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    The global COVID-19 pandemic has highlighted the importance of the prevention and treatment of infectious diseases. Today the world is faced with an increasing number of emerging and re-emerging infectious diseases and the imminent threat of the next global-scale pandemics. Neglected tropical diseases continue to affect a large number of people globally. Multi-drug resistance infections have made the treatment of even common infections a major challenge. In this context, continuous efforts to discover and develop safe and effective anti-infectious agents are imperative. Recent advances in genomics, molecular and structural biology, and enabling technologies, such as high throughput screening, have greatly improved our capacity to identify new molecular entities against prevalent, neglected, and rare infectious diseases. In this process, the identification of new drug targets plays a central role.




    The 10th volume of Frontiers in Anti-Infective Drug Discovery reflects our continuous efforts to highlight the most recent and exciting developments in this crucially important field. The current volume is a collection of four comprehensive reviews, each focused on a specific aspect of anti-infective drug discovery and development.




    Venkatesh et al. in their review focussed on the management and treatment of a common eye infection, called posterior segment ocular infection, caused by a range of microorganisms (bacterial, fungal, and viral). Authors have highlighted the challenges faced in the treatment of ocular infections, and recent advances in chemotherapeutic agents for the successful management of this debilitating disease.




    Malaria, particularly drug-resistant malaria, is re-emerging as a major cause of global concern, resulting in increasing morbidity and mortality. Moyo et al. have contributed an article that highlights the major challenges in the development of anti-malarial drugs, and then focuses on a novel strategy for reversing the drug resistance in Plasmodium falciparum against old antimalarial agents, including artemisinin-based agents. Authors have discussed many of such drug resistance reversal agents, their current status of development, and the way forward.




    Enabling technologies, particularly “omics” now play a key role in the field of anti-infectious drug discovery. Guerrero et al. have provided a comprehensive account of the unprecedented role of “omics” technologies, particularly genomics, metagenomics, transcriptomics, proteomics and metabolomics, in the rapid and cost-effective identification of anti-infectious drug leads, and their further development through pharmacological assessment and clinical trials.




    Last but certainly not least, Akarsu and Polat have contributed a chapter on a very interesting aspect of the adverse effects on the skin as a result of vaccination. The authors have highlighted the reported cases of cutaneous adverse effects of various anti-infective vaccines based on an extensive literature review.




    The 10th volume of the ebook series is the result of efficient coordination and excellent management of the entire team of Bentham Science Publishers, and most importantly timely submissions from the authors. We greatly appreciate the efforts of Miss Asma Ahmed (Manager Publications) and the team leader Mr. Mahmood Alam (Director Publications) for putting together an excellent compilation of well-written articles. We sincerely hope readers will benefit from this excellent compilation of the most recent scientific work in the important field of anti-infectious drug discovery.
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      Abstract




      Ocular infections affecting the posterior segment of the eye can lead to severe visual disability. The infections can range from bacterial/fungal endophthalmitis to various types of viral retinitis to toxoplasma retinitis. In recent years there have been significant advances in the use of chemotherapeutic agents for managing these infections. In this review we discuss their management with anti-infective agents. The choice of drugs, alternatives, mode of delivery and duration of therapy are discussed.
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      Introduction




      

        Endophthalmitis




        Endophthalmitis is the inflammation of inner ocular coats with exudation into the vitreous cavity, secondary to infection by a microorganism. Toxins produced by infectious agents along with host’s immune response can cause rapid and irreversible damage to retinal tissue with the potential to cause blindness. Thus, endophthalmitis is a grave ophthalmic emergency.




        Based on the mode of infection, endophthalmitis may be classified as exogenous or endogenous [1]. In exogenous endophthalmitis, there is an identifiable mechanism of intraocular seeding of an organism from an external route. Exogenous endophthalmitis is the most common type (>90%) and can further be classified as follows:





        

          	1- On the basis of mode of entry of infectious agent- post surgical, post intravitreal injection, post-traumatic, bleb-related endophthalmitis or associated with corneal ulcer.




          	2- On the basis of onset of symptoms and duration- acute onset, late onset, chronic.




          	3- On the basis of causative organism- bacterial, fungal, protozoal.


        




        Endogenous endophthalmitis is an intraocular infection resulting from hematogenous spread from a primary focus of infection elsewhere in body and accounts for 2-8% of all cases of endophthalmitis [2, 3].




        Acute post-operative endophthalmitis is the most common type of endophthalmitis, with cataract surgery, intravitreal injections and secondary intraocular lens implantation being the most common causes [4]. Normal flora of the eyelids and conjunctiva are frequent sources of contamination. Other potential sources, include contaminated instruments/ solutions, contaminated water, microbes in the air and resident on the surgeon and other personnel in the operation theater. Common causative organisms of endophthalmitis are summarized in Table 1 [1, 5-11].




