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Purpose: To assess herpesvirus DNA detection in aqueous humor from a cohort of asymptomatic Scandinavian patients undergoing
elective cataract surgery.

Patients and Methods: Prospective case series. Aqueous samples were obtained from 30 patients undergoing elective cataract surgery.
Polymerase chain reaction (PCR) analysis for herpes simplex virus 1 (HSV1), herpes simplex virus 2 (HSV2), cytomegalovirus (CMV),
Epstein Barr virus (EBV) was performed. Toxoplasma was added to the analysis due to its role as pathogen with ocular latency.
Results: Mean age of participants was 75.3 years. Sixteen subjects (53%) had ocular comorbidities. Five subjects (17%) had
endothelial dysfunction without known hereditary pattern. None of the samples were positive for herpesviruses or toxoplasma.
Conclusion: None of the aqueous samples were positive, suggesting shedding does not frequently occur in the aqueous humor of
asymptomatic patients.
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Introduction

Herpesvirus are a group of ubiquitous large, enveloped DNA viruses that can infect numerous species. Ancestors of
Homo sapiens were presumably infected from closely related primates and since then, a common evolution between host
and virus has continued.' In modern times, herpes viruses accompany us as latent stowaways with the ability to cause
severe disease if the opportunity is given. Varicella zoster virus (VZV) and herpes simplex virus 1 (HSV1) and 2 (HSV2)
are alpha herpes viruses with common tropism for the neuronal system including the establishment of latency in sensory
or autonomic ganglia. In the case of ocular disease, latency is localized in the trigeminal ganglion or possibly in the
ciliary ganglion and cornea.* ® It has been shown previously that HSV1 has the ability to shed virus regularly in the tears
of asymptomatic patients.””® VZV has by far fewer symptomatic recurrences over time. Despite this, shedding of viral
genome has been detected in tears of asymptomatic individuals.’

Quantitative Real-time Polymerase Chain Reaction (qPCR) is widely used as an eminent tool for detecting virus
genome. It is of importance in diagnostics of uveitis as detecting an infectious cause of inflammation has major impact on
choice of treatment and visual outcome. Sampling is preferably taken from the intraocular fluids, most commonly
aqueous humor from the anterior chamber of the eye.'’

To draw conclusions on a positive test result, we need to ascertain that there is no asymptomatic shedding of virus in
the aqueous humor. In our study, we sampled aqueous humor from 30 asymptomatic patients in conjunction with cataract
surgery for detection of herpes viruses by qPCR analysis.
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Patients and Methods

Participants in the study were recruited at the Department of Ophthalmology at Halland Hospital in Halmstad between
March 2016 and March 2017. Folders with information were sent by mail to patients who were planned for elective
cataract surgery at the clinic. Informed consent was obtained from each patient at the preoperative visit. The study was
conducted in accordance with the declaration of Helsinki and approved by the Swedish Ethical Review Authority. Other
ocular disease was not considered an exclusion criterion. Sampling was performed intraoperatively with a 30-gauge
needle, aspirating 100-200 microliters of aqueous humor from the anterior chamber under sterile conditions. Specimens
were immediately frozen and stored at —20°C. Analysis took place at the Clinical Virology unit of the Microbiology
laboratory at Sahlgrenska University Hospital, Gothenburg, Sweden. DNA was extracted in a MagNa Pure LC robot
(Roche Diagnostics, Mannheim, Germany) using the MagNa Pure DNA Isolation Kit according to manufacturer’s
instructions. Real-time qPCR for HSV1, HSV2, VZV, cytomegalovirus (CMV), Epstein Barr virus (EBV) and toxo-
plasma was used as described previously.'"'* Toxoplasma was included due to its capability of latency and pathogen of
ocular disease.

Results

There were no complications during sampling of aqueous humor in conjunction with cataract surgery. Thirty aqueous
humor samples were collected and in total, 180 analyses were performed. None of the aqueous humor samples were
positive for HSV1, HSV2, CMV, EBYV, VZV or toxoplasma.

