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Introduction

Acute retinal necrosis (ARN) syndrome is a rare viral retinitis caused by the varicella zoster virus (VZV), herpes simplex virus (HSV) type 1 or 2, and, more rarely, by cytomegalovirus (CMV). [START_REF] Ganatra | Viral causes of the acute retinal necrosis syndrome[END_REF] It was first described in 1971 by Urayama et al. as a unilateral panuveitis with retinal vasculitis and necrotizing retinitis, and occurring in both immunocompetent and immunocompromised hosts. [START_REF] Urayama | Unilateral acute uveitis with retinal periarteritis and detachment[END_REF][START_REF] Rochat | Acute retinal necrosis syndrome. Lausanne cases, review of the literature and new physiopathogenetic hypothesis[END_REF] The prognosis is often poor, with severe visual loss and retinal detachment, despite intensive antiviral therapy. [START_REF] Roy | Acute retinal necrosis: clinical features, management and outcomes -a 10 year consecutive case series[END_REF][START_REF] Sims | Acute retinal necrosis: a case series with clinical features and treatment outcomes[END_REF] Polymerase chain reaction (PCR) is a rapid and sensitive method for the detection of viral DNA that is useful for the diagnosis of ARN. [START_REF] Knox | Polymerase chain reaction-based assays of vitreous samples for the diagnosis of viral retinitis. Use in diagnostic dilemmas[END_REF][START_REF] Lau | Acute retinal necrosis: features, management, and outcomes[END_REF][START_REF] Sugita | Use of multiplex PCR and real-time PCR to detect human herpes virus genome in ocular fluids of patients with uveitis[END_REF][START_REF] Gargiulo | Polymerase chain reaction as a rapid diagnostic tool for therapy of acute retinal necrosis syndrome[END_REF] With recent advances in molecular biology, real-time quantitative PCR (qPCR) enables quantitative measurements of the viral load. [START_REF] Dworkin | Real-time quantitative polymerase chain reaction diagnosis of infectious posterior uveitis[END_REF] A correlation between the clinical course and viral load kinetics has been reported in other herpes virus-related infections such as encephalitis and chickenpox. [START_REF] Kimura | Comparison of quantitations of viral load in varicella and zoster[END_REF][START_REF] Ando | Quantitative analysis of herpes simplex virus DNA in cerebrospinal fluid of children with herpes simplex encephalitis[END_REF] In cases of ARN syndrome, qPCR revealed that a high VZV DNA copy number is associated with more extensive retinitis, worse visual acuity (VA), and the development of retinal detachment (RD). [START_REF] Abe | Correlation of varicella-zoster virus copies and final visual acuities of acute retinal necrosis syndrome[END_REF][START_REF] Calvo | Correlation of clinical outcomes with quantitative polymerase chain reaction DNA copy number in patients with acute retinal necrosis[END_REF] Furthermore, a few case series have described the kinetics of viral DNA during systemic treatment and suggested that qPCR may be a useful method to monitor viral activity and the patient's response to antiviral therapeutics. [START_REF] Bernheim | Time profile of viral DNA in aqueous humor samples of patients treated for varicella-zoster virus acute retinal necrosis by use of quantitative real-time PCR[END_REF][START_REF] Asano | Monitoring herpesvirus DNA in three cases of acute retinal necrosis by real-time PCR[END_REF][START_REF] Cottet | HSV2 acute retinal necrosis: diagnosis and monitoring with quantitative polymerase chain reaction[END_REF] There are significant variations in treatment practices, especially concerning the use of intravitreal injections (IVTs). [START_REF] Winterhalter | Acute retinal necrosis: diagnostic and treatment strategies in Germany[END_REF] Many studies have reported the efficacy of IVTs of foscarnet or ganciclovir, [START_REF] Luu | Intravitreal antiviral injections as adjunctive therapy in the management of immunocompetent patients with necrotizing herpetic retinopathy[END_REF][START_REF] Meghpara | Long-term follow-up of acute retinal necrosis[END_REF][START_REF] Yeh | Combination systemic and intravitreal antiviral therapy in the management of acute retinal necrosis syndrome[END_REF][START_REF] Wong | Acute retinal necrosis: the effects of intravitreal foscarnet and virus type on outcome[END_REF] but there are no guidelines for therapeutic indications, duration, or dose. The purpose of the present report was to assess the role of qPCR in the therapeutic management of ARN syndrome, and to evaluate the outcomes of patients treated with intensive intravitreal therapy.

