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Abstract
Purpose  Acute retinal necrosis (ARN) is a severe necrotizing retinitis caused by varicella-zoster virus or herpes simplex virus 
(HSV) that often results in blindness. Occasionally, HSV-caused ARN develops after herpes simplex encephalitis (HSE). It 
remains unknown, however, when and how often ARN develops after HSE. To investigate the actual conditions of patients 
with ARN following HSE and the interval period between the prior HSE and the onset of ARN, a retrospective nationwide 
survey of the Japanese population was performed.
Study design  Retrospective.
Methods  Questionnaires were sent out to the neurology and ophthalmology departments of teaching hospitals in Japan. 
They inquired about HSE patients in neurology departments and ARN patients diagnosed with HSV in ophthalmology 
departments. The proportion of the HSV-ARN patients with a history of HSE and their interval periods were obtained from 
the questionnaires returned by the ophthalmology departments.
Results  Neurology departments of 324 hospitals responded to the questionnaires (response proportion: 40.9%), and 53 
HSE cases were reported. Ophthalmology departments of 535 hospitals responded the questionnaires (response proportion: 
54.3%), and 67 HSV-ARN cases were reported. Among the 67 HSV-ARN cases, 16 (23.9%) had histories of prior HSE. 
Although the interval periods from the prior HSE to the onset of HSV-ARN varied among cases, nearly half developed 
HSV-ARN within 2 years.
Conclusions  This nationwide survey of the Japanese population showed that HSV-ARN develops after HSE in higher fre-
quency within 2 years. Neurologists and ophthalmologists should be aware that HSE survivors have a risk of contracting 
HSV-ARN.
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Introduction

Acute retinal necrosis (ARN) is a severe viral ocular infec-
tion that can rapidly develop and progress in immunocompe-
tent patients and lead to panuveitis with necrotizing retinitis 
[1]. In spite of intensive therapies that include intravenous 
acyclovir and vitreoretinal surgery, visual outcomes for ARN 
are poor, as the devastated retina often contains multiple reti-
nal breaks resulting in refractory retinal detachments. The 
most common causative viruses of ARN are varicella-zoster 
virus (VZV), followed by the herpes simplex virus (HSV) 
including types 1 and 2 [1].

Although there are many case reports of ARN caused by 
HSV (HSV-ARN) with a history of prior HSE [2–12], the 
incidence rate of HSV-ARN among HSE survivors remains 
unknown. Vandercam et al. state that HSE is a risk factor 
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of ARN and report that 7 (13.5%) out of 52 ARN cases had 
histories of HSE. In their manuscript, they estimate the risk 
of ARN among HSE patients to be 3.7-11% [8]. However, 
this estimation was based on ARN cases reported at a single 
referral hospital in the Netherlands and on the prevalence of 
HSE in the United States [13]. Our current study conducted 
a nationwide survey of the Japanese population in order to 
investigate actual conditions of patients with HSV-ARN fol-
lowing HSE and interval periods between prior HSE and the 
onset of HSV-ARN.

Subjects and methods

This retrospective nationwide survey study sent out ques-
tionnaires to the 792 neurology departments and 986 oph-
thalmology departments located in teaching hospitals in 
Japan. To improve the response rates, questionnaires were 
sent out using a two-step method. For the neurology depart-
ments, the first questionnaire asked about the presence of 
HSE patients during the 3-year period from 2011 to 2013. 
Departments that answered ‘Yes’ were then asked to pro-
vide detailed information that included age, gender, onset 
years and diagnostic criteria (such as the presence of either 
positive HSV-PCR of cerebrospinal fluid, intrathecal HSV 
antibody production, or positive brain imaging findings (CT/
MRI) of inflammation in the fronto-temporal lobes sug-
gesting HSE) (Fig. 1). For the ophthalmology departments, 
the first questionnaire asked about the presence of HSV-
ARN patients during the 6-year period from 2011 to 2016. 

Departments that answered ‘Yes’ were then asked to provide 
detailed information that included age, gender, affected eyes, 
onset years, diagnostic criteria (the presence of both positive 
HSV-PCR of intraocular fluid and typical ocular findings 
and clinical courses), history of prior HSE and involvement 
of the fellow eyes (Fig. 2). All returned questionnaires were 
carefully reviewed, and all cases that did not meet the diag-
nostic criteria of HSE [14] and ARN [15] were excluded.

