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ABSTRACT
Endogenous fungal endophthalmitis is a complex ocular condition resulting from fungal seeding in the bloodstream and is associated with many predisposing risk factors, particularly intravenous drug abuse.  Candida albicans is a pathogenic yeast responsible for causing endogenous fungal endophthalmitis.   Candida organisms seed the choroid and retina of an infected individual forming vision-threatening lesions; with disease progression the organisms propagate the vitreous cavity.   The initial signs of infection are not obvious to most patients causing a delayed diagnosis.  Delayed diagnosis of endogenous fungal endophthalmitis increases morbidity and complicates clinical treatment. The prognosis of endogenous fungal endophthalmitis is dependent upon the fungal species, level of intraocular involvement, and the timing of interventions.  Reporting a history of intravenous drug use is vital when presenting for ophthalmic evaluation. Physicians must to rely on a variety of tools in order to make a proper diagnosis.   Patients must also be educated about the manifestations of endogenous fungal endophthalmitis.  Although the IDSA guidelines are a standard clinical tool for diagnosis and treatment, the physician should evaluate every case in to determine the proper course of treatment.   Antifungal resistance is an emerging health issue.  Antifungal resistance is similar in nature to antibiotic resistance; it is prevalent in tertiary centers where complicated medical care is necessitated often with indwelling medical devices.  Fluconazole resistant cases of Candida infections are increasing.  The public health concerns with endogenous fungal endophthalmitis are poor prognosis, antifungal resistance, susceptible population, and intravenous drug use.
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1.0  Introduction

Endophthalmitis fungal endophthalmitis is a vision-threatening condition of public health significance that occurs secondary to intravenous drug use and several other systemic risk factors. Pathogenic yeasts and molds are responsible for causing endogneous fungal endophthalmitis.34 Endophthalmitis initiates the host inflammatory response.  The classic signs of inflammation (rubor, calor, tumor, and dolor) appear as exudation, leukocyte emigration, and vascular changes within the infected eye.8  Candida species are important pathogens due to their versatility and ability to survive in different conditions.  The current belief is that fungal organisms play an active role in the pathophysiology of the disease process using virulence factors.3  
1.1 Endophthalmitis
Endophthalmitis is an inflammatory ocular infection that involves the intraocular cavity and surrounding structures including the vitreous, choroid, retina, macula, and anterior segment (Figure 1.).  There are two types of endophthalmitis: exogenous and endogenous.  Exogenous endophthalmitis is a microbial infection that results from and outside source; a majority of endophthalmitis cases are exogenous. Endogenous endophthalmitis is a fungal or bacterial infection resulting from hematogenous seeding of pathogens.4 Endogenous fungal endophthalmitis was once considered a rare infection but it is becoming more common in developed countries.5   Fungi are difficult to eradicate because of their commensal nature which poses a public health issue.
1.1.1 Exogenous Endophthalmitis

Exogenous endophthalmitis results from an external source, typically a complication of intraocular surgery, intravitreal injection, or trauma.  The host defense mechanisms become overwhelmed when a large number of pathogens are introduced into the eye.  Both acute (24 to 48h post event) and chronic forms (4 to 6 weeks post event) of exogenous endophthalmitis may occur.  The rate of exogenous endophthalmitis infections varies regionally and annually.  Most recently, the rate of endophthalmitis after cataract surgery was reported as 0.1% and after penetrating eye trauma (i.e. trauma or intravitreal injection) as 1% to 18%.3  Clinical signs of exogenous endophthalmitis usually appear acutely and include pain, discharge, eyelid swelling, blurred vision, corneal and conjunctiva edema, and anterior chamber cells with hypopyon.8   Patients presenting with these symptoms require immediate diagnostics and clinical treatment.  Treatment for exogenous endophthalmitis includes oral antibiotics, intravitreal injection of antibiotics, ophthalmic steroid drops, and intravitreal or periocular injection of steroid.  The major pathogenic strains associated with exogenous endophthalmitis are coagulase-negative Staphylococci, Staphylococcus aureus, streptococci, Bacillus, gram-negative Bacilli, Streptococcus pneumoniae, Haemophilius influenza, Enterococci, Propionibacterium acnes, and Actinomyces neuii.34  Rarely, fungi cause a post-operative infection following cataract surgery but they are ordinarily associated with endogenous infections.
1.1.2 Endogenous Endophthalmitis

Endogenous endophthalmitis results from hematogenous spreading of the pathogen, usually fungi, to the eye causing ocular seeding.4  Endogenous bacterial infections are possible but are not common with bacteria only accounting for 2% to 8% of all endogenous cases and accounting for  than 50% of endogenous endophthalmitis cases.  The majority of patients diagnosed with endogenous endophthalmitis also have predisposing risk factors.7 Endogenous endophthalmitis usually occurs secondary to a conditions such as concurrent infection, immunosuppression, intravenous drug use, or an implanted medical device.    Although endogenous endophthalmitis only accounts for 5% to 15% of all endophthalmitis cases, they tend to be the most severe.3   Diagnosis of endogenous endophthalmitis is often difficult and delayed due to the lack of systemic symptoms, low-grade ocular symptoms, negative diagnostic tests, and initial misdiagnosis.18  Endogenous endophthalmitis is a complex ocular condition resulting from fungal seeding in the bloodstream and is associated with many predisposing risk factors, particularly intravenous drug abuse.
1.2 Endogenous Fungal Endophthalmitis
Fungal endophthalmitis is not considered a reportable disease although physicians can report concerns of outbreaks to their local or state health department.  The most common fungal organisms that cause this disease are Candida albicans, Aspergillus spp., and Candida spp.; C. albicans is responsible for 75% to 80% of all fungal endophthalmitis cases.8  Endogenous fungal endophthalmitis is a challenging clinical issue.  Early diagnosis and prompt treatment are necessary to achieve a desirable outcome.  Up to 50% of endogenous fungal endophthalmitis are misdiagnosed or delayed.2
1.2.1 Causative Organisms: Candida and Aspergillus
Candida species are commensal yeasts and the most common cause of endogenous fungal endophthalmitis.10  There are 20 species of Candida capable of causing disease in humans but over 90% of human infections are caused by five strains: C. albicans, C. parapsilosis, C. tropicalis, and C. dubliniensis.5  Candida albicans is responsible for causing an overwhelming majority of invasive fungal infections and endogenous fungal endophthalmitis cases.5,12  C. albicans is a dimorphic fungus capable of growing yeast cells and filamentous cells.4  Candida albicans is part of the normal human microbiome and lives asymptomatically in the gastrointestinal tract, genitourinary tract, and oral mucosa of healthy individuals.8  Individuals that have alterations in their host immune response, host microbiota, and local environment are susceptible to Candida albicans invasion, overgrowth, and infection.  Factors that influence this include antibiotic use, stress, change in pH, immunosuppressant use, and concurrent infection.5  Many C. albicans infections are a result of biofilm production on human tissues or indwelling medical equipment.4,11   As soon as the biofilm forms on the indwelling medical equipment it has the ability to disperse into the bloodstream and cause systemic infection.11  Candida albicans infections of mucous membranes or skin can invade the bloodstream and disseminate to other organs and tissues, specifically the eye.
Candidemia has been reported the fourth most common nosocomial bloodstream infection in the United States.10  In the United States, the Centers for Diseases Control (CDC) performs prospective, population-based surveillance for candidemia.17  The surveillance is performed through the Emerging Infections Program (EIP) at seven sites:  Georgia, Maryland, Minnesota, New Mexico, New York, Oregon, and Tennessee.  The CDC performs confirmatory testing on all Candida samples for species identification and antifungal susceptibility; epidemiologic trends are also monitored.  The CDC does not perform surveillance for Candida endophthalmitis.17
Aspergillus spp. is a common mold found in the environment and the second most common cause of endogenous fungal endophthalmitis.34  There are five species known to cause endogenous fungal endophthalmitis: A. candidus, A. fumigatus, A. flavus, A. niger, and A. terreus.  Aspergillus fumigatus is the most common pathogenic species in humans.8  Aspergillosis is commonly caused by inhalation of Apergillus spores.4 The method of transmission in Aspergillus endophthalmitis unknown.  Aspergillus infections are not a reportable diease  Those with predisposing risk factors such as immunosuppression, organ transplant, and steroid use are prone to infection.6 
1.2.2 Risk Factors
There are many known risk factors that predispose development of endogenous fungal endophthalmitis.  Individuals that undergo major surgery, particularly gastrointestinal surgery are susceptible to hematogenous spread of Candida spp.   Post-operative care often requires long-term antibiotics either intravenously or orally.  This leads to alterations in the gut microbiome and immunosuppression which increases the likelihood of fungal infection.  Intravenous catheters, intravenous infusions, central lines and indwelling medical devices predispose the patient to infection with Candida spp. leading to candidiasis.   Additional predisposing systemic risk factors include diabetes, liver disease, renal failure, cancer, sepsis, endocarditis, organ transplantation, recent hospitalization, and intravenous drug abuse.5,6  Patients without obvious systemic infection or other known risk factors may have their endophthalmitis misdiagnosed.  Endogenous endophthalmitis is rarely reported in otherwise healthy individuals without predisposing risk factors.4    In a published review of 76 fungal endophthalmitis cases, Edwards et. al found the following risk factor associations: 88% had intravenous infusions, 84% had intravenous antibiotics,  63% had major surgery, 54% were treated with steroids, 46% had indwelling catheters,  and 8% were immunosuppressed.8  This study indicates that the intravenous route is associated with highest risk for endogenous fungal endophthalmitis. 

