of membranes covering the 

retina, this disease is also associated 

with retinal bleeding, ischemic injury to 

the optic nerve, and nerve swelling. West 

Nile virus infections also damage various 

cranial nerves, resulting in facial 

paralysis, ptosis, nystagmus, and 

afferent pupillary defect. Like Zika virus 

infections, West Nile virus has congenital 

effects, resulting in significant retinal 

scarring that is undetectable until birth 

and loss of vision.25,26

Recently, primary transmission of 

Zika has occurred in the United States 

both with the mosquito as the vector and 

as a sexually transmitted infection. While 

Zika virus has recently made news 

headlines, in adults these infections are 

usually relatively mild and are only 

associated with a short-lived 

conjunctivitis. Congenital Zika infections 

involving the eye have been fairly 

uncommon, and only a handful of cases 

have been reported in the medical 

literature.29 Notably, these congenital 

ocular findings have been limited to 

varying levels of chorioretinal scarring. 

Many more infants have been reported 

with Zika-related microcephaly than with 

congenital retinal abnormalities.29 With 

the exception of West Nile virus, no other 

mosquito transmitted viral infections 

have been associated with congenital 

ocular abnormalities similar to those 

reported with Zika virus.

Lastly, another mosquito transmitted 

disease with significant ocular 

involvement is Rift Valley fever. This viral 

disease is currently limited to areas of 

central and east Africa, and is 

transmitted by both Aedes and Culex 

mosquitoes, as well as by certain 

species of flies and the handling of 

infected meat. Between 2007 and 2012, a 

Rift Valley fever epidemic in Africa 

infected 225,000 people and resulted in 

600 deaths.10 Simultaneously, tens of 

thousands of domestic farm animals 

were infected, killing thousands and 

causing food shortages and significant 

economic losses in an already 

impoverished region. Of all of the 

mosquito transmitted viral diseases, Rift 

Valley fever infections are most 

responsible for permanent loss of vision, 

which occurs in 50% of those 

infected.10,11 An aggressive, necrotizing, 

and occlusive retinitis underlies this 

vision loss. Significant retinal scarring 

and hemorrhaging, as well as intraocular 

inflammation, are also often associated 

with this infection. 

While mosquitoes are responsible 

for the transmission of other diseases 

involving the eye, diseases discussed in 

this article are those having the most 

profound effect on vision and, with the 

exception of malaria, have no available 

treatments or preventative vaccinations.32 

Although an inactivated vaccine for Rift 

Valley Fever has been developed, it has 

only been used experimentally in humans 

and cattle. Additionally, vaccines for 

malaria, dengue, and West Nile virus are 

under development. Nonetheless, 

millions of people are sickened annually 

with infections caused by these 

organisms, resulting in visual loss, an 

inability to work, and a great economic 

burden to families and society. During 

World War II, it was reported that the 

Nazis were going to use mosquitoes as 

continued from page 2

Rift Valley Fever Infection showing retinitis in the macular area (left); Florescein angiogram showing occlusive retinal 
vasculitis (right). (Source: E. Abboud, MD, Riyadh, Saudi Arabia)
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biological weapons.30 This never 

occurred on any large scale basis; 

however, as Bill Gates notes in his 2014 

blog, mosquitoes are “the deadliest 

animal on earth.”31 Gates supports this 

statement with an accompanying 

infographic showing that the number of 

humans killed by other humans annually 

is estimated to be 475,000, while the 

number of humans killed by mosquitoes 

is estimated to be at least 725,000 each 

year, if not more.31 Increasingly, primary 

prevention efforts to reduce and 

eliminate mosquito breeding sites 

(particularly those in urban areas), the 

use of mosquito repellants, clothing 

covering arms and legs, treated bed 

nets, the thoughtful use of insecticides, 

as well as the rapid development and 

approval of vaccinations for mosquito 

transmitted infections are required to 

reduce the incidence of vision loss and 

death associated with mosquito 

transmitted disease.  
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The 2016 Military Health System Research Symposium 