The number of HSE cases that visited the neurology 
departments from 2011 to 2013 was estimated by extrap-
olating the actual number of cases listed on the returned 
second questionnaires. The extrapolation was performed 
by assuming that both the responding and non-responding 
hospitals had the same incidence of the disease per hospital. 
HSE cases that visited the departments of internal medicine 
and pediatrics were also extrapolated, as a previous study 
reported that neurology, internal medicine and pediatrics 
covered 65.0%, 18.5% and 16.5% of HSE patients in Japan, 
respectively [16]. From these results, we assumed that very 
few patients were diagnosed at any other departments. Based 
on the above, we then estimated the total number of HSE 
cases in Japan during the 3-year period from 2011 to 2013. 
This number was used as a denominator when calculating 
the proportion of patients with HSV-ARN following HSE.

The actual number of HSV-ARN cases with histories of 
prior HSE from 2011 to 2016 was obtained from the second 
questionnaires returned from the ophthalmology depart-
ments. By extrapolating the actual number of HSV-ARN 
cases reported in these questionnaires, the total number 
of HSV-ARN cases with a history of prior HSE during 

Fig. 1   Questionnaires for the 
neurology departments. Ques-
tionnaires were sent out using 
a two-step method. The first 
questionnaire asked about the 
presense of HSE patients during 
the 3-year period from 2011 
to 2013 (a), and the second 
questionnaire asked to provide 
further detailed information of 
the HSE patients (b)

a b

Survey for acute retinal necrosis after 
herpes simplex encephalitis

Institution                                     
Name
Email address                               

Survey for acute retinal necrosis after 
herpes simplex encephalitis

Institution                                     
Name
Email address                               

Have you diagnosed herpes simplex 
encephalitis (including suspected cases) from 
Jan 1st 2011 to Dec 31th 2013?

Yes No

Please describe details for herpes simplex 
encephalitis cases (including suspected cases) 
from Jan 1st 2011 to Dec 31th 2013.

Case 1 (age:      )  (Sex:     )  (Onset year:        )
Diagnostic basis:: 

positive HSV-PCR of cerebrospinal fluid
intrathecal HSV antibody production
positive brain imaging findings (CT/MRI) of 

inflammation in the fronto-temporal lobes 
suggesting HSE

others (                                             )

Copy pages if you have more cases.
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the 6-year period from 2011 to 2016 was estimated. The 
extrapolation was also performed by assuming that both 
the responding and non-responding hospitals had the same 
incidence of the disease per hospital. It was assumed that 
there were only a few ARN patients diagnosed and treated 
as outpatients, as ARN is a severe disease that requires inten-
sive therapy with hospitalization. The number of HSV-ARN 
cases with a history of HSE during 3 years was then calcu-
lated and used as a numerator when calculating the propor-
tion of patients with HSV-ARN following HSE.

The proportion of patients with HSV-ARN following 
HSE was calculated based on the estimated numbers of HSE 
and HSV-ARN after HSE cases during the 3-year period. 
The 95% confidence interval (95%CI) was calculated from 
the total number of samples and the number of events by 
using the statistical software EZR [17].

The interval periods from the prior HSE to the onset of 
HSV-ARN were extracted from the data obtained from the 
second questionnaires returned from the ophthalmology 
departments.

This study was approved by the Ethical Committee of 
Gunma University Hospital.

Results

Estimated number of HSE cases in Japan

The response proportion for the first questionnaire sent to the 
neurology departments was 324/792 departments (40.9%), 

while that for the second questionnaire was 33/63 (52.4%). 
There was a total of 53 HSE cases (33 men, 20 women) 
reported during the 3-year period from 2011 to 2013 by 33 
hospitals. The diagnostic basis of the 53 HSE cases were 
as follows: positive HSV-PCR of cerebrospinal fluid (26 
cases, 49.1%), intrathecal HSV antibody production (8 cases, 
15.2%), and positive brain imaging finding (CT/MRI) of 
inflammation in the fronto-temporal lobes suggesting HSE 
(19 cases, 35.8%). The ages of the 53 patients ranged from 
18 to 90 years (average: 64.5 years). Based on the extrapola-
tion from these numbers, the total number of estimated HSE 
cases in Japan during the 3-year period was calculated to be 
380 (Fig. 3). In addition, based on the 2011 Japanese popula-
tion from the census information conducted by the Statistical 
Bureau of the Ministry of Internal Affairs, the annual inci-
dence of HSE was calculated to be 1.0 per million.