1.2.3 Clinical Manifestation
Endogenous fungal endophthalmitis elicits an intraocular inflammatory response.  As the condition progresses, especially if left untreated, inflammation increases and causes an increase in accompanying symptoms.6  The most frequent complaint of patients presenting for evaluation prior to being diagnosed with endogenous fungal endophthalmitis is decreased or blurry vision.  Other predominant symptoms include floaters, photophobia, eye redness, and eye pain.3,12  Patients may not detect the symptoms upon initial infection due to the nature of the disease.  Symptoms of endogenous fungal endophthalmitis arise over numerous days or weeks.10    
The ophthalmic vascular network connects to the internal carotid artery and is a pathway for fungal organisms to enter the eye by hematogenous spread.6,10  Endogenous fungal endophthalmitis affects the posterior segment (Figure 1., choroid, retina, macula) first and as the disease progresses it begins to affect the anterior segment (Figure 1., iris, pupil, cornea) of the eye starting with the vitreous.  Endogenous Candida endophthalmitis initiates upon fungal seeding in the choroid and subsequent lesion formation.4,10

Figure 1. Diagram of the Human Eye.
By the National Eye Institute, distributed under a CC-BY 2.0 license.
Endogenous Candida endophthalmitis is characterized by invasion of inflammatory cells in the vitreous.10   C. albicans infiltrates the retina the area appearing as small white lesions.  As infection progresses most of the inflammatory response occurs in the vitreous appearing as fluffy white micro-abscesses surrounding Candida organisms.16    The micro-abscesses first occur as chorioretinal lesions and then extend to the surrounding retinal tissue and vitreous as vitritis.  Often referred to as a “string of pearls,” the as fluffy white strand-like clusters are a hallmark characteristic of endogenous fungal endophthalmitis and are often used as a diagnostic indicator.3  Patient complaints of floaters are related to the presence of fungal vitreous abscesses.  

Endogenous fungal endophthalmitis cases are severe causing additional ophthalmic complications.  Retinal detachment is the most common complication of endogenous fungal endophthalmitis.  Other common complications are epiretinal membrane, macular edema, and hypotony.4
Endogenous Aspergillus endophthalmitis has an acute clinical onset of retinal lesions, intraocular inflammation, and blurred vision.12  Clinical characteristics of Aspergillus  endophthalmitis include a yellow/white inflammatory lesions in the retina and choroid, large areas of retinal necrosis, and chorioretinitis.1,16  Aspergillus lesions can be local or diffuse.6  Aspergillus endophthalmitis has a higher mortality rate than Candida endophthalmitis.4,6       
1.2.4 Diagnosis

Diagnosing endogenous fungal endophthalmitis is usually complicated and requires multiple tools including laboratory tests, extensive review of medical history, systemic work up, and a dilated ophthalmic exam.  In some instances, diagnosis can also be done based on ophthalmic examination alone.5
Patients complaining of pain, redness, photophobia, and blurry vision should be evaluated by a retina specialist.  They undergo a comprehensive eye exam which includes visual acuity, intraocular pressure, dilated fundus exam, slit lamp exam, and pupillary reaction.  Ophthalmic findings are assessed in combination with the patient’s medical records in order to make an early clinical diagnosis.8
In order to establish the source of infection and concomitant organ involvement a systemic workup must be completed in conjunction with an infectious diseases specialist.  They will review the patient’s medical history and presenting symptoms, and recommend additional tests based on their findings.13  Additional tests may include complete blood count (CBC) with differential, fungal blood culture, echocardiogram to assess for endocarditis, and blood tests for hepatitis C virus (HCV), human immunodeficiency virus (HIV), and renal failure.8   The infectious disease specialist will also monitor the patient throughout the course of their treatment and can assist in making treatment decisions in conjunction with the retina specialist.   

The most important laboratory-based diagnostic tests are culture of the intraocular fluid and gram stain.4,7  Sabouraud with gentamicin agar plates are a standard for fungal isolation from ocular specimen due to their ability to suppress the growth of concomitant organisms.  Sabouraud agar plates have a low pH which inhibits bacterial growth and enhances fungal colonization. Chocolate agar and blood agar plates are also used for culturing intraocular fluid species.  Fungal cultures are examined daily over a 21 period for the presence of mold colonies and yeast colonies.17 
In order to isolate the intraocular fungus for culture a fluid sample must be obtained by the ophthalmologist. A fungal sample can be obtained by needle aspiration of the anterior chamber (anterior chamber (AC) tap), needle aspiration of the vitreous (vitreous tap), vitreous biopsy, or removal of the vitreous fluid (vitrectomy).3  With a reported culture positivity rate of 70%2, vitrectomy samples are the most reliable out of all the previously mentioned methods.  The fungal organisms adhere to the retina surface and are usually not able be aspirated by a needle in the anterior chamber or vitreous.  Vitrectomy requires surgical intervention and some patients with endogenous fungal endophthalmitis are not medically stable enough to have surgery, refuse to have surgery, or do not follow-up for scheduled clinical exams.  This makes it even more difficult to obtain diagnostic samples to treat an already complicated disease.  Patients that are chronically ill patients or are intravenous drug users may neglect to seek treatment for their ocular symptoms which can lead to permanent damage and vision loss.  
1.2.5 Treatment

