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ABSTRACT

Purpose: Coronavirus disease 2019 (COVID-19) that is caused by severe acute respiratory syn-
drome coronavirus 2 can cause microvascular alterations that can lead to irreversible complications
in multiple tissues and organs. Detrimental effects of COVID-19 on retinal structure have recently
been reported in adult population. However, literature data about neonatal population is very scarce.
Thus, we aimed to assess possible retinal changes of neonates recovered from COVID-19 infection
in this prospective, observational, descriptive study.
Methods: The neonates recovered from COVID-19 infection were included to the study between
01 September 2020 and 30 April 2021. Their initial ophthalmological examination was made after a
negative real-time reverse transcription-polymerase chain reaction obtained and all patients were re-
examined 1 month later. All examinations were performed by same retina specialist using a binocular
indirect ophthalmoscopy.
Results: A total of 15 neonates [9 (60%) male, 6 (40%) female, mean gestational age of
38.9 6 0.9 weeks (ranging from 37 to 40 week)] were evaluated in the study. The mean age at the
time of hospitalization was 17.5 6 8.7 days (ranging from 2 to 29 days), and the mean duration of
hospitalization was 12.5 6 6.2 days (ranging from 4 to 27 days). Except for one patient with bilateral
avascular area in Zone-III, no further retinal manifestation related to COVID-19 was found in the
study.
Conclusion: COVID-19 infection can cause retinal damage in neonates. Therefore, these patients
should be closely monitored for signs of ocular involvement.
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I N T R O D U C T I O N
The whole world has been struggling with the
Corona Virus Disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) since March 2020 after the World
Health Organization declared it as a ‘pandemic’ [1].
Although the most known effects of COVID-19 are
related to the respiratory system because of life-
threatening potency, it can also affect other organ
systems such as the gastrointestinal, cardiovascular,
neurological and even ocular systems [2–4].

COVID-19 infection was initially more common
in adults and elderly, but juvenile and neonatal cases
have increased during the last year [5]. Its clinical
course is ranging from asymptomatic situation to se-
vere life-threatening pulmonary disease in both adult
and pediatric population. Fortunately, a lot of experi-
ence for the management of COVID-19 disease in
both populations has been obtained during pandem-
ic. However, the findings and clinical course of this
disease are still non-specific and less understood in
neonates [6]. Therefore, it has been proposed that
neonates with COVID-19 infection should be closely
followed for its permanent detrimental effects [6].

Viral infections, such as coronaviruses, can lead to
permanent eye damage by external ocular or retinal
complications through various mechanisms [7–9].
Unfortunately, it has recently been shown that
SARS-CoV-2 can cause retinal damage in adult
population [7–15]. However, what is known about
possible ocular effects of SARS-CoV-2 in neonates is
very limited [16]. Therefore, in this study, we aimed
to evaluate the presence of retinal and retinal vascu-
lar changes in neonates recovered from COVID-19.

M E T H O D S

Study population
This prospective, observational, and descriptive,
single-center study was carried out in Health
Sciences University Trabzon Kanuni Training and
Research Hospital Tertiary Neonatal Intensive Care
Unit (NICU). Neonates who were hospitalized be-
cause of the COVID-19 infection were included to
the study between 01 September 2020 and 30 April
2021. The legal permission for the study was
obtained from the Ministry of Health (no: 2021-03-
02T11_02_19). Study protocol was approved by the

regional scientific research ethics committee (no:
2021/67). Parents of the neonates were informed by
the researcher physicians and informed consent was
obtained from all. The inclusion criteria were (i) ges-
tational age of �37 weeks and appropriate for gesta-
tional age; (ii) being 0–30 days old; (iii) having a
positive result on real-time reverse transcription-
polymerase chain reaction (RT-PCR) of a nasopha-
ryngeal swab specimen for SARS-CoV-2 nucleic
acid; (iv) being symptomatic and hospitalized
patients. The neonates with negative RT-PCR
results, positive RT-PCR results but asymptomatic
situation, asphyxia, congenital anomalies or congeni-
tal eye problems were excluded from the study.

