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Purpose: The Covid-19 pandemic introduced significant changes in our daily life, including the widespread use of face masks. The
purpose of this study was to assess if significant changes occurred in the microbiological profile of infectious keratitis.

Patients and Methods: A retrospective study was performed, based on a survey review of the electronic medical records of all
patients with presumed infectious keratitis, between March 2020 and October 2021. The microbiological isolates in this sample
(pandemic group) were compared with those obtained in our center between 2009 and 2018 (pre-pandemic group).

Results: A total of 194 samples were included in the pandemic group. We obtained a culture-positivity rate of 43.3%, which was
significantly higher when compared with the pre-pandemic data (35.15%, p = 0.033). Several further significant differences were
found between the pandemic and the pre-pandemic groups: the proportion of bacteria, including gram-positive and gram-negative
groups, was higher in our sample (pre-pandemic vs pandemic: 76.78% vs 83.33%, p = 0.010; 53.35% vs 60.71%, p = 0.016; 23.43% vs
34.52%, p = 0.005, respectively); two populations of Gram-positive bacteria found in this study were not isolated in the pre-pandemic
sample — Dolosigranulum pigrum and Propionibacterium spp.; and two bacterial isolates were significantly increased in our sample —
Corynebacterium spp. (18.41% vs 29.76%, p = 0.003) and Pseudomonas aeruginosa (9.00% vs 16.66%, p = 0.012).

Conclusion: In conclusion, significant changes were found in the microbiological profile of infectious keratitis in our center during
the Covid-19 pandemic. While these changes could be related to face mask use, more observational and experimental studies are
needed to explore this possible association.
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Introduction
The Covid-19 pandemic caused significant changes in our daily habits, including maintaining physical distance,
practicing hand hygiene, and wearing protective face masks.' Particularly after the generalized use of face masks,
numerous reports from around the world pointed to a perceived increase in dry eye symptoms, such as irritation, blurred
vision, foreign body sensation, pain, and itching.”> The raised awareness for this possible association boosted investiga-
tion about this topic and multiple studies were published in 2021 and 2022, reporting significant changes in Ocular
Surface Disease Index (OSDI) score and ocular surface parameters, including tear meniscus height, tear film break up
time, corneal fluorescein staining, and Schirmer-I test.®® These findings led to the consolidation of a new clinical entity
called “mask-associated dry eye” (MADE).>'°

Since most of the commonly used face masks are not air-tight superiorly, this configuration results in an unnatural
airflow towards the eyelids and ocular surface during expiration, which could explain the above mentioned findings.'' In
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fact, it has been reported that taping the upper mask edge improves ocular surface stability and reduces dry eye symptoms.
Clinical Ophthalmology 2023:17 535-543 535
Received: 10 November 2022 © 2023 Lima-Fontes et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing

Accepted: 21 December 2022
Published: 10 February 2023

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-9126-3505
http://orcid.org/0000-0002-9361-0195
http://orcid.org/0000-0002-8519-8786
http://orcid.org/0000-0003-0555-6860
http://orcid.org/0000-0002-7289-4045
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Lima-Fontes et al Dove

Due to this interesting and proven mechanism, we wondered if it could also have resulted in a change in the
microbiological profile of infectious keratitis. Aside from a reported increase in the incidence of chalazion associated
with face mask use, a case of infectious keratitis in a patient with an initial corneal abrasion from mask use who later
developed recurrent corneal erosion syndrome complicated by microbial keratitis was published.'*'* Furthermore, an
increase in the rate of infectious keratitis after PRK during the COVID-19 pandemic was reported by Soleimani et al.">

Kapelushnik et al reported an increase in ocular surface temperature when wearing a face mask, which may affect the
local microbiota.'' Angaramo et al attempted to assess differences in oral flora dispersion by evaluating colony formation
during exhalation in 3 distinct face mask scenarios: no face mask, surgical face mask and surgical face mask with
superior edge tape secured. However, no statistically significant differences were found between the groups.'®

One study published in 2022, assessed the impact of the COVID-19 pandemic on the incidence and characteristics of
culture-positive microbial keratitis at a tertiary eye hospital in the United Kingdom. No significant differences were
found in the incidence of culture-positive microbial keratitis and organism subtypes - fungi, acanthamoeba, Gram-
positive bacteria, or Gram negative bacteria.'’