        

          Table 1 Common organisms causing endophthalmitis.




          

            

              

                	1.



                	Acute onset post-operative endophthalmitis- Staphylococcus epidermidis, Staphylococcus aureus, Streptococcus viridans


              




              

                	2.



                	Delayed onset post-operative endophthalmitis- Propionibacterium species, Candida species, Staphylococcus epidermidis


              




              

                	3.



                	Post traumatic endophthalmitis- Staphylococcus aureus, Bacillus cereus


              




              

                	4.



                	Post intravitreal injection endophthalmitis- Staphylococcus epidermidis, Streptococcus viridans


              




              

                	5.



                	Bleb associated endophthalmitis- Streptococcus viridans, Haemophilus Influenzae, Staphylococcus species


              




              

                	6.



                	With microbial keratitis- Gram negative organisms, Staphylococcus aureus


              




              

                	7.



                	Endogenous endophthalmitis- Candida species, Aspergillus species

              


            

          




        




        

          Sample Collection and Lab Testing




          Identification of causative organisms and their susceptibility to anti-microbial drugs is important in managing patients with endophthalmitis, particularly when there is poor response to injections given earlier on, based on empirical recommendations. Conjunctival swab and corneal biopsy can be sent for culture in presence of coexisting purulent discharge or corneal ulcer, respectively. Anterior chamber tap with a 27-gauge needle can also be useful but is of limited use because of poor rate of isolation [12].




          Since vitreous is the primary site of organismal colonization in endophthalmitis, vitreous samples tend to yield the highest rate of positive culture or staining. Vitreous tap can be taken through a 23-gauge needle inserted through the pars plana route [13]. However, attempt to suck vitreous without cutting it first often results in a dry tap or inadequate sample. Also, inadvertent pull on the vitreous can also result in the formation of iatrogenic breaks and retinal detachment. Vitreous biopsy with a pars plana vitrectomy probe avoids the aforementioned complications and is considered a safer option. Usually, 0.2 ml to 0.3 ml of undiluted sample is considered adequate for various tests [14]. It is advisable that vitreous biopsy should be done without switching on infusion as it may result in dilution of the collected sample [15].




          Gram and KOH staining can help in making an immediate distinction between fungal or bacterial endophthalmitis. For KOH preparation, a fresh sample is necessary. Both bacterial and fungal cultures should be sent at the earliest to recognized and experienced laboratories. In addition to culture, drug sensitivity tests should also be obtained. It is advisable to wait for 1 week and 2 weeks respectively for bacterial and fungal culture before declaring no growth [16]. Commonly used bacterial and fungal cultures are summarized in Table 2 [15-17].




          

            Table 2 Commonly used bacterial and fungal culture media.




            

              

                

                  	-



                  	Media



                  	Type of Organism Isolated

                


              



              

                

                  	Bacterial cultures



                  	Chocolate agar



                  	Fastidious pathogens such as Neisseria and Haemophilus

                




                

                  	-



                  	Blood agar



                  	Almost all bacteria

                




                

                  	-



                  	MacConkey agar



                  	Gram negative enteric bacilli

                




                

                  	-



                  	Eosin methylene blue agar



                  	Gram negative enteric bacilli

                




                

                  	Fungal cultures



                  	Sabouraud’s Dextrose agar



                  	All fungal organisms; especially useful for dermatophytes

                




                

                  	-



                  	Brain heart infusion agar



                  	All fungal organisms

                


              

            




          


        


      




      

        Bacterial Endophthalmitis




        Intravitreal injection of the antibiotics is the preferred modality for drug delivery, as it achieves the required antibiotic concentration in the eye. Additional modes of antibiotic administration can be topical, intravenous and/or oral. A combination of the above modes is used according to clinical presentation and severity of symptoms.




        Much of our treatment protocol is guided by results of Endophthalmitis vitrectomy study (EVS) [18]. EVS identified gram positive bacteria to be the causative organism in upto 94% of cases of acute onset post-operative endophthalmitis. The second most common cause was gram negative bacterial infection in upto 6% of cases. Fungal infection is seen less frequently, usually encountered when there is a history of trauma with vegetative matter or in cases of endogenous endophthalmitis. Empirical therapy in the form of antibiotics is thus designed to target both gram positive and negative bacteria. Antifungals drugs are started only in the presence of culture proven fungal infection or in cases with a high index of clinical suspicion.