featured at least 35 scientific posters related to ocular 

injury, treatment, and prevention. Of these, 19 were 

specifically related to combat trauma. Posters included cutting 

edge research, such as Dr. Kia Washington’s “Improving 

Viability and Functional Outcome after Whole Eye 

Transplantation," as well as proven methods for practical 

battlefield assessment such as CPT (Dr.) Nikhil Godbole's poster 

on, “Simplified Method for Rapid Field Assessment of Visual 

Acuity by First Responders after Ocular Injury.”  CPT Godbole's 

intervention, developed with the Vision Center of Excellence, 

provides a utilitarian method of how to utilize insignia on 

uniforms to test the visual acuity of those wounded in combat.

In addition to poster presentations, MHSRS hosted an oral 

presentation and discussion with six speakers focusing on sensory 

issues. Of note was the presentation and discussion with Larry 

Benowitz, PhD on “Restoring Vision After Optic Nerve Injury: Role 

of Ionic Zinc and Other Factors.”  V  
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Subconcussions are the result of low-

magnitude head impacts that do not present 

with the clinical signs of concussions but can 

cause considerable long-term neurological 

deficits. These types of impacts occur more frequently 

than concussions, particularly in athletes participating 

in contact sports. Based on previous research, the 

authors hypothesized that repeated subconcussive 

head impacts in football players would worsen near 

point of convergence (NPC), a measure of the closest 

point to which convergence is maintained while 

focusing on an object before diplopia occurs. 

Division I football players (n = 33) who were 

active members of the Temple University team were 

recruited for this study. Players with a history of 

head, neck, or face injury in the previous six months 

or neurological and ocular disorders were excluded 

from the study, as well as those with abnormally high 

baseline NPC scores consistent with convergence 

insufficiency. Participants were required to abstain 

from alcohol and any substances that affect the 

nervous system (e.g., stimulants). 

During preseason physical exams, athletes were 

fitted with custom mouth guards that measured the 

number of hits and the magnitude of head accelera-

tion. Head impact measurements were collected 

during the first no-contact practice (i.e., pads off), the 

first full-contact practice (i.e., pads on), and during 

three additional full-contact practices. All 

measurements were taken at 3 to 4 day intervals. 

Post-season follow-up measurements were taken in a 

subset of participants 3 weeks after the final game of 

the season, during which time there were no prac-

tices. NPC data and a symptom checklist were 

collected 1 to 2 hours before and after practices. Prior 

to data analysis, players were categorized into 

higher-impact (n = 22) and lower-impact groups (n = 7) 

based on the sum of the impact kinematic data 

collected from the five practice sessions. To assess 

NPC, a target was moved towards the eyes of the 

participants at a rate of 1–2 cm/s. The distance 

between the target and the participant was recorded 

when the participant verbally signaled diplopia or 

when the researcher observed eye misalignment. The 

assessment was repeated twice and the mean score 

used for analysis.

To compare group differences at baseline, the 

researchers used independent sample t-tests for 

continuous variables and χ2 tests for categorical 

variables. A series of mixed-effects regression models 

were conducted based on NPC measurements and 

symptoms to determine differences in the effects of 

subconcussive impacts. During the five practices, a 

total of 1,193 head impacts were recorded from the 

players studied. No significant difference was ob-

served in mean NPC between the two impact groups 

at baseline. Over time, the higher-impact group had a 

significant increase (i.e., worsening) in NPC compared 

to the lower-impact group (p < .001); however, this 

difference resolved by the post-season (p < .001). The 

higher-impact group had an increased NPC from 

baseline to the first full-contact post-practice  

(p < .001), through the fourth full-contact post-practice 

(p < .01). It is important to note that players’ symptom 

reports did not significantly change as they sustained 

increasing subconcussive impacts.