In this sense, the goal of this study was to analyze the microbiological results of corneal scrapes from patients with
suspected infectious keratitis, in our tertiary center, since March 2020, when the first cases of Covid-19 were identified in
Portugal, and to compare them with data published by our group regarding the period of 2009 to 2018.

Materials and Methods

This retrospective study was conducted in a Portuguese tertiary center between March 1, 2020, and October 31, 2021
(20 months), and was based on a survey review of electronic medical records of all patients with presumed infectious
keratitis.

The study was carried out in accordance with the tenets of the Declaration of Helsinki the study adhered to the tenets
of the Declaration of Helsinki and was approved by the local Ethics Committee of Centro Hospitalar Universitario de Sao
Jodo / Faculty of Medicine, University of Porto (CHUSJ/FMUP, project n°® 228/22). Informed consent was waived due to
the retrospective nature of the study and the absence of reported data that can identify single patients.

Presumed infectious keratitis was defined by the presence of a corneal infiltrate >1mm? in size with or without
epithelial defect.

All samples were collected in the emergency room, under topical anesthesia. Scrapes were taken from the ulcer base
and inoculated onto Amies Agar Gel each time (Copan, Brescia, Italy). Finally, they were sent to the Microbiology
Department for culture and antibiotic sensitivity testing. Selective media and stains for aerobic and anaerobic bacteria,
Mycobacterium and Acanthamoeba, were used in clinically suspicious or nonresponsive cases.

Patients were treated hourly with an empiric topical third- or fourth-generation fluoroquinolone and an aminoglyco-
side, according to an internal protocol. Topical clotrimazole was added to the treatment regimen if a fungi etiology was
suspected (soil contamination or trauma with vegetable matter).

Patients’ age, gender, presence of risk factors (contact lens use, ocular trauma, ocular surface diseases, or systemic
diseases), and sample results were all evaluated.

Microbiological isolates in this sample (pandemic group) were compared with the ones obtained in our center between
January 1, 2009, and December 31, 2018, and published by Oliveira-Ferreira et al in 2019 (pre-pandemic group).18

SPSS software, version 28 (IBM, Chicago, IL), was used for statistical analysis. To compare differences between
groups, the independent-samples #-test and the fisher exact test were used. P<0.05 was deemed significant.

Results
A total of 194 samples from the same number of patients were included in the pandemic period, which were compared
with 1360 scrapes from the pre-pandemic period. In the pandemic group, the patients’ mean age was 49.39 + 19.87 years
(range 18-91), with 54.12% (n=105) being female. No significant differences were found regarding age and gender
distribution between this sample and the pre-pandemic data, as portrayed in Table 1.

We obtained a 43.30% (n=84) culture-positive rate, which was significantly higher than in the pre-pandemic sample
(35.15%, n=478, p=0.033). Bacteria accounted for 83.33% (n=70) of all positive scrapes, with Gram-positive and Gram-
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Table | Age and Gender Distribution, and Proportion of Positive Cultures in the Pre-
Pandemic and Pandemic Samples

Pre-Pandemic (n=1360) | Pandemic (n=194) | P value
Age, mean + SD 46.88 + 20.33 49.39 + 19.87 0.202
Female sex, n (%) 684 (49.7) 105 (54.1) 0.357
Positive cultures, n (%) 478 (35.15) 84 (43.30) 0.033

Note: Significant p values (<0<05) are highlighted in bold.
Abbreviation: SD, standard deviation.

negative bacteria being isolated in 60.71% (n=51) and 34.52% (n=29) of the positive cultures, respectively. Positive fungi
isolates were found in 11.90% (n=10) of the cases, and Acanthamoeba was found in 3.57% (n=3) of the cases. Figure 1
depicts the distribution of the microbiological profile in our sample.

The most frequent Gram-positive bacteria isolated were Corynebacterium macginleyi (22.62%, n=19),
Staphylococcus Aureus (16.67%, n=14), and Streptococcus pneumoniae (8.33%, n=7). Pseudomonas Aeruginosa was
the most common Gram-negative bacteria isolate (16.67%, n=14). Candida species were the most commonly isolated
fungi (7.14%, n=6). Table 2 shows the distribution of all microbiological isolates.

