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ABSTRACT
Background/aims To determine the incidence and
causative pathogens of endophthalmitis after vitrectomy
during strict face mask wearing in the COVID-19 period.
Methods This was a retrospective multicentre study
including 31 ophthalmological institutions of the
Japanese Retina and Vitreous Society or Japan-Clinical
Retina Study group. Patients who had undergone
vitrectomy during 2019, the pre-COVID-19 period, and
from July 2020 to June 2021, the COVID-mask period,
were studied. The results of cataract surgery were used
as a control. The total number of vitrectomies and the
total number of postoperative endophthalmitis were
determined. Then, the differences in the incidence
of postoperative endophthalmitis between the pre-
COVID-19 period and the COVID-mask period, and the
type of pathogens causing the endophthalmitis were
studied.
Results The incidence of postvitrectomy
endophthalmitis was significantly lower in the pre-
COVID-19 period with 16 568 surgeries and 18
endophthalmitis cases (0.11%) than in the COVID-mask
period of 14 929 surgeries and 31 endophthalmitis
cases (0.21%; p=0.031, OR=1.913, 95% CI 1.078 to
3.394). In the pre-COVID-19 period, 4 of the 18 eyes
were culture positive, and all were of the Staphylococcus
family. In the COVID-mask period, 9 of the 31 eyes
were culture positive, and 4 cases were related to oral
commensals including Streptococcus spp, which are
reportedly very rare in endophthalmitis after vitrectomy.
Conclusions It is necessary for physicians to be
aware of the higher incidence of postvitrectomy
endophthalmitis during the COVID-mask period, and to
treat their patients appropriately.
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COVID-19 has spread worldwide, and it has been
shown decisively that wearing a face mask reduces
the rate of infections and inhibits the spread of
COVID-19 viruses.1 2 However, it has been pointed
out that when patients wear masks, there can be
adverse effects on the eyes of the wearer.3 4 It has
been proven that when masks are worn improperly, the masks themselves can cause contamination
and spread of bacteria around the eyes of the mask
wearer.4 5 Thus, it has been reported that masks
can cause infectious keratitis, which is probably
caused by oral flora bacteria contained in the air
passing from inside the mask to the eye.4 6 Several
studies have reported an increase in the incidence

of intraocular inflammation after intravitreal antivascular endothelial growth factor (VEGF) injections in patients wearing face masks.3 6 It is also
known that the wearing of a mask by the physician
doing intraocular injections can also reduce the
incidence of the postinjection endophthalmitis.7 8
This suggested that oral bacteria can cause endophthalmitis. The constant circulation of air around the
wearer’s eye by a mask can enhance the chance of
infections leading to endophthalmitis.
The risk of endophthalmitis is probably greatest at
the time of intraocular surgery, and it is also present
in the early postoperative period. The wearing of
masks by patients at that time may increase the incidence of postoperative endophthalmitis.
The present COVID-19 pandemic is the first time
that many people worldwide have been wearing
masks for a long duration. There is a strong social
obligation to wear masks, especially in East Asia
including Japan, and many citizens wear masks
accordingly.9 However, an accurate assessment of
mask wear on endophthalmitis after vitrectomy has
not been made.
To obtain information on the current status
of retinal diseases in Japan, the Japanese Retina
and Vitreous Society (JRVS) has created a registry
system; for example, the JRVS reported the actual
situation of retinal detachment.10 11 We obtained
information that the incidence of endophthalmitis
after vitrectomy may be related to mask wearing.
However, a systematic study of a large number of
patients who had undergone vitrectomy during the
pre-COVID-19 and the COVID-19 period has not
been published.
Thus, the purpose of this study was to determine whether mask wearing affected the incidence of endophthalmitis that develop especially
after vitrectomy. To accomplish this, we compared
the incidence of endophthalmitis before and after
the beginning of mask wearing for COVID-
19.
The incidence of endophthalmitis during the pre-
COVID-19 period was compared with that during
the COVID-19 period.

METHODS
Ethics statement

This was a multicentre, retrospective study
approved by the Ethics Committee of Kagoshima
University Hospital. Members of the Japan Clinical
Retina Study group, a private retina research group,
and a board member of the JRVS, conducted the
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Increased incidence of endophthalmitis after
vitrectomy relative to face mask wearing during
COVID-19 pandemic
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Survey method

Data for the number of cataract surgeries, vitreous surgeries
without cataract surgery and simultaneous cataract and vitreous
surgery were collected. In addition, the total number of postoperative endophthalmitis between January 2019 and June 2021
was analysed. The surgical decisions were made by specialists
who met the criteria of the Japanese Ophthalmological Society
(JOS), and the diagnosis of postoperative endophthalmitis was
made by each surgeon or specialist who were board certified by
the JOS. In general, endophthalmitis occurred within 42 days
after surgery was diagnosed as postoperative endophthalmitis.12
For cases of postoperative endophthalmitis, baseline information
of age, sex, primary disease, pathogens and preoperative and
postoperative visual acuity were examined.

Comparison of incidence before and after mandated mask
wearing

COVID-19 was first reported in Japan in February 2020, but it
did not spread throughout the country until the summer of 2020.
At that time, there was a shortage of commercial surgical masks,
and a large percentage of people did not wear masks or used
homemade masks. Thus, the COVID-mask period was defined
as the 1-year period from July 2020 to June 2021 when surgical
masks were sufficiently available.13 We defined the year from
January 2019 to December 2019, before the first COVID-19
case was reported in Japan, as the period when people did not
wear masks routinely as the pre-COVID-19 period. The rate
of endophthalmitis was calculated from the number of surgical
operations and the total number of postoperative endophthalmitis during these two periods. Pearson’s χ2 test was used to
determine the significance of the differences.

Investigations of patient information and pathogens of
postoperative endophthalmitis during pre-COVID-19 and the
COVID-19-mask periods

We examined the baseline age, sex, primary disease, preoperative visual acuity, pathogens in the intraocular fluid and postoperative visual acuity. The identification of the oral commensals
was based on the reports of Aas et al and Komiyama et al.14 15

RESULTS
Number of surgeries and incidence of postcataract surgery
endophthalmitis

The number of cataract surgeries and incidence of postoperative
endophthalmitis during the pre-
COVID-
19 and the COVID-
19-mask periods are shown in table 1 and figure 1. There were
32 839 cataract surgeries performed in the pre-
COVID-
19
period, and 12 (0.037%) of these cases developed postoperative endophthalmitis. In the COVID-
19-
mask period, 28 061

Table 1

cataract surgeries were performed, and 12 (0.043%) cases of
postoperative endophthalmitis were found. The difference in the
incidence of endophthalmitis between the two periods was not
significant (p=0.838).

Incidence of postvitrectomy endophthalmitis

The incidences of endophthalmitis are listed in table 1 and
figure 1. The vitrectomies are divided into vitrectomy alone
and simultaneous cataract surgery and vitrectomy. In the pre-
COVID-19 period, there were 16 568 of both types of surgeries
and 18 (0.11%) cases of postoperative endophthalmitis, and in
the COVID-19-mask period, there were 14 929 surgeries and
31 (0.21 %) cases of postoperative endophthalmitis. The higher
incidence during the COVID-
19-
mask period was significant
(p=0.031; OR=1.913, 95% CI 1.078 to 3.394). In the pre-
COVID-19 period, there were 7864 cases of vitrectomy alone
and 8704 cases of combined vitrectomy and cataract surgery.
There were 5 (0.064%) cases of endophthalmitis after vitrectomy
alone and 13 (0.15%) cases of postoperative endophthalmitis
after combined vitrectomy and cataract surgery. In the COVID-
mask period, 7233 cases of vitrectomy alone and 7696 cases
of combined vitrectomy and cataract surgery were performed.
There were 14 (0.19%) cases of postoperative endophthalmitis
after vitrectomy alone and 17 (0.21%) cases of postoperative
endophthalmitis after combined vitrectomy and cataract surgery.
The incidence of endophthalmitis after vitrectomy alone was
significantly higher in the COVID-19-mask period than in the
pre-COVID-19 period (p=0.036; OR=3.048, 95% CI 1.142
to 8.136), while that after combined vitrectomy and cataract
surgeries was not significantly different between the two period
(p=0.360; OR=1.480, 95% CI 0.729 to 3.004).

Incidence of endophthalmitis in pre-COVID-19 period and COVID-19-mask period
Pre-COVID-19 period
Number of endophthalmitis case/total
cases number (%)

COVID-19-mask period
Number of endophthalmitis case/total
cases number (%)

OR (95% CI)

P value

Cataract surgery

12/32 839 (0.037)

12/28 061 (0.043)

1.170 (0.536 to 2.554)

0.838

Vitrectomy, total vitrectomy alone
phacovitrectomy

18/16 568 (0.11)

31/14 929 (0.21)

1.913 (1.078 to 3.394)

0.031

5/7864 (0.064)

14/7233 (0.19)

3.048 (1.142 to 8.136)

0.036

13/8704 (0.15)

17/7696 (0.21)

1.480 (0.729 to 3.004)

0.360

Surgery related to endophthalmitis

2

Figure 1 Endophthalmitis incidence after cataract surgery and
vitrectomy in pre-COVID-19 and COVID-19-mask period The incidence of
postcataract surgery endophthalmitis did not change between the pre-
COVID-19 period (0.037%) and the COVID-19-mask period (0.043%),
but postvitrectomy endophthalmitis increased more in the COVID-mask
period (0.21%) than in the pre-COVID-19 period (0.11%).
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survey. The names of the participating institutions are listed in
the Acknowledgments.
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Culture positive cases of postvitrectomy endophthalmitis in pre-COVID-19 period

Patient

Age range, sex

Primary diseases

Vitrectomy
Combined cataract surgery gauge

Culture results

Preoperative
BCVA

Presenting
BCVA

Final BCVA

1

70s, M

DR

No

25

Staphylococcus aureus

20/225

NLP

NLP

2

80s, M

ERM

Yes

27

Staphylococcus
auricularis

20/125

NA

NLP

3

60s, M

Lens luxation

Yes

25

Staphylococcus aureus

20/33

20/40

20/16

4

70s, F

ERM

Yes

25

Staphylococcus aureus

20/33

NA

20/25

BCVA, best-corrected visual acuity; DR, diabetic retinopathy; ERM, epiretinal membrane; F, female; M, male; NA, not applicable; NLP, non-light perception.

Identifications of pathogens of postvitrectomy
endophthalmitis

The cases of postvitrectomy endophthalmitis in which pathogens
were detected in the intraocular fluid during the pre-COVID-19
and COVID-19-mask periods are shown in tables 2 and 3. In the
pre-COVID-19 period, 4 eyes were culture positive, and all were
of the Staphylococcus family. In the COVID-mask period, Staphylococcus spp. were observed in 5 cases and 2 were S. aureus,
1 was S. epidermidis, 1 was S. caprae and 1 was S. lugdonensis.
There were 2 cases of Streptococcus spp.; 1 case of Streptococcus
mitis and 1 of S. salivarius. Indigenous oral bacteria, based on
the reports of Aas et al or Komiyama et al,14 15 were not found
in the pre-COVID-19 period, but 3 eyes were found to have
oral bacteria during the COVID-19-mask period. The baseline
best-corrected visual acuity (BCVA), final BCVA and the change
of the BCVA between the final and baseline BCVA were not
significantly different in the pre-COVID-19 from that during the
COVID-mask period (online supplemental figure S1). There was
a tendency for more endophthalmitis cases in the COVID-mask
period that had undergone 25G vitrectomy and more vitrectomy
procedures alone, but it did not reach statistical significance
(online supplemental figure S2).

DISCUSSION

The first case of COVID-19 patient was reported in Japan in
January 2020, and the number of patients has increased slowly.
Initially, people did not wear masks as strictly as they do now.13
Later, people were encouraged by the government to wear masks,
but due to the shortage of masks, they were not worn in large
numbers until around June 2020. After that, with the increase of
COVID-19 cases, strict mask wearing was strongly encouraged
by the society, and the people followed it strictly. Therefore, the
year 2019 was applied as the pre-COVID-19 period for masks.
Table 3

The reason why we chose an observation period of 1 year is that
the occurrence of postoperative endophthalmitis is seasonal, so
it is necessary to study at least one complete year.16
The results showed that the incidence of endophthalmitis
increased significantly after vitrectomy in the COVID-
mask
period. There are several possible explanations for the increase in
the incidence of postvitrectomy endophthalmitis. For example,
Garg et al compared the pathogens spectrum of endophthalmitis after intravitreal injections (IVI) and vitrectomy, and they
reported that 56.3% of the post-IVI endophthalmitis was caused
by Streptococcus spp, and none of the postvitrectomy endophthalmitis was caused by oral bacteria.17 In a meta-analysis by
McCannel in 2011, streptococcus-related endophthalmitis was
found in 30.8% of the cases after IVI of anti-VEGF drug in the
culture-positive cases. However, no pathogen relative to oral
bacteria was found in the postvitrectomy endophthalmitis.18
In the literature on the causative organisms of postvitrectomy
endophthalmitis reported in 2011 or later,17 19–28 5.95% (5/84
cases) of the culture-positive cases were indigenous oral bacteria
in the postvitrectomy endophthalmitis (table 4). Thus, the
incidence of endophthalmitis caused by oral bacteria, which is
usually rare in postvitrectomy endophthalmitis, clearly increased
mask period as was found in this study.
during the COVID-
These results suggest that the spectrum of causative organisms
after IVI of the anti-VEGF drug was somewhat similar to that
present after vitrectomy in the COVID-mask period. In addition, inappropriate mask use by patients has been reported to
cause bacterial contamination of the periocular area.4–6 Taken
together, the inappropriate mask wearing could have led to the
exposure of an eye to oral bacteria before and after vitrectomy
in the COVID-mask period.
Another unexpected finding was that S. lugdunensis was
the causative pathogen only in the COVID-
mask period. S.

Culture positive cases of postvitrectomy endophthalmitis in COVID-mask period

Patient Age range, sex Primary diseases Combined cataract surgery Vitrectomy gauge Culture results

Preoperative
BCVA

Presenting
BCVA

Final BCVA

1

80s, M

Lens luxation

Yes

27

Proteus mirabilis

20/1000

LP

NA

2

50s, F

Vitreous opacity

No

25

Staphylococcus aureus

20/70

HM

20/50

3

50s, F

RRD

Yes

27

Enterococcus faecalis

20/16

NA

20/16

4

50s, M

RRD

No

25

Staphylococcus aureus

20/500

NA

20/300

5

70s, F

ERM

No

25

Staphylococcus caprae

20/25

NA

20/33

6

70s, F

ERM

Yes

25

Staphylococcus
epidermidis

20/40

20/40

20/50

7

60s, F

ERM

Yes

25

Staphylococcus
lugdunensis

20/30

HM

20/20

8

60s, M

IOL luxation

Yes

25

Streptococcus salivarius 20/16

HM

20/70

9

60s, F

ERM

No

27

Streptococcus mitis

NA

20/100

20/25

BCVA, corrected visual acuity; ERM, epiretinal membrane; F, female; HM, hand motion; IOL, intraocular lens; LP, light perception; M, male; NA, not applicable; RRD,
rhegmatogenous retinal detachment.
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Table 2

Clinical science
Reports of postvitrectomy endophthalmitis in the past 10 years
Year

N of oral bacteria-related
endophthalmitis cases

Wu et al

2011

0

5

8

35 427

Scott et al20

2011

0

2

3

8554

Chiang et al21

2011

0

0

2

2336

Shi et al22

2013

1

9

14

26 793

Park et al23

2014

1

17

28

Not described

Garg et al17

2016

0

8

19

14 163

Czajka et al24

2016

1

16

24

16 966

Dave et al25

2016

1

12

20

38 951

Weiss et al26

2018

0

6

16

18 886

LaGrow et al27

2021

0

4

5

4263

Silpa-Archa et al28

2021

1

5

13

12 989

Authors (Ref.)
19

N of culture
positive cases

Total N of postvitrectomy
endophthalmitis cases

N of total vitrectomy

Above reports were published in 2011 or later.

lugdunensis has been reported to be rare in cases of endophthalmitis after cataract surgery29 and after vitrectomy.27 S. lugdunensis has been implicated as the causative pathogens of skin
and soft tissue infections. Interestingly, a study that examined
the bacterial species on the head before and after hair washing
reported that S. lugdunensis was still predominant on the backside of the auricle even after washing.30 Normally, the back of
the auricle is rarely touched except when putting on a mask. As
a result, there is a possibility that it could get on the patient’s
hands and spread to the periocular area. This raises the suspicion
that it is related to the mask wearing. Together, four of the nine
cases (44%) were caused by oral bacteria suggesting that there
may be a certain degree of influence of daily mask wearing on
the increase in endophthalmitis in this study.
It is well known that the frequency of IVI-related endophthalmitis can be reduced by physicians wearing masks and adhering
to a ‘no talking policy’. These procedures can prevent indigenous oral bacteria from falling into the patients’ eyes.7 8 On
the other hand, inappropriate mask use by patients has been
reported to cause bacterial contamination of the periocular
area.4–6 This inappropriate wear could have led to exposure to
oral bacteria during the period of susceptibility before and after
vitrectomy. In Japan, during the COVID-mask period, patients
were instructed to wear a mask continuously immediately after
surgery, but this may have led to inappropriate mask wearing.
This could then lead to exposure to oral bacteria during the
period after vitrectomy when the patient is susceptible to infectious endophthalmitis.
The reason for the increase only after vitrectomy and no change
after cataract surgery was not definitively determined. Large-
scale reports of the incidence of postoperative endophthalmitis
after cataract surgery in Japan indicate that the incidence ranges
from 0.025% to 0.052%.31 32 No report on the incidence of
endophthalmitis after vitrectomy in Japan has been reported on
a larger scale than this study, but the incidence ranged from 0%
to 0.8%.33–37 Without limiting the findings to those from Japan,
the incidence of postoperative endophthalmitis after 25G vitrectomy was 0.11% in the meta-analysis reported by Chen et al.38
Thus, the incidence of pre-COVID-19 cataract and vitrectomy
endophthalmitis in this study is no different from that reported
in the past. In animal models, it has been found that endophthalmitis occurs with fewer bacteria in the vitreous cavity than when
administered into the anterior chamber, that is, the vitreous
cavity has a weaker immune mechanism against bacteria.39 It is
conceivable that when the eye becomes more exposed to oral
4

bacteria due to the inappropriate wearing of masks, there may
be an increase in infections after vitrectomy, when the immune
mechanism is more vulnerable.
Prophylactic intracameral antibiotics application during cataract surgery, but not in vitrectomy, is common in Europe and
USA. However, this is not the case in Japan because the use
of intracameral antibiotics is not covered by health insurance.
Thus, this effect is unlikely at least in the current study.
We did not investigate the incidence of endophthalmitis after
IVI. In a large survey in the USA, the incidence of post-IVI
endophthalmitis was not increased even when patients wore
masks.40 Because the wound after vitreous injection is smaller
than that after vitrectomy, the degree of mask wearing may be
less likely to cause endophthalmitis after IVI than after vitrectomy. Vitrectomy alone had an increased incidence of endophthalmitis during the COVID-mask period. Phacovitrectomy also
had an increased incidence while it was not statistically significant. It is possible that the number of phacovitrectomy cases was
not sufficient to reach significance.
There are