        

          Antibiotics




          As drug concentrations higher than the minimum inhibitory concentration (MIC) can be easily achieved and maintained for a sufficient duration, intravitreal antibiotics remain the mainstay of managing patients with endophthalmitis. Owing to minimal systemic absorption, an added advantage of this route of drug administration is that it can be administered irrespective of any concurrent systemic disease.




          The current first line of broad spectrum antibiotic coverage preferred by most clinicians is composed of two drug regimes: vancomycin for gram positive bacterial cover and ceftazidime (third generation cephalosporin) for gram negative bacterial cover [19]. Concerns over retinal toxicity associated with amikacin, used in EVS study, led to its replacement by ceftazidime. In the presence of a good response, intravitreal injections can be repeated once or twice after 48 to 72 hours. Intravitreal concentrations of these antibiotics remain higher than MIC for 2/3 days after the 1st injection, and nearly for a week after the 2nd. Owing to the prolonged high drug concentrations within the vitreous, following more than one injection, drug toxicity is a potential hazard. Hence, reinjections should be considered with caution [20]. Pars plana vitreous surgery is recommended in situations wherein there is aggressive presentation, presenting visual acuity is less than hand movement, or there is no response to intravitreal injection. Concurrent administration of topical and oral drugs which have higher intraocular availability, like Moxifloxacin, may help to sustain the anti-bacterial environment within the vitreous cavity. Preferred intravitreal antibiotic combinations with their concentration are summarized in Table 3 [19, 21].




          EVS demonstrated almost 100% sensitivity of gram positive organisms to vancomycin and 90% sensitivity of gram negative organisms to amikacin and ceftazidime. More recent studies however have demonstrated much lower susceptibility of gram negative organisms to both ceftazidime and amikacin (63 and 67%, respectively) [22]. With increasing drug resistance, alternate regimens have been tried. Linezolid (0.4mg/0.1ml) can be tried in cases with resistance to Vancomycin and Piperacillin/ tazobactam (0.25mg/0.1ml) can be used in case of Ceftazidime resistance. A recent study evaluating Vancomycin and Ceftazidime combination versus Vancomycin and Imipenem (0.25mg/0.1ml) combination showed comparable efficacy in treating endophthalmitis. Ceftazidime and vancomycin form cations after degradation and are eliminated via anterior chamber. On the other hand, piperacillin and imipenemes form anions and are eliminated via retinal pigmented epithelium (RPE) pumps. Function of RPE pump is enhanced in inflamed eyes, which can lead to quicker expulsion of these drugs from posterior chamber, thus limiting their potency.




          

            Table 3 Preferred intravitreal antibiotic combinations with their concentration.




            

              

                

                  	-



                  	Intravitreal Drugs

                


              



              

                

                  	First line



                  	Vancomycin (1 mg/0.1ml) and ceftazidime (2.25mg/0.1ml)

                




                

                  	Second line



                  	Vancomycin (1 mg/0.1ml) and amikacin (0.4mg/0.1ml)

                




                

                  	Others



                  	Vancomycin (1 mg/0.1ml) and Piperacillin/ tazobactam (0.25mg/0.1ml)

                




                

                  	-



                  	Vancomycin (1 mg/0.1ml) and Imipenem (0.25mg/0.1ml)

                




                

                  	-



                  	Vancomycin (1 mg/0.1ml) and Gentamicin (0.2mg/0.1ml)

                




                

                  	-



                  	Linezolid (0.4mg/0.1ml) and ceftazidime (2.25mg/0.1ml)

                


              

            




          




          Topical antibiotics are of limited benefit in endophthalmitis and are supposed to act as an adjunct. Most commonly used topical antibiotics are third or fourth generation fluoroquinolones which are able to achieve effective concentrations in aqueous and vitreous, usually used at a frequency of 4 to 6 times per day. One hourly or two hourly administration, can be used in the presence of an infected surgical wound, corneal ulcer or bleb. Concentrated antibiotics such as vancomycin (5%), ceftazidime (5%) and tobramycin (1.3%) can also be used in the presence of corneal ulcer or infiltrates. Topical cycloplegics and steroids are also added to reduce pain and inflammation [23]. However, steroids need to be used with caution in the presence of wound infection, infected bleb or corneal ulcer. The impact of oral antibiotics in treating endophthalmitis remains unclear. Some authorities believe that with intravitreal injection, high intraocular concentration is achieved so rapidly that systemically administering additional systemic antibiotics becomes insignificant [24]. One rationale for systemic antibiotic use is to provide longer cover after the effect of intravitreal antibiotic has waned off. Endophthalmitis originating from contiguous structures such as corneal ulcer or infected filtering blebs can nevertheless benefit from systemic therapy. As oral fluoroquinolones have good ocular penetration, moxifloxacin (400mg OD) or ciprofloxacin (500/750 mg BD) for 10 days is usually recommended. Oral clarithromycin (500mg BD) has also been tried with good results.