In the patient cohort, mean age was 75.3 (SD + 6.60) years. There were 20 women (mean age 75.9 £7.15) and 10 men
(mean age 74.2 £5.49). Sixteen (53%) had ocular comorbidity. Three (10%) were diagnosed previously with age-related
macular degeneration (AMD). Six (20%) had glaucoma with medication and one had diabetic retinopathy. One patient
had recurrent anterior uveitis and scleritis (untreated and asymptomatic three months prior to surgery). None of the
participants in this study used systemic or topical steroids three months before surgery. We chose to include 5 patients
(17%) with cornea guttata because of the association between CMV reactivation and endotheliitis."*

Two patients developed minor complications in the postoperative period, none of them had ocular comorbidities. One
had late onset corneal edema and one developed prolonged iritis.

Discussion
In our material of cataract patients in Sweden, none of the patients had herpes virus DNA or toxoplasma in the aqueous

101417 with few exceptions.'® (Table 1) These

humor at the time of surgery. This is in keeping with most previous reports
data taken together, we reach a higher probability to discard the hypothesis of at least frequent shedding in aqueous
humor in asymptomatic eyes, which in turn may strengthen the diagnostic importance of positive results from this body

fluid. In contrast, there is documented shedding in the tear film, measured by gPCR.*'?° Kaufman et al presented 49 out

Table | Previous Publications with Herpes Virus PCR-Analysis of Aqueous Humor in Asymptomatic Patients Taken in
Conjunction with Intraocular Surgery

PCR Sample Size Results
Rothova 2008'° HSVI, HSV2, VZV, CMV, (toxoplasma) 20 Negative
Yamamoto 1996'* HSV, VZV, CMV 10 Negative
Laaks 2015'° HSVI, HSV2, VZV CMYV, EBV, HHV-6 57 Negative
Pendergast 2000'¢ HSVI, HSV2, VZV, CMV, EBV 35 Negative
Kerochana 2018'7 HSVI, HSV2, VZV, CMYV, EBV 66 Negative
Cimino 2013'8 HSV, VZV, CMV, (rubella virus) 27 Positive: | CMV, | HSV

Abbreviations: CMV, cytomegalovirus; EBV, Epstein Barr virus; HHV-6, human herpes virus 6; HSV, herpes simplex virus; PCR, polymerase chain reaction; VZV,
varicella zoster virus.
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of 50 subjects with 74% seropositivity for HSV IgG to shed HSV1 in tears at least once during the course of 30 days.
Surprisingly, even seronegative subjects exhibited shedding.” Ramchandani et al followed eight seropositive individuals
for 291 days and found HSV1 DNA to be detected by qPCR in 26.5% of days. In 7.6% of days this could also be
confirmed by virus culture suggesting infectious virus.®

To exclude any possible shedding of viral DNA in the aqueous humor, a repeated daily aqueous tap of the same
patient would be necessary. Nevertheless, this investigation would not be considered ethical in asymptomatic subjects.

Five subjects in our study had corneal endothelial dysfunction with signs of cornea guttata at slit-lamp examination.
These patients denied presence of cornea dysfunction in relatives (such as autosomal dominant Fuchs endothelial
dystrophy). As CMV endotheliitis can give rise to endothelial dysfunction, mostly documented in Asian subjects with
positive gPCR,?! we found it interesting to include CMV in the analysis. However, these samples were negative as well.
Still, there is a possibility of a positive result using repeated sampling or combined analysis with antibody-index
and PCR.

Conclusion

Herpes viruses in humans seem to have found a way of latency and effective shedding through body fluids excreted
externally, for example through tears and saliva. This enables spread to other hosts. However, internal fluids like aqueous
humor appear to be free of virus when drawn from asymptomatic subjects, similar to what has been found in
cerebrospinal fluid.?

Acknowledgments
The authors would like to thank the patients for agreeing to participate in this study and the dedicated hospital staff in the
sampling procedures.

