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Deep Sequencing of Varicella-Zoster
Virus in Aqueous Humor From a
Patient With Acute Retinal Necrosis
Presenting With Acute Glaucoma
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We report a case of acute retinal necrosis presenting with acute
glaucoma preceding inflammatory signs by several days. High-
throughput sequencing on aqueous humor revealed a low-level
diversity in the viral genome comparable to diversity seen in
cutaneous vesicles in contrast to high diversity in encephalitis.
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Acute retinal necrosis (ARN) is a rare sight-threatening dis-
ease caused by reactivation of herpes simplex virus (HSV)1,
HSV2, or varicella-zoster virus (VZV) [1]. Clinical signs
include progressive peripheral retinal necrosis, occlusive
vasculopathy, and prominent panuveitis. Incidence is approx-
imately 1 case per 2 million people a year. Visual prognosis
is poor despite antiviral treatment. The cause of the severity
of ARN is unknown. Patients are often immunocompetent.
Visual loss, floaters, and occasionally pain are common com-
plaints in ARN patients. Different stages of inflammation are
observed at presentation.

Deep sequencing has become an important application for
detection and genetic characterization of pathogens in disease.
Considering analysis of virus in intraocular fluids reports have
been sparse [2, 3]. Sequences of VZV registered in GenBank
derive from other body compartments.
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CASE PRESENTATION

A 65-year-old healthy woman presented with 5 days of dis-
comfort in the left eye. Her visual acuity was 20/20 and she
reported no symptoms of floaters or visual loss. Intraocular
pressure (IOP) was 50 mmHg. The patient was examined by
a senior ophthalmologist with slit lamp biomicroscopy at the
tertiary referral hospital in the region of Halland, Sweden. The
cornea was clear and flare or corneal precipitates were absent.
No inflammatory reaction was found in the posterior segment.
Because of the clear conditions, gonioscopy could be performed
and no apparent pathology was detected in the iridocorneal
angle. Pharmacological IOP-reducing treatment was initiated
immediately.

Follow-up was scheduled 4 days later at a smaller hospital. At
this time, inflammatory sign had evolved and visual acuity had
dropped to 20/40. Corneal edema, flare with cells in the ante-
rior chamber, and vitreous condensations were present. A ret-
inal hemorrhage at the margin of the optic disc was noted. The
patient was ordered corticosteroid topically at an hourly basis.
There was significant deterioration during the following 7 days,
and the patient was referred back to the regional referral hos-
pital. The visual acuity was now hand movements and periph-
eral necrosis was evident. She was treated for suspected ARN
because all criteria of ARN were met. Acyclovir was adminis-
tered intravenously (15 mg/kg 3 times a day) and an aqueous
tap was performed at the day of arrival. Aqueous humor was
positive for VZV deoxyribonucleic acid (DNA) by TaqgMan
quantitative real-time polymerase chain reaction (QPCR) with a
viral load of 1.1 x 10° DNA copies per milliliter [4].

Despite treatment, the patient subsequently deteriorated and
complications occurred with peripheral circumferential de-
tachment of the retina and hypotony. Visual acuity remained at
hand movements at follow-up.

From the aqueous humor sample, DNA was extracted with
the MagNA Pure LC Total Nucleic Acid Isolation Kit (Roche
Diagnostics, Mannheim, Germany). No amplification by
PCR or other target enrichment was done before sequencing,
which was performed using the Ion Torrent/Ion S5 system
(Life Technologies, Carlsbad, CA). We produced libraries of
approximately 10 000 000 reads in total that were mapped to
a VZV reference genome (Dumas strain; GenBank acces-
sion no. NC_0011348.1) using CLC Genomic Workbench 11
aligner (QIAGEN, Hilden, Germany); parameters are stated in
the Supplementary Material. Number of reads aligned to VZV
were 68.576. The complete genome was covered, with an av-
erage and a maximum coverage of 98.91 and 235 reads depth,
respectively. Coverage graphs are found in the Supplementary
Material. The consensus sequence was retrieved using CLC
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Genomics Workbench 11 extract consensus sequence tool
(QIAGEN), thereafter removing sequencing error-induced
indels. All regions were included and aligned against previously
reported strains from GenBank. Consensus strain is visualized
in a phylogenetic network together with VZV strains derived
from GenBank (Figure 1). The phylogenetic network was built
using SplitsTree4, and all repeat regions or regions including
gaps were removed before this analysis [5]. The intraocular viral
genome clustered with clade 3 (Zos/Cli/SWE/aq/1908/2015 in
Figure 1).

For comparison, aqueous humor samples of an additional VZV
ARN patient was also analyzed with high-throughput sequencing.
Viral load in this sample was high, albeit lower than in the first pa-
tient (8.4 x 10° VZV DNA copies per milliliter by PCR). This pa-
tient exhibited classic signs of ARN initially in contrast to the present
case. However, both were of the same age and same sex without
known immunodeficiency and with similar clinical outcome. In the

second sample, 4815 reads aligned with VZV. Ninety-eight percent
of the total viral genome was obtained as previously described, al-
though with a lower average coverage of 6.28 and a maximum of 244
reads. The strain clustered with clade 1 (depicted as Zos/ClLi/SWE/
aq/2109/2015 in Figure 1).

Because of poor prognosis despite adequate antiviral treat-
ment in both patients, thymidine kinase and DNA polymerase
genes of the strains were analyzed but showed no evidence of
resistance mutations.