Antifungals are given to kill or inhibit the growth of fungal pathogens and each class has its own mechanism  action.  Conventional antifungals can be separated into four chemical classes: azole, polyene, pyrimidine, and echinocandin.11  Azoles and polyenes are the most commonly used and most efficacious antifungals for treating endogenous fungal endophthalmitis.10  Antifungals in the azole and polyene class act on the fungal cell membrane and echinocandins work to disrupt the fungal cell wall.  Azoles and polyenes target the membrane phospholipid bilayer which contains interpolated enzyme proteins and ergosterol molecules.  Polyenes such as amphotericin B act by binding to ergosterol and acts as a fungicidal leading to cellular leakage and altered membrane function.   Azoles such as fluconazole and voriconazole act to inhibit the ergosterol synthesis pathway leading to depletion of ergosterol and disrupt membrane permeability.11   The treatment of endogenous fungal endophthalmitis often requires a combination of systemic and intraocular medication administration.  Infectious Disease Society of American (IDSA) guidelines for the treatment of Candida endophthalmitis should be followed.14
There are not a large variety of antifungals available on the market and only a few are known to be effective against endogenous fungal endophthalmitis, leading to an increased potential for drug resistance.11  Antifungal drug resistance is an emerging public health issue. Antifungal susceptibility testing can be used maximize therapeutic outcome and mitigate drug resistance.7  Candida albicans is usually susceptible to fluconazole but drug resistance is increasing.  For those cases that are found be fluconazole resistant it is likely that they will also be voriconazole resistant since they are in the same drug class.10  The therapeutic course of treatment will be determine based on the results of the susceptibility test.

Systemic antifungals should be used to treat all cases of endogenous fungal endophthalmitis because systemic treatment not only targets the source of infection but it also prevents further spread to other organs, most importantly the fellow eye.8  IDSA guidelines dictate the recommended dose and course of treatment for each drug.14  Traditionally, after initial diagnosis the first oral antifungal treatment given is fluconazole.  Voriconazole is also a member of the azole class it was the first approved and most successful triazole.  The main benefit of treating with voriconazole is that it’s a very broad spectrum antifungal, but the conversely it has a long list of drug interactions.11  Voriconazole can be administered by oral or intravenous route for systemic treatment while fluconazole can only be administered orally.   Both fluconazole and voriconazole achieve high concentrations in the vitreous when administered systemically.  The use of systemic amphotericin b (intravenous route) has been associated with renal and hematologic toxicity so patients with a history of renal disease must be monitored closely. 8  In severe cases a combination of antifungals must be administered systemically and intraocularly.

Intraocular treatment is clinically necessary with severe endogenous endophthalmitis presentation.  IDSA guidelines indicate use of systemic antifungals plus intravitreal injection for patients with macular involvement.14  Patients that present with choroid or retinal lesions, vitritis, macular lesions, or retinitis require immediate treatment with intravitreal antifungal injections of amphotericin B or voriconazole.5,8,14  Intravitreal injections are repeated as necessary until the condition resolves.  In a seven year retrospective study about endogenous fungal endophthalmitis Kim et al.5 reported that 25% of eyes treated with intravitreal antifungal injection alone had a two-line visual acuity improvement from pre-treatment.  Kim et al. also reported that 71% of eyes that underwent a vitrectomy with intravitreal antifungal injection had a two-line visual acuity increase.5  

Vitrectomy is recommended for those patients presenting with multiple macular fungal abscesses, severe vitritis, and poor visual acuity.14   Pars plana vitrectomy (PPV) is a surgical intervention that removes vitreous gel (Figure 1.) from the infected eye.  Once the vitreous gel is removed saline solution or silicone oil is injected into the ocular cavity to replace the fluid.  PPV allows for removal of fungal abscesses in the vitreous cavity and posterior segment, subsequently decreasing burden of infection.6  Intravitreal antifungal injections are commonly administered during the vitrectomy procedure.4
Infectious Disease Society of American (IDSA) guidelines for the treatment of Aspergillus endophthalmitis recommends use of systemic voriconazole in additional to intravitreal voriconazole or amphotericin B.15   Systemic therapy in combination with ophthalmic intervention is recommended for all cases of endogenous Aspergillus endophthalmitis.  Pars plana vitectomy is the recommended surgical intervention.6,15
1.3 intravenous drug use

Intravenous drug use is a pathway for pathogens and other contaminants to enter the bloodstream.  Endogenous fungal endophthalmitis commonly occurs secondary to intravenous drug use.  Intravenous drug users are a high-risk population for fungal infection.  Previous studies have reported that intravenous drug users often misuse drug substitutes such as methadone, suboxone, and buprenorphine for injection purposes.2,34  Over the past decade, there has been an increase reported overdoses related to intravenous drug abuse. The drug of choice for most intravenous drug users in the last decade is heroin followed by cocaine.
1.3.1 Injection Drugs
Injection drugs have become the drug of choice in the United States.  The June 2016 National Heroin Threat Assessment Summary released by the Drug Enforcement Agency (DEA) showed a 248% increase in the number of heroin-related overdose deaths from 2010 to 2014.  The Northeast and Midwest areas of the United States are particularly susceptible to the growing opioid epidemic.32  According to the Center for Disease Control and Prevention (CDC), 1.6% of Americans have used heroin at one point in their lives.30  Heroin is an extremely addictive substance; the rise of abuse has is related to a larger substance abuse problem. The effects from intravenous use are particularly intense which contributes to the rise in the epidemic.25 The CDC reports that the probability of heroin addiction greatly increases if the individual is addicted to another substance. Heroin addiction is 40-times more likely to occur if an individual is addicted to prescription opioid pain killers.  Other substances that increase the likelihood of heroin addiction include alcohol (two times more likely), marijuana (three times more likely), and cocaine (15 times more likely).30
Recently, there have been many theories about why heroin use has increased.   One of the main theories is addiction to opioid painkillers. Research has shown that those who are addicted to prescription painkillers are far more likely to be addicted to heroin than others.24 Prescriptions narcotics are very expensive and have been overprescribed, especially within the last decade.  Due to the increasing incidence of prescription overdoses physicians decreased prescribing of narcotics such as OxyCotin and Vicodin which led to an increase in heroin use. Not only is this an epidemic, it has become a public health crisis.23  Heroin is much easier to purchase and administer than prescription pain pills.  With prescription pills, one must crush the pill up into a powder so that it can be used, injected or snorted.24 Heroin on the other hand, is delivered as a fine powder that is ready for immediate use.  Heroin comes in both brown and white form.  The brown form is less pure and is nearly insoluble in water.  In order to inject brown heroin a mixing agent such as lemon juice or another acidic solvent must be used.25  
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Figure 2. Number of Deaths from Heroin in the United States.
By the National Center for Health Statistics, CDC Wonder
Heroin is also much easier to access due to an abundance of it being pushed into the United States from Mexico.31 According to The National Institute of Drug Abuse (NIDA) at a molecular level heroin and many of the opioid painkillers are nearly indistinguishable from each other.  The characteristic chemical structure of heroin interacts with certain opioid receptors targeting the brain's reward centers, and inducing the euphoria and relaxation.24   
Heroin use increases the risk of morbidity and mortality an individual.  Injecting drug users are a group of individuals at higher risk than most for contracting viruses such as hepatitis C and human immunodeficiency virus (HIV).  Increased use of heroin causally increased the number of overdoses.25  Heroin overdoses have increase over the last decade (Figure 2); they have more than tripled between 2010 and 2015.  According to the CDC, the majority of heroin users are between the ages of 18 and 25 years old, and are non-Hispanic white.33 
Although heroin is the most common injected drug, the CDC reported that cocaine was responsible for the second most drug overdose deaths in 2014. A drug surveillance study also reported that cocaine is the second most trafficked illegal drug in the world.33 Cocaine produces a desirable effect causing a pleasurable feeling which does not last long. This causes many people to believe that cocaine is a safe drug and non-addictive; which leads to reoccurring, long term use addiction over time.  Statistics from hospitals, law enforcement, and treatment providers show that cocaine is involved in crime, accidents, health problems, and needless deaths just as any other drug.22  According to the 2012 National Survey on Drug Use and Health (NSDUH), 4.7 million Americans aged 12 and older used cocaine.  Cocaine abuse occurs in both genders and among various ethnic groups of the United States.27  Research has also shown that the rise of cocaine and drug use is possibly the result of music and movies that promote the use of it and other drugs as an acceptable form of entertainment today.29
1.3.2 Endogenous Fungal Endophthalmitis and Intravenous Drug Use
Infections are a serious complication of drug abuse.  Endogenous fungal endophthalmitis is a mounting complication of intravenous drug abuse.  Intravenous drug users are also at risk for endocarditis, human immunodeficiency virus, hepatitis B virus, and hepatitis C virus. Fungal infection likely results from intravenous injection of contaminated or adulterated drugs and unsterile injection practices.  Additives used to mix heroin prior to injection mau induce immunomoduatory effects. 34 Intravenous drug user often share and re-use needles;  use of unhygienic needles leads to hematogenous dissemination of Candida spp.  Fungal endophthalmitis also occurs when the user licks the injection needle prior to administering the substance.28    
Patients diagnosed with endogenous fungal endophthalmitis secondary to intravenous drug abuse may present with different clinical symptoms of those with systemic fungal infections.34   The varying clinical presentation of intravenous drug users with endogenous fungal endophthalmitis include anterior segment involvement and minimal posterior segment inflammation.  In 2010, PP. Connell et al.9 found that 65.9% of culture-positive endogenous fungal endophthalmitis cases were linked to intravenous drug users.  The 2010 study led to a statewide Australian public health campaign aimed at reducing the incidence of endogenous fungal endophthalmitis among intravenous drug users.9  