Methods

This study was a retrospective observational case series of 24 patients with ARN in the Departments of Ophthalmology of the Croix-Rousse and Edouard Herriot Teaching Hospitals (Lyon, France) who were treated and followed-up between May 2010 and December 2016. Cases were identified from the virology department database that contained the qPCR results of herpes viruses from samples of the aqueous humor (AH). All patients met the criteria for ARN defined by the American Uveitis Society. [START_REF] Holland | Standard diagnostic criteria for the acute retinal necrosis syndrome. Executive Committee of the American Uveitis Society[END_REF] Written informed consent was obtained from all participants. The ethics committee of the Hospices Civils de Lyon (Lyon, France) approved this study, and the study was performed according to the tenets of the Declaration of Helsinki.

Patients and clinical assessment

Each patient's medical record was retrospectively reviewed to obtain the following demographic data: age at presentation, gender, laterality, history of a herpetic infection, duration of symptoms prior to presentation, previous medical history (specifically, the presence of a disease altering cellular or humoral immunity, or use of immunosuppressive therapy in order to assess the immune status of the patient). In addition, the causal virus and results of any antiviral resistance investigation were also collected.

The following ophthalmologic characteristics were collected: initial and final best corrected visual acuity (BCVA); initial number of retinal quadrants involved, defined after dilated funduscopic examination; and occurrence of complications. Visual acuity was assessed using Snellen charts and converted to the logarithm of the minimum angle of resolution (logMAR). For visual acuities < 20/400, the following logMAR conversions were used: counting fingers = 1.6, hand movement = 2, light perception = 2.5. [START_REF] Yeh | Combination systemic and intravitreal antiviral therapy in the management of acute retinal necrosis syndrome[END_REF][START_REF] Tibbetts | Treatment of acute retinal necrosis[END_REF] Details of the systemic antiviral medication and intravitreal injections were collected.

DNA viral load

Viral DNA was extracted using an automatic nucleic acid platform (NucliSENS EasyMAG, BioMérieux, Lyon, France) from samples of the AH obtained after anterior chamber paracentesis (ACP; 200 µL in 50 µL of elution buffer), as recommended by the manufacturer. Real-time qPCR was performed using HSV1, HSV2, VZV, and CMV R-gene™ Quantification kits (Argène, BioMérieux). Results were expressed as copies of DNA per mL of AH (the threshold of quantification was 500 copies per mL and that of detection was 100 copies per mL).

Antiviral resistance

HSV UL23 and UL30 genes, which, respectively, encode thymidine kinase and DNA polymerase, were sequenced using Sanger technology as reported previously. [START_REF] Frobert | Genotypic detection of acyclovir-resistant HSV-1: characterization of 67 ACV-sensitive and 14 ACV-resistant viruses[END_REF] Nucleotide sequences were compared with those of the sensitive reference strains KOS (HSV1) and HG52 (HSV2; GenBank accession numbers JQ673480 and Z86099, respectively) using SeqmanII software (DNAStar Inc, Wisconsin, USA).

VZV resistance was investigated by sequencing ORF28 and ORF36 that encodie DNA polymerase and thymidine kinase, respectively. Sequences were compared to the wild-type OKA strain (GenBank accession number AB097933). [START_REF] Andrei | In vitro-selected drug-resistant varicella-zoster virus mutants in the thymidine kinase and DNA polymerase genes yield novel phenotype-genotype associations and highlight differences between antiherpesvirus drugs[END_REF] 

Statistical analysis

Quantitative characteristics were described using the median and range. Qualitative characteristics were described using the absolute and relative frequencies in each category.

The main outcome was the difference between the final and initial VA, expressed in logMAR. The comparison of the final and initial VA was performed using the Wilcoxon test, a non-parametric test for paired data.

A linear mixed model with a random intercept and a random slope was created to estimate the mean slope corresponding to the mean decrease in the logarithm (log) of the viral load per day, and the gaps of the individual slopes to the mean slope. The fixed regression coefficients of the linear mixed model were used to estimate the mean time to achieve a 50% reduction in viral load and to decrease to the detection threshold of the viral load (< 100 copies/mL).

The Kaplan-Meier method was used to estimate the probability of the occurrence of RD.

Statistical significance was defined as a two-tailed P value of <0.05. The analyses were performed using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp., Armonk, NY, USA) and R version 3.2.5 (R Core Team 2017. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria).