In 80.95% of the patients (n=68), we found at least one ophthalmologic risk factor. Additionally, 23.81% (n=20) had
relevant systemic disorders. The most common local risk factors found were contact lens wear and ocular trauma,
accounting for 36.90% (n=31) and 17.86% (n=15) of cases, respectively. Diabetes mellitus was the most common
systemic risk factor, accounting for 13.10% (n=11). Table 3 depicts the distribution of the risk factors in the pre-
pandemic and pandemic samples. No significant differences were found between groups, except for ocular trauma which
was more frequent in the pre-pandemic group (34.94% vs 17.86%, p=0.003).

When the microbial isolates from this sample were compared to those published by Oliveira-Ferreira et al'® several
significant differences were found. The proportion of bacteria, including Gram-positive and Gram-negative groups, was
higher in our sample (pre-pandemic vs pandemic: 76.78% vs 83.33%, p=0.010; 53.35% vs 60.71%, p=0.016; 23.43% vs
34.52%, p=0.005, respectively). Two populations of Gram-positive bacteria found in this study were not isolated in the
pre-pandemic sample: Dolosigranulum pigrum and Propionibacterium spp. Finally, two bacterial isolates were signifi-
cantly increased in our sample: Corynebacterium spp. (18.41% vs 29.76%, p=0.003) and Pseudomonas aeruginosa

(9.00% vs 16.66%, p=0.012). Table 4 compares the proportion of different microbial isolates between the two groups.

Distribution of microbial profile

Acanthamoeba - 3,57%

Fungi 11,90%
Gram - bacteria 34,52%

Gram + bacteria 60,71%

Figure | Distribution of microbial profile in corneal scrapes in the pandemic sample.
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Table 2 Microbial Isolates Proportions in the Pandemic Sample

Microorganism n %
Bacteria 70 83.33
Gram-positive 51 60,71
Actinomyces spp | 1.19
Corynebacterium accolens 2 2.38
Corynebacterium amycolatum 2 2.38
Corynebacterium macginleyi 19 22,62
Corynebacterium mastitidis | 1.19
Corynebacterium species | 1.19
Dolosigranulum pigrum 2 2.38
Enterococcus faecalis (Gr. D) | 1.19
Nocardia cyriacigeorgica | 1.19
Propionibacterium acnes | 1.19
Propionibacterium avidum | 1.19
Staphylococcus Aureus 14 16.67
Staphylococcus Epidermidis 2 2.38
Staphylococcus hominis | 1.19
Staphylococcus lugdunensis | 1.19
Streptococcus agalactiae group B | 1.19
Streptococcus dysgalactiae | 1.19
Streptococcus mitis/Streptococcus oralis | 1.19
Streptococcus pneumoniae 7 833
Gram-negative 29 34.52
Aeromonas hydrophila | 1.19
Haemophilus parainfluenzae | 1.19
Moraxella lacunata 2 2.38
Moraxella species 2 2.38
Morganella morganii 2 2.38
Proteus mirabilis 2 2.38
Pseudomonas Aeruginosa 14 16.67
Serratia liquefaciens | 1.19
Serratia marcescens 3 3.57
(Continued)
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Table 2 (Continued).

Microorganism n %

Fungi 10 11.90
Aspergillus fumigatus 2 2.38
Candida Albicans 2 2.38
Candida Famata | 1.19
Candida parapsilosis | 1.19
Candida Tropicalis 2 2.38
Fusarium spp. | 1.19
Paecilomyces lilacinus 2 2.38

Acanthamoeba 3 3.57

Table 3 Local and Systemic Risk Factors in the Pre-Pandemic and Pandemic Samples

Pre-Pandemic (n=478) | Pandemic (n=84) | P value
n % n %

Local risk factors 410 85.77 68 80.95 0.328
Contact lenses wear 160 33.47 31 36.90 0.626
Ocular trauma 167 34.94 15 17.86 0.003
Previous corneal ulcer 34 7.20 7 833 1.0
Corneal transplantation 82 6.03 9 10.71 0.188
Blepharitis 20 4.18 3 3.57 1.0
Bullous/band keratopathy 8 1.67 | 1.19 1.0
Exposure keratopathy 13 2.72 2 2.38 1.0
Recurrent erosion 7 1.46 | 1.19 1.0
Entropion 3 0.63 | 1.19 0.478
Severe dry eye 10 2.09 2 2.38 0.697