The proportion of patients with HSV‑ARN 
following HSE and interval periods 
between the prior HSE and the onset of HSV‑ARN

The response proportion for the first questionnaire sent to 
the ophthalmology departments was 535/986 departments 
(54.3%), while that for the second questionnaire was 40/52 
(76.9%). There were 67 HSV-ARN cases (38 men and 29 
women) reported during the 6-year period from 2011 to 
2016 by 40 hospitals. The ages of the 67 patients ranged 
from 0 to 87 years (average: 51.6 years). Among the 67 
HSV-ARN cases, 16 (23.9%) had histories of prior HSE. 
The interval periods between the prior HSE and the onset 

Fig. 2   Questionnaires for the 
ophthalmology departments. 
Questionnaires were sent out 
using a two-step method. The 
first questionnaire asked about 
the presense of HSV-ARN 
patients during the 6-year 
period from 2011 to 2016 (a), 
and the second questionnaire 
asked to provide further detailed 
information of the HSV-ARN 
patients (b)

a b

Survey for acute retinal necrosis after 
herpes simplex encephalitis

Institution                                     
Name
Email address                               

Survey for acute retinal necrosis after 
herpes simplex encephalitis

Institution                                     
Name
Email address                               

Have you diagnosed acute retinal necrosis by 
herpes simplex virus from Jan 1st 2011 to Dec 
31th 2016?

Yes No

Please describe details for HSV-ARN cases 
from Jan 1st 2011 to Dec 31th 2016.

Case 1 (age:      )  (Sex:     )  (Onset year:        )
(affected eyes: right, left or both)
Diagnostic basis:: 

positive HSV-PCR of intraocular fluid
typical ocular findings and crinical course
others (                                             )        

History of herpes simplex encephalitis:
Yes (onset year:      ) No

Involvement of fellow eyes:
Yes (onset year:      ) No

Copy pages if you have more cases
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of HSV-ARN reported in the 16 cases varied from a simul-
taneous onset to a period longer than 10 years. However, 
HSV-ARN developed within 2 years after HSE in nearly 
half of the cases (Table 1). In addition, bilateral eyes were 
involved in 5 (31.3%) out of the 16 cases with 2 showing 
simultaneous onset and the other 3 occurring within the fol-
lowing year.

Estimated incidence proportion of HSV‑ARN 
following HSE

Using data extrapolation, the total number of estimated 
HSV-ARN cases with HSE history in Japan during the 
6-year period from 2011 to 2016 was estimated to be 39 
(Fig. 4). Therefore, the number of HSV-ARN cases with 
HSE in Japan during a 3-year period was calculated to be 

‘Yes’ N= 63 (hospitals) ‘No’ N= 261 (hospitals) 
 

Not responded 
N= 468 (hospitals)c 

First questionnaires sent out 
Presense of HSE cases 
N= 792 (hospitals )d 

Responded 
N= 324 (hospitals)b 

No Yes 

N= 33 (hospitals) 
reported 53 HSE cases 

N= 30 (hospitals)a 

Not responded Responded 

Second questionnaires sent out  
Details of HSE cases 

Fig. 3   Flowchart showing the result for questionnaires sent out to 
neurology departments about herpes simplex encephalitis. The first 
questionnaires asking about the presence of herpes simplex encepha-
litis (HSE) cases during 3 years (2011-2013) were sent out to neurol-
ogy departments in 792 hospitals, and the response proportion was 
40.9% (324/792 hospitals). The second questionnaires asking about 
the details of the HSE cases were sent out to 63 hospitals which 
answered ‘Yes,’ and the response proportion was 52.4% (33/63 hos-
pitals). The extrapolation was performed as follows; (a) First, the 
30 hospitals which did not respond the second questionnaires were 
assumed to include 48 HSE cases from the ratio of 53 cases among 
33 hospitals. (b) Second, the 324 hospitals which responded the first 