Findings indicate that NPC function was compro-

mised with repetitive subconcussive impacts in the 

higher-impact group and that ocular motor function 

may reflect subclinical brain damage or recovery. Lee 

and Galetta’s accompanying commentary suggested 

that the researchers did not perform full orthoptic 

measurements and relied on NPC as the sole measure 

of convergence abnormality detection.1 In addition, this 

study did not evaluate factors such as fatigue and lack 

of sleep, which may also contribute to an increased 

NPC. Finally, although alcohol and drug consumption 

was prohibited, their use was not monitored.  

1. Lee, A. G., & Galetta, S. L. (2016). Subconcussive head trauma and 
near point of convergence. JAMA Ophthalmology, 134(7). http://www.
ncbi.nlm.nih.gov/pubmed/27258455
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T ear gases have been used by law 

enforcement for riot control, as well as in 

wars and military training. While 

permanent injury associated with tear gas 

is uncommon, there are reports of harmful effects to 

ocular tissue. The review provided a brief summary 

of the three most commonly used lacrimating 

agents: chloroacetophenone (CN), 

o-chlorobenzylidene malononitrile (CS), and 

oleoresin capsicum (OC). 

Online databases, including PubMed and 

MEDLINE, were used to perform searches for journal 

articles published prior to September 2015. Keywords 

included: tear gas, lacrimators, mace, eye injuries, 

cornea/corneal damage, pepper spray, chloroaceto-

phenone, oleoresin capsicum, and o-chlorobenzylidene 

malononitrile. Reference lists of sources were reviewed 

to identify additional sources. Articles discussing 

histopathological and clinical effects of tear gases and 

treatment were included; articles not reporting names 

of compounds or effects on the eye were excluded.

Modern tear gas use began with the discovery of 

CN at the end of World War I, with CS developed ten 

years later. Over the next several decades, both agents 

became popular with law enforcement agencies, 

militaries, and even civilians. During the 1980s, OC 

became the agent of choice for police.

While the reaction mechanism of CN is not well 

understood, studies suggest that it may act as an 

alkylating agent of SN2, inactivating enzymes such as 

lactic dehydrogenase, glutamic dehydrogenase, and 

pyruvic decarboxylase. This inactivation of thiol and 

sulfhydryl enzyme groups results in tissue damage. As 

a powder, further damage may occur as debris 

penetrate the eye and cause corneal clouding, corneal 

opacity, as well as deep and extensive 

neovascularization. Individuals exposed to CN at close 

range may experience dense initial conjunctival 

edema, secondary glaucoma, pseudo-pterygium, 

cataracts, vitreous hemorrhage, loss of corneal 

sensitivity, corneal scarring, anterior chamber reaction, 

and optic nerve damage.

Similar to CN, CS is also an SN2 alkylating agent; 

however, CS is approximately 10 times more potent 

than CN and is considered significantly less toxic. For 

example, those exposed to CN may experience iritis, 

corneal opacities, and long-term effects on visual 

acuity, while those exposed to the same 

concentrations of CS generally only experience 

transient conjunctivitis with no permanent ocular 

damage or effects on vision. Studies observing 

reduced vision following CS exposure report a return 

of normal vision within two days.

OC is a mixture of compounds, primarily 

capsaicin, that occurs naturally in chili peppers. OC 

acts on sensory nerve fibers to stimulate the release of 

neuropeptide substance P, which results in pain. There 

may be considerable variability in effect of OC due to 

variations in the chemical composition of both natural 

and synthetic OC. Few studies have been conducted 

regarding the toxicology of OC, possibly due to its 

frequent use in foods. Those exposed to OC may 

experience transient focal epithelial cell damage and 

necrosis, reduced corneal sensitivity, limbal ischemia, 

pseudo-pterygium, corneal neovascularization, and 

corneal epithelial swelling. More severe exposure has 

been recorded and includes prolonged corneal defects 

and ulcers, complete epithelial defects, and 

conjunctival chemosis followed by neurotrophic 

superficial keratitis.