          Intravenous drugs, ceftazidime and amikacin, used in EVS showed no additional benefit in terms of outcome. However, the choice of these drugs may not be ideal as aminoglycosides have limited intraocular penetration and ceftazidime has poor activity against gram positive organisms. Currently, with the availability of drugs with better ocular availability and broad spectrum antimicrobial activity, intravenous vancomycin (40mg/kg in 2 or 3 divided doses) with ceftriaxone (100mg/kg in 2 or 3 divided doses) for 7 to 10 days is a most commonly used combination owing to superior intraocular penetration and bacterial susceptibility. It is important to administer a test dose before the use of vancomycin. If resistance to these drugs is documented, then, intravenous Linezolid (600mg/12 hourly) and piperacillin/tazobactam combination (6-12gm/4-6 hourly) can be a useful consideration [25, 26].


        




        

          Role of Corticosteroids




          Many bacteria produce toxins which add significantly to their virulence. These toxic products and bacterial debris can linger in the eye for a long period even after neutralization of causative organisms, thus causing significant damage [27]. Owing to this observation, simultaneous intravitreal injection of steroid to reduce inflammation is preferred by many ophthalmologists. However, one should remember that intravitreal steroid can flare up bacterial infection if resistant to given antibiotics and is absolutely contraindicated if there is even a slight suspicion of fungal infection. The most widely studied intravitreal steroid is dexamethasone. Besides dexamethasone, intravitreal triamcinolone (4mg/0.1ml) is also considered optimal for endophthalmitis treatment because of high initial dose and sustained action due to low intraocular solubility [28]. Studies suggest that intravitreal steroids do not affect the efficacy, and even prolong the presence of antibiotics at the infection site [29, 30]. While early administration of intravitreal steroids would reduce concurrent inflammation, late administration can take care of flare-ups. Albrecht et al. and Gan et al. reported a higher proportion of participants had good visual outcomes at 12 months when compared to those who didn’t receive steroids [31, 32]. A recently published review of existing literature by Kim et al. concluded that though adjunctive steroids seem to provide a higher probability of a good visual outcome, current evidence is not sufficient to recommend them for the same [33]. We believe that the use of intravenous steroids for 1 day followed by oral corticosteroids is a safer alternative to the use of intravitreal steroid injection.


        




        

          Role of Pars Plana Vitrectomy (PPV)




          PPV reduces the infectious load and toxins to the minimum possible level and provides samples for culture and sensitivity testing. EVS has shown the superiority of PPV with intravitreal injections over intravitreal injections alone in tackling eyes with severe infection and poor presenting vision (less hand movement close to face). With modern vitrectomy systems providing better intraocular pressure control and higher cut rates, there has been a steady shift towards early vitrectomy for endophthalmitis [34].




          Traditionally, induction of peripheral vitreous detachment has been discouraged during PPV due to concerns of iatrogenic break formation in the fragile inflamed retina. The decision of tamponade at the end of surgery is case sensitive, though oil tamponade is preferred by many in severe cases due to potential anti-infective properties of silicone oil and the ability to provide a relatively clear media even in the early postoperative period [35]. PPV is always supplemented by topical, intravitreal and systemic therapy (when indicated) though the required dosages are to be adjusted [36].


        


      




      

        Fungal Endophthalmitis




        Fungal endophthalmitis is usually considered in the background of trauma with vegetative matter and endogenous endophthalmitis. The majority of endogenous endophthalmitis cases are attributed to fungal infection in the western hemisphere, while bacterial infections being more common in Asian countries like India and China. Important risk factors include prolonged hospital stay, diabetes mellitus, immunosuppression, urinary tract infections, infective endocarditis, malignancies, chemotherapy, neutropenia, HIV, intravenous drug abuse etc [37]. Endogenous endophthalmitis might be presenting feature of an underlying systemic focus of infection, though none might be identified in up to 40% cases despite extensive systemic testing. Diagnosing endogenous endophthalmitis requires a high index of suspicion and diagnostic vitrectomy is an indispensable tool for the same. Blood culture and urine culture are sent to identify any possible bacteremia or fungemia and tests such as USG and CT can help in identifying abscesses in liver, lungs, etc. Outcomes are generally unfavorable when compared with exogenous infection (Fig. 1). Though agent selection and dosage do not differ from exogenous infection, prolonged therapy might be required to tackle systemic foci. A multidisciplinary approach, which includes an internist, might be required.