There were 16 neonates who met all criteria.
However, one neonate was excluded from the study
because he did not have a control eye examination
(Fig. 1). All neonates were managed with the guide-
lines of the Turkey Ministry of Health and the
Turkish Neonatal Society [17, 18]. Demographic
findings (gestational week, age, gender, etc.); medic-
al history (antenatal, natal and postnatal risk factors,
and perinatal course); contact history with COVID-
19 patients (including family members, caregivers,
medical staff or visitors); clinical and laboratory find-
ings; treatment applied and their outcomes were
recorded for all patients. The neonates were admit-
ted from home. The mothers of neonates had no

Fig. 1. Patients flow diagram.
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comorbidities such as gestational diabetes, pree-
clampsia, hypertension, chorioamnionitis, early
membrane rupture or a history of COVID-19 infec-
tion during pregnancy.

All study patients were screened for neonatal sep-
sis via biochemical parameters, blood cultures and
chest radiographs. The vital signs and clinical symp-
toms were closely monitored in all of the patients.
Supportive treatments such as fluid-electrolyte treat-
ment; empirical antibiotic therapy until sepsis was
ruled out; atypical pneumonia agents such as cla-
rithromycin, azithromycin or oseltamivir; and sup-
plemental oxygen treatment (oxygen hood, nasal
continuous positive airway pressure) were adminis-
tered according to the needs of the patients.

Eye examination
The first eye examinations of the neonates were per-
formed during hospitalization after negative RT-
PCR result obtained. Pharmacological dilation of the
pupils was done by using tropicamide 10 mg/ml eye
drop. Fundus examination of both eyes was per-
formed by a retina specialist using binocular indirect
ophthalmoscope and handheld condensing a 28-di-
opter lens after dilation of the pupils. The control
ocular assessment was made one month later.

Statistical analysis
Statistical analyses were performed by IBM
Statistical Package for the Social Sciences statistics
software, version 24 (SPSS, IBM Corp, Armonk, NY,
USA). Descriptive data were presented as the mean
(6standard deviation), maximum and minimum val-
ues while categorical data are presented as a
percentage.

R E S U L T S
Thirty eyes of 15 neonates post COVID-19 infection
were evaluated. Of these, 9 (60%) were male, 6
(40%) were female. The mean gestational age was
38.9 6 0.9 weeks (ranging from 37 to 40 weeks).
The mean age at the time of hospitalization was
17.5 6 8.7 days (ranging from 2 to 29 days) and the
mean duration of hospitalization was 12.5 6 6.2 days
(ranging from 4 to 27 days). Four patients (26.7%)
had bilateral conjunctivitis at hospitalization. Seven
(46.7%) patients had pathological chest radiograph

findings, which were consolidation or infiltration.
Only two (13.3%) patients required supplemental
oxygen. Almost all of neonates had normal retinal
and retinal vasculature findings, except one who had
an avascular area in Zone-III in the fundus examin-
ation before discharge and after 1 month. The demo-
graphic characteristics and retinal findings of the
neonates are shown in Table 1.

D I S C U S S I O N
This is the first prospective, observational and de-
scriptive study that investigated retinal abnormalities
associated with SARS-CoV-2 in neonates who recov-
ered from COVID-19 infection. We found normal
retinal and retinal vasculature findings in all neo-
nates, except for one patient who had the bilaterally
avascular area in Zone-III. He had no other risk fac-
tor that can account for his retinal finding such as
prematurity, low birth weight, a requirement of sup-
plemental oxygen, blood transfusion or intraventricu-
lar hemorrhage.

It is already known that coronaviruses cause ret-
inal damage such as retinal vasculitis, retinal degener-
ation and optic neuritis in animal models [19].
However, SARS-CoV-2 is a novel type coronavirus
and there is no previous data about its ocular effect.
After the beginning of COVID-19 outbreak, the pos-
sible ocular effects of SARS-CoV-2 have been investi-
gated in many studies. Almost all of these studies
were performed on adult population and thus data
about neonates is very rare.

