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Acute and sub-acute ocular manifestations in pediatric
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ABSTRACT

Background: The coronavirus disease 2019 (COVID-19) pandemic has been the most challenging health
problem in the last 2 years. Post-COVID-19 multisystem inflammatory syndrome of children (MIS-C) is a
severe post-COVID-19 complication in pediatric patients. Ocular manifestations may be the first presentation
of MIS-C, wherein prompt treatment may improve outcomes. In this systematic review, we aimed to summarize
the acute and sub-acute ocular manifestations in pediatric patients with laboratory-confirmed COVID-19.
Methods: We included all online primary studies, with no language restriction and published between
January 1, 2019 and November 18, 2020, reporting any acute or sub-acute ocular manifestations in children
with laboratory-confirmed COVID-19. PubMed/MEDLINE was searched using the following MeSH and
Emtree terms: “eye,” “ophthalmologic,” “ocular,” “vision,” “conjunctivitis,” “severe acute respiratory syndrome
coronavirus 2,” “SARS-CoV-2,” “corona,” “2019-nCoV;” “COVID19,” and “COVID.” The eligibility and quality
of the selected records were assessed by two independent reviewers as per the Cochrane Handbook for
Systematic Review.

Results: A total of 1,192 records were identified electronically. Seven papers were extracted from the reference
lists of the eligible records. Thirty-six papers met the inclusion criteria and were categorized into two subgroups
according to acute or sub-acute presentation of ocular manifestations. Among 463 pediatric patients with
COVID-19, 72 (15.5%) had acute ocular manifestations. There was one patient with central retinal vein
occlusion and another with photophobia and diplopia associated with meningoencephalitis. Among 895
pediatric patients with post-COVID-19 MIS-C, 469 (52.4%) had ocular manifestations, which only included
non-purulent conjunctivitis.

Conclusions: Ocular manifestations have been reported in less than one-fifth of pediatric patients with acute
COVID-19. Furthermore, conjunctivitis was the only ocular manifestation reported in half of the patients
with MIS-C, and it may be missed easily due to its non-purulent nature. During the COVID-19 pandemic,
pediatricians and health workers must remain vigilant for early detection of signs of this potentially fatal post-
COVID-19 inflammatory syndrome.
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Ocular manifestations in pediatric patients with COVID-19

The coronavirus disease 2019 (COVID-19) pandemic has been the most challenging health concern in the last
two years. Due to different mutations in the causative virus, the presenting symptoms of COVID-19 continue
to change and have caused diagnostic problems [1]. The signs and symptoms of COVID-19 in pediatric
patients differ from those in adults. Among pediatric patients, ocular involvement has been reported as an
acute COVID-19 presentation or as a sub-acute manifestation of post-COVID-19 multisystem inflammatory
syndrome in children (MIS-C) [2-5].

MIS-C has a latency phase of 4-5 weeks and may be associated with myocardial dysfunction and shock [4].
Ocular manifestations can be self-resolving in children with COVID-19 [3]. However, they may be the first
symptoms, especially in MIS-C, in which accelerated treatment may improve outcomes [3, 6].

Previous systematic reviews have evaluated MIS-C as a complication of post-COVID-19 condition and
underlined ocular signs as an important clue for diagnosing MIS-C [7-10]. Although ocular manifestations
have been reported as an acute presentation of COVID-19 in children [11-18], to our knowledge, no previous
systematic review has addressed this topic. Owing to the significance of detecting early ocular signs or symptoms
in children with COVID-19, we aimed to summarize the acute and sub-acute ocular manifestations in pediatric
patients with laboratory-confirmed COVID-19.

This systematic review was conducted according to the guidelines of the Cochrane Handbook for Systematic
Reviews [ 19] and Methodological Expectations of Cochrane Intervention Reviews (MECIR) [20], and reported
as per the Preferred Reporting Items for Systematic Review and Meta-Analysis checklist [21]. The protocol for
this systematic review was registered and peer-reviewed at the Endocrinology and Metabolism Research Institute
of Tehran University of Medical Science, Tehran, Iran, and received ethical approval (ethical code: IR TUMS.
EMRLREC.1399.063).

The eligibility criteria included: online primary studies with no language restrictions, reporting any ocular
manifestations (patient-reported or clinician-observed) in children (aged < 18 years) with laboratory-confirmed
COVID-19 according to the World Health Organization (WHO) diagnostic criteria [22], regardless of their
ethnicity. Studies published between January 1, 2019, and November 18, 2020, were included.

Ocular manifestations could be a sign of MIS-C [22], which is reportedly an adverse effect of sub-acute post-
COVID-19 condition. Therefore, we included studies reporting a history of laboratory-confirmed COVID-19
(reverse transcription-polymerase chain reaction, antigen test, or serologic test) before ocular manifestations.
We excluded studies that did not report the patients’” age, the exact type of ocular manifestation, or pediatric
patients with no laboratory evidence of COVID-19 infection. Moreover, we excluded all types of review papers,
in vitro, and animal studies.