        Empirical treatment with antifungal drugs can be considered in these situations, but a further continuation of therapy may be assisted by confirmation of KOH staining. In several situations, one would need to rely solely on the clinical appearance and predisposing circumstances, to start initial therapy. Waiting for fungal culture reports would compromise the outcome. Causative organisms in fungal endophthalmitis are Aspergillus and Fusarium in exogenous endophthalmitis and Candida, Cryptococcus, and Aspergillus in endogenous endophthalmitis [38, 41].




        
[image: ]


Fig. (1))


        - (a) A 60-year old male with history of prolonged hospitalization presented with diminution of vision in left eye and was diagnosed with fungal endogenous endophthalmitis with subretinal abcess after positive vitreous biopsy. (b) One month after intravitreal and systemic antifungal therapy infection had healed leaving a pigmented scar in macular region.



        Management of fungal endophthalmitis requires the use of both intravitreal antifungal injections [for rapid action], as well as oral antifungal [for prolonged fungus suppression] [39]. It is important to know that unlike bacterial endophthalmitis where systemic antibiotics are usually stopped after 7 to 10 days in the presence of good recovery, systemic therapy for fungal endophthalmitis needs to be continued for a prolonged duration of 6-8 weeks (even upto 3-6 months in some cases) barring which there is a high chance of recurrence. Owing to this, one must also constantly monitor the patient for drug induced side effects.




        Preferred intravitreal antifungals include Voriconazole (0.1 mg/0.1ml), Amphotericin B (0.005-0.01 mg/0.1ml) and Fluconazole (0.1 mg/0.1ml), in order of preference. Amp-B was traditionally the drug of choice due to its excellent antifungal coverage, but its use has since declined due to concerns over retinal toxicity. Voriconazole is relatively safe but may have marginally lower efficacy. Recent studies have shown that more strains of aspergillus are resistant to Amp-B and fluconazole as compared to voriconazole. A drug shift from voriconazole to Amp-B or vice-versa can be made if the patient shows no recovery [40]. Intravitreal injections can be repeated after 48 to 72 hours according to the clinical response.




        In vitro studies have shown variable patterns of drug interaction between antifungals ranging from synergism, indifference to antagonism. Polyenes (Amp-B) bind to surface sterols in fungal cell membranes resulting in the formation of pores and altered membrane permeability. Azoles (Voriconazole), on the other hand, work by depleting ergosterol which is important for cell membrane integrity. While Amp-B paired with lipophilic triazoles such as itraconazole usually shows antagonism, a combination of Amp-B and voriconazole has shown synergism in certain cases [41]. In clinical practice, endophthalmitis caused by filamentous fungi (Aspergillus) tend to have high ocular morbidity and up to 60% patients may require enucleation [42]. When used as monotherapy, current antifungals often fail to resolve infection. Hence, combining intravitreal injection of Amp-B and voriconazole, which have complimentary mechanism of action, have been used to successfully treat refractory cases of Aspergillus endophthalmitis [43]. Results of treating Candida endophthalmitis with this combination have, however been more variable. Alternately, echinocandins such as capsofungin (50 mg/day), when combined with azoles such as posaconazole, have better synergistic action in treating resistant systemic candida infections [44]. Combination therapy of flucytosine and Amp-B has shown a higher cure rate and lower relapse rate when compared to Amp-B monotherapy in treating systemic cryptococcal infections [45]. If the anterior segment is involved significantly, then the patient may benefit from anterior chamber wash with intracameral antifungal drugs. Both Amp-B (0.6-1.0 mg/kg/day) or voriconazole (4-6 mg/kg/day in divided doses initially, followed by 200-400mg by oral route) can be used for this purpose in concentrations same as for intravitreal use [46].




        As mentioned earlier, it is imperative to simultaneously start systemic antifungal drugs during the management of these patients. Historically, patients with fungal endophthalmitis were initially treated with intravenous Amp-B. However, significant nephrotoxicity, subsequent hypertension and arrhythmia related concerns have limited their use. With advent of new generation triazoles such as voriconazole, fluconazole, posaconazole, ravuconazole etc., they have become preferable to AMP-B. Voriconazole, with its excellent oral bioavailability, intraocular penetration and limited side effect profile, has become the most widely used systemic therapy, to begin with. Oral ketoconazole (200 mg BID) or fluconazole (400-800 mg/day) is preferred by some as a more affordable alternative. A switch to Amp-B can be made in resistant cases.




        Topical antifungals such as voriconazole 1% and natamycin 5% must be used in the presence of stromal infiltrate and anterior chamber involvement. The frequency of instillation depends on the severity of the disease ranging from hourly to 3 times/day [47].