Results

The initial patient characteristics are reported in Table 1.

Demographic data

Samples from 25 eyes of 24 patients were collected (13 females, 11 males); the mean duration of follow-up was 17 months (range: 2-74 months). The infectious agent was VZV in 15 patients (62.5%), HSV1 in 4 patients (16.7%), HSV2 in 3 patients (12.5%), and CMV in 2 patients (8.3%). The median age at presentation was 58 years (range: 20-86 years). Patients with HSV2 were significantly younger (median age: 32 years; range: 20-34 years) than those with another virus (median age: 60 years; range: 40-86 years; P = 0.001). Eight patients (33.3%) were immunocompromised and 12 patients (50.0%) had a history of previous herpes infection.

Clinical features at presentation

The median duration of symptoms (first clinical signs to initiation of treatment) was 7 days (range: 1-45 days). The median initial VA was 0.8 logMAR (Snellen equivalent, ~20/125). Eleven eyes (44%) had an initial VA ≤ 20/200; 11 eyes (44%) had an initial VA of 20/200-20/40; and 3 eyes (12%) had an initial VA > 20/40. Retinitis occurred in one quadrant in 3 eyes (12%), two quadrants in 6 eyes (24%), three quadrants in 2 eyes (8%), and four quadrants in 10 eyes (40%). The fundus was inaccessible due to hyalitis in 4 eyes (16%). One patient had initial bilateral involvement and RD in 1 eye. One patient had a central retinal artery occlusion (CRAO) at presentation.

Visual acuity outcomes

The VA was significantly improved (P =0.04) (mean: -0.29 logMAR; median: -0.2 logMAR; range: -1.09 to -1 logMAR). The distributions of the initial and final VA of each patient are presented in Figure 1. The distributions of VAs according to the causative virus are presented in Supplemental Material 2 at AJO.com. Among patients with VZV, the median gain in VA was -0.2 logMAR (range: -1.9 to 0.6 logMAR). Patients with HSV1 ARN had a median gain of -0.2 logMAR (range: -1.2 to 1 logMAR). All patients with HSV2 showed improved VA, the median gain was -0.8 logMAR (range: -0.9 to -0.1 logMAR). One case of CMV ARN had a final VA of 20/20; the other had a final VA of 20/100 (mean gain, 0.05 logMAR). Overall, the final VA was ≤ 20/200 for 5 eyes (20%), 20/200-20/40 (inclusive) for 12 eyes (48%), and > 20/40 for 8 eyes (32%). Among the 16 patients who were followed for at least 1 year, the final VA was ≤ 20/200 for 4 eyes (25%), 20/200-20/40 (inclusive) for 8 eyes (50%), and > 20/40 for 4 eyes (25%).

There was no significant difference in final VA between patients treated with corticosteroids (median VA 0.45 log) and the others (0.5 log; P =0.59).

Retinal detachment outcomes

In total, 4 eyes (16%) developed RD, which occurred between presentation and 5 months after the diagnosis of ARN. The probability of the occurrence of RD was estimated to be 18.5% at year 1 (95% CI [1.8%; 35.2%]).

Therapeutic management

The details of the therapeutic management and clinical evolution of each patient are summarized in Table 2.

Initial antiviral treatment

The initial antiviral treatment was administered intravenously to 23 patients and orally (valacyclovir, 1000 mg, 3 times daily) to 1 patient (#1). To manage VZV and HSV ARN, intravenous acyclovir was used as first-line therapy for 17 patients (77%), administered at a dose of 10 mg/kg every 8 hours; it was replaced by a combination of intravenous foscarnet and ganciclovir for 2 very severe cases (#8, #11) including the case of CRAO (#8). Ganciclovir was used intravenously for one immunocompromised patient (#4). Foscarnet was used intravenously for 3 patients (13.6%; #7, #10, #16) initially and was secondarily used with acyclovir in 1 patient. Patients with CMV ARN were treated with intravenous ganciclovir. Intravenous treatment was continued until complete resolution of retinitis; the median duration was 24 days (range: 15-48 days).