Systemic risk factors 105 21.97 20 23.8I1 0816
Diabetes mellitus 60 12.55 11 13.10 |
Poor systemic status/ multiple comorbidities 14 2.93 5 5.95 0.277
Autoimmune disease under immunosuppressant 6 1.26 2 2.38 0.341
Neoplasia 6 1.26 3 3.57 0.138
HIV 3 0.63 | I.19 0.478

Note: Significant p values (<0<05) are highlighted in bold.

Discussion

Constant local updates of microbiological profiles are essential for selecting the best topical treatment for ocular

infections.'”® Since the Covid-19 pandemic caused significant disruptions in our daily lives, including the widespread
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Table 4 Microbial Profile Comparison Between the Pandemic and Pre-Pandemic Samples

Microorganism Pre-Pandemic (n=478) Pandemic (n=84) P value
n % n %

Bacteria 367 76.78 70 83.33 0.010
Grame-positive 255 53.35 51 60.71 0.016
Actinomyces spp 0 0.00 | I.19 0.125
Corynebacterium spp 88 18.41 25 29.76 0.003
Dolosigranulum pigrum 0 0.00 2 2.38 0.015
Enterococcus faecalis (Gr. D) 0 0.00 | 1.19 0.125
Nocardia cyriacigeorgica 0 0.00 | 1.19 0.125
Propionibacterium spp 0 0.00 2 2.38 0.016
Staphylococcus spp 10 22.18 18 21.43 0.479
Streptococcus spp. 60 12.55 8 9.52 1.000
Kocuria rosea | 0.21 0 0.00 1.000
Gram-negative 112 2343 29 34.52 0.005
Pseudomonas aeruginosa 43 9.00 14 16.66 0.012
Serratia spp. 27 5.65 4 4.76 1.000
Moraxella spp. 20 4.18 4 4.76 0.529
Haemophilus spp. 7 1.46 | I.19 1.000
Enterobacter cloacae 4 0.84 0 0.00 1.000
Morganella morganii 3 0.63 2 2.38 0.120
Proteus mirabilis 3 0.63 2 2.38 0.120
Aeromonas hydrophila 2 0.42 | 1.19 0.330
Klebsiella spp. | 0.21 0 0.00 1.000
Kingella kingae | 0.21 0 0.00 1.000
Stenotrophomonas maltophilia | 0.21 0 0.00 1.000
Acanthamoeba 58 12.13 3 3.57 0.075
Fungi 39 8.16 10 11.90 0.119
Candida spp. 20 4.18 6 7.14 0.125
Fusarium spp. 7 1.46 | 1.19 1.000
Aspergillus spp. 6 1.26 2 2.38 0.263
Paecilomyces spp. 3 0.63 2 2.38 0.120
Scedosporium spp. 2 0.42 0 0.00 1.000
Mucor | 0.21 0 0.00 1.000
Virus 14 293 0 0.00 0.239

Note: Significant p values (<0<05) are highlighted in bold.
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use of face masks around the world, it is possible that the microbiological profile of infectious keratitis changed
significantly.

Infectious keratitis is a serious condition that can have long-term effects on vision and even result in eyeball loss.
Untreated keratitis can cause corneal opacification and/or perforation, as well as other equally dangerous complications
like secondary glaucoma, corneal thinning, uveitis, and endophthalmitis. Because of this rapidly progressing and
potentially fatal course, prompt treatment with effective empirical topical antibiotics is required.'®

Bacteria were isolated as the agent in the vast majority of cases in this sample, and Gram-positive bacteria were identified in

2122 the literature varies

23,24

60.71% of the positive cultures. While this proportion is comparable to those reported in other studies,
widely, with countries such as the United Kingdom and New Zealand reporting ratios of 38.9% and 83%, respectively.
A Canadian study found a decreasing trend in Gram-positive pathogens, most likely due to the widespread use of contact lenses.*

Corynebacterium macginleyi was the most frequently identified agent (22.62%), followed by Staphylococcus aureus
and Pseudomonas aeruginosa (16.67% each), and Streptococcus pneumoniae (8.33%). Some studies in the literature