All online primary studies published between January 1, 2019, and November 18, 2020 were extracted from
the PubMed/MEDLINE database, with no language limitation or publication-type restriction. The following
MeSH or Emtree keywords were selected: “eye,” “ophthalmologic,” “ocular,” “vision,” “conjunctivitis,” “severe
acute respiratory syndrome coronavirus 2,” “SARS-CoV-2,” “corona,” “2019-nCoV,” “COVID19,” and “COVID.
We developed syntax for the PubMed/MEDLINE database, as shown in Table 1. We determined the syntax
sufficiency, and the number needed to read the finalized syntax was 50.

» «

Table 1. Final search syntax developed for searching the PubMed/MEDLINE database

Summary Search Syntax Complete Search Syntax

#1 Mesh or Emtree descriptor for first component “(Eye[tiab] OR Ophthal*[tiab] OR (Vision AND Ocular)(tiab]
#2 (Eye) OR Conjunc*) AND (COVID*[tiab] OR “COVID19”[tiab] OR
#3(Ophthal*) corona*[tiab] OR SARS-CoV-2*[tiab] OR 2019-nCoV*[tiab] OR
#4(Vision AND Ocular) “Severe acute respiratory syndrome coronavirus 2”[tiab]) AND
#5 (Conjunc*) 2019:2020/11/18[dp])”

#6 (#1 OR #2 OR #3 OR #4 OR #5)

#7 Mesh or Emtree descriptor for second component
#8 (COVID¥)

#9 “COVID19”

#10 (corona*)

#11 (SARS-CoV-2*)

#12 (2019-nCoV*)

#13 “Severe acute respiratory syndrome coronavirus 2”
#14 (#7 OR #8 OR #9 #10 OR #11 OR #12 OR #13)
#15 (#6 AND #14), from 2019 to 2020/11/18

Abbreviations: tiab, title or abstract; dp, date of publication.
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For study selection, we pooled the searched records using EndNote X8 (Clarivate Analytics, Philadelphia,
PA), following which, the duplicate records were removed. Two independent reviewers screened the titles and
abstracts of the remaining articles to assess their quality and eligibility, which were evaluated by the same two
reviewers in accordance with the Cochrane Handbook for Systematic Review [19]. Figure 1 shows the flowchart
for the search strategy, screening, and selection of the final eligible studies.

For data extraction and management, the complete text of all eligible studies was reviewed by the same
two independent reviewers, and the required information was extracted. This included the PubMed identifier,
first author’s name, year of publication, title, total number of pediatric patients with laboratory-confirmed
COVID-19 infection, number of children with ocular manifestations, mean * standard deviation (SD) or
median (interquartile range [IQR]) age of the included pediatric patients, and type of ocular manifestation.
The reported ocular manifestations comprised conjunctivitis; eye pruritis; white mucoid, watery, or purulent
conjunctival discharge; conjunctival congestion or hyperemia; pain; eye rubbing; eyelid dermatitis; diplopia;
photophobia; and central retinal vein occlusion. In case of a conflict, a decision was taken based on the consensus
among the reviewers.

For studies that lacked any of the aforementioned data, two emails with a 1-week interval were sent to the
corresponding authors to recover the missing data, and if no reply was received within a 2-weeks’ time, those
papers were excluded. All data extraction and analyses were completed independently by two reviewers. For
data synthesis, all selected studies, including cross-sectional studies, case series, or case reports, were reported
according to the time course of the ocular manifestations (acute or sub-acute subsets of presentation; Table 2).

Identification of studies via databases and registers

Records identified from:

g Databases (PubMed/MEDLINE)
'g (N=1192) Records removed before
9 . . . screening (N = 104):
= Additional records were identified through
= . . -
= seqrchlng the reference list of eligible Duplicated records (N = 104)
_g articles
— N=7)
Records excluded (N = 1028):
Review article (N = 436)
Records screened In vitro and animal study (N = 119)
(N =1,095) No definite diagnosis of COVID-19
(N =158)
News and editorials (N = 315)
on
=
o=
=
9 Reports sought for retrieval X B
b (N=67) Reports not retrieved (N = 0)
wn
Reports excluded (N = 31):
Reports assessed for eligibility o .
(N=67) No definite diagnosis of COVID-19 (N = 13)
Insufficient outcome or missing data (N = 18)
=
5}
-g Studies included in this review
o (N=36)
=
=1

Figure 1. Flowchart of the search strategy, screening, and selection of the eligible primary studies.
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Missing data that were received from the corresponding authors were recorded. Data were analyzed using
Excel 2016 (Microsoft Inc.,, Redmond, WA, USA). The total number and mean * SD or median (IQR) age of the
participants, frequency and percentage of ocular manifestations, and patients with ocular manifestations were
calculated.