Intravitreal treatment

Twenty-two eyes (88%) received at least one IVT of an antiviral agent (ganciclovir and/or foscarnet) in combination with systemic therapy. Seventeen patients received the same treatment regimen: initial intensive treatment with biweekly injections for the duration of intravenous treatment, followed by weekly injections according to the clinical course and change in viral load. The median number of IVTs was 9 (range: 0-28). Ganciclovir (2000 µg/0.05 mL) was administered to 14 eyes; foscarnet (2.4 mg/0.1 mL) was administered to all patients with CMV infection and to 4 patients with VZV infection (2 were immunocompromised). Two patients (#8, #12) received a combination of foscarnet and ganciclovir. For one patient (#17), the drug was switched, from ganciclovir to foscarnet, after 7 IVTs due to the slow clinical improvement and a delay in reduction of the viral load. Ten patients were treated with injections until the viral load was undetectable.

Oral antiviral therapy

All patients received oral antiviral therapy with valacyclovir (20 patients) or valganciclovir (4 patients) as a part of the intravenous therapy. This was continued for all patients until the most recent follow-up.

Corticotherapy

Corticosteroid therapy (1 mg/kg/day) was introduced to 10 patients (46%); this started between 3 and 60 days after initiation of antiviral treatment (median: 16.5 days) and allowed clinical improvement for all patients. Four patients (#4, #5, #14, #15) were already receiving low-dose corticosteroids (less than 20 mg/day) before the occurrence of ARN, and the dosage was not changed.

Viral DNA Viral kinetics

A quantification of the viral load was obtained at least once for all patients, and a change over time was evaluated in the 19 patients who had ≥ 2 samples. Details of observed and predicted reductions of viral load over time are reported in Figure 2. Patient 5 had bilateral involvement with RD; the viral load in the detached eye could not be quantified. The median number of the samples was 8 (range: 1-24 samples); the only complication related to ACP was the occurrence of an iatrogenic cataract.

The initial mean viral load was 811591 copies/mL (5.91 log) for VZV, 1794023 copies/mL (6.25 log) for CMV, and 1794023 copies/mL (6.12 log) for HSV1. The initial viral load was lower in the HSV2 group (66240 copies/mL; 4.82 log) than in the VZV group (P = 0.09). Among the total population, the viral load at time 0 was estimated to be 5.87 log, which corresponds to a mean viral load at time 0 of 738268 (95% CI [325696; 1673463]). In order to obtain a homogeneous population for assessment of the initial evolution of viral load, we analyzed the viral loads of 17 patients who received the same combined systemic (intravenous acyclovir) and intravitreal treatment. We observed an initial plateau in 8 patients. A plateau was defined as a change in viral load of less than 10% in patients for whom we had a minimum of 2 samples during the first week. We could not judge the presence or absence of a plateau in the 5 patients who had had only one measurement in the first week. The median duration of the plateau in these patients was 15.5 days (range: 7-28 days). The remaining 4 patients experienced a reduction in the viral load on initiation of treatment.

The mean decrease in viral load was estimated to be -0.076 log per day (95% CI [-0.93; -0.59]; P < 0.001); the mean time required to achieve a 50% reduction in viral load was estimated to be 3.95 days for all viruses and 4.20 days for the VZV group. The mean decreases in viral loads according to the type of virus are presented in Supplemental Material 1 at AJO.com.

The mean time required for viral load to be below the detection threshold was estimated to be 50.9 days. In the 10 patients who had an undetectable final viral load, this was achieved after a mean 56.1 days (range: 27-119 days).

Role of immune competence

Mean baseline viral load was 2401728 copies/mL (6.38 log; range, 143000-13000000 copies/mL) in the immunocompromised group and 822144 copies/mL (5.9 log; range, 2400-6100000 copies/mL) in the non-immunocompromised group. This difference was not statistically significant (P = 0.35).

There was no significant difference in the rate of decrease in viral load between immunocompromised patients (mean decrease in viral load: -0.067 log per day) and the others (0.074 log; P = 0.37).

Role of corticotherapy

No significant difference was observed in the decrease in viral load between patients treated with corticosteroids and those who were not (mean decrease in viral load: -0.071 log per day vs. -0.073 log per day; P = 0.89).

Resistance to antivirals

Antiviral resistance was investigated in 3 HSV1 patients (patients #16, #17, and #19), and 3 VZV patients (patients #13, #14, and #15). Among the HSV1 patients, patient #17 tested positive for mutation of the thymidine kinase gene. In this patient, duration of the plateau phase was significantly longer (28 days) compared to other patients in the series, who also had a plateau (11.6 days; P = 0.04). The plateau phase corresponded to treatment with intravenous acyclovir and IVTs of ganciclovir; the decrease ensued after replacement of ganciclovir with foscarnet.

