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• ABSTRACT:• PURPOSE: The purpose of this study was 
to determine whether severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) is detectable in the aque- 
ous of asymptomatic individuals presenting for oph- 
thalmic surgery. 
• DESIGN: Prospective cross-sectional study. 
• METHODS: Setting and participants: all patients under- 
going anterior segment surgery at an ambulatory surgi- 
cal center (ASC) belonging to a tertiary academic cen- 
ter in South Florida during a 102-day period between 

June and September 2020 received nasal swab testing for 
SARS-CoV-2 and underwent a relevant review of symp- 
toms prior to surgery, with negative results required for 
both in order to proceed with surgery. Main outcomes and 

measurements: a small sample of aqueous humor (approx- 
imately 0.2 cc) was acquired at the beginning of ante- 
rior segment surgery from all participants. Aqueous hu- 
mor was analyzed for SARS-CoV-2 viral ribonucleic acid 

(RNA) using real-time reverse transcriptase polymerase 
chain reaction. Demographic information was acquired 

from participants for secondary analyses. 
• RESULTS: A total of 70 samples were acquired. Of 
those, 39 samples were excluded due to insufficient mate- 
rial or inconclusive results. Of 31 samples that were suc- 
cessfully analyzed, 6 (19.4%) demonstrated detectable 
SARS-CoV-2 RNA. None of the 6 individuals (0%) with 

detectable viral RNA in aqueous humor reported symp- 
toms during the year, compared to 2 of 25 individuals 
(8%) with negative samples ( P = 1). Positive samples 
were distributed throughout the study period, including 
both the first and the last days of enrollment. 
• CONCLUSIONS: The presence of SARS-CoV-2 viral 
RNA in aqueous despite negative nasal swab testing con- 
firmed its presence beyond the blood-ocular barrier in 
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asymptomatic individuals and raises the possibility that 
the virus may persist in immunoprivileged spaces de- 
spite an absence of symptoms. (Am J Ophthalmol 
2021;230: 151–155. © 2021 Elsevier Inc. All rights re- 
served.) 
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oronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), is associated with a spectrum

f pathological changes. Changes include anosmia, cough,
ever, respiratory distress, and death in severe cases. 1 At the
ime of this writing, approximately 100 million people have
een infected, and more than 2 million have died world-
ide. 2 

While initial attention to the ocular milieu in patients
nfected with SARS-CoV-2 was directed to the ocular sur-
ace, 3 , 4 recent reports have demonstrated evidence of viral
ibonucleic acid (RNA) and proteins within the anterior
egment, 5-7 suggesting that SARS-CoV-2 may enter the eye
nd that viral proteins may remain in the intraocular space
fter viremia has ended. 5 

Elective anterior segment ophthalmic surgeries, particu-
arly cataract surgery, constitute a large proportion of ambu-
atory surgery performed each year in the United States. Al-
hough guidelines for hospitals and ambulatory surgical cen-
ers (ASC) continue to evolve during the ongoing COVID-
9 pandemic, patients undergoing elective cataract surgery
nd other anterior segment surgeries must generally be
symptomatic and/or demonstrate evidence of a negative
esult for nasal swab tests for SARS-CoV-2. 

To date, it is unclear whether viral RNA from SARS-
oV-2 can be detected in the aqueous humor of asymp-

omatic individuals without known history of COVID-19.
his study assessed aqueous humor of patients undergoing
lective ophthalmic surgery in Florida, a state with a rela-
ively high prevalence of COVID-19 in the United States,
or presence of SARS-CoV-2. 

MATERIALS AND METHODS 

his prospective cross-sectional study was approved by
he Institutional Research Board of the University of Mi-
L RIGHTS RESERVED.. 151 
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ami and adhered to the principles of the Declaration of
Helsinki. All patients provided informed consent to partic-
ipate in the study. 

• INCLUSION CRITERIA: Patients undergoing elective an-
terior segment surgery at an ASC belonging to a tertiary
academic center in South Florida by a single surgeon (E.K.)
were invited to participate in the study. All participants re-
quired negative nasal swab testing 24-72 hours before the
procedure. 

• EXCLUSION CRITERIA: We excluded cases in which a
sufficient volume of aqueous humor could be not be sam-
pled. 

