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Abstract
Objectives To identify all patients tested positive for
herpes viruses in intraocular samples between 2007 and
2016 in South-Western Sweden and evaluate which of
these met the criteria of acute retinal necrosis (ARN). To
compare viral load in intraocular samples and virus type
with clinical outcome.
Method and analysis Retrospective case series.
Intraocular samples and serum were analysed with
quantitative real-time PCR (qPCR) and presence of
antibodies (IgG and IgM) were detected by ELISA in serum.
Results Between 2007 and 2016, 13 patients met the
clinical criteria of ARN and were PCR-positive in aqueous
or vitreous for herpes simplex virus 1 (HSV1; n=4),
herpes simplex virus 2 (HSV2; n=3) and varicella zoster
virus (VZV; n=6). None of the patients tested positive for
cytomegalovirus (n=13) or Epstein Barr virus (n=2) met the
criteria of ARN. All ARN patients had specific serum IgG and
three patients exhibited virus DNA in serum. There was
no correlation between high viral load and worse visual
outcome. However, higher viral loads were seen in samples
taken earlier in the disease process. Median age was
higher (p=0.049) in VZV-ARN than for HSV-ARN patients
(60.5 and 45.4 years, respectively) with a tendency of
worse best corrected visual acuity at presentation (1.62
and 0.79 log MAR, respectively; p=0.079).
Conclusion ARN is a reactivation of alpha herpes virus
and presence of herpes DNA in serum may occur. VZVARN are older than HSV-ARN patients. High viral load does
not appear to be a predictor of worse visual outcome, but
rather indicates earlier sampling.

Introduction
Acute retinal necrosis (ARN) is a serious
sight-threatening viral retinitis first described
by Urayama and Sasaki.1 It is a rare disease
affecting one in 2 million people per year.
The patients are usually immunocompetent.
Culbertson et al suggested viral aetiology
based on findings of suspected herpes-like
viruses seen by electron microscopy in all
retinal layers of an enucleated eye from an
ARN patient.2
As laboratory techniques improved it
became apparent that ARN was caused by
herpes viruses, most commonly varicella zoster
virus (VZV) followed by herpes simplex virus
1 and 2 (HSV1 and HSV2). Cytomegalovirus

Key messages
What is already known about this subject?
►► ARN is caused by members of the herpes virus fam-

ily, that is, varicella zoster virus (VZV), Epstein Barr
virus (EBV), cytomegalovirus (CMV), herpes simplex
virus (HSV) 1 or 2.
►► It has been suggested that viral load in intraocular
samples may predict a worse visual prognosis.

What are the new findings?
►► We found no correlation between high viral load

in intraocular fluids and worse final visual acuity.
However, there was a tendency of higher viral load
when patients were sampled earlier in the disease
process.
►► In 9 years, in South-Western Sweden, no patient
showing positive test for EBV or CMV genome in intraocular samples, exhibited signs of ARN.
►► Herpes virus DNA may occur in serum in ARN
patients.

How might these results change the focus of
research or clinical practice?
►► The information on viral load in intraocular samples

should not be used as a prognostic factor, neither to
monitor treatment or to predict visual prognosis for
individual patients. The timing of sampling is essential as viral load early in the disease process is high
and decreases with time.
►► High doses of acyclovir are used as a standard treatment for ARN. Although being an efficient treatment
for infections caused by VZV and HSV1 or HSV2, it is
not efficient enough against EBV and CMV. However,
if VZV and HSV1 or HSV2 are the only agents responsible for ARN disease we can assume that ARN patients receive the correct treatment.