Many structural ocular damages have been
reported in adult population who have COVID-19 in
different studies. The presence of retinal lesions
including cotton wool spots (CWS), retinal microhe-
morrhages and hyper-reflective lesions have been
reported in a small number of COVID-19 patients
[20]. In a recently published case series of 108
COVID-19 patients in which microhemorrhages, ret-
inal vascular tortuosity and CWS were detected in
25 eyes, even in asymptomatic patients with normal
vital signs [21]. They have also suggested that these
conditions were related to possible cardiovascular
and thrombotic alterations caused by SARS-CoV-2
[21]. In addition, Caporossi et al. [8] examined 28
eyes of 15 adult patients with COVID-19 who were
intubated for acute respiratory distress syndrome.
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Table 1. The demographic characteristics and retinal findings of the neonates with COVID-19 infection

Patient no. AH (days) Sex GW (wk) BW (g) Clinical symptoms DH (days) Radiolo-
gical

findings

Requirement for
supplemental
oxygen

Retinal findings CGA (wk)

1 10 M 39 3530 Fever 10 þ None None 46
2 20 F 40 3960 Fever, diarrhea, nasal

discharge
9 þ None None 49

3 5 M 38 3600 Diarrhea, nasal
discharge

16 None None None 46

4 26 M 40 3910 Fever, cough 23 None None None 51
5 6 F 39 3350 Fever, cough,

conjunctivitis
16 None None None 46

6 22 M 37 3200 Nasal discharge,
tachypnea

27 þ Oxygen hood None 48

7 13 M 39 3000 Fever, conjunctivitis 13 þ None None 47
8 25 M 38 4060 Nasal discharge, feeding

problems
14 None None None 48

9 18 F 40 2990 Nasal discharge, cough 14 None None None 49
10 25 F 39 3250 Fever, feeding prob-

lems, vomiting, diar-
rhea, conjunctivitis

10 None None Bilateral avascular
area in Zone-III

48

11 25 M 39 3700 Nasal discharge, tachyp-
nea, grunting

7 þ None None 48

12 13 F 38 3100 Fever 10 þ None None 46
13 29 F 39 3055 Fever, conjunctivitis 8 None None None 48
14 2 M 38 2900 Feeding problems 4 þ None None 43
15 24 M 40 3700 Nasal discharge, cough,

tachypnea, retractions
7 None N-CPAP None 49

AH, age at hospitalization; BW, birth weight; CGA, corrected gestational age at the time of retinal examination 1 month after COVID-19 infection; DH, duration of hospitalization; F, female; GW, gestational
age; M, male; N-CPAP, nasal continuous positive airway pressure.
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There were no vascular lesions in the macular region
of any of the patients, but four of them had vascular
lesions such as intraretinal microvascular abnormal-
ities, arterial saccular dilatation, CWS and microhe-
morrhages in the retinal mid-periphery. They
concluded that their findings could potentially be
associated with microangiopathy that might be sec-
ondary to serious COVID-19 infections. In another
study, retinal assessment showed microhemorrhages,
flame-shaped hemorrhages and nerve fiber layer
infarcts in five eyes of 25 hospitalized severely or
critically ill COVID-19 patients, which were attrib-
uted to comorbidities, clinical intercurrences or the
robust immune response, rather than a direct effect
of SARS-CoV-2 [22]. However, some authors sug-
gested that these findings may not be specific for
COVID-19 infection; they may reflect normal find-
ings or incidental findings in chronic diseases [23].
Additionally, Invernizzi et al. [7] detected retinal
hemorrhages, CWS, dilated veins and tortuous ves-
sels in 31 of 54 severe and non-severe cases with
COVID-19, and explained that these results could be
related to COVID-19 or other conditions. They also
reported that retinal vein diameter was positively
correlated with disease severity and negatively corre-
lated with time interval.