2.0  Methods
A retrospective chart review was conducted using data from University of Pittsburgh Medical Center (UPMC) Eye Center.  Clinical information was collected on patients diagnosed with endogenous fungal endophthalmitis between January 1, 2008 and December 31, 2016.

A retrospective chart review of electronic medical records was conducted identifying patients diagnosed with endogenous endophthalmitis from January 1, 2008, to December 31, 2016, at University of Pittsburgh Medical Center (UPMC) Eye Center.  IRB Approval was received from the University of Pittsburgh Human Research Protection Office (HRPO) formerly known as the University of Pittsburgh Institutional Review Board (IRB).  

In accordance with International Classification of Diseases (ICD) guidelines, patients diagnosed between January 1, 2008 and October 14, 2015 were identified using ICD-9 (ninth revision) codes and patients diagnosed October 15, 2015 to December 31, 2016 were identified using ICD-10 (tenth revision) codes.  The following ICD-9 codes were used: 360.19 for other endophthalmitis, 360.01 for acute endophthalmitis, and 360.03 for chronic endophthalmitis.  The following ICD-10 codes were used: H44.1 and H44.19 for other endophthalmitis.

Patients presenting with exogenous endophthalmitis or endogenous bacterial endophthalmitis were excluded.  Only patients eighteen years or older who had a diagnosis of endogenous fungal endophthalmitis were included. Cases of endogenous fungal endophthalmitis did not need to be culture based or culture proven to be included.  Medical records were reviewed for patient demographics data, medical history, visual acuity pre- and post-treatment, presenting symptoms, treatment modalities, clinical findings, and culture data.  The final outcome measure was post-treatment best corrected visual acuity.

For statistical analysis, Snellen visual acuity data was converted to logarithm of minimal angle of resolution (logMAR) standard units.5,7  As described by Sridhar et al.7, logMAR values of 1.85 for count fingers (CF), 2.3 for hand motion (HM), 2.7 for light perception (LP), and 3.0 for no light perception (NLP) were assigned.  A mixed effects model with a random intercept was fitted to visual acuity (in logMAR units) as a function of status (before vs. after), age, and sex using the method of maximum likelihood.  The R programming language for statistics and graphics (Version 3.4.1 (20170630))20 and the nlme R package21 were used to fit the mixed effects model.  
3.0  Results

A total of 58 eyes from 53 patients were diagnosed with endogenous fungal endophthalmitis at the University of Pittsburgh Medical Center (UPMC) Eye Center between January 1, 2008 and December 31, 2016.   The mean age of included patients was 41 years and the median age was 35 years (range 18 years to 85 years).  Thirty-eight patients (71.7%) were males and 15 patients (28.3%) were females.  Five patients (8.6%) had bilateral endogenous fungal endophthalmitis.   Thirty patients (56.6%) had left eye involvement.  Eighteen patients (34.0%) had right eye involvement.  The number of endogenous endophthalmitis cases diagnosed at UPMC Eye Center varied greatly over the eight-year study period:  2008 (1 cases; 1.9%), 2009 (3 cases; 5.7%), 2010 (6 cases; 11.3%), 2011 (4 cases; 7.5%), 2012 (4 cases; 7.5%), 2013 (12 cases; 22.6%), 2014 (5 cases; 9.4%), 2015 (14 cases; 26.4%), and 2016 (4 cases; 4.5%).  

Figure 3. Endogenous Fungal Endophthalmitis Cases at UPMC Eye Center
All 53 patients had identifiable pre-disposing risk facts for endogenous fungal endophthalmitis (Table 1).  The most common medical condition was hepatitis C (22 patients; 41.5%).  The second most common medical condition was diabetes (10 patients; 18.9%).  Eight patients (15.1%) were hospitalized within six month of developing endogenous fungal endophthalmitis.  Seven patients (13.2%) had a history of fungal endocarditis.  Five patients (9.4%) were being treated for renal disease including chronic kidney disease, renal failure, and end stage renal disease.  One patient (1.9%) received an organ transplant (heart) within one year of being diagnosed with endophthalmitis.  Five patients (9.4%) had placements on indwelling medical devices.  Seven patients (13.2%) were receiving immunosuppressive therapy.  Four patients (7.5%) had a surgical procedure (including abdominal and gastrointestinal procedures) within six months of developing fungal endophthalmitis. Four patients (7.5%) had an active oral infection (oral thrush or tooth abscess) at the time of diagnosis.  Nine patients (17.0%) were diagnosed with systemic fungemia and were being actively treated at the time of endophthalmitis diagnosis.  The most common pre-disposing social risk factor to endogenous fungal endophthalmitis is intravenous drug use.  Forty-four patients (83.0%) reported a current use of intravenous drugs. 
Presenting ophthalmic symptoms included pain in 31 (53.4%) out of the 58 eyes, redness in 31 eyes (48.3%), floaters in 12 eye (20.7%), excessive tearing in 4 eyes (6.9%), and photophobia in 12 eyes (20.7%).  The most common ophthalmic symptom was blurry vision; all 58 eyes (100%) from 53 patients had blurry vision at presentation.  The median time between onset of symptoms and clinical presentation was 11.5 days (range 4 days to 56 days).  A representative endogenous fungal endophthalmitis case is shown in Figure 4. 
Table 1. Pre-Disposing Risk Factors for Endogenous Fungal Endophthalmitis
	Factor
	 