With DNA polymerase sequencing, we did not find a resistance mutation in any of the 3 patients. In the VZV patients, the DNA sequences were unfortunately incomplete, and all regions could not be analyzed. No mutation related to resistance was found in the sequences tested.

Discussion

To the best of our knowledge, the present study is the largest series to describe the evolution of the viral load of ARN using qPCR during treatment. The antiviral treatment regimen used was largely homogeneous, and included initial intravenous therapy combined with bi-weekly IVTs, followed by oral therapy with weekly IVTs. This treatment protocol yielded good outcomes in terms of VA and the RD rate.

Half of the included patients had a history of herpes infection, making it an important and often reported diagnostic guidance element. [START_REF] Okafor | Acute retinal necrosis presenting in developmentally-delayed patients with neonatal encephalitis: a case series and literature review[END_REF] It is assumed that ARN occurs when immune dysfunction allows the herpes virus to reactivate. [START_REF] Rochat | Immunological profiles in patients with acute retinal necrosis[END_REF] It is of note that a third of patients included herein were immunosuppressed, which is higher than that reported in the literature. [START_REF] Rochat | Acute retinal necrosis syndrome. Lausanne cases, review of the literature and new physiopathogenetic hypothesis[END_REF] This is an important clinical consideration for the choice of antivirals since resistance to acyclovir is common in such patients. [START_REF] Gilbert | Resistance of herpesviruses to antiviral drugs: clinical impacts and molecular mechanisms[END_REF] The retrospective nature and the variable duration of follow-up are the primary sources of bias of the present study. The limited follow-up period of some patients may have resulted in an underestimation of the rate of RD, however, it is reported that 96% of the cases of RD occur early, within 5 months of onset of the first symptoms. [START_REF] Lau | Acute retinal necrosis: features, management, and outcomes[END_REF] Furthermore, when tracking bias was taken into account by using Kaplan-Meier analysis, the probability of RD herein remained the lowest rate reported in the literature (Table 3).

In the present study, a clinically significant improvement in VA and only a fifth of patients had a final VA ≤ 20/200, compared to 46% in the literature. [START_REF] Wong | Acute retinal necrosis: the effects of intravitreal foscarnet and virus type on outcome[END_REF] The markedly better visual outcomes herein could be explained by the use of IVT, but also the intensive and extended antiviral treatment administered to each patient. For instance, it has been demonstrated that IVTs are beneficial for VA and decrease the risk of RD. [START_REF] Meghpara | Long-term follow-up of acute retinal necrosis[END_REF][START_REF] Yeh | Combination systemic and intravitreal antiviral therapy in the management of acute retinal necrosis syndrome[END_REF][START_REF] Ishida | Prophylactic vitrectomy for acute retinal necrosis[END_REF] It can be assumed that in cases of occlusive vasculitis, retinal penetration of systemic antiviral treatment may be decreased, and IVTs may intensify the treatment by increasing the intraocular concentrations and accelerating healing. Furthermore, the median number of IVTs was high compared to other series, wherein only 1 to 7 injections were administered. [START_REF] Yeh | Combination systemic and intravitreal antiviral therapy in the management of acute retinal necrosis syndrome[END_REF][START_REF] Wong | Acute retinal necrosis: the effects of intravitreal foscarnet and virus type on outcome[END_REF][START_REF] Tran | Successful treatment with combination of systemic antiviral drugs and intravitreal ganciclovir injections in the management of severe necrotizing herpetic retinitis[END_REF][START_REF] Huang | Rate of retinal detachment after early prophylactic vitrectomy for acute retinal necrosis[END_REF][START_REF] Butler | Acute retinal necrosis: presenting characteristics and clinical outcomes in a cohort of polymerase chain reaction-positive patients[END_REF] As for the duration of use, it is interesting to note that on the study reported by Meghpara et al., IVTs were used for a mean duration of 59 days and good outcomes were found. [START_REF] Meghpara | Long-term follow-up of acute retinal necrosis[END_REF] We observed a change in the viral load in 3 phases: a first plateau period that was not always present, a logarithmic decrease phase, and a negativation phase. The first study that described this profile of viral load during treatment of VZV ARN was performed by Bernheim et al. [START_REF] Bernheim | Time profile of viral DNA in aqueous humor samples of patients treated for varicella-zoster virus acute retinal necrosis by use of quantitative real-time PCR[END_REF] In their study, the initial plateau and the delay of the time to negativity were longer, probably related to the differences in treatment used. Additional studies are needed to support the role of IVT in the decrease of the viral load. We continued ACP and IVTs until negativation of the viral load in 10 cases. As ACP is a minimally invasive procedure with infrequent side effects, [START_REF] Kishore | Intravitreal ganciclovir and dexamethasone as adjunctive therapy in the management of acute retinal necrosis caused by varicella zoster virus[END_REF] the repetition of this technique to achieve negativity seems acceptable to ensure healing. Some authors recommend performing a puncture when injecting 0.1 mL of a substance to avoid a short-term increase in intraocular pressure. Thus, the frequency of the punctures could be adapted to that of the IVT. Since a significant complication occurred herein, it seems reasonable to reduce the number of punctures to improve safety. [START_REF] Kotliar | Effect of intravitreal injections and volume changes on intraocular pressure: clinical results and biomechanical model[END_REF] It is, however, not possible to establish a direct relationship between the viral load and the clinical course since other factors, such as immune status or corticosteroid therapy, come into consideration. However, it is logical to presume that the final VA is improved in cases of rapid healing and when the viral load decreases rapidly.