Disclosure
The authors report no conflict of interest in this work.

References

—_

. Grose C. Pangaea and the out-of-Africa model of varicella-zoster virus evolution and phylogeography. J Virol. 2012;86(18):9558-9565.
doi:10.1128/JVI1.00357-12
2. Depledge DP, Kundu S, Jensen NJ, et al. Deep sequencing of viral genomes provides insight into the evolution and pathogenesis of varicella zoster
virus and its vaccine in humans. Mol Biol Evol. 2014;31(2):397—409. doi:10.1093/molbev/mst210
. Wertheim JO, Smith MD, Smith DM, Scheffler K, Kosakovsky Pond SL. Evolutionary origins of human herpes simplex viruses 1 and 2. Mo/ Biol
Evol. 2014;31(9):2356-2364. doi:10.1093/molbev/msul85
4. Richter ER, Dias JK, Gilbert JE 2nd, Atherton SS. Distribution of herpes simplex virus type 1 and varicella zoster virus in ganglia of the human
head and neck. J Infect Dis. 2009;200(12):1901-1906. doi:10.1086/648474
von Hofsten J, Ringlander J, Norberg P, et al. Deep sequencing of varicella-zoster virus in aqueous humor from a patient with acute retinal necrosis
presenting with acute glaucoma. Open Forum Infect Dis. 2020;7(6):0faal98. doi:10.1093/ofid/ofaal98
6. Higaki S, Fukuda M, Shimomura Y. Virological and molecular biological evidence supporting herpes simplex virus type 1 corneal latency. Jpn
J Ophthalmol. 2015;59(2):131-134. doi:10.1007/s10384-014-0369-6
7. Kaufman HE, Azcuy AM, Varnell ED, Sloop GD, Thompson HW, Hill JM. HSV-1 DNA in tears and saliva of normal adults. Invest Ophthalmol Vis
Sci. 2005;46(1):241-247. doi:10.1167/iovs.04-0614
. Ramchandani M, Kong M, Tronstein E, et al. Herpes simplex virus type 1 shedding in tears and nasal and oral mucosa of healthy adults. Sex
Transm Dis. 2016;43(12):756—760. doi:10.1097/0LQ.0000000000000522
9. Mehta SK, Cohrs RJ, Forghani B, Zerbe G, Gilden DH, Pierson DL. Stress-induced subclinical reactivation of varicella zoster virus in astronauts.
J Med Virol. 2004;72(1):174-179. doi:10.1002/jmv.10555
10. Rothova A, de Boer JH, Ten Dam-van Loon NH, et al. Usefulness of aqueous humor analysis for the diagnosis of posterior uveitis. Ophthalmology.
2008;115(2):306-311. doi:10.1016/j.0phtha.2007.05.014
11. Namvar L, Olofsson S, Bergstrom T, Lindh M. Detection and typing of herpes simplex virus (HSV) in mucocutaneous samples by TagMan
PCR targeting a gB segment homologous for HSV types 1 and 2. J Clin Microbiol. 2005;43(5):2058-2064. doi:10.1128/JCM.43.5.2058-
2064.2005
12. Persson A, Bergstrom T, Lindh M, Namvar L, Studahl M. Varicella-zoster virus CNS disease—viral load, clinical manifestations and sequels. J Clin
Virol. 2009;46(3):249-253. doi:10.1016/j.jcv.2009.07.014
13. Koizumi N, Yamasaki K, Kawasaki S, et al. Cytomegalovirus in aqueous humor from an eye with corneal endotheliitis. Am J Ophthalmol.
2006;141(3):564-565. doi:10.1016/j.2j0.2005.09.021

w2

w

o0

Clinical Ophthalmology 2022:16 heeps: 961

Dove:


