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ARTICLE INFO ABSTRACT

Keywords: Retinal lesions, including cotton-wool exudates, microbleeds, vascular occlusions and vasculitis, occur in a mi-
Portable retinography nority of Coronavirus Disease-19 (COVID-19) patients. Retinal assessments using retinography can help docu-
COVID-19

ment these lesions. The objective of this work was to identify retinal changes in patients admitted to the ward
with a positive Real Time Quantitative Polymerase Chain Reaction (RT-qPCR) exam for COVID-19. A cross-
sectional, observational study was carried out of patients with mild and moderate symptoms admitted to the Hos-
pital de Base in Sdo José do Rio Preto. The Eyer® portable retinal camera (Phelcom® Technologies) was used to
evaluate 30 male and 21 female patients. The ages ranged from 21 to 83 years (mean: 47 years). Systemic arterial
hypertension was identified in 21 (41.2 %) and diabetes mellitus in 12 (23.5 %) patients. Six (11.7 %) reported
worsening visual acuity, however, none of these patients had ocular findings to justify this complaint. Ten pa-
tients (19.6 %) had intraretinal hemorrhages; one (1.9 %) had cotton-wool exudates and seven (13.7 %) had di-
lations of veins. Thirteen patients (25.4 %) had vascular tortuosity and six (11.7 %) had pathological arteriove-
nous crossings. Portable retinography is useful to evaluate patients admitted to isolation wards due to COVID-19.
It is important to remember that some of the patients investigated had comorbidities like diabetic maculopathy
and systemic arterial hypertension. Hence, some care should be taken in attributing these observations uniquely
to COVID-19 infection.

Eye infection

Color retinography
Retina

Intraretinal hemorrhages

tial pneumonia, Acute Respiratory Distress Syndrome (ARDS) and sub-
sequent multiorgan failure, which are responsible for severe acute res-

1. Introduction

The pandemic caused by Severe Acute Respiratory Syndrome Coron-
avirus-2 (SARS-CoV-2), a new betacoronavirus that was first identified
in China in December 2019, has spread throughout the world leading to
millions of deaths with several challenging clinical manifestations, pro-
longed recovery time and post-recovery complications [1,2]. The SARS-
CoV-2 infection, similar to other coronaviruses, mainly presents flu-like
symptoms such as fever, cough, and asthenia. Furthermore, patients
may evolve with severe lung injury, frequently causing critical intersti-

piratory failure and high death rates [3,4].

Although the respiratory system is most commonly affected, SARS-
CoV-2 presents neurotropism and endothelial tropism and can cause a
systemic inflammatory reaction, known as a “cytokine storm” [5,6].
Due to this tropism, a significant proportion of patients affected by
COVID-19 present neurological and vascular manifestations. [1,7-11]

The proposed routes by which the virus enters the Central Nervous
System (CNS) are: via the bloodstream to the cerebral circulation —
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where slower blood flow may be favorable for the virus to infect the
capillary endothelium - and by dissemination through the olfactory
bulb. An extensive study into the pathogenesis of vascular events has
led researchers to suggest that COVID-19 is a respiratory and also a
vascular disease that causes severe endothelial disruption, complement
activation and widespread inflammation leading to a general procoagu-
lant state. Along with the CNS, several cases since the start of the pan-
demic have shown involvement of the neurosensory retina and optic
nerve. [2,9,10]

Retinal lesions, including cotton-wool exudates, microbleeds, vascu-
lar occlusions and vasculitis, occur in a minority of COVID-19 patients
[12,13]. Assessment of the retina through imaging studies, including
color retinography, help document these lesions [13-18]. The objective
of this study was to use portable color retinography to identify retinal
changes in patients admitted to the ward who tested positive for
COVID-19 by Real-Time Quantitative Polymerase Chain Reaction (RT-
qPCR). The device used to capture the imagens in this study is the
Eyer@ portable retinal camera, one of many handheld digital ophthal-
moscopes. It is a portable device connected to a smart phone. [19] In
many parts of the world where an ophthalmologist may not be directly
available, general practitioners can be taught to use these rather cheap
uncomplicated devices. The quality images, obtained without dilation
of the pupil, can then be communicated to an ophthalmologist for re-
mote diagnosis or the images from the smart phone's camera can be sent
via internet to be analyzed by a trained AI system for a preliminary
analysis. [13,19-27] Such procedures in many cases may save time and
save eyes. This approach can provide valuable insights into the ocular
manifestations of COVID-19 and contribute to the understanding of the
virus's impact on the eyes.