(CMV) and Epstein Barr virus (EBV) have
also been suggested as pathogens.3 4
In 1994, the Executive Committee of the
America Uveitis Society stated five diagnostic
criteria for ARN: (1) one or more foci of
retinal necrosis with discrete borders located
in the peripheral retina, (2) rapid progression in the absence of antiviral therapy, (3)
circumferential spread, (4) evidence of
occlusive arteriolar retinopathy and (5) a
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prominent inflammatory reaction in the vitreous and
anterior chamber.5
In 2015, Takase et al presented new diagnostic criteria
for ARN where one criteria, although not mandatory,
demanded PCR positivity of VZV, HSV1 or HSV2 in ocular
samples. The new criteria were used in a large validation
study on Japanese patients where none of the CMV-positive patients (n=32) had a clinical picture fulfilling the
diagnostic criteria of ARN.6
Whether ARN is a result of virus reactivation or
primary infection is not well established. Cases with ARN
in conjunction with chickenpox have been reported in
literature.7–10
PCR on aqueous or vitreous humour has become the
gold standard for diagnosis of ARN. By this method, viral
genomes in aqueous and vitreous are easily detected.
Quantitative TaqMan real-time PCR (qPCR) provides
information on copy number per ml as well. It has been
suggested that viral load in ocular fluids may be related to
clinical outcomes in viral uveitis.11–13
Materials and methods
The present study was conducted to evaluate the viral
and individual characteristics of all patients treated for
ARN in South-Western Sweden between May 2007 and
December 2016. The patients were diagnosed at the
Department of Ophthalmology at Sahlgrenska University
Hospital, Mölndal, or at the Department of Ophthalmology at Halland Hospital in Halmstad. For inclusion,
patients had to exhibit positive qPCR tests for any virus
from the herpes family in aqueous and/or vitreous
samples and meet all criteria of ARN as stated by the
American Uveitis Society. Patients were identified by
searching the laboratory database on positive aqueous
or vitreous samples for HSV1, HSV2, VZV, CMV or EBV.
Medical records were reviewed to reveal which of these
patients who had suffered from ARN and for information
about treatment and clinical course.
All aqueous and vitreous sampling was performed in
the surgery department under sterile conditions. All
samples were analysed at the Clinical Virology unit of
the Microbiology laboratory at Sahlgrenska University
Hospital, Gothenburg, Sweden, with qPCR as described
previously by Namvar et al14 and Persson et al.15 Total
nucleic acids were extracted from 100 µl of samples by the
MagNA Pure LC Total Nucleic Acid Isolation Kit (Roche
Diagnostics, Mannheim, Germany). For qPCR, 10 µL of
extracted nucleic acids were used for each qPCR reaction.
For HSV1 and HSV2, the gene for glycoprotein B was
targeted in a biplex qPCR, using one type-common and
two type-specific primers followed by type-specific probes.
Also for VZV, the gB gene was targeted for amplification,
and primers and probes were as described previously by
Persson et al.15 A set of four quantification standards was
analysed in duplicate in each run to obtain a plot for
verification of qPCR efficiency and quantification of the
samples. Similar TaqMan routine diagnostic systems were
utilised also for CMV and EBV DNA detection.
2