https://doi.org/10.1128/JVI.00357-12
https://doi.org/10.1093/molbev/mst210
https://doi.org/10.1093/molbev/msu185
https://doi.org/10.1086/648474
https://doi.org/10.1093/ofid/ofaa198
https://doi.org/10.1007/s10384-014-0369-6
https://doi.org/10.1167/iovs.04-0614
https://doi.org/10.1097/OLQ.0000000000000522
https://doi.org/10.1002/jmv.10555
https://doi.org/10.1016/j.ophtha.2007.05.014
https://doi.org/10.1128/JCM.43.5.2058-2064.2005
https://doi.org/10.1128/JCM.43.5.2058-2064.2005
https://doi.org/10.1016/j.jcv.2009.07.014
https://doi.org/10.1016/j.ajo.2005.09.021
https://www.dovepress.com
https://www.dovepress.com

von Hofsten et al Dove

14.

20.

2

—_

22.

Yamamoto S, Pavan-Langston D, Kinoshita S, Nishida K, Shimomura Y, Tano Y. Detecting herpesvirus DNA in uveitis using the polymerase chain
reaction. Br J Ophthalmol. 1996;80(5):465—468. doi:10.1136/bj0.80.5.465

. Laaks D, Smit DP, Harvey J. Polymerase chain reaction to search for Herpes viruses in uveitic and healthy eyes: a South African perspective. Afi-

Health Sci. 2015;15(3):748-754. doi:10.4314/ahs.v15i3.7

. Pendergast SD, Werner J, Drevon A, Wiedbrauk DL. Absence of herpesvirus DNA by polymerase chain reaction in ocular fluids obtained from

immunocompetent patients. Retina. 2000;20(4):389-393. doi:10.1097/00006982-200007000-00012

. Keorochana N, Intaraprasong W, Choontanom R. Herpesviridae prevalence in aqueous humor using PCR. Clin Ophthalmol. 2018;12:1707-1711.

doi:10.2147/OPTH.S174694

. Cimino L, Aldigeri R, Parmeggiani M, et al. Searching for viral antibodies and genome in intraocular fluids of patients with Fuchs uveitis and

non-infectious uveitis. Graefes Arch Clin Exp Ophthalmol. 2013;251(6):1607-1612. doi:10.1007/s00417-013-2287-6

. Kumar M, Hill JM, Clement C, Varnell ED, Thompson HW, Kaufman HE. A double-blind placebo-controlled study to evaluate valacyclovir alone

and with aspirin for asymptomatic HSV-1 DNA shedding in human tears and saliva. Invest Ophthalmol Vis Sci. 2009;50(12):5601-5608.
doi:10.1167/i0vs.09-3729

Okinaga S. Shedding of herpes simplex virus type 1 into tears and saliva in healthy Japanese adults. Kurume Med J. 2000;47(4):273-2717.
doi:10.2739/kurumemed;j.47.273

. Chee SP, Bacsal K, Jap A, Se-thoe SY, Cheng CL, Tan BH. Corneal endotheliitis associated with evidence of cytomegalovirus infection.

Ophthalmology. 2007;114(4):798-803. doi:10.1016/j.0phtha.2006.07.057
Martin C, Enbom M, Soderstrom M, et al. Absence of seven human herpesviruses, including HHV-6, by polymerase chain reaction in CSF and
blood from patients with multiple sclerosis and optic neuritis. Acta Neurol Scand. 1997;95(5):280-283. doi:10.1111/j.1600-0404.1997.tb00210.x

Clinical Ophthalmology Dove

Publish your work in this journal

Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry;
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

962 EY in@Q Do Clinical Ophthalmology 2022:16


https://doi.org/10.1136/bjo.80.5.465
https://doi.org/10.4314/ahs.v15i3.7
https://doi.org/10.1097/00006982-200007000-00012
https://doi.org/10.2147/OPTH.S174694
https://doi.org/10.1007/s00417-013-2287-6
https://doi.org/10.1167/iovs.09-3729
https://doi.org/10.2739/kurumemedj.47.273
https://doi.org/10.1016/j.ophtha.2006.07.057
https://doi.org/10.1111/j.1600-0404.1997.tb00210.x
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com

	Introduction
	Patients and Methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	Disclosure
	References