Until today, there is only one study on COVID-
19-related ocular involvement in neonates in
literature. Kiappe et al. [16] performed ocular exam-
ination by binocular indirect ophthalmoscopy in 165
neonates who were exposed to maternal COVID-19
infection during pregnancy in the first 18 days after
birth. They found that ophthalmoscopy exam of six
neonates who had positive SARS-CoV-2 PCR assay
result was normal. However, 10 neonates (gestation-
al age between 26 and 40 weeks) who had negative
PCR had ocular abnormalities including retinal hem-
orrhages, retinopathy of prematurity, vascular tortu-
osity and venous engorgement. But, whether these
findings were associated with maternal COVID-19
infection was not clear, because two neonates with
retinopathy of prematurity had a history of prema-
ture birth at 26 and 29 gestational weeks, respective-
ly [16]. Whereas, in our patient, there was no
underlying reason explaining the avascular area in
Zone-III other than COVID-19 infection.

On the other hand, it is well-known that
angiotensin-converting enzyme 2 (ACE-2) receptor
offering an attachment point to virus on the cell sur-
face is an important role in the SARS-CoV-2 induced
cell damage in lungs. Conjunctiva, retina and choroid
cells also express ACE-2 receptor on their surface as
well as many other organs [7, 14, 15]. Thus, we con-
sider that ACE-2 receptor plays a critical role in the
development of ocular damage during COVID-19.
After entering ocular cells, tissue ischemia induced
by microvascular dysfunction and endothelial cell
damage can be proposed as a responsible mechanism
of cellular damage [14, 15]. Because, according to
some current optical coherence tomography angiog-
raphy (OCTA) results, the retinal structures and
microvasculature were affected in patients who had
recovered from COVID-19 infection [11, 18, 19,
21–23]. Abrishami et al. [24] used OCTA analysis at
least 2 weeks after recovery from COVID-19
patients, who had relatively mild course, with a ma-
jority of patients not requiring hospitalization, mean
superficial (SCP) vessel density (VD) and deep ret-
inal capillary plexus (DCP). VD was significantly
reduced in the patients versus control group. They
also found that the area of the foveal avascular zone
(FAZ) was greater in the COVID group than in
healthy controls, but this did not achieve statistical
significance. Turker et al. [25] detected by OCTA
research that hospitalized patients with a recent his-
tory of COVID-19 had significantly lower VD in the
parafoveal SCP (nasal and superior quadrants) and
DCP (all four quadrants) compared with controls,
whereas in terms of FAZ similar results were found
in both groups. In the present study, we detected a
bilateral avascular area in Zone-III in one patient, al-
though was by direct fundus examination one month
after recovery from COVID-19.

Also, conjunctivitis related to COVID-19 infec-
tion was reported at a variable rate ranging from
0.8% to 3.6% [13]. In our study, conjunctivitis was
present in 26.7% of our patients at hospitalization,
including a neonate whose pathological retinal find-
ings were detected one month later. Based on some
reports, it has been proposed that patients infected
with COVID-19 should closely follow-up for long-
term because its ocular manifestations, especially
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retinal damage, can emerge even in the middle or
late stage of the disease [12, 26].

In conclusion, we thought that our results have a
clinical importance. Because, reports of retinal findings
such as microvascular abnormalities in patients with
mild to severe COVID-19 highlight the importance of
evaluating retinal involvement in all ages, especially in
neonates, and indicate the need for long-term follow-
up of retinal examination after COVID-19.
Additionally, the presence of ocular symptoms at ad-
mission should be meticulously evaluated, as they re-
flect the necessity for a retinal examination during
hospitalization and long-term follow-up. The patho-
logical retinal finding in this study may have developed
due to COVID-19 or perhaps a coincidental finding. If
a fundus examination had been performed at the time
of admission, we could have said that this finding may
have developed due to COVID-19. An important limi-
tation of our study was the absence of fundus findings
in the acute phase. Further multi-centric studies on
neonates with larger series and longer duration of
follow-up are needed to determine the spectrum of
retinal involvement caused by COVID-19.
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