	Number of Patients  (%)

	Intravenous Drug Use
	 
	44/53 (83.0%)

	Hepatitis C
	 
	22/53 (41.5%)

	Diabetes
	 
	10/53 (18.9%)

	Systemic Fungemia
	 
	9/53 (17.0%)

	Recent Hospitalization
	 
	8/53 (15.1%)

	Immunosuppression
	 
	7/53 (13.2%)

	Endocarditis
	 
	7/53 (13.2%)

	Indwelling Medical Device
	 
	5/53 (9.4%)

	Renal Disease
	 
	5/53 (9.4%)

	Recent Surgery
	 
	4/53 (7.5%)

	Oral Infection (Thrush or Abscess)
	 
	4/53 (7.5%)

	Organ Transplant
	 
	1/53 (1.9%)


Forty-five out of 58 cases were cultured for fungal species identification.  The remaining 13 cases were diagnosed based on clinical presentation or other predisposing risk factors.  Thirty-two (71.1%) out of 45 cases were culture-positive.  Thirteen cases (28.9%) were culture-negative.  Vitrectomy isolation methods yielded a positive result for 28 out of 37 cultures (75.7% culture positivity).  Vitreous tap isolation methods produced a positive culture results in four out of five cases (80.0% culture positivity).  In separate cases, one blood culture and one anterior chamber (AC tap) were used for culture isolation; both resulted in negative cultures.   One eye was cultured and examined by histology post-enucleation; the culture was negative.  The culture isolation methods used are outline in Table 2.  The 32 cases positive-culture cases were analyzed for species identification. Yeast species (66.9%) including Candida albicans and Candida tropicalis were more common than mold (2.2%) species including Aspergillus fumigatus (Table 3).  Thirty (66.7%) of the yeast isolates were Candida albicans isolates and one (2.2%) was Candida tropicalis.  There was only one (2.2%) isolate of Aspergillus fumigatus identified.
Table 2. Culture Isolation Methods
	Culture Isolation
	Culture Positive
	Culture Negative
	Total

	Vitrectomy
	28
	9
	37

	AC Tap
	0
	1
	1

	Vitreous Tap
	4
	1
	5

	Blood Culture
	0
	1
	1

	Post Enucleation
	0
	1
	1

	Total
	32 
	13
	45


Note: 13 cases (eyes) were not cultured.
Table 3. Mycology of Endogenous Fungal Endophthalmitis
	Organism
	 
	Cases
	% of culture isolates

	Yeast (n=31)
	 
	 
	66.9% (31/45)

	     Candida albicans
	 
	30 
	66.7% (30/45)

	     Candida tropicalis
	 
	1
	2.2% (1/45)

	Mold (n=1)
	 
	 
	

	     Aspergillus fumigatus
	 
	1
	2.2%


The visual acuity for the onset of endophthalmitis is unknown for most patients.  The median pre-treatment logMAR visual acuity was 1.30 (range 0.00 to 3.00).    Only 37 out of 58 eyes were available for post-treatment visual acuity measurements.  One eye was not measureable due to enucleation.  Twenty patients with unilateral disease were lost to follow-up.  The median post-treatment logMAR visual acuity of the remaining 37 patients was 0.70 (range 0.00 to 3.00).   Post-treatment visual acuity was a predictor of outcome.  A mixed effects model with a random intercept was fitted to visual acuity (in logMAR units) as a function of status (before vs. after), age, and sex using the method of maximum likelihood. The fixed effects estimates showed that there was a statistically significant decrease in visual acuity with an estimated decrease of about 0.47 logMAR units (95% CI:0.74 to 0.20 logMAR, P=0.0010). Visual acuity declined slightly with age (0.005 logMAR per year) and was slightly lower for males (by 0.17 logMAR) but the effects for neither age nor sex were statistically significant. The standard deviation of the random effect (random intercept) was 0.48 logMAR (95% CI: 0.33 to 0.71 logMAR) and indicated a large amount of heterogeneity among the patients given that the fixed intercept was 1.7 logMar.  Additional variables including fungus species, culture isolation, social risk factor (intravenous drug use) were added to the mixed effects model in order to test their relationship.  There was no statistical significant association between post treatment and any of the additional variables: culture isolation methods (P=0.0055), culture growth (P=0.0017), fungal species (P=0.0023), and intravenous drug use (P=0.0019).
Throughout the course of treatment, 41 of 58 eyes were treated with pars plana vitrectomy.  Forty-nine cases were treated with oral antifungals, specifically fluconazole (35 cases) and voriconazole (12 cases); two cases initiated treatment with fluconazole but then switched to voriconazole.  Seven cases of endogenous fungal endophthalmitis were treated solely with oral fluconazole.  Injection of intravitreal antifungals was administered in forty-eight cases, specifically voriconazole (9 cases) and amphotericin B (37 cases); two cases received combination of both intravitreal injections.  Twenty cases required multiple intravtreal injections of amphotericin B.  Treatment method was not predictive of visual acuity outcome.
Twenty-four (64.9%) of 37 eyes developed ophthalmic complications during the course of treatment for endophthalmitis: 14 had a retinal detachment, 1 eye developed a white cataract, and 9 eyes developed an epiretinal membrane (ERM).  One eye required enucleation due to the severity inflammation and ocular infiltration upon presentation.  A complete summary of clinical, treatment, and visual acuity data can be found in Appendix A, 
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Figure 4. Endogenous Fungal Endophthalmitis in an Intravenous Drug User
A 28 year-old male intravenous drug user presented with 20/500 visual acuity in the right eye. Patient complained of blurred vision, pain, and redness onset 3 weeks prior.  Dilated fundus examination revealed vitritis with inferior vitreous abscess (string of pearls).  The patient had a vitrectomy with culture; the cultures grew Candida albicans. The patient received intravitreal injections of amphotericin B.  The patient a retinal detachment as a complication of the infection.  Post-treatment visual acuity was 20/200.  
4.0  discussion