During the course of the study, the same laboratory was
used and no adjustments were made regarding the qPCR
or serology methods. Serum was analysed for immunoglobulin M and G for the specific virus,16 as well as with
qPCR.
Best corrected visual acuity (BCVA) was measured
at each visit using a conventional Snellen visual acuity
chart. For arithmetic procedures and statistical analysis,
decimal acuity was converted to logMAR (logarithm of
the minimum angle of resolution) as previously described
by Holladay.17 For very low BCVA the following logMAR
values were assigned; counting fingers 2.6 logMAR, hand
movements, 2.9 logMAR, light perception 3.1 logMAR
and no light perception 3.4 logMAR.18
Patient and public involvement
Due to the retrospective nature of this study, patients were
not invited to plan study design. Patients were not invited
to comment interpretations of results nor to contribute
to the writing or editing of this manuscript. Included
patients will be informed about the results of this study
in future contacts with the Ophthalmology Department.
Statistical procedures
Continuous parameters are presented with mean and
SD or range and significance was analysed with Student’s
t-test. Categorical parameters are described in proportions and Fisher’s exact test was used for significance
testing. Data on viral load are presented as copies/mL
and converted to log 10 for graphical presentation.
Correlation analysis was performed to determine associations between viral load and final visual acuity or between
days to sampling and viral load, using IBM SPSS Statistics,
V.24.
Results
Thirteen patients (15 eyes) diagnosed between May 2007
and December 2016 met the criteria of ARN and had
full medical records. Patient characteristics are shown in
table 1.
Of the two patients with bilateral ARN, cases 6 and 13,
only the first affected eye was included (which in both
cases exhibited the worst visual outcome). These two
cases had developed bilateral ARN before adequate treatment was initiated.
Seven patients had been diagnosed by aqueous sampling
and six vitreous samples were extracted in conjunction
with diagnostic vitrectomy. qPCR analysis identified six
cases with VZV, four cases with HSV1 and three cases with
HSV2. All patients were tested for multiple viruses; HSV1
and HSV2, VZV and CMV. Four out of 13 eyes were tested
for EBV and were negative. qPCR-results are shown in
table 2.
All but one sample collected within 17 days after
first symptom exhibited high viral loads (≥106 copies/
mL). Median time from first symptom to sampling in
this material was 11 days. Case 3 had his sample taken
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Table 1 Patient characteristics, visual acuity and treatment

Age (years)

Sex

Eye

BCVA at last
BCVA at diagnosis, visit, decimal
decimal (log MAR) (logMAR)

1

63

F

R

0.1 (1.0)

0.01 (2.0)

2

56

M

R

HM (2.9)

NLP (3.4)

3

37

M

R

0.1 (1.0)

0.4 (0.4)

10 mg/kg × 3
intravenous
acyclovir

+3

11

4

22

F

L

0.05 (1.3)

HM (2.3)

10 mg/kg × 3
intravenous
acyclovir

+3

57

5

40

M

R

0.4 (0.4)

LP (3.1)

10 mg/kg × 3
intravenous
acyclovir

+3

28

6

71

M

L (Bi)

0.2 (0.7)

0.04 (2.4)

Oral valacyclovir
500 mg × 2

+11

6

7

60

F

L

0.3 (0.5)

0.5 (0.3)

10 mg/kg × 3
intravenous
acyclovir

+3

58

8

63

F

R

0.3 (0.5)

0.07 (1.16)

10 mg/kg × 3
intravenous
acyclovir

+3

21

9

43

M

L

0.5 (0.3)

0.8 (0.1)

10 mg/kg × 3
intravenous
acyclovir

−2

19

10

55

F

L

0.01 (2.0)

0.01 (2.0)

10 mg/kg × 3
intravenous
acyclovir

+3

13

11

58

F

R

0.2 (0.7)

0.16 (0.8)

10 mg/kg × 3
intravenous
acyclovir†

+7

13

12

68

F

R

CF (2.6)

0.1 (1.0)

+3

5

13

45

F

R (Bi)

0.05 (1.3)

0.01 (2.0)

10 mg/kg × 3
intravenous
acyclovir
10 mg/kg × 3
intravenous
acyclovir

DM

4

Case

Oral prednisone
days before (−) or
after (+) antivirals

Last followup (months)

10 mg/kg × 3
intravenous
acyclovir
5 mg/kg × 3
intravenous
acyclovir*

−48

23

+3

10

Antiviral treatment

*Reduced dose due to kidney failure.
†Low dose oral acyclovir four days prior to diagnosis.
BCVA, best corrected visual acuity; CF, counting fingers;DM, data missing; F, female; HM, hand movements; L, left; LP, light perception; M,
male; NLP, no light perception; R, right.