No antidote for exposure to lacrimating agents 

exists. Treatment is limited to irrigation with water or 

saline focused on upper and lower palpebral cul-de-

sacs. Management may include oral analgesics, topical 

antibiotics, and mydriatics with extensive 

ophthalmologic examination for persistent symptoms. 

Additional research is necessary to fill knowledge gaps 

in severity and duration of effects, as well as to identify 

newer and less harmful agents.  

B R I EF R E V I E W
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Kim, Y. J., Payal, A. R., & Daly, M. K. (2016). Effects of tear gases on the eye.  
Survey of Ophthalmology, 61, 434–442.

Source: U.S. Navy photo by Mass Communication Specialist 2nd Class Michael Lindsey
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O phthalmologists often struggle to 

properly diagnose and treat 

photophobia, an abnormal intolerance 

to light. Associated with a wide variety 

of ophthalmic and neurologic conditions, 

photophobia is rarely reported as a patient's chief 

complaint, compounding the difficulty of diagnosis 

and treatment. In this review, authors present 

guidelines for the diagnosis of photophobia, 

information regarding the known molecular and 

pathophysiological basis of this condition, and 

current and future treatment options.

Authors scanned PubMed with the search term 

“Photophobia” and selected articles published between 

1990 and 2015. Articles focused on either the diagnosis, 

treatment, or pathophysiology of photophobia.

Photophobia is most often associated with dry 

eye, corneal neuropathy, migraine, benign essential 

blepharospasm (BEB), and traumatic brain injury 

(TBI). Photophobia can arise in conjunction with a 

wide variety of ophthalmic and neurologic 

conditions; thus, authors have suggested the 

following approach for diagnosis. First, the clinician 

should ask the patient questions related to their 

history and conduct a physical examination. Further 

evaluation using neuroimaging or lumbar puncture is 

recommended for notable neurological issues. If no 

central process defects are found, the clinician 

should look for symptoms of dry eyes, uveitis, or 

corneal staining and conduct a Schirmer’s test. If dry 

eye is not detected, corneal neuropathy, retinal 

dystrophy, and BEB should be considered, 

respectively. If no signs of these conditions are 

detected, a history of migraines or relevant 

psychiatric conditions should be investigated.

The authors note that, regardless of the cause of 

photophobia, bright light is converted into a pain 

sensation signal as a protective response. The most 

likely transducer is the intrinsically photosensitive 

retinal ganglion cell (ipRGC). Unlike other ganglion 

cells, ipRGCs project their axons to the 

suprachiasmatic nucleus (SCN), the Edinger-Westphal 

nucleus, and to pain centers in the thalamus. After light 

reaches the ipRGCs, there are three postulated 

“photophobia circuits” that relay pain information. In 

one of these proposed circuits, light activates the 

trigeminal nerve leading to activation of nociceptors in 

blood vessels. A second pathway involves ipRGCs 

projecting directly to pain centers in the thalamus. 

Finally, a third pathway involves phototransducers in 

the eye that directly stimulate trigeminal afferents even 

when the optic nerve is cut. Some researchers suggest 

that photophobia associated with ocular disorders and 

migraine follow two biologically distinct pathways that 

should be investigated independently. Current 

research on photophobia is focused on the calcium 

gene-related peptide receptor, which plays a role in 

migraine pathophysiology and is considered a 

pharmacological target for the treatment of migraine-

associated photophobia. 

Regarding currently available treatments, the most 

common cause of photophobia, dry eye, can be 

treated with a variety of surgical, topical, systemic, and 

homeopathic interventions. Corneal neuropathy can be 

treated with topical, anti-inflammatory medications. 

Photophobia associated with either migraine or TBI 

can be treated with botulinum toxin, though in both 

cases patients receive comprehensive neurological 

examinations. Effective optical treatments for 

photophobia include optical tints, such as FL-41 tinted 

lenses, and newly developed “notch filters,” both of 

which block wavelengths around 480 nm that are 

associated with maximum ipRGC activation. Patients 

are advised to wear optically-tinted glasses or contact 

lenses and should be warned against wearing 

sunglasses indoors, as this will dark adapt their retinas 

and aggravate light sensitivity. 