Acyclovir is the first-line treatment for HSV and VZV ARN, due to its efficacy and good tolerability, [START_REF] Morel | Acute retinal necrosis: clinical presentation, treatment, and prognosis in a series of 22 patients[END_REF] and herein it was used as such in most cases. The median duration of intravenous therapy was much longer than the duration more commonly used in clinical practice (7 to 10 days). The duration of intravenous treatment was decided by the treating ophthalmologists, based on their preferences with respect to the resolution of retinitis.

No study has previously described the change in viral load in the context of resistance to acyclovir; a prolonged plateau, as observed in the present study, could be a reason to change the treatment and test for resistance. Resistance to acyclovir is more common in immunosuppressed patients, [START_REF] Frobert | Resistance of herpes simplex viruses to acyclovir: an update from a ten-year survey in France[END_REF] which may favor the administration of foscarnet as a first-line therapy. In addition, synergy is observed between foscarnet and ganciclovir in vitro, which may justify their use as dual therapy in severe cases. We used a combination of ganciclovir and foscarnet (intravitreal or intravenous) for a highly immunocompromised patient, and for extremely severe ARN. In the case with CRAO, intraretinal penetration of intravenous antivirals was probably minimal, IVTs of ganciclovir and foscarnet were also used to achieve the highest intraocular concentration.

Oral treatment was traditionally initiated as an adjunct to intravenous treatment to reduce the risk of bilateralization. [START_REF] Aizman | Treatment of acute retinal necrosis syndrome with oral antiviral medications[END_REF] In the present study, it was continued for all patients until the most recent follow-up visit. Recent studies have also demonstrated its effectiveness when administered from the initial phase of management, [START_REF] Muthiah | Acute retinal necrosis: a national population-based study to assess the incidence, methods of diagnosis, treatment strategies and outcomes in the UK[END_REF][START_REF] Ishida | Prophylactic vitrectomy for acute retinal necrosis[END_REF] as we observed in one patient herein. Intravenous antiviral therapy was the reference at the time of patient management; however, it could be replaced by oral treatment, as both strategies are associated with similar outcomes. [START_REF] Tibbetts | Treatment of acute retinal necrosis[END_REF] There is no recommendation for the duration of preventive treatment, but it seems justified to continue long-term treatment due to the risk of recurrence and bilateralization, which may occur years after the first episode. [START_REF] Hillenkamp | Acute retinal necrosis: clinical features, early vitrectomy, and outcomes[END_REF] Systemic corticosteroids are often co-administered with antiviral therapy to reduce local inflammation. [START_REF] Wong | Acute retinal necrosis: the effects of intravitreal foscarnet and virus type on outcome[END_REF] They very likely play an important role in the decrease of the viral load but this has was not demonstrated herein, probably due to heterogeneous introduction date and duration of use. The time of introduction is often discussed in the litterature because of the risk of aggravation if the infection is insufficiently controlled by the antiviral treatment, but no study has formally investigated this aspect.