A total of 1,192 records were electronically identified, and seven papers were extracted from the reference lists
of the eligible articles. After removing 104 duplicate records using the EndNote software, the titles and abstracts
of 1,095 records were screened. Among these, 1,028 studies were excluded due to the reasons outlined in Figure
1. Finally, the reviewers independently assessed the eligibility of 67 articles. Thirty-six papers met our inclusion
criteria, and 31 were excluded due to the reasons outlined in Figure 1. The data extracted from these 36 articles
are listed in Table 2 [6, 11-18, 23-49].

Eligible articles were categorized into two subgroups: acute or sub-acute presentation of ocular manifestations.
Nine articles [11-18, 23] reported acute ocular manifestations; in these studies, 72 (15.5%) out of 463 pediatric
patients with COVID-19 had ocular manifestations. Except for one patient with central retinal vein occlusion
[14] and another with photophobia and diplopia associated with meningoencephalitis [12], the acute ocular
symptoms observed following a viral infection included conjunctivitis, conjunctival discharge, conjunctival
hyperemia, and eyelid dermatitis. Twenty-seven [6, 24-49] articles reported cases of post-COVID-19 MIS-C, in
which 469 (52.4%) out of 895 pediatric patients had ocular manifestations, and non-purulent conjunctivitis was
the only ocular manifestation documented in these articles (Table 2).

According to this systematic review, acute and sub-acute ocular manifestations were reported in 15.5% of
pediatric patients with COVID-19 and 52.4% of patients with post-COVID-19 MIS-C, respectively. Most of the
patients in both subgroups had conjunctivitis [6, 11, 13, 15-18,23-49], although two patients experienced severe
ocular manifestations such as central retinal vein occlusion and diplopia [12, 14]. In adults, acute ocular signs
and symptoms such as conjunctival hyperemia, epiphora, increased secretion, chemosis, follicular conjunctivitis,
episcleritis, photophobia, itchiness, burning sensation, gritty feeling, blurred vision, and various posterior
segment manifestations such as central retinal vein occlusion, have been reported [ 5, 50-52].

In a meta-analysis, conjunctivitis was the most common acute ophthalmic manifestation of COVID-19
in adults [S3]. In this systematic review, 72 out of 463 pediatric patients with COVID-19 had acute ocular
manifestations, mainly conjunctivitis. Therefore, similar to adults, conjunctivitis is the most common
ophthalmic manifestation in pediatric patients with COVID-19. Furthermore, conjunctivitis was the only ocular
manifestation reported in almost half of the patients with MIS-C in the studies included in this review.

The WHO has detailed the MIS-C diagnostic requirements and specified bilateral non-purulent
conjunctivitis as one of its diagnostic criteria [54]. Considering the reported mortality following MIS-C,
which may be higher in middle- and low-income countries compared with high-income countries [55],
monitoring the accompanying symptoms of this disease for early intervention can be lifesaving. Pediatricians
and health workers must remain vigilant for early detection of the signs of this potentially fatal post-COVID-19
inflammatory syndrome [56].

MIS-C is a Kawasaki-like disease; however, its definition and precise diagnostic criteria have not been
finalized [56]. In this systematic review, we noted that half of the patients with MISC-C had conjunctivitis, and
conjunctivitis has been reported in > 90% of pediatric patients with Kawasaki disease [57]. MIS-C as a post-
COVID-19 inflammatory complication in pediatric patients should be investigated separately, and Kawasaki-like
disease may not be a good definition for this condition. MIS-C can cause life-threatening cardiac complications
[34], and pediatricians should consider conjunctivitis a key presentation of suspected MIS-C in pediatric
patients with COVID-19.

In this systematic review, we reported the prevalence of acute or subacute ocular manifestations in pediatric
patients with COVID-19. Our report may be a good estimation of the ocular manifestations of COVID-19 in
this age group. The most important limitation of our review was the lack of response from the corresponding
authors of some original articles, which resulted in the removal of those studies from the final assessment.
Another limitation was the lack of well-designed original studies in almost all retrieved records on this topic. We
only searched the PubMed/MEDLINE database; future systematic reviews that include more databases might
be able to include more studies or find original studies with a strong design to reach more robust conclusions.
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Future cohort studies on pediatric patients with laboratory-confirmed COVID-19 and a long follow-up period
could report on more ocular manifestations or identify a definite association between ocular signs and symptoms
and acute COVID-19, or side effects of post-COVID-19 condition such as MIS-C.

Ocular manifestations have been reported in less than one-fifth of pediatric patients with acute COVID-19.
Furthermore, conjunctivitis is an important ocular manifestation that was present in half of the patients with
MIS-C and could be missed due to its non-purulent nature. During the COVID-19 pandemic, we propose
complete investigations of all children with fever and conjunctivitis to identify MIS-C. Blood investigation for
inflammation markers and cardiac assessment may also be needed in such patients.
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