questionnaires were assumed to include 101 HSE cases as a total of 
53 and 48 cases. (c) Third, the 468 hospitals which did not respond 
the first questionnaires were assumed to include 146 HSE cases from 
the ratio of 101 cases among 324 hospitals. (d) Fourth, the 792 hospi-
tals were assumed to include 247 HSE cases as a total of 101 and 146 
cases. A previous study has reported that neurology, internal medi-
cine and pediatric departments covered 65.0%, 18.5% and 16.5% of 
the HSE patients in Japan, respectively[16]. Therefore, 3-year HSE 
cases in Japan were finally calculated to be 380 from the assumption 
that neurology departments covered 65% of total HSE patients. HSE, 
herpes simplex encephalitis

Table 1   Interval periods between prior herpes simplex encephalitis 
and the onset of acute retinal necrosis

Interval period (year) Cases (N)

<1 4
1-2 3
2-3 0
3-4 4
4-5 0
5-10 1
≥10 2
Unknown 2
Total 16
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20 cases. Based on the number of cases estimated for HSE 
and for HSV-ARN with a history of HSE during the 3-year 
period, the incidence proportion of HSV-ARN following 
HSE was estimated to be 5.3% (95%CI: 3.2-8.0%). However, 
HSE has a high mortality rate, reported to be about 15% 
[18]. Thus, the incidence proportion among HSE survivors 
was estimated to be 6.2% (95%CI: 3.8-9.4%).

Discussion

ARN is a rare viral necrotizing retinitis caused by either 
VZV or HSV, with an annual population incidence estimated 
to be 0.5 to 0.63 per million [1]. In spite of the intensive 
medical and surgical therapies developed and used to treat 

this ocular disease, ARN continues to cause severe visual 
disturbances [1]. The prevention of ARN is difficult, as 
most ARN cases develop in immunocompetent patients as 
an acute onset without any precursory syndrome. However, 
there are multiple reports finding prior histories of HSE in 
HSV-ARN cases [2–12]. Based on these previous findings, 
it has been suggested that HSE is a risk factor of ARN [8]. 
However, it remains unknown as to how often ARN actu-
ally develops after HSE. Our current study performed a 
nationwide retrospective survey of the Japanese population 
and showed that 16 (23.9%) out of 67 HSV-ARN cases had 
histories of prior HSE. Additionally, it is estimated that the 
three-year incidence of HSV-ARN after HSE was 5.3% of 
the total HSE patients. If the mortality rate of HSE were 
to be taken into account, the proportion would be 6.2% of 
HSE survivors.

HSE is a form of sporadic encephalitis, the most com-
mon infectious encephalitis in industrialized countries [19]. 
The annual prevalence of HSE in the Japanese population 
is reported to be 3.5-3.9 per million [16, 20]. Even in the 
acyclovir era, HSE prognosis is still poor, with the 6-month 
outcome resulting in death (15%) and severe disabilities 
(20%) [18]. Furthermore, since HSE survivors suffer from 
neuropsychological dysfunction to some extent, there is 
often a delay before they consult an ophthalmologist during 
the early developmental stages of ARN. Therefore, neurolo-
gists need to be made aware of the fact that a percentage of 
HSE survivors may be affected by ARN at some point in 
the future.

The interval periods between the prior HSE and the 
onset of ARN varied among reported cases, ranging from a 
simultaneous onset to an onset longer than 10 years (Table). 
However, the onset periods of nearly half of the cases were 
within 2 years. It should be noted that 31.3% of HSV-ARN 
cases after HSE in this study involved both eyes. To protect 
the vision of HSE survivors, there are several options that 
should be considered. First, early consultations with oph-
thalmologists need to be undertaken when the visual symp-
toms initially develop. Second, patients need to be started on 
prophylactic oral antivirals to prevent ARN as a late-onset 
complication. However, although prophylactic oral antivirals 
are widely used for recurrent genital herpes there has yet 
to be any evidence that shows antivirals can prevent ARN 
after HSE. It is expected that successful vaccinations for 
the treatment or prevention of HSV infections will become 
available in the future.