In conclusion, numerous and prolonged IVTs, used as ajdunctive therapy, could improve the prognosis of treated patients by decreasing the risk of retinal detachment and improving visual acuity. Real-time qPCR enables monitoring of the response to treatment and can provided evidence for resistance to antiviral treatment by enabling the detection of cases with a prolonged initial plateau of viral load. 
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FIGURE 1 .

 1 Distributions of initial and final visual acuity. CMV, cytomegalovirus, HSV, herpes simplex virus, VZV, varicella zoster virus. Observed and predicted reductions of viral load over time.

	FIGURE 2.

Table 1 .

 1 Patient characteristics

												Other
	Patient Age Gender Virus Prior herpetic infection	Immune dysfunction (ID)	Type of immunosuppression Laterality	Symptom duration (days)	Presenting VA	Quadrants of retinitis	Duration of follow-up (months)	clinical findings at
												diagnosis
	1	65 F	VZV No	YES	Lung cancer, chemotherapy	OD	15	20/200	2	10
	2	80 M	VZV No	NO		OS	10	20/100	2	21
	3	42 F	VZV No	NO		OD	3	20/32	1	26
	4	60 M	VZV Thorax shingles (2 month prior)	YES	IgA nephropathy, corticosteroids	OS	7	20/40	2	68
	5 (OD) 76 M 5 (OS)	VZV No	YES	Rheumatoid arthritis, corticosteroids	OU	7	20/100 HM	1 4	74	Initial RD
	6	48 M	VZV	Zoster ophthalmicus (9 days prior)	NO		OS	1	20/100	NA	32
	7	51 F	VZV No	NO		OS	15	HM	NA	79
	8	62 F	VZV No	NO		OD	1	LP	4	18	Initial CRAO
	9	86 F	VZV	Zoster ophthalmicus (15 days prior)	NO		OD	7	LP	NA	13
	10	81 M	VZV	Intercostal shingles (1 month prior)	NO		OD	10	20/125	2	21
	11	59 M	VZV No	NO		OD	15	HM	4	15
						Multiple myeloma,					
	12	82 M	VZV No	YES	chemotherapy,	OS	21	20/100	4	2
						corticosteroids					
	13	65 F	VZV Shingles (15 days prior)	NO		OD	7	20/63	4	3
	14	42 M	VZV	Intercostal shingles (30 years prior)	NO		OD	2	20/25	4	4
						Kidney transplant,					
	15	75 F	VZV No	YES	immunosuppressive therapy,	OS	28	20/100	3	3
						corticosteroids					
	16	40 M	HSV1	Herpetic encephalitis (10 years prior)	NO		OS	4	CF	4	37
	17	47 F	HSV1	Herpetic encephalitis (30 years prior)	NO		OD	4	HM	4	32
	18	37 F	HSV1 Herpetic encephalitis (neonatal)	NO		OS	15	HM	NA	65
	19	51 F	HSV1	Herpetic encephalitis (3 months prior)	YES	Lung cancer, chemotherapy	OS	15	20/200	3	2
	20	34 F	HSV2 Herpetic keratitis	NO		OS	3	20/32	4	61
				HSV2 neonatal							
	21	20 F	HSV2	meningoencephalitis, intercostal	NO		OS	30	20/200	2	16
				shingles (10 years prior)							
	22	32 M	HSV2 No	NO		OD	3	20/125	1	6
	23	78 M	CMV No	YES	Cavum lymphoma, chemotherapy	OS	45	20/40	4	5
	24	57 F	CMV No	YES	acute lymphoblastic leukemia, chemotherapy	OS	7	20/40	2	3

HSV: herpes simplex virus; VZV: varicella zoster virus; CMV: cytomegalovirus; VA: visual acuity; HM: hand motion; CF: counting fingers; LP: light perception; NA: not accessible; RD: retinal detachment; CRAO: central retinal artery occlusion; Age is expressed in years.

Table 2 .