• QUESTIONNAIRE: Patients were asked about COVID-19
history prior to clinical visits, and surgery was deferred if
they described a history of COVID-19 or active symptoms.
A questionnaire was administered 3-5 days prior to the
scheduled surgery date, asking patients if they had been pre-
viously tested for SARS-CoV-2 before surgery-related test-
ing and whether they had experienced symptoms suggestive
of COVID-19, including cough, fever, shortness of breath,
and loss of taste and/or smell. If patients answered yes to ei-
ther question, they were asked for the date of prior COVID-
19 testing. 

• PARTICIPANTS: A total of 70 participants contributed
samples. For all 70 participants, samples were collected from
only 1 eye from each participant. These samples were ac-
quired over 8 surgical days during a 102-day period from
June 19, 2020, to September 29, 2020, from 51 cataract
surgeries, 12 keratoplasty cases, 2 pterygium cases, and 5
other anterior segment cases. Of those participants, 33
(52.9%) were women, and the median age was 72 (range:
37-93; interquartile range [IQR]: 65, 77) years old. 

• SARS-COV-2 TESTING: Within 24-72 hours prior to
surgery, all patients underwent nasal swab testing for SARS-
CoV-2 and tested negative. Patients were also contacted
within 72 hours of surgery to confirm the absence of symp-
toms to proceed. 

Aqueous humor was drawn at the beginning of cataract
surgery. Using a 1-cc syringe and a 30-G cannula, approx-
imately 0.2 cc of aqueous humor was drawn and sent im-
mediately to the laboratory for analysis. Of the 70 samples
acquired, 29 had insufficient volume and were unable to be
analyzed. Ten samples produced indeterminate results and
were excluded from analysis. A total of 31 samples were suc-
cessfully analyzed. 

The Centers for Disease Control and Prevention (CDC)
2019-nCoV real-time reverse transcription polymerase
chain reaction (rRT-PCR) diagnostic panel and protocol-
152 AMERICAN JOURNAL OF OPHT
ecommended primer and probe sets N1, N2 were used
o detect different regions of the SARS-CoV-2 nucleo-
apsid gene, and a third primer and probe set was used
o detect human RNase P. Appropriate SARS-CoV-2-
ositive, -negative, and human RNA controls as well
s the 2019-nCov CDC Emergency Use Authorization
EUA) kits were purchased from Integrated DNA Tech-
ologies, Inc. (Coralville, IA, USA). RNA was iso-

ated from the aqueous humor samples using the Qiagen
Neasy Plus Mini kit (Fisher Scientific, Waltham, Mas-

achusetts, USA). The Promega Go Taq Probe 1-Step
T-qPCR system (Promega, Madison, Wisconsin, USA)

or viral RNA reverse transcription into cDNA. Sample
DNA was amplified using the Mic qPCR cycler from
io Molecular System software version 2.8 (Queensland,
ustralia). 
Results and assay performance were interpreted in accor-

ance with the manufacturers’ instructions and CDC rec-
mmendations. Results were reviewed and accepted only
fter all controls were performed as expected 

STATISTICAL ANALYSIS: Medians and interquartile
anges (IQR) were used for descriptive statistics. Fisher ex-
ct test and Wilcoxon rank sum test were used to compare
articipants with and without positive samples. 

RESULTS 

ANALYSIS OF SAMPLES: A total of 31 samples were an-
lyzed. Among donors of samples that were analyzed and
xcluded, there were no difference in median age (73 vs. 71
ears old; P = .49) or sex (45% vs. 59%; P = .34) 

Viral RNA was detected in 6 of 31 samples analyzed
19.4%). There were no statistically significant differences
n median age (72 vs. 75 years old; P = .73) or associations
ith female sex (2 or 6; 33% vs. 12 of 25; 48%; P = .66)
etween positive and negative samples, respectively. Posi-
ive samples were acquired during 3 of the 8 surgical days,
s shown in Figure 1 . 

QUESTIONNAIRE: Of patients with successfully analyzed
amples, 0 of 6 positive patients (0%) had previously under-
one SARS-CoV-2 testing, compared to 7 of 25 negative
atients (28%; P = .29). 