Endogenous fungal endophthalmitis is complex disease caused by the hematogenous seeding of pathogens in the eye.  Previous studies reported that the most common pathogen causing endogenous fungal endophthalmitis is Candida albicans.2-9  Sridhar et al.7 reported that yeasts accounts for 76.4% of cases and mold accounted for 27.4% of cases; Candida albicans was the most prevalent species.  Kim et al.5 reported that yeasts accounted for 91.2% of cases a majority being Candida albicans  and molds accounted for 2.9%.  In accordance with previous trends this study found that the most common organism were yeasts (68.9%).  One cause of endogenous fungal endophthalmitis was caused by Candida tropicalis.  Thirty of the 32 culture positive cases were caused by Candida albicans (66.7%).  One case was caused by the mold Aspergillus fumigatus.  The patient diagnosed with Aspergillus endophthalmitis was referred for ophthalmic examination after diagnosis of invasive Aspergillosis post- complicated gastrointestinal surgery.  
The common presenting symptoms of endogenous fungal endophthalmitis are blurry vision and eye redness.4    In this study the most common presenting symptoms were blurry vision (58 cases; 100%), eye pain (31 cases; 53.4%) and red eye (28 cases; 48.3%).    Thirty-eight patients were men and 15 were women.  Fifty-one out of 53 patients were white and one patient was black. 
Post-treatment visual acuity was used a predictor of outcome.  The fixed effects estimates showed that there was a statistically significant decrease in visual acuity with an estimated decrease of about 0.47 logMAR units (95% CI:0.74 to 0.20 logMAR, P=0.0010). Visual acuity declined slightly with age (0.005 logMAR per year) and was slightly lower for males (by 0.17 logMAR) but the effects for neither age nor sex were statistically significant.  No other variables were statistically significant.  The effects of this model may be confounded by small sample size and missing data due to 20 patients being lost to follow-up.  PP. Connell et al.2 reported that culture positivity did not correlate with declined post-treatment visual acuity. 
An overwhelming majority of patients (83.0%) in this study were intravenous drug users. The most frequently reported substance was heroin followed second by cocaine.  Nationally reported data indicates a surge in drug in injection drug use from 2010 to 2015.33  The number of cases of endogenous fungal endophthalmitis diagnosed at UPMC Eye Center during this time period indicate a similar trend (Figure 3).  The number of cases reported in 2013 (12 cases, 22.6%) and 2015 (14 cases, 26.4%) account for half of cases diagnosed between 2008 and 2016. In 2015, it was estimated that 20.5 million Americans (12 years or older) had a substance abuse disorder.  Heroin addiction affected 591,000 individuals in 2015 and will continue to increase.  Prescription narcotics were the main substance of choice affecting 2 million individuals.  Drug overdose is the leading cause of accidental death in the United States; heroin overdose rates have tripled.32  In a seven year study by PP. Connell et al.,2 19 of out of 21 patients were diagnosed with endogenous fungal endophthalmitis secondary to intravenous drug use.  In this eight year study, 44 out of 53 patients were diagnosed with endogenous fungal endophthalmitis secondary to intravenous drug use.
Pre-disposing risk factors for endogenous fungal endophthalmitis are well known and can be used diagnostic guidelines.  Hepatitis C (41.5%) infection was the most common pre-disposing risk factor among this group.  Injecting drug users are known to be at risk for Hepatitis C infection.25  Diabetes (18.9%) was the second most common pre-disposing factor.  It is thought that diabetes patients are more susceptible to fungal endophthalmitis because their vitreous humor has a higher glucose content allowing the organism to flourish.10  Nine patients presented with an existing diagnosis of systemic fungemia.  Other pre-disposing risk factors were: recent hospitalization (8 cases; 15.1%), immunosuppression (7 cases; 13.2%) , endocarditis (7 cases; 13.2%), indwelling medical device (5 cases; 9.4%), renal disease (5 cases; 9.4%), recent surgery (4 cases; 7.5%), oral infection (4 cases; 7.5%), and organ transplant (1 case; 1.9%).  Conversely, Sridhar et al.7 reported that patients with endogenous fungal endophthalmitis with positive cultures were significantly associated with immunosuppression and intravenous exposure (intravenous drug use or indwelling medical device).

Surgical intervention was the most frequently use course of treatment ( 41 cases).  Fluconazole was the antifungal of choice being used to treat 35 out of 58 cases.  Two cases initiated treatment with fluconazole and later switch to voriconazole.  Seven cases of endogenous fungal endophthalmitis were treated solely with oral fluconazole.  Injection of intravitreal antifungals was administered in 48 cases, specifically voriconazole (9 cases) and amphotericin B (37 cases); two cases received combination of both intravitreal injections.  Twenty cases required multiple intravtreal injections of amphotericin B.  Treatment method was not predictive of visual acuity outcome.  Forty-five cases of endogenous fungal endophthalmitis were cultured for species.  Intraocular fluid was isolated for 43 out of 45 patients, one patient had a blood culture, and one patient had culture and histology post-enucleation.  Vitrectomy (37 cases) was the most frequent method used for culture isolation and resulted in 28 positive cultures and nine negative cultures.  Anterior chamber (AC) tap was used in one case and the culture was negative.  Vitreous tap was used less frequently than vitrectomy but resulted in positive cultures for four out of five cases.  Rao et al.16 reported that there was no significant difference in the clinical presentation and manifestations of endogenous fungal endophthalmitis between culture positive cases, culture negative cases, and cases that were not cultured.
Twenty patients were lost to follow-up throughout the course of treatment.  Twenty-four (64.9%) of 37 patients developed ophthalmic complications during the course of treatment for endophthalmitis: 14 had a retinal detachment, 1 eye developed a white cataract, and 9 eyes developed an epiretinal membrane (ERM).  One eye required enucleation due to the severity inflammation and ocular infiltration upon presentation.  Intravenous drug use was a common secondary factor in endogenous fungal endophthalmitis cases that results in complication.  Only one patient with a retinal detachment was not an intravenous drug user; this patient had a whipple procedure for adenocarcinoma two months prior to presentation and had systemic fungemia.  
Intravenous drug users can minimize their risk by not sharing, reusing, or licking needle.  Distributing alcohol swabs to intravenous drug users is another preventative measure that would minimize Candida spp. invasion.    
The prognosis of endogenous fungal endophthalmitis is dependent upon the fungal species, level of intraocular involvement, and the timing of interventions.  Reporting a history of intravenous drug use is vital when presenting for ophthalmic evaluation. Prompt diagnosis decreases morbidity.  Physicians must to rely on a variety of tools in order to make a proper diagnosis.   Patients must also be educated about the manifestations of endogenous fungal endophthalmitis.  Although the IDSA guidelines are a great clinical tool for diagnosis and treatment the physician should evaluate every case in to determine the proper course of treatment.  Intravenous drug users are good candidates for intravitreal antifungal injections due to their lasting effect.  As seen in this study intravenous drug users are frequently non-adherent and are lost to follow-up.
APPENDIX: ADDITIONAL TABLES
Table 4. Clinical Summary of Risk Factors
	ID
	Age
	Sex
	Race
	Diagnosis Date
	Eye(s)
	Social Risk Factors
	Systemic Risk Factors
	County

	1
	29
	M
	W
	Jun-16
	OS
	IVDU
	HCV, complicated abdominal surgery 2016, recent long term antibiotic use
	Elk

	2
	61
	F
	W
	Jul-16
	OS
	IVDU
	Diverticulitis of colon
	Cambria

	3
	27
	F
	W
	Oct-15
	OS
	IVDU
	HSV, HCV, EBV, recent hospitalization for hepatic failure
	Greene

	4
	35
	M
	W
	Sep-15
	OS
	IVDU
	None
	Clearfield

	5
	57
	F
	W
	Aug-13
	OS
	IVDU
	Diabetes, Stage III CKD, HCV
	Beaver

	6
	27
	F
	W
	Mar-15
	OS
	IVDU
	Hx endocarditis secondary to IVDU
	Columbiana, OH

	7
	29
	F
	W
	Dec-13
	OD
	IVDU
	HCV
	Allegheny

	8
	33
	F
	W
	Nov-15
	OD
	IVDU
	HCV, concurrent systemic fungemia
	Blair

	9
	45
	M
	W
	Oct-16
	OD
	IVDU
	HCV, hx cellulitis with hospitalization and systemic fungemia 3/2016
	Blair

	10
	33
	M
	W
	May-16
	OD
	IVDU
	none
	Butler

	11
	80
	M
	W
	Apr-15
	OU
	None
	Diabetes, immunocompromised, whipple procedure 2/2015 for adenocarcinoma, 4/2015  candidemia related to port infection
	Westmoreland