several months after first presentation at a recurrence,
yet was correctly treated with antivirals at first presentation.
All patients were treated with intravenous acyclovir 10
mg/kg three times per day, except case 6 who was treated
orally with valacyclovir 500 mg two times per day. Oral
prednisone (60 mg once a day) was given to all patients,
most commonly 3 days after initiation of antiviral therapy
and all patients were given topical dexamethasone. All
patients were subsequently given oral valacyclovir. No

patients were treated with intravitreal injections (ie,
foscarnet or ganciclovir). Visual acuity and treatment
regimens are presented in table 1.
Medical records of patients tested positive for EBV
(n=2) or CMV (n=13) were also reviewed and none of
these met the criteria of ARN. Twelve patients were positive for CMV only and one patient for EBV solely. In
addition, one patient was positive for both viruses with a
higher viral load for CMV and clinical characteristics of
typical CMV retinitis.
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Table 2 Viral genome and antibodies against herpes viruses in serum from patients with acute retinal necrosis

PCR
Case ocular

Ocular
fluid

PCR ocular
fluids (copies/
mL)

Symptoms
to sampling
(days)

1
2

VZV
VZV

V
V

9.4×103
8.9×108

48
5

3

HSV2

V

1.8×102

270

7

6

Treatment
before
sampling PCR serum
(days)
(copies/mL)

HSV VZV
IgM IgM

HSV1
IgG

HSV2
IgG

VZV
IgG

CMV
IgG

EBV
IgG

0
0

–
+ (646)

–
–

+
+

–
+

+
+

+
+

+
+

270*

NP

NP NP

+

+

+

+

NP

2

–

–

+

–

+

+

+

–
–
–

4

HSV1

V

1.2×10

5

HSV2

A

positive

9

0

–

–

–

+

+

+

+

+

6

HSV1

V

5.8×103

25

0

–

–

–

+

–

+

–

+

7

HSV1

V

3.6×108

7

2

+

–

–

+

–

+

+

+

8

VZV

A

2.1×107

12

1

+ (162)

–

–

–

+

+

–

+

9

HSV2

A

5.7×103

8

0

–

–

–

–

+

+

–

+

9

10

VZV

A

1.1×10

17

0

–

–

–

–

–

+

+

+

11

VZV

A

8.4×106

11

7

–

–

–

–

–

+

+

+

A
A

6

12
>20

1
1

–
–

–
–

–
–

+
+

+
–

+
+

+
+

+
+

12
13

VZV
HSV1

1.5×10
38

Note. +, positive; −, negative.
*Sampling at recurrence.
† first 3 days low dose of acyclovir
A, aqueous;CMV, cytomegalovirus; HSV, herpes simplex virus; NP, not performed;V, vitreous; VZV, varicella zoster virus.

In table 3, a comparison of patients with HSV or VZV
ARN is presented. The six cases with VZV had a mean
age of 60.5 years (range 55–68). Mean age for the HSV1
patients was 49.5 years (range 22–71). The three HSV2
ARN patients were close in age (mean 40, range 37–43).
The age discrepancy between HSV and VZV ARN at diagnosis was statistically significant (p=0.049). VZV ARN
presented with lower BCVA compared with HSV ARN at
baseline; logMAR 1.62 compared with 0.79 (p=0.079).
However, the mean final BCVA was similar regardless
of virus type. Two out of four patients with HSV1 ARN
(cases 4 and 13) had a history of herpes encephalitis.
Case 4 had encephalitis at the age of 15 and case 13 in
early childhood. Case 7 with HSV1 ARN had previous
recurrent HSV1 iritis.

The presence of viral genome and antibodies against
herpetic viruses is shown in table 2. Analyses in aqueous,
vitreous fluid and serum are shown. Linear regression
showed no correlation between viral load in intraocular
fluids and visual outcome (Pearson’s R=0.062, R2=0.004;
p=0.857), see figure 1. In figure 2, viral load is plotted
against days to sampling. There was a trend of lower
viral load with more days from diagnosis to sampling
(Pearson’s R=−0.512; R2=0.262; p=0.107). There was no
significant difference in viral load between aqueous and
vitreous fluid in this material, mean 5.8 log 1010 (SD
2.7) versus 6.5 log10 (SD 2.5), p=0.683. Serum samples
were analysed at the time of diagnosis. All ARN patients
had IgG antibodies against the causative virus in serum
and lacked IgM. Three patients exhibited viral genome