In this review clinicians have been provided a 

clearer framework for diagnosis and treatment of 

photophobia. Authors emphasized that with proper 

diagnosis, most conditions are treatable. Research is 

yielding new insights regarding “photophobic circuits” 

within the brain, those treating these conditions 

should stay abreast of the latest findings.  

B R I EF R E V I E W
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Survey of Ophthalmology, 61, 466–477.

Source: U.S. Air Force photo by Staff Sgt. David Salanitri
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T he increased incidence of microcephaly 

in newborns in Brazil is associated with 

the recent outbreak of Zika virus (ZIKV)  

in the region. In addition to microcephaly, 

congenital ocular lesions have also been reported 

in infants born in regions experiencing widespread 

Zika infection. This study aimed to identify and 

characterize ocular abnormalities in infants born 

with microcephaly due to a suspected congenital 

ZIKV infection.

Infants with microcephaly due to suspected 

congenital ZIKV infection and their mothers were 

evaluated by ophthalmologists at a tertiary care 

hospital in Salvador, Brazil. A head circumference of 

32 cm or less was the criterion used to define 

microcephaly in these infants. A diagnosis of 

congenital ZIKV was based on a clinical evaluation 

of the mother’s symptoms during pregnancy, 

including cutaneous rash, fever, arthralgia, 

headache, itch, and malaise. Congenital infections 

such as toxoplasmosis, rubella, cytomegalovirus, 

herpes simplex virus, syphilis, and HIV were ruled 

out through serologic testing. All mothers underwent 

an external ocular exam, biomicroscopy, and dilated 

indirect ophthalmoscopy, while the infants received 

an ocular external examination and indirect 

ophthalmoscopy. A wide-field digital imaging system 

was used to detect optic nerve, retinal, and 

choroidal abnormalities. 

Two infants who did not complete serological 

testing were excluded from the study. Of the 29 

infants (aged 1–6 months) ultimately included in the 

study, 18 were female. Twenty-three of the 29 

mothers experienced symptoms of ZIKV during 

pregnancy, with 78.3% reporting symptoms during 

the first trimester, 17.4% during second trimester, 

and 4.3% during the third trimester. No mothers 

reported any signs of conjunctivitis during 

pregnancy nor did they present signs of active or 

previous uveitis, and all mothers had normal ocular 

examinations. Ocular abnormalities were present in 

10 of the 29 infants with microcephaly (34.5%). 

From these 10 infants, 17 of 20 eyes (85%) exhibited 

ophthalmoscopic abnormalities. Seven of the 10 

infants presented with bilateral ocular 

abnormalities. The most common findings were 

focal pigment mottling and chorioretinal atrophy, 

which were present in 11 of the 17 eyes with 

abnormalities. Other findings included severe 

chorioretinal atrophy, which involved the macula in 

three eyes, the nasal retina in three eyes, and the 

paramacular area in five eyes. Optic nerve 

abnormalities were detected in eight eyes, two of 

which were cases of hypoplasia and six which were 

cases of severe optic disc cupping. In addition, lens 

subluxation was found in one eye and bilateral iris 

coloboma in two eyes. 

Based on these results, which indicated a high 

rate of ocular abnormalities and retinal lesions that  

differed from other types of congenital infections, 

the authors hypothesize a possible relationship 

between ZIKV infection and ocular abnormalities. 