        

          Management of Subretinal Abscess




          Subretinal abscess accounts for about 5% of all endogenous endophthalmitis and is encountered rarely with exogenous endophthalmitis [48]. Presence of subretinal abscess warrants aggressive local and systemic therapy. Though the rate of organism isolation is low, vitreous biopsy is still an extremely useful tool and must be carried out in all cases. Subretinal biopsy and aspiration are known to have a higher yield but are also associated with an increased risk of retinal detachment.




          High choroidal blood flow and blood brain barrier allow only 5% of the drug to reach the intended target, which limits the efficacy of systemic antibiotics. However, it can play a very significant role in tackling the primary foci of infection in such cases and must be started in all cases unless contraindicated.




          Most commonly used management options include systemic antibiotic coverage with intravitreal antibiotic injection. Prompt PPV with intravitreal antibiotic with or without retinotomy or retinectomy to drain subretinal abscess should be considered in patients showing rapid worsening despite systemic and local therapy. Though drainage of contents of subretinal abscess using conventional retinotomy is possible, this approach is not suitable for abscess involving or lying very close to macula. There is a high risk of retinal detachment in post-operative period owing to a high incidence of PVR in such cases. Trans-scleral drainage of abscess can also be tried but is a difficult maneuver to perform, especially if an abscess is located posteriorly.




          Recent reports have shown the efficacy of direct subretinal injection of antibiotics in treating such lesions. Self-sealing small retinotomy created by a 41G needle can safely deliver the required drug in the subretinal space with minimal risk of retinal detachment and PVR. In recently published reports, a vancomycin (0.05mg/0.05ml) and piperacillin–tazobactam combination (125µg/0.05ml) has been used successfully, giving positive results in two separate patients [49]. Care must be taken to enter the subretinal space through a relatively avascular part of retina overlying abscess. Also, complete vitrectomy (after posterior vitreous detachment induction) with oil tamponade at the end of surgery is preferable in this situation due to concerns over post-surgical retinal detachment.


        


      




      

        Viral Infections




        Viruses such as Herpes Simplex Virus (HSV), Varicella Zoster Virus (VZV), Epstein Barr Virus (EBV), Cytomegalovirus (CMV), Dengue, Chickungunya etc. can lead to ocular inflammation. It may be an isolated ocular involvement or part of systemic involvement due to congenital or acquired systemic infection. Although most viral infections are usually self-limiting and require only supportive management, ocular involvement, especially those resulting from CMV, HSV and VZV can lead to severe infection and visual loss. However, these respond well when treated appropriately with anti-viral medication. Hence, such cases should be diagnosed early for starting appropriate management. Herpetic group of viruses can affect immunocompromised as well as immunocompetent individuals. In addition to antiviral drugs, those with immunosuppression also long-term prophylaxis and follow-up.




        Although, idoxuridine was developed as a potential systemic anti-cancer agent, it was also found to block DNA synthesis, which proved to be an effective antiviral treatment of HSV [50, 51]. However, it leads to chemical conjunctivitis, punctual occlusion, and superficial punctate keratopathy. Hypersensitivity reaction was also noted [3, 4]. Idoxuridine was subsequently replaced with acyclovir which was more selective because of its mechanism and hence less toxic. Thereafter, other antivirals with a similar mechanism of action, including ganciclovir, famciclovir, valaciclovir and valganciclovir, halting viral replication have been developed.




        

          HSV, VZV Retinitis




          HSV and VZV infection can be presented as anterior uveitis or keratouveitis. Along with the chronic non-granulomatous inflammation and characteristic iris atrophy, these cases have usually raised intraocular pressure. Management of these cases includes topical corticosteroids, cycloplegics and antiglaucoma drugs in addition to oral acyclovir/famciclovir/valacyclovir [52-54]. Another presentation, acute retinal necrosis (ARN) is typically seen in immune-competent states and involves confluent peripheral retinitis patches with moderate to severe vitritis. This may be associated with occlusive arteritis and is usually caused by infection with HSV or VZV. Rapid circumferential and posterior progression is seen in the absence of treatment. EBV has also been implicated in causing ARN and treated similarly [55, 56]. Progressive outer retinal necrosis (PORN) is another variant caused by HSV, VZV in immunocompromised individuals characterized by necrotizing retinitis involving the posterior pole with minimal or no signs of vitritis.




          Diagnosis of herpetic retinitis is mainly clinical but PCR of intraocular fluids can help in establishing the diagnosis in doubtful cases. However, this should not delay the initiation of treatment. PCR of aqueous or vitreous humor is positive for HSV or VZV in 79-86.4% of suspected cases [57, 58].