	12
	45
	M
	W
	Dec-14
	OS
	IVDU
	Diabetes, Concurrent abscessed tooth 
	Westmoreland

	13
	28
	M
	W
	Jan-15
	OD
	IVDU
	None, refused systemic work-up
	Washington

	14
	26
	M
	W
	Mar-15
	OS
	IVDU
	Chronic HCV, endocarditis 4/2015
	Allegheny

	15
	28
	M
	W
	Feb-15
	OD
	IVDU
	HCV
	Cambria

	16
	26
	M
	W
	Jun-14
	OD
	IVDU
	HCV
	Cambria

	17
	29
	M
	W
	Dec-13
	OS
	IVDU
	None
	Clarion

	18
	28
	M
	W
	Sep-14
	OS
	IVDU
	H/o Endocarditis secondary to IVDU
	Allegheny

	19
	27
	M
	W
	Jul-13
	OS
	IVDU
	HCV
	Butler

	20
	61
	M
	W
	Jul-13
	OS
	IVDU
	Diabetes, HCV, Inpatient for leg abscess 3/2013
	Washington

	21
	35
	M
	W
	Aug-13
	OS
	IVDU
	HCV, oral infections
	Allegheny

	22
	44
	M
	W
	Oct-13
	OD
	IVDU
	None
	Washington

	23
	22
	M
	W
	Nov-13
	OD
	IVDU
	HCV
	Westmoreland

	24
	20
	M
	W
	Apr-13
	OS
	IVDU
	None
	Lawrence

	25
	66
	F
	W
	Feb-09
	OS
	None
	Cirrhosis, Sarcoidosis, CKD, longstanding IV catheter, recent hospitalization
	Allegheny

	26
	79
	M
	W
	Nov-10
	OU
	None
	Candidal sepsis and blood fungemia secondary to back surgery in 5/2010
	Allegheny

	27
	27
	F
	W
	Oct-08
	OD
	IVDU
	HCV, oral thrush 10/2008
	Allegheny

	28
	74
	M
	W
	Nov-09
	OD
	None
	End stage renal disease, fistula access, Diabetes
	Clearfield

	29
	38
	M
	B
	May-09
	OS
	None
	Hip (fungal) osteomyelitis 5/2009, immunosuppression post- cardiac transplant, Diabetes, HCV
	Allegheny

	30
	39
	M
	W
	Feb-10
	OS
	IVDU
	None
	Allegheny

	31
	78
	M
	W
	Jun-10
	OD
	None
	Candida Endophthalmitis secondary to extraction of abscessed tooth  
	Allegheny

	32
	28
	M
	W
	Jun-10
	OS
	IVDU
	Diabetes
	Allegheny

	33
	34
	M
	W
	Aug-16
	OD
	IVDU
	Diabetes
	Allegheny

	34
	32
	M
	W
	Dec-10
	OD
	IVDU
	Renal Cancer, Positive Lyme IgG
	Allegheny

	35
	42
	F
	W
	Dec-10
	OU
	IVDU
	Hospitalized for respiratory failure and septic shock, intubation tube, endocarditis, diabetes, HCV
	Fayette

	36
	47
	F
	W
	Jan-11
	OS
	IVDU
	None
	Allegheny

	37
	18
	M
	W
	Jul-11
	OS
	IVDU
	None, refused systemic work-up
	Clarion

	38
	24
	M
	W
	Jul-11
	OS
	IVDU
	HCV
	McKean

	39
	41
	M
	W
	Jul-11
	OD
	IVDU
	HCV, hx endocarditis
	Butler

	40
	53
	F
	W
	Jan-12
	OS
	None
	RA immunosuppression, hx of fungemia
	Westmoreland

	41
	26
	F
	W
	Jan-12
	OU
	None
	SMA syndrome  with PICC line, systemic fungemia
	Jefferson

	42
	27
	M
	W
	Jun-12
	OD
	IVDU
	HCV
	Beaver

	43
	85
	M
	W
	May-12
	OS
	None
	Complex intestinal perforation, Aspergillus sepsis
	Allegheny

	44
	69
	F
	W
	May-13
	OS
	IVDU
	COPD, oral thrush 4/2013
	Allegheny

	45
	57
	F
	W
	Aug-13
	OS
	IVDU
	Diabetes ,CRF, HCV, Autoimmune insufficiency
	Beaver

	46
	56
	M
	W
	Sep-13
	OU
	IVDU
	Coma for 1 year prior to presentation with prolonged ventilation,hx of sepsis from epidural and endocarditis
	Allegheny

	47
	61
	M
	W
	Jul-14
	OD
	IVDU
	Diabetes
	Butler

	48
	28
	M
	W
	Jun-15
	OS
	IVDU
	HCV
	Westmoreland

	49
	35
	M
	W
	Sep-15
	OS
	IVDU
	None, refused systemic work-up
	Allegheny

	50
	27
	F
	W
	Mar-15
	OS
	IVDU
	Endocarditis
	Columbiana, OH

	51
	36
	M
	W
	Mar-15
	OS
	IVDU
	Traumatic injury
	Pleasants, WV

	52
	28
	M
	W
	Jan-15
	OD
	IVDU
	HCV, Asthma
	Washington

	53
	19
	M
	B
	Nov-15
	OS
	IVDU
	HCV
	Greene

	
	
	
	
	
	
	
	
	

	Abbreviations: OS = left eye, OD = right eye, OU = both eyes, IVDU = intravenous drug user, HCV = hepatitis C virus, hx = history

	CKD = chronic kidney disease, CRF = chronic renal failure, PICC = peripherally inserted central catheter

	



Table 5. Treatment and Visual Outcomes
	ID
	Age
	Sex
	Eye
	Diagnosis Date
	VA Pre Tx
	VA Post Tx
	Date Resolved
	Surgical
	Oral
	IVT
	Cuture Isolation
	Fungal Species

	1
	29
	M
	OS
	Jun-16
	HM
	 
	*
	PPV
	V
	V
	Vitrectomy
	C. albicans

	2
	61
	F
	OS
	Jul-16
	20/400
	 
	*
	PPV
	 
	V
	Vitrectomy
	C. albicans

	3
	27
	F
	OS
	Oct-15
	20/200
	20/40
	Jan-16
	PPV
	 
	 
	Vitrectomy
	C. albicans

	4
	35
	M
	OS
	Sep-15
	20/400
	 
	*
	PPV
	F
	A
	Vitrectomy
	C. albicans

	5
	57
	F
	OS
	Aug-13
	20/250
	20/200
	Nov-13
	PPV
	V
	A
	Vitrectomy
	C. albicans

	6
	27
	F
	OS
	Mar-15
	20/400
	 
	*
	PPV
	F
	A(2)
	Vitrectomy
	C. albicans

	7
	29
	F
	OD
	Dec-13
	HM
	HM
	Aug-14
	PPV
	 
	A
	Vitrectomy
	C. albicans

	8
	33
	F
	OD
	Nov-15
	LP
	HM
	Dec-15
	PPV
	V
	V
	Vitrectomy
	C. albicans

	9
	45
	M
	OD
	Oct-16
	20/100
	 
	*
	PPV
	V
	V
	Vitrectomy
	C. albicans

	10
	33
	M
	OD
	May-16
	20/250
	 
	*
	PPV
	 
	V
	Vitrectomy
	C. albicans

	11
	80
	M
	OD
	Apr-15
	20/400
	20/25
	Nov-15
	PPV
	 
	A
	Vitrectomy
	C. albicans

	11
	80
	M
	OS
	Apr-15
	20/200
	20/70
	May-16
	PPV (2)
	F
	A(2)
	Vitrectomy
	C. albicans