212325 whereas other studies identified Staphylococcus

identified Pseudomonas aeruginosa as the most common agent,
aureus as the primary causal agent.>'**>*> The microbiological department at our hospital classified Corynebacterium
macginleyi as a scrape contaminant. However, this microorganism appears to actively contribute to the pathophysiology
of blepharitis, and thus it may play a role in the genesis of infectious keratitis, especially if certain risk factors are
present.'® As a result, its significance as a causative agent of infections has been increasingly recognized.”®*’

Acanthamoeba accounted for 3.57% of positive scrapes, which falls within the ranges published in the literature
(1.6% to 16.9%).2%°

Candida spp. was the most common fungus and the whole kingdom accounted for 11.90% of positive scrapes. Fungi
are more common in countries from tropical and subtropical regions than in temperate regions, such as Brazil (30%) or
India (23-36%).28-°

We discovered an increase in the proportion of bacteria, whether Gram-positive or Gram-negative, when we
compared our isolates to the results published by our group prior to the pandemic. Likewise, the diversity of Gram-
positive bacteria found in our sample increased, with two isolates not found in the pre-pandemic study: Dolosigranulum
pigrum and Propionibacterium spp. Furthermore, there was a significant increase in two specific bacteria,
Corynebacterium spp. and Pseudomonas aeruginosa. Corynebacterium spp. and Propionibacterium spp. are knowns
commensal of the oral cavity.>’ While these bacteria are commonly found in the conjunctiva of healthy adults and are
considered non-pathogenic, they can cause ocular infections in patients with compromised immunity, such as those with
diabetes or long-term users of topical steroids, as well as those with corneal epithelial damage from trauma, contact lens
wear, lagophthalmos, and trichiasis.**** Dolosigranulum pigrum is also part of the oral flora and has recently emerged as
the causative agent in a few cases of keratitis.>* Pseudomonas aeruginosa is an opportunistic pathogen that can cause
sight-threatening microbial keratitis.>> While it is not the only cause of bacterial keratitis linked with contact lens use,
Pseudomonas aeruginosa is responsible for the majority of corneal ulcers associated with lens wear.*®

Interestingly, Michael et al performed a similar study in a tertiary eye hospital in the UK and found no differences in
culture-positive microbial keratitis and organism subtypes - fungi, acanthamoeba, Gram-positive bacteria, or Gram
negative bacteria.'” However, in this study a pandemic sample of 312 cases was compared with pre-pandemic data of
almost 6000 scrapes, which may have affected the capacity to detect differences between groups.

Since the use of a face mask typically results in an unnatural airflow towards the eyelids and ocular surface during
expiration, we hypothesize that this could induce major changes in the ocular surface microbial communities. This factor
added to the high prevalence of risk factors for microbial keratitis in our sample (80.95% for local and 23.81% for
systemic factors), could favor corneal infection with typical commensal organisms, such as Corynebacterium spp. and
Propionibacterium spp. Furthermore, 36.90% of the patients were contact lens wearers. The airflow from the face mask
may enhance bacterial biofilm growth on contact lenses, potentially enhancing infections by pathogenic species such as
Pseudomonas aeruginosa.

Our work does present some limitations, namely, its retrospective nature, which may have resulted in missing data
presented in the medical records. Second, there was an important difference on the size of the two compared samples.
While this factor is minimized by the statistical analysis, it may still introduce some errors in the interpretation. Third,
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while interesting differences were found in the microbiological profile between the two samples, it is important to take
into consideration that other factors may contribute to these results, such as the availability of a certain class of antibiotic,
changes in clinical practice, or social distancing during the pandemic. Fourth, ocular trauma was particularly less
frequent in our sample, which is an important risk factor that can affect the microbial isolates. Fifth, while the use of
face masks was generally increased in the pandemic period, no information was collected regarding compliance and
duration of use, which may greatly vary across patients.

Conclusion

In conclusion, during the Covid-19 pandemic, significant alterations in the microbiological profile of infectious keratitis
were discovered in our center. While these changes could potentially be linked to the use of face masks, more
observational and experimental studies are needed to explore and clarify this possible association.
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