When asked about cough, fever, shortness of breath, and
oss of taste and/or smell in the preceding months, 0 of 6
atients who tested positive (0%) confirmed such symp-
oms compared to 2 of 25 patients who tested negative (8%;
 = 1.0). A sample of the questionnaire is included in the
upplemental Material. 
HALMOLOGY OCTOBER 2021 



FIGURE 1. Aqueous humor was drawn from eyes during anterior segment surgery during 8 surgical days over a 102-day period 
in a tertiary care center in Florida in 2020. Samples from 6 individuals tested positive and were distributed throughout the study 
period. 
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DISCUSSION 

In this study, asymptomatic individuals presenting for elec-
tive ophthalmic surgery without a known history or symp-
toms of COVID-19 provided aqueous samples in which
SARS-CoV-2 viral genetic material was detected. 

To date, reports of SARS-CoV-2 genetic material or pro-
teins within the anterior chamber have included individ-
uals with a known history of SARS-CoV-2. Nucleocap-
sid protein antigens of SARS-CoV-2 were found during
cataract surgery in the iris and trabecular meshwork of a pa-
tient previously infected with COVID-19. 5 In a series of 11
post mortem corneas from patients who died from COVID-
19, 6 demonstrated evidence of viral RNA, and 1 aqueous
humor sample tested positive. 6 This study is the first to de-
tect SARS-CoV-2 in the aqueous humor of living individ-
uals and demonstrates that it may be present despite an ab-
sence of symptoms. 

These data also raise the possibility of viral persistence
in immunoprivileged spaces. In the case above, 5 viral pro-
teins were present despite timing, 2 months after known in-
fection. The report highlighted the possibility that SARS-
CoV-2 proteins may be found inside the eye and persist af-
ter the infection has seemingly cleared from circulation. In
these positive cases, all tested negative by nasal swab within
72 hours of the aqueous sample, suggesting that the infec-
tion they experienced might have occurred in the past. In
addition, all 6 patients answered no to previous COVID-
19 related symptoms or previous positive tests according to
the questionnaire. This is not surprising or conflicting, as
VOL. 230 COVID-19 VIRAL RNA IN AQUEOUS H
OVID-19 infections frequently occur in so-called “asymp-
omatic” patients. 8 

Jin and associates 9 recently reported the case of a patient
ho experienced acute graft rejection and later tested pos-

tive for SARS-CoV-2 by PCR 5 days after the onset of oc-
lar symptoms. The corneal endothelium is devoid of vas-
ulature and receives its nourishment from the aqueous hu-
or. This suggests that the aqueous humor may play a role

n the rejection of the corneal endothelium in certain pa-
ients who have been infected with COVID-19. The pres-
nce of viral genetic material in aqueous humor, as shown
n this study, is consistent with this theory. 

Considering that millions of cataract surgeries are per-
ormed in the world each year, these findings carry poten-
ial implications for this elective surgery. Assessment of
erosolization during phacoemulsification in ex vivo mod-
ls suggest that potential spread through the air is likely
egligible 10 , 11 but may be dependent on incision size. 12 It is
ncouraging that there are no known cases of transmission
uring cataract surgery to date. Although we do not believe
he results should be a cause for alarm, proper use of personal
rotective equipment, sterile surgical technique, and steril-
zation practices are particularly important. Of note, all 6
f the patients who had SARS-CoV-2 viral genetic mate-
ial detected in the aqueous humor, did well in their post-
perative course following surgery, with positive visual out-
omes and without evidence of inflammation by the post-
perative 1-month visits. 

In two previous reports from patients with known history
f COVID-19, the case report of an individual with concur-
ent herpetic stromal keratitis 13 and a post mortem series of
6 individuals, 14 did not identify viral RNA in the aque-
UMOR OF ASYMPTOMATIC INDIVIDUALS 153 
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ous humor. Given the limited numbers of samples in those
reports, the present data do not contradict these findings
but rather offer a more complete understanding that SARS-
CoV-2 may be present in a low but substantial proportion
of people who have experienced COVID-19. 

In the setting of an emerging infectious disease, questions
arise regarding safety of surgery, and prospective studies can
be helpful to generate the statistical power necessary to an-
swer such questions. One limitation of this study was the
large number of samples that were unable to be analyzed.
This reflects the reality of conducting a prospective study
in the setting of an emerging infectious disease, in the ab-
sence of commercially available assays for testing aqueous
humor for SARS-CoV-2. Although the possibility of false
positive and false negative results must be accounted for,
the data suggest that contamination is an unlikely contrib-
utor to the positive results, as they were distributed across
surgical dates and tested on separate days. 

Florida was chosen for its relatively high rate of COVID-
19 incidence 15 at the time of the study. Further research is
needed to determine the duration of viral persistence in the
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