	12
	45
	M
	OS
	Dec-14
	20/80
	 
	*
	PPV
	 
	V
	Vitrectomy
	C. albicans

	13
	28
	M
	OD
	Jan-15
	20/500 
	 
	*
	PPV
	V
	A(3)
	Vitrectomy
	C. albicans

	14
	26
	M
	OS
	Mar-15
	20/200
	20/40
	Jul-15
	PPV
	 
	V
	Vitrectomy
	C. albicans

	15
	28
	M
	OD
	Feb-15
	HM
	 
	*
	PPV (2)
	V
	V, A
	Vitrectomy
	C. tropicalis

	16
	26
	M
	OD
	Jun-14
	20/200
	 
	*
	PPV
	V
	V
	Vitrectomy
	C. albicans

	17
	29
	M
	OS
	Dec-13
	20/600
	 
	*
	 
	F
	A(2)
	Vitreous Tap
	C. albicans

	18
	28
	M
	OS
	Sep-14
	20/800
	20/25
	Oct-14
	PPV
	F
	A(4)
	Vitrectomy
	C. albicans

	19
	27
	M
	OS
	Jul-13
	20/100
	 
	*
	PPV
	F
	A(2)
	Vitrectomy
	C. albicans

	20
	61
	M
	OS
	Jul-13
	CF
	20/50
	Sep-13
	PPV
	F
	V
	Vitrectomy
	C. albicans

	21
	35
	M
	OS
	Aug-13
	20/60
	 
	*
	PPV
	F, V
	A
	Vitrectomy
	C. albicans

	22
	44
	M
	OD
	Oct-13
	LP
	 
	*
	PPV
	F
	A(2)
	Vitrectomy
	C. albicans

	23
	22
	M
	OD
	Nov-13
	HM
	LP
	Dec-13
	PPV
	F
	A(3)
	Vitrectomy
	Negative

	24
	20
	M
	OS
	Apr-13
	20/400
	20/20
	Nov-13
	PPV
	F, V
	A
	Vitreous Tap
	C. albicans

	25
	66
	F
	OS
	Feb-09
	20/50
	20/80
	Jun-09
	 
	F 
	A
	Not Done
	 

	26
	79
	M
	OD
	Nov-10
	CF
	CF
	Nov-11
	 
	F
	A
	Not Done
	 

	26
	79
	M
	OS
	Nov-10
	HM
	20/200
	Nov-11
	PPV
	F
	A
	Not Done
	 

	27
	27
	F
	OD
	Oct-08
	20/400
	20/400
	Jan-09
	PPV (2)
	F,V
	 
	Vitrectomy
	C. albicans

	28
	74
	M
	OD
	Nov-09
	20/70
	 
	*
	 
	 
	A
	Not Done
	 

	29
	38
	M
	OS
	May-09
	20/40
	20/20: 
	Oct-09
	 
	F
	A(3)
	Not Done
	 

	30
	39
	M
	OS
	Feb-10
	20/80
	NLP 
	Sep-10
	 
	F
	A
	Not Done
	 

	31
	78
	M
	OD
	Jun-10
	20/400
	20/30
	Sep-11
	PPV
	F
	A
	AC Tap
	Negative

	32
	28
	M
	OS
	Jun-10
	20/200
	20/100
	Jan-11
	PPV
	F
	 
	Vitrectomy
	Negative

	33
	34
	M
	OD
	Aug-16
	CF
	20/80
	Dec-16
	PPV
	F
	A(2)
	Vitrectomy
	Negative

	34
	32
	M
	OD
	Dec-10
	20/100
	 
	*
	 
	F
	 
	Blood Culture
	Negative

	35
	42
	F
	OD
	Dec-10
	NLP
	 
	Feb-11
	Enucleation
	F
	 
	Enucleation
	Negative

	35
	42
	F
	OS
	Dec-10
	LP
	20/25
	Feb-11
	 
	F
	 
	Not Done
	 

	36
	47
	F
	OS
	Jan-11
	20/200
	20/100
	Jul-11
	PPV
	F
	A(2)
	Vitrectomy
	C. albicans

	37
	18
	M
	OS
	Jul-11
	20/125
	20/400
	Dec-11
	 
	F
	A(2)
	Vitrectomy
	Negative

	38
	24
	M
	OS
	Jul-11
	20/200
	20/40
	Nov-11
	PPV
	F
	A
	Not Done
	 

	39
	41
	M
	OD
	Jul-11
	HM
	CF
	Nov-11
	PPV
	V
	A(2)
	Vitreous Tap
	C. albicans

	40
	53
	F
	OS
	Jan-12
	CF
	CF
	May-12
	 
	F
	A
	Vitreous Tap
	Negative

	41
	26
	F
	OD
	Jan-12
	20/60
	20/20
	Mar-12
	 
	F
	 
	Not Done
	 

	41
	26
	F
	OS
	Jan-12
	20/20
	20/20
	Mar-12
	 
	F
	 
	Not Done
	 

	42
	27
	M
	OD
	Jun-12
	LP 
	 
	*
	PPV (2)
	F
	A(3)
	Vitrectomy
	Negative

	43
	85
	M
	OS
	May-12
	20/400
	20/60
	Jul-13
	PPV
	V
	A(2)
	Vitrectomy
	Aspergillus

	44
	69
	F
	OS
	May-13
	CF
	20/200
	Aug-13
	 
	F
	A
	Vitreous Tap
	C. albicans

	45
	57
	F
	OS
	Aug-13
	20/250
	20/200
	Jan-14
	PPV
	V
	A
	Vitrectomy
	C. albicans

	46
	56
	M
	OD
	Sep-13
	20/20
	20/25
	Aug-14
	 
	F
	 
	Not Done
	 

	46
	56
	M
	OS
	Sep-13
	20/200
	CF
	Aug-14
	 
	F
	 
	Not Done
	 

	47
	61
	M
	OD
	Jul-14
	20/400
	20/30
	Sep-14
	PPV
	F
	V, A
	Not Done
	 

	48
	28
	M
	OS
	Jun-15
	HM
	 
	*
	PPV
	F
	A(2), V
	Vitrectomy
	Negative

	49
	35
	M
	OS
	Sep-15
	20/80
	 
	*
	PPV
	 
	A
	Vitrectomy
	C. albicans

	50
	27
	F
	OS
	Mar-15
	CF
	20/400
	Dec-15
	PPV
	F
	A(2)
	Vitrectomy
	Negative

	51
	36
	M
	OS
	Mar-15
	CF
	20/400
	Aug-15
	PPV
	F
	A(2)
	Vitrectomy
	Negative

	52
	28
	M
	OD
	Jan-15
	20/500
	20/200
	Feb-15
	PPV
	V
	A(3)
	Vitrectomy
	C. albicans

	53
	19
	M
	OS
	Nov-15
	20/800
	 
	*
	PPV
	V
	A(3)
	Vitrectomy
	Negative

	
	
	
	
	
	
	
	
	
	
	
	
	

	*  Patients were lost to follow-up.

	Abbreviations: OS = left eye, OD = right eye, OU = both eyes, HM = hand motion, LP = light perception, NLP = no light perception

	CF = count finger, PPV = pars plana vitrectomy, V = voriconazole, F = fluconazole, A = amphotericin B

	(number) = total number of injections 
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