          Management of these infections revolves around the judicious use of antiviral therapy. The goal of antiviral treatment is to eliminate viral infection, stop retinal necrosis progression, prevent complications, and evade fellow eye involvement. Acyclovir is a purine nucleoside analogue which acts by inhibiting DNA polymerase and stops viral replication. It undergoes intracellular activation by virus coded thymidine kinase and hence acts specifically on virus infected cells. Intravenous acyclovir 10mg/kg/day three times a day for 10-14 days followed by oral acyclovir 800 mg five times daily for a minimum of 6-weeks to 3 months is recommended for ARN, PORN, and herpetic retinitis. However, the maintenance phase needs to be continued up to 6 months, according to some reports [59]. The concentration of antiviral in the ARN should be above the mean inhibitory concentration IC50 for HSV, VZV for the antiviral effect. Peak and trough serum level after oral acyclovir 800 mg was 1.7 and 1.0 μg/mL, respectively, which was lower than that achieved by intravenous acyclovir. Acyclovir is excreted by the renal system unmetabolized and hence in cases with abnormal creatinine clearance, the dosage needs to be reduced. Renal toxicity and bone marrow suppression can occur and hence monitoring complete blood count and renal parameters is important.




          Valacyclovir is a prodrug, which after ingestion, converts into acyclovir. Its bioavailability is 54.2% as compared to 30% with oral acyclovir [60]. As the bioavailability is similar to intravenous acyclovir, oral valacyclovir 2g three times a day for one week followed by 1g thrice a day for 6 weeks is a good alternative [61]. Oral famciclovir is another alternative given 500 mg thrice a day. It has the same bioavailability with better tolerability. The rate of severe visual loss (<6/60) has reduced from 76% before antivirals to now less than 50% [62]. If diagnosed early and treated appropriately, good vision can be maintained in most of these eyes. Moreover, use of antivirals decreases the incidence of other eye involvement in ARN from 75.3% to 35.1% over 2 year follow-up [63]. Use of systemic steroids is controversial; still, oral prednisone at 1 mg/kg/day can be started 48 hours after initiation of anti-viral therapy. This can be continued for 1-2 weeks and then tapered over 2-6 weeks.




          Resistance to acyclovir can develop due to deficiency of virus induced thymidine kinase. HSV 2 can affect younger individuals and these can cause a chronic recurrent type of ARN with resistance to acyclovir treatment. These cases resistant to acyclovir can respond well to foscarnet treatment [64, 65]. Foscarnet acts on herpes virus group, including CMV, by inhibiting DNA polymerase at pyrophosphate site and have little effect on cellular DNA polymerase. As it does not require phosphorylation for activation, it is useful in acyclovir and ganciclovir resistant herpes virus. It is given as an intravenous infusion with an initial dose of 60mg/kg every 8 hours for 14 days followed by a maintenance dose of 90-120 mg/kg once daily. It can cause significant renal toxicity and hence monitoring of


          


          renal parameters is required. Also, it can cause hypomagnesia and hypokalemia. Long-term indwelling catheter for infusion can also lead to risk of infections.




          Other presentations include non-necrotizing herpetic retinopathy (NNHR) characterized as single or multiple retinitis patches. NNHR present as atypical posterior uveitis not responding to steroids and need antiviral therapy immediately [66]. The use of antivirals stabilizes ocular inflammation. Systemic acyclovir 800 mg 5 times a day, oral valacyclovir 2g/day is started and maintained till complete resolution of the disease. Long standing preventive treatment may be needed in cases with recurrent disease. Many cases are on systemic steroids, which should not be stopped suddenly but slowly tapered [66].


        




        

          CMV Retinitis




          CMV retinitis is classically seen in immunocompromised individuals due to AIDS or those with hematological malignancies or organ transplants on immunosuppressive drugs. It is characterized by hemorrhagic retinitis patches along the blood vessels usually starting at the posterior pole giving characteristic “pizza-pie appearance”. Another variant is the indolent form having granular foci of retinal necrosis with the central atrophic area and fewer hemorrhages. Some cases can also present as frosted branch angiitis.




          Drugs approved by FDA for CMV retinitis include ganciclovir, foscarnet and cidofovir. All these drugs inhibit CMV DNA polymerase and are virostatic. As they are not virucidal, systemic immunity is important for clearance of infection and hence the need to continue medication till the immunity improves. In CMV retinitis, ganciclovir is the treatment of choice. Intravenous ganciclovir is given as an induction dose 5-7 mg/kg/day in two divided doses for 2 weeks followed by a maintenance dose once daily till resolution of retinal lesions and improvement in immune status (CD4 count >100) [67]. Alternatively, oral valganciclovir (a prodrug of ganciclovir) 900 mg twice daily as an induction dose followed by 900 mg once daily as a maintenance dose can be used [68]. Cases refractory to ganciclovir or valganciclovir require treatment with intravenous foscarnet or cidofovir, the former having fewer side effects. Monitoring renal parameters and blood counts is important, especially in extreme age groups, as bone marrow suppression and renal toxicity can occur with these drugs. Cidofovir can cause significant nephrotoxicity and hence probenecid should be given before and after the infusion of cidofovir for nephroprotection [66].