Table 3 Comparison of clinical parameters in relation to virus type
HSV1+HSV2, n=7

VZV, n=6

P value*

Age, years mean (SD)

45.4 (15.9)

60.5 (5.0)

0.049†

Sex (F/M), n (%)

3/4 (43/57)

5/1 (83/17)

0.266‡

BCVA at diagnosis, log MAR, mean (SD)

0.79 (0.42)

1.62 (1.0)

0.074†

BCVA at last visit, logMAR, mean (SD)

1.51 (1.22)

1.73 (0.97)

0.737†

Change in BCVA, mean (SD)

0.73 (1.19)

0.11 (0.91)

0.321†

Viral load (copies/mL), mean (SD)

62.0×106
(146×106)

337×106
(514×106)

0.256†

*A p-value of<0.05 was considered significant.
†Students’ t-test.
‡χ2-test.
BCVA, best corrected visual acuity; HSV, herpes simplex virus; VZV, varicella zoster virus.
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Figure 1 Scatter plot of viral load against visual acuity at
last follow-up. Copy number per mL in ocular fluids is given
as log 10 and visual acuity was transformed to logMAR.
Pearson’s R=0.062, R2=0.004; p=0.857.

in serum, all of them carrying high amounts of genome
in the intraocular sample (≥107 copies/mL, table 2).
Discussion
Of all cases with positive PCR for the herpes virus family
in intraocular samples taken between 2007 and 2016, only
those with VZV and HSV1 or HSV2 met the criteria for
ARN. None of the 12 patients with CMV, one patient with
EBV and one patient positive for both viruses, exhibited
signs of ARN clinically, which is in keeping with Takase
et al.6 Some authors suggest EBV and CMV as possible
causes.3 4 19 These viruses usually affect immunocompromised patients and typically have a different clinical
picture. Lau et al as well as Hillenkamp et al reported that
patients with ARN who tested EBV positive with PCR also
were positive for VZV.20 21 Low levels of EBV in conjunction with high levels of VZV has also been reported in

Figure 2 Scatter plot of time to sampling (days) against
viral load (log 10). Pearson’s R=−0.512; R2=0.262; p=0.107.