2. Material and methods

This work was approved by the Research Ethics Committee of the
Medicine School of Sdo José do Rio Preto (FAMERP) (CAAE protocol
number 31588920.0.000.54125, approved on 1 June 2021). All partici-
pants agreed to participate in the study by signing an informed consent
form. During July 2021, this cross-sectional study enrolled patients in
Hospital de Base of Sdo José do Rio Preto hospitalized for COVID-19, as
confirmed by RT-qPCR.

The viral RNA was extracted using the QIAmp Viral RNA Mini Kit
(QIAGEN) for RT-qPCR according to the manufacturer's protocols. Viral
RNA of SARS-COV-2 was detected by TagMan®-based Real-Time PCR
(Promega) using a Center for Disease Control (CDC) protocol with two
primer/probe sets which amplify the virus nucleocapsid (N) gene
(2019-nCoV_N1 and 2019-nCoV_N2). The Human RNase P (RP)
primer/probe set was included to detect the gene in control samples.
[8,28] The results were analyzed in QuantStudio 3 software v1.5.1
(Thermo Fisher Scientific, USA) and interpreted as a cycle quantifica-
tion value (Ct) less than or equal to 40 as positive and Ct greater than
40 as negative. [8] After pupil dilation, the Eyer® portable fundus cam-
era (Phelcom Technologies®) was used for color retinography of the
posterior pole. Patients who did not agree to participate in the study
and those for whom good images were not possible, either due to non-
collaboration or because of opaque medium, were excluded. Facts
about ocular complaints during COVID-19, ocular history and comor-
bidities of each patient were investigated. Patients admitted to the in-
tensive care unit were not evaluated.

3. Results

During July 2021, 30 male and 21 female patients with ophthalmo-
logic manifestations related to SARS-CoV-2 were enrolled and evalu-
ated in this study. Patient ages ranged from 21 to 83 years (mean age:
47 years). Systemic Arterial Hypertension (SAH) was identified in 21
(41.2 %) and Diabetes Mellitus (DM) in 12 (23.5 %) patients. Around
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half of the patients (26/51; 50.9 %) had already presented with oph-
thalmologic complaints prior to COVID-19 infection including the ne-
cessity of wearing glasses, visual loss, glaucoma, presbyopia and my-
opia.

Of the 51 patients, 6 (11.7 %) presented ophthalmologic concerns.
Thirty-four (66.6 %) had alterations in the retinography; ten (19.6 %)
had Intraretinal Hemorrhages (IRH); one (1.9 %) Cotton-Wool Exu-
dates (CWE) and seven (13.7 %) had Venous Dilatations (VeD), as
shown in Fig. 1. Thirteen patients (25.4 %) had vascular tortuosity and
six (11.7 %) had pathological arteriovenous crossings; other findings
are described in Table 1. Among the patients with altered retinography,
only three (8.8 %) had reported ophthalmologic complaints. All were
taking 6 mg/day dexamethasone and were being treated with prophy-
lactic anticoagulation and oxygen therapy.

Furthermore, six patients (11.7 %) reported worsening visual acuity
however, none of these patients had ocular findings that justified their
complaint.

4, Discussion

The course of the disease for most COVID-19 patients is mild, how-
ever, approximately 20 % develop severe disease often associated with
advanced age, comorbidities and immunosuppression resulting in a
high mortality rate [4,29] especially in unvaccinated people. The most
important symptoms of COVID-19 infection are fever (87.9 %), cough
(67.7 %), fatigue (38.1 %), diarrhea (3.7 %) and vomiting (5.0 %), all
of which are similar to infections by other coronaviruses. [3] However,
there is already evidence that COVID-19 can cause damage to tissues
and organs other than those of the respiratory system, including oph-
thalmologic manifestations [16,18,30]. This study describes 34 cases of
ophthalmologic manifestations in hospitalized COVID-19 patients, for
whom involvement of the retina was significant.

The pathogenesis of ocular tropism and damage in unclear but it
may involve the Angiotensin-Converting Enzyme 2 (ACE-2) receptor
and protein Transmembrane Serine Protease 2 (TMPRSS2) as targets for
recognition and the binding of SARS-CoV-2 as reported by Hu et al.
[31]. All parts of eye can be injured, including the retina, where ACE-2
and TMPRSS2 are highly expressed. [32]

Examination of the retina offers a unique opportunity to analyze
these cases with special attention being paid to retinal vessels. Retinal
veins passively enlarge in caliber due to impaired drainage, whereas ar-
teries actively dilate in response to decreased oxygen (O,) or increased
carbon dioxide (Co,). Additionally, both types of vessels can dilate un-
der the effect of inflammatory mediators. [11] A 2020 study, in which
retinas of COVID-19 patients were examined within 30 days after the
onset of systemic symptoms, reported that both retinal arteries and
veins were significantly larger compared to those of unexposed individ-
uals. Furthermore, the diameter of the veins were even larger in the
most severe cases and showed an inverse correlation with the time of
onset of symptoms.