We also investigated single-nucleotide polymorphisms
(SNPs) compared with the sample VZV consensus sequence and
their frequencies, using the CLC Genomic Workbench 11 fixed
ploidy variant detection tool (QIAGEN), which would suggest
subpopulations in the same host. Frequencies of minority SNPs
ranged from 1% to 67%. In Zos/Cli/SWE/aq/1908/2015 and
Zos/Cli/SWE/aq/2109/2015, there were less than 10 SNPs in
the whole VZV genome, indicating a low population diversity.
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Phylogenetic network based on complete varicella-zoster virus genomes excluding gap and repeat regions. The strains sequenced here and the minority con-

sensus strains for respective strain are marked in red. The genomes of all other strains were downloaded from GenBank for comparison. The minority consensus strains
cluster adjacent to respective majority strain, indicating that the detected heterogeneity is a result of spontaneous mutation introduced after primary infection rather than of

multiple infections with different strains.
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Heterogeneous within-host populations may be explained
either by spontaneous mutations occurring after primary
infection or by multiple infections with different strains. To
investigate which of these scenarios that underlies the het-
erogeneity detected here, we created consensus sequences
including all minority SNPs for respective strain. These
were named Zos/Cli/SWE/aq/1908/2015(CM) and Zos/Cli/
SWE/aq/2109/2015(CM) and included in the phylogenetic
analyses (Figure 1). The minority consensus strains cluster
adjacent to the majority strains, indicating that the SNPs are
exclusive for these strains. This was further confirmed by
manual comparison of each SNP to other VZV sequences
available in GenBank. We thus conclude that these SNPs are
results of spontaneous mutations after primary infection
rather than multiple infections or recombination of dif-
ferent strains.

Patient Consent and Ethical Approval

Patient consent was obtained from both patients participating
in this work. Ethical approval was granted by the Swedish
Ethical Review Authority, and the tenets of the Declaration of
Helsinki were followed.

DISCUSSION

We present a case with high IOP as an initial sign of ARN.
Despite meticulous clinical examination, no signs of inflam-
mation were present at first visit. Intraocular hypertension
is per se not an uncommon feature in ARN. However, the
mechanism behind raised pressure is believed to be sec-
ondary to inflammation such as occlusion of the trabec-
ular meshwork by inflammatory cells, synechiae formation
blocking the aqueous circulation, or, after longstanding
inflammation, synechiae in the iridocorneal angle. Virus
trabeculitis has also been suggested, although it is considered
a speculative term.

For ocular disease, latency of VZV after chickenpox
is known to be localized in the trigeminal ganglion,
which makes sense for reactivations such as herpes zoster
ophthalmicus with cutaneous affection. However, in ARN
and in particular in this case, regions with mainly autono-
mous innervation are primarily affected, suggesting possible
reactivation from autonomous ganglia (such as the ciliary
ganglion). Richter et al [6] analyzed autonomic ganglia from
human cadavers with PCR, and these were shown to harbor
VZV DNA. An alternative autonomous path for reactivation
for ARN was proposed.

Varicella-zoster virus is considered to have a well conserved
genome of approximately 125 000 base pairs with few sponta-
neous mutations and geographically separated clades.

Variations in the nucleotide sequence is described as
SNPs and can be used to distinguish clades phylogenetically.

However, if there is a varying frequency of SNPs in the same
host, this indicates subpopulations of virus. Depledge et al
[7] investigated whether there is a difference in variability
depending on body compartment and found a significantly
higher variation in nonvesicle fluid (such as cerebrospinal
fluid, bronchoalveolar lavage, serum) compared with ves-
icle fluid. Variation was also significantly higher in cere-
brospinal fluid in encephalitis compared with meningitis.
Samples from encephalitis patients had up to 169 SNPs in
VZV genome compared with vesicle fluid with an average of
less than 10 SNPs. Zos/Cli/SWE/aq/1908/2015 and Zos/Cli/
SWE/aq/2109/2015 in our material had less than 10 SNPs,
resembling variability in vesicle fluid. To our knowledge, the
variability of VZV in ocular fluids has not previously been
investigated, and we have no data on variability in other oc-
ular clinical manifestations of VZV.

A possible explanation of higher variability is reactivation
of virus from multiple ganglia or neurons in encephalitis.
Low variability in ARN is therefore in keeping with pre-
sumed reactivation from a single ganglion and/or combined
with a bottle-neck effect in the path from the reactivating
ganglia to the eye.

Our observations confirm that deep sequencing successfully
can be performed on aqueous humor and data used for antiviral
resistance detection and viral genotyping. The method might
also be valuable for unbiased pathogen detection in ocular in-
fections in which no causative agent has been found when using
PCR or other targeting methods.

CONCLUSIONS

Acute glaucoma can be the first sign of ARN even in ab-
sence of overt inflammation. Emerging inflammatory signs
in the aftermath of acute glaucoma should alert physicians
on the possibility of ARN, requiring high doses of antiviral
treatment to stop progression. Despite atypical presentation
of a rare form of a serious VZV manifestation with a poor
prognosis, the causative virus had a comparatively low ge-
netic variability and clustered phylogenetically with other
wild-type strains that are common in Europe. Variability
was comparable to SNPs in VZV strains derived from ves-
icle fluid. Further investigations are needed to determine
the genetic variability in viral ocular infection and its clin-
ical relevance.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.
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