 2 Treatment details and clinical outcomes -time PCR; IV: intravenous; IVT: intravitreal injection; VA: visual acuity; HM: hand motion; LP: light perception; RD: retinal detachment; PPR (panretinal photocoagulation); G: ganciclovir; F: foscarnet; CRAO: central retinal artery occlusion; *: usual treatment; OD: ocular dexter; OS: ocular sinister; LMWH: Low molecular weight heparin

	Patient	qPCR (number)	Initial viral load (copies/mL)	IV treatment	Duration of IV antiviral therapy (days)	Intravitreal treatment	Number of injections	Prophylactic laser	High-dose corticosteroid	Anticoagulant (AC) or antiplatelet (AP) therapy	Oral medication (maintenance)	Complications	Final VA
	1	4	143000	No	0	Foscarnet 4	No	No	No	Valacyclovir	th month) RD (5	20/63
	2	17	43000	Acyclovir	30	Ganciclovir 14	PPR (Neovascular glaucoma)	No	No	Valacyclovir	Neovascular glaucoma	20/50
										AC (LMWH)			
	3	16	131000	Acyclovir	48	Ganciclovir 23	No	Yes	2 months, then AP (aspirin	Valacyclovir	Macular edema	20/125
										75mg/day)			
	4	10	380000	Ganciclovir	21	Foscarnet 13	No	No*	No	Valganciclovir			20/20
	5 (OD) 23	13000000			Ganciclovir 26	No						20/63
	5 (OS) 0		Acyclovir	21	Ganciclovir 3	No	No*	No	Valacyclovir	RD (at presentation)	HM
												Macular
	6	1	22000	Acyclovir	28	Ganciclovir 2	No	Yes	AP* (aspirin 75mg/day)	Valacyclovir	edema, epiretinal macular	20/50
												membrane
	7	13	760000	Foscarnet	35	Ganciclovir 14	Yes	No	AP (aspirin 75mg/day)	Valacyclovir	Macular edema	20/25
	8	24	180873	Acyclovir then foscarnet + ganciclovir	31 (10+21)	Ganciclovir + foscarnet	25	PPR (CRAO) No	No	Valacyclovir	CRAO (at presentation)	LP
	9	4	6100000	Acyclovir	21	Ganciclovir 2	No	No	AP * (aspirin 75mg/day)	Valacyclovir			LP
												Macular
	10	13	400000	Foscarnet	28	Ganciclovir 14	Yes	Yes	AP (aspirin 75mg/day)	Valacyclovir	edema, epiretinal macular	20/100
												membrane
	11	5	2000000	Acyclovir then ganciclovir + foscarnet	43 (2+41)	Ganciclovir 4	No	Yes	AP * (aspirin 250mg/day)	Valganciclovir	Macular membrane epiretinal	20/63
						Ganciclovir							
	12	11	1310000	Acyclovir	21	+	13	No	No*	No	Valacyclovir			20/100
						foscarnet							
	13	1	478327	Acyclovir	15	Foscarnet 1	No	Yes	AC (15 days) Valacyclovir			20/25
	14	1	10300	Acyclovir	15	0	0	No	Yes	AP (aspirin 75mg/day)	Valacyclovir			20/32
	15	4	3302232	Acyclovir	21	Foscarnet 5	No	No*	AP * (aspirin 75mg/day)	Valacyclovir			20/63
	16	17	2700000	Foscarnet then acyclovir	30 (15+15) Ganciclovir 28	No	No	AP (aspirin 75mg/day)	Valacyclovir	RD (2	nd day) 20/100
	17	11	185000	Acyclovir	28	Ganciclovir 13	No	Yes	AP (aspirin	Valacyclovir			20/125

Table 3 . Retinal detachment rates reported in the literature
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	Publication			
	date	Author(s)	Number of eyes	RD rate
	1982	Fisher et al. 31	41	50%
	1989	Clarkson et al. 32	32	50%
	1991	Matsuo et al. 33	26	50%
	1993	Crapotta et al. 34	13	23%
	1998	Abe et al. 13	12	50%
	2004	Tran et al. 35	46	17.7%
	2004	Chau Tran et al. 36	12	41.7%
	2004	Morel et al. 37	22	50%
	2007	Lau et al. 7	22	35.3%
	2007	Aizman et al. 38	10	37.5%
	2007	Muthiah et al. 39	12	75%
	2009	Ishida et al. 40	18	33%
	2009	Sims et al. 5	23	39%
	2009	Hillenkamp et al. 41	30	73%
	2010	Meghpara et al. 20	25	20%
	2010	Wong et al. 42	81	47.0%
	2010	Tibbets et al. 24	58	50%
	2012	Taylor et al. 43	10	30%
	2012	Cochrane et al. 44	52	30.8%
	2012	Luo et al. 45	37	48.0%
	2012	Jeon et al. 46	63	49.9%
	2013	Iwahashi-Shima et al. 47	104	33%
	2013	Flaxel et al. 48	29	45%
	2013	Bernheim et al. 15	6	67%
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