cerebrospinal fluid in viral CNS disease.15 In this material, we did not find positivity for multiple viruses in the
same sample as none of patients with ARN had CMV
DNA in intraocular fluids and the four samples analysed
for EBV DNA were also negative. The hypothesis that
ARN is caused exclusively by VZV and HSV1-HSV2 can
be explained by the common biological and pathogenic
features of these three viruses. All three are members of
the alpha herpes virus family with tropism to neuronal
tissue during active viral replication and establishment
of persistency/latency in sensory ganglia/cranial nerve
from where reactivation occurs.
When the patients in this study were grouped after
causable virus there was a difference in patient age and
history of herpes infection between VZV, HSV1 and
HSV2. HSV ARN cases were younger, most notably HSV2
ARN patients. Similar data has previously been described
by Ganatra et al who found the median age for onset of
ARN in HSV2, HSV1 and VZV to be 20, 47 and 57 years,
respectively.19 Two out of four HSV1 ARN patients in this
study (cases 4 and 13) had a history of herpes encephalitis. These patients were younger than HSV1 ARN
patients who did not have a history of CNS infection.
Ganatra et al found six out of seven patients with HSV1
ARN to have a history of encephalitis.19
In this material, the composition of immunoglobulins
in serum in each patient is in keeping with ARN being a
reactivation of herpes disease. However, there are case
reports of ARN in conjunction with chickenpox.7–10
These cases have in common a delay of 3–4 weeks between
chickenpox diagnosis and visual complains.
To our surprise, three serum samples from the time
of diagnosis, collected early (5–12 days after onset), also
contained viral genome, despite ARN being an infectious
process in a small and confined compartment. These
patients (two with VZV and one with HSV1 DNA) did
not report any general or neurological symptoms and all
three had high viral loads (10 log 7–8) of the same virus
in intraocular fluids. Since the quantities in the serum
samples were close to the detection limit, we speculate
that our findings of herpesviral DNA in the blood can
be explained by spill-over from the high viral loads in an
infected ocular compartment. Nonetheless, one patient
(case 10, sampled on day 17) was qPCR-negative in serum
despite high intraocular viral load of VZV. Thus, further
qPCR analyses of serum samples collected early after
onset may reveal if this finding is of additional diagnostic
value in patients with ARN.
In this present study, viral load of intraocular samples
was compared with the clinical outcome. Linear regression analysis showed no correlation between high viral
load and worse visual outcome (figure 1). However,
there was a trend of higher levels of herpesviral DNA
in patients in whom sampling had been carried out
earlier in the course of the disease (Pearson’s R=−0.512;
R2=0.262; p=0.107), see figure 2. This could be due to an
initial peak of virus particles in ocular tissues preceding
a drop as immunoglobulins rise with immunological
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response. Several studies comparing the presence of viral
genome or immunoglobulins in aqueous in viral uveitis
have shown that PCR is much more likely to be positive
from 24 hours to approximately 2 weeks after onset of
signs whereas locally produced immunoglobulins rose to
significant levels no earlier than 1–2 weeks after onset.22 23
Most previous studies on viral load in ARN do not
mention time to sampling despite its possible impact.24–26
Calvo et al only included patients presenting within a
smaller interval from reported symptom onset (5 days)
and found a correlation between risk of retinal detachment and higher viral load.12 The study by Calvo et al
comprised the same number of patients as the present.
Our opinion is that one must be aware of the limitations
when these patients are seen in a clinical setting. For viral
loads to be compared, sampling should be done in the
same period of the infectious process, something not
easily evaluated simply by asking the patient for duration
of symptoms.
Another possible factor affecting viral load is the time
of sampling after initiating treatment. In 11 out of 13
patients, treatment was initiated within 2 days prior to
sampling. Kinetics of clearance of infection have been
studied with repeated aqueous taps during antiviral
treatment.24 25 There is a surprisingly slow decrease of
viral genome in aqueous during antiviral treatment,
suggesting minor changes if samples are taken within
days after initiation of treatment compared with prior to
initiation.
In addition to the factors mentioned above, the virus
type might have an impact on viral load (table 3). In
the group of VZV ARN, ocular samples carried a higher
amount of viral genome compared with HSV ARN and
had worse visual acuity at baseline. These differences
were not significant however, maybe due to small sample
size. HSV1 and HSV2 patients tended to have better
BCVA at presentation and deteriorated during treatment.
An initial worse visual acuity and higher risk for retinal
detachment in VZV ARN compared with HSV ARN have
been described previously.27
Investigators have compared viral load in cerebrospinal
fluid and prognosis in herpes encephalitis. Most of them
demonstrate no correlation between viral load and prognosis/mortality.28–30
A limitation of the current study is the small sample
size. Because of ARN being a rare disorder, most case
series are small. Moreover, Sweden is a sparsely populated country making rare diseases seldom encountered.
Conclusion
ARN is caused by a reactivation of alpha herpes viruses
(VZV, HSV1 and HSV2) as seen in this cohort of Scandinavian patients. Patients with ARN caused by VZV are
older at presentation and tend to have higher viral load
and lower initial BCVA compared with ARN caused by
HSV1 and HSV2. We found no correlation between viral
load and visual prognosis. Care should be taken when
interpreting viral load as a prognostic marker. Many
6

factors contribute to viral load, most importantly time
from onset of symptoms to sampling.
Serum samples may be qPCR positive for the responsible herpes virus early after onset.
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