Along with vascular changes in COVID-19 patients, IRH and CWE,
both common signs of retinal microangiopathy, were also found. Simi-
lar changes have recently been reported in a small number of COVID-19
patients. The authors described lesions in the inner layers of the retina
using optical coherence tomography, a more sophisticated imaging
technique than the funduscopic examination. However, concerns have
been expressed by a large number of experts about the possible misin-
terpretation of these findings attributed to COVID-19 [10,17] It is diffi-
cult to say whether IRH and CWE are secondary to COVID-19 or just in-
cidental findings, given the high prevalence of hypertension and DM in
the cohort. [8] In this study no clear correlation was found between the
presence of these retinal signs and comorbidities, but it is possible that
the virus itself, the inflammatory response or the treatment has a
stronger effect on patients with an already fragile microvasculature due
to their underlying conditions.
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Fig. 1. Color fundus scans of eyes of patients with COVID-19 during their hospital stay. Yellow arrows: identify intraretinal hemorrhages; blue arrows: cotton-wool
exudates; green arrows: venous dilations. According to the WHO COVID-19 severity classification, all patients presented as severe with Patients 2, 3 and 4 requir-
ing supplemental oxygen therapy, while Patient 1 evolved with diabetic ketoacidosis, lung venous thrombosis and required support in the intensive care unit.
These images were taken with the EYER@ portable retinal camera and were from different patients.(For interpretation of the references to color in this figure leg-

end, the reader is referred to the web version of this article.)

Table 1
Main ophthalmological findings in COVID-19 patients in a teaching hospital
ward, Brazil.

Findings n (%)

Intraretinal hemorrhage 10 (19.6 %)

Cotton-wool exudate 1 (1.9 %)
Venous dilation 7 (13.7 %)
Vascular tortuosity 13 (25.4 %)
Pathological arteriovenous crossing 6 (11.7 %)

In the present study, of the 10 patients with IRH, eight (80 %) had
SAH and/or DM. The patient with CWE had DM. Only one (14.2 %) of
the seven patients with VeD had SAH and DM. A similar study reported
14.6 % of IRH and 3.1 % of CWE. [13] The limitation of these studies is
that they are cross-sectional and cannot establish a cause and effect re-
lationship between the findings and SARS-CoV-2 infection. Even so,
they do not fail to present a detailed description of events of interest, in-
cluding ophthalmological manifestations, in COVID-19 patients to the
point of expanding knowledge of the health care team and developing a
multidisciplinary nature to the clinical approach. Moreover, this study
highlights the important role of portable retinography in detecting oph-
thalmological lesions at the bedside of patients with infectious diseases,
as a cheaper and more practical exam than optical coherence tomogra-
phy. An example of the use of a handheld fundus camera together with

an in-built artificial intelligence algorithm has been published for use in
Diabetic Retinopathy (DR), which is the main cause of vision loss in
working persons. It was found that the Aurora fundus camera was effec-
tive in first-line screening of DR; it has been suggested that this could be
used nicely in large screening efforts for DR. [21,23,26] Thus, exactly
because of its portability and quality of images, the EYER@ is a good,
cheap, hands-on option that can be used in the newborn intensive care
unit, for children on wards and in any cases of isolation, as well as in
field work, such as in campaigns to investigate eye diseases in the gen-
eral population, among others.

5. Conclusion

Portable color retinography is useful in evaluating hospitalized pa-
tients isolated on wards due to COVID-19 infection. The findings found
should not be directly attributed to the disease without further evi-
dence, as they may be due to comorbidities, the medications used dur-
ing treatment, the immunological response against the infection or be
incidental findings. More studies are needed to better understand the
results and should include larger sample sizes, longitudinal patient fol-
low-up and multimodal assessment with the addition of methods, when
it is possible, such as fluorescent retinography, fluorescein angiogra-
phy, optical coherence tomography and optical coherence tomography
angiography. On the other hand, using these last four technologies, in
addition to the high cost, requires that the patient is healthy enough to
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be able to move around and be examined in a clinic where the equip-
ment is installed, since they are not portable. Therefore, any assistive
technology that is developed to provide portable, quality healthcare to
patients in isolated situations, such as riverside populations, isolated
native populations and populations without access to medical care, is
always very welcome.
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