          It is important to correct the immunosuppression by starting highly active antiretroviral therapy (HAART) in patients with AIDS. In iatrogenic immunosuppressed individuals, immunosuppressive is to be kept at the minimum level possible. Thus, a collaborative effort with a physician is required. The risk of immune recovery uveitis with increasing severity of CMV retinitis and use of cidofovir during treatment is present. This can be prevented by delaying HAART therapy till CMV antiviral therapy has started. Local and systemic steroids may be needed to decrease the inflammatory response. Systemic steroids may be started 24 hours after initiation of antiviral therapy, but steroids should only be used in cases where severe intraocular inflammation exists and there is no risk of causing further immunosuppression.




          In non-responding cases or cases with progressive retinal necrosis, the addition of intraocular antiviral therapy (by intravitreal injection) to systemic antivirals may enhance the prognosis overall. It can also be given as adjuvant therapy in CMV retinitis if infection involvement occurs within one-disc diameter of optic disc and fovea. Intravitreal antiviral which could be given include foscarnet 1.2-2.4mg/0.1ml and ganciclovir 0.2-2.0 mg/0.1ml. It allows high concentration of the drug in the vitreous for better action. It prevents severe visual loss, but whether it decreases the risk of retinal detachment, is not clear [62]. The regimen is twice weekly as induction and then weekly till the retinitis resolve. However, its use alone does not protect the other eye or systemic involvement. Though systemic side effects are not observed, there is a risk of endophthalmitis following intravitreal injection. Intravitreal foscarnet, in addition to systemic treatment, has shown to be more effective in the management of ARN as compared to systemic treatment alone [59]. However, intravitreal cidofovir can lead to retinotoxicity and has narrow therapeutic window. Ganciclovir implant – vitrasert, which allows drug release for a longer time, approximately 32 weeks, was FDA approved in 1996 for treatment of CMV retinitis. However, the non-biodegradable implant needs to be sutured, removed and is no longer available.


        




        

          Measles




          Congenital infection with measles can cause ocular anomalies, including cataract and retinopathy. Acquired infection can lead to conjunctivitis, epithelial keratitis, retinitis with macular and disc edema. Posterior uveitis is a common feature in measles infection. Subacute sclerosing panencephalitis (SSPE) is a late complication manifesting with chronic progressive neurodegenerative disease and is fatal in childhood. Ocular manifestation is seen in 50% of SSPE cases which includes chorioretinitis with minimal or no vitritis, pigmentary retinopathy, retinal vasculitis, serous macular detachment, and acute multifocal placoid pigment epitheliopathy-like lesions and may present before neurological involvement [69,70]. Management of SSPE is not well established. Antivirals like amantadine and ribavirin, immunomodulatory drugs like isoprinosine and interferons, and immunoglobulins have been reported as useful. Interferons (IFN) modifies immune response by activating natural killer cells and has an antiviral effect [71]. Posterior segment inflammation is to be controlled with steroids and systemic management is important to prevent the progression of the disease. However, the effect of early intervention in disease control is not very-well documented.


        




        

          Dengue




          Dengue is mosquito-borne viral disease caused by a flavivirus and can have various vitreoretinal manifestations with prominent inflammation and ischemia component, which could lead to permanent visual disability. It can present as acute macular neuroretinopathy, dengue chorioretinitis or dengue induced inflammatory, ischemic foveolitis and outer maculopathy (DIII-FOM) [72, 73]. Management of dengue fever and dengue retinitis is mainly supportive with fluid correction, electrolytes correction, monitoring of platelets, transfusion if required and complications management. Intravenous immunoglobulins can also help in the management of the disease. Dengue posterior uveitis is a self-limiting condition with spontaneous recovery possible with good visual recovery. There is no specific antiviral therapy for dengue management. In cases with acute inflammation, topical, periocular and systemic steroids should be started depending on the area and severity of involvement. But there is no clear evidence of the efficacy of steroids and immunoglobulins for the treatment of dengue retinochoroiditis or vasculitis [73].


        




        

          Chikungunya




          Chikungunya is another mosquito-borne disease like dengue caused by alphavirus presenting with anterior uveitis, keratitis, retinitis, choroiditis, neuroretinitis and optic neuritis. Ocular involvement is treated with topical, periocular or systemic steroids. However, the majority of cases recover with good visual acuity and with no role of anti-virals [74, 75].
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