It can be challenging to calculate an accurate incidence 
rate of HSV-ARN in HSE survivors, as these diseases are 
rare entities in different fields. In addition, performing a pro-
spective study in order to determine the incidence is also 
difficult, because a large number of HSE patients need to 
be included and traced for many years. To overcome these 
difficulties, we conducted a retrospective nationwide survey. 

N= 52 (hospitals) N= 483 (hospitals)

Not responded
N= 451 (hospitals)c

First questionnaires sent out
Presense of HSV-ARN cases

N= 986 (hospitals) d

Responded
N= 535 (hospitals)b

NoYes

N= 40 (hospitals) 
Reported 67 HSV-ARN 

pa�ents including 16 cases 
a�er HSE

N= 12 (hospitals)a

Not respondedResponded

Second questionnaires sent out 
Details  of HSV-ARN cases

Fig. 4   Flowchart showing the result for questionnaires sent out to 
ophthalmology departments about acute retinal necrosis caused by 
herpes simplex virus with histories of herpes simplex encephalitis. 
The first questionnaires asking about the presence of acute retinal 
necrosis (ARN) cases caused by herpes simplex virus (HSV) during 
6 years (2011-2016) were sent out to ophthalmology departments in 
986 hospitals, and the response proportion was 54.3% (535/986 hos-
pitals). The second questionnaires asking about the details of HSV-
ARN cases sent out to 52 hospitals which answered ‘Yes,’ and the 
response proportion was 76.9% (40/53 hospitals). The 52 hospitals 
reported 16 HSV-ARN cases after HSE. The extrapolation was per-
formed as follows; (a) First, the 12 hospitals which did not responded 
the second questionnaires were assumed to include 5 cases of HSV-
ARN after HSE from the ratio of 16 cases among 40 hospitals. (b) 
Second, the 535 hospitals which responded to first questionnaires 
were assumed to include 21 HSV-ARN cases after HSE as a total of 
16 and 5 cases. (c) Third, the 451 hospitals which did not respond the 
first questionnaires were assumed to include 18 cases of HSV-ARN 
cases after HSE from the ratio of 21 cases among 535 hospitals. (d) 
Finally, 6-year HSV-ARN cases with prior HSE in Japan were esti-
mated to be 39 as a total of 21 and 18. ARN, acute retinal necrosis; 
HSE, herpes simplex encephalitis; HSV, herpes simplex virus



309ARN after herpes simplex encephalitis

1 3

However, there were several limitations in our current study. 
First, there is the possibility of an information bias, which 
includes a recall bias and an ascertainment bias. The recall 
bias could have resulted in a report of finding no cases when 
replying to the first questionnaires due to failures to review 
all the medical records. The ascertainment bias could have 
been caused with HSE cases whose causative viruses were 
not detected as being HSV because of false-negatives or due 
to not being examined, might have been dropped from our 
survey. Similarly, ARN cases in which the causative viruses 
were not confirmed could also have been potentially elimi-
nated. It is also possible that there could have been a selec-
tion bias. In this study, questionnaires were sent to neurology 
and ophthalmology departments of teaching hospitals only. 
However, other departments, hospitals and clinics could have 
been involved. We also found that the response proportions 
were not all that high, especially for neurology departments. 
Thus, our extrapolation might have led to an over- or under-
estimation, as we supposed that the incidences were similar 
in both the neurology and ophthalmology departments of the 
responding as well as the non-responding hospitals and that 
each hospital has the same incidence rates of these diseases 
without considerating the size of the hospital. As mentioned 
above, we have many limitations to calculate the incidence 
proportion of HSV-ARN after HSE. However, we think it 
important to show the incidence proportion, because it can 
contribute to the early detection of HSV-ARN after HSE. To 
overcome the above limitation, a large-scale study based on 
insurance databases will need to be undertaken in the future.

In conclusion, this nationwide survey of the Japanese 
population showed that the proportion of patients with HSV-
ARN following HSE was estimated to be 5.3% (95%CI: 3.2-
8.0%). Although the interval periods between prior HSE and 
the onset of HSV-ARN varied, ranging from a simultaneous 
onset to longer than 10 years, nearly half of all cases are 
affected within 2 years. Neurologists and ophthalmologists 
need to be aware that HSE is a risk factor of HSV-ARN.
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