However, the small sample size precluded 

researchers from performing statistical analyses on 

data collected, which prevented any generalizations 

regarding association between similar ocular 

findings and ZIKV infection in infants with 

microcephaly to be made. While these ocular 

findings may contribute to a diagnosis of ZIKV 

congenital infection in children with congenital 

microcephaly, retinal lesions in these patients may 

also be indicative of West Nile virus infection or 

toxoplasmosis retinochoroiditis. Therefore, authors 

recommend further serologic ZIKV testing as well 

as additional studies with larger sample sizes and a 

greater number of study sites to better understand 

ocular abnormalities in infants with microcephaly 

resulting from ZIKV infection.  
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Ocular findings in infants with microcephaly associated with presumed Zika virus congenital 
infection in Salvador, Brazil. JAMA Ophthalmology, 134(5), 529–535.

Congenital Zika retinopathy (Source: Tu Nexo De - http://tunexode.com)
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V isual impairment (VI) and blindness are 

becoming more prevalent in the United 

States (U.S.) and across the world, a trend 

that is expected to continue due to a large 

aging population and shifting demographics. This 

projected increase has made it important to track the 

number and characteristics of individuals who are at 

greater risk for these conditions. A best-corrected visual 

acuity (BCVA) of 20/40 or less in the better-seeing eye 

was used as criterion to determine VI, and a BCVA of 

20/200 or less in the better-seeing eye to determine 

blindness. This study aimed to project the cases of VI 

and blindness in the U.S. from 2015 to 2050, using 

pooled prevalence data from population-based studies.

Researchers calculated prevalence and total 

number of cases of VI and blindness among five racial/

ethnic groups: African American, Asian, Latino/Hispanic, 

non-Hispanic White, and other minorities. The study 

used U.S. Census data from 2014 as well as data from 

six population-based studies. Inclusion criteria for the 

studies used were as follows: 1) conducted in the U.S.; 

2) included data after 1980; 3) used U.S. definitions of VI 

and blindness; and 4) included demographics 

information of participants 40 years or older. Data were 

then pooled to combine prevalence estimates of VI and 

blindness, including age, race/ethnicity, and gender. 

Analyses of data indicated that in 2015, overall 

estimated prevalence of VI in the U.S. for persons 40 

and older was 2.14% (95% confidence interval [CI]). The 

overall prevalence of blindness was 0.68% (95% CI). 

Prevalence of VI and blindness was highest among 

African Americans followed by non-Hispanic Whites. Of 

the 3.22 million visually impaired persons in 2015, 

individuals 80 years and older most commonly suffered 

from VI (50%). In 2015, the number of visually impaired 

women outnumbered men by 33%. Non-Hispanic white 

individuals represented the largest proportion of VI 

cases (70.8%), followed by African Americans (15.2%), 

Hispanics (9.9%), Asian Americans (3.1%), and other 

minorities (0.9%). This trend is expected to continue 

through 2050, when cases of VI are projected to 

continue to increase and remain highest among 

non-Hispanic whites. However, the second highest 

number of VI cases is expected to shift from African 

Americans to Hispanics by 2050. A total of 1.2 million 

persons in the U.S. were found to be legally blind in 

2015. Prevalence was highest again among those 80 

years and older (42.2%). In cases of blindness, non-

Hispanic Whites again comprised the largest number 

(0.69 million of 1.02 million [67.6%]), followed by African 

Americans (20.6%). Projections for cases of blindness in 

2050 mirror those for VI, wherein non-Hispanic Whites 

will also have most cases of blindness.

Increases over the next 35 years are predicted 

to be 6.95 million people with VI and 2.01 million 

with blindness in 2050, 115.8% and 97.1% 

increases, respectively. This increase is due to an 

ageing population, with the proportion of 

individuals older than 75 rising to 12% by 2050. 

Between 2015 and 2050, non-Hispanic White 

women are projected to be the demographic with 

the most cases of VI and blindness and will 

continue to outnumber men. After non-Hispanic 

Whites, Hispanics are projected to have the most 

cases of VI and African Americans the most cases 

of blindness. This shift can be attributed to a larger 

Hispanic population compared to African 

Americans, as well as a faster rate of population 

growth and a longer life expectancy than all other 

non-Hispanic groups.

Study limitations include the possibility that the 

selected data sets do not accurately estimate VI and 

blindness, and that this model does not account for 

changes in future treatment and prevention. Authors 

suggest that vision screening could lead to early 

detection and treatment of disease, thereby reduc-

ing the effects of health conditions that contribute to 

VI and blindness.  
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Source: Braille Institute



Open globe injuries (OGI) can lead to 

significant vision loss and medical 

complications, placing an economic burden 

on both patients and society. In this review, 

authors focused specifically on intraocular foreign bodies 

(IOFBs), which make up 18–41% of all OGIs, and 

delineated best practices for assessing IOFBs, treating 

associated injuries and possible complications, and 

determining prognosis. The authors’ intent is to raise 

awareness of best practices and recent advances in 

IOFB diagnosis and management. 

The authors performed a PubMed database 

search using terms such as “intraocular foreign body” 

and “penetrating/perforating ocular injury,” and terms 

specifying cause or symptoms of injury such as 

“metallic foreign body” or “choroidal rupture,” and 

focused on articles published over the last 20 years 

through October 2015.

Foreign bodies generally enter the eye through 

either the cornea or sclera and most are localized to 

the posterior segment. In 8–25% of cases, multiple 

IOFBs are found. The extent of damage depends on 

wound length and object shape, with shorter wound 

lengths and blunt objects generally causing greatest 

damage. Foreign body composition can also affect 

both diagnosis and outcome; metals can lead to 

vision-threatening diseases and organic materials 

carry the risk of pathogenic contamination.

Prior to operating on the eye to remove an IOFB, a 

detailed patient history and assessment via 

appropriate imaging should be conducted. Generally 

accepted ocular imaging techniques for assessing 

IOFBs include ultrasonography, B-scan, X-ray imaging, 

computed tomography (CT), and magnetic resonance 

imaging (MRI). Helical CT is generally preferred due to 

its high sensitivity, ability to localize multiple IOFBs, 

lack of need for globe manipulation, and functionality 

with little patient cooperation.

If an OGI is suspected following ocular imaging, 

intravenous antibiotics should be administered 

immediately since IOFBs often result in infection. In some 

cases, a decision will need to be made to determine 

whether to operate immediately or delay surgery to 

remove the IOFB(s). In situations where IOFBs may 

heighten the risk of endophthalmitis, immediate removal 

lowers the risk of infection, decreases the rate of 

proliferative vitreoretinopathy (PVR), and results in fewer 

surgeries. However, as long as a primary globe closure is 

performed within hours of injury and antibiotics are 

administered immediately, there is no strong evidence to 

suggest that timing of IOFB removal has a significant 

impact on the development of endophthalmitis. Delayed 

surgery can be advantageous since it results in 

decreased inflammation, allows opportunity for expert 

examination, and allows for the possibility of 

spontaneous posterior vitreous detachment.

Instruments used for surgery are usually forceps, 

external electromagnets, and rare earth intraocular 

magnets. The most common procedure is pars plana 

vitrectomy (PPV) with forceps for extraction of IOFBs. 

Most IOFBs are found in the posterior segment of the eye 

and should be removed using PPV; however, in cases of 

anterior chamber IOFBs, PPV is not required and IOFBs 

can be removed through a secondary limbal incision. 

Post-surgery, endophthalmitis, postoperative retinal 

detachment, and PVR are potential risks, and clinicians 

reduce these complications through appropriate use of 

antibiotics and timely repair of the globe and removal of 

IOFBs. Following IOFB removal, researchers generally 

agree that posterior segment IOFBs, worse presenting 

visual acuity of the injured eye, and the occurrence of 

complications portend a poorer visual prognosis.

The recent development of the Ocular Trauma Score 

System allows clinicians to look at OGI-related variables, 

assessed upon initial examination, to determine an 

Ocular Trauma Score with useful prognostic value. 

Although additional studies are necessary to better 

characterize and improve management and prognosis, 

the authors presented current best practices for the 

diagnosis and management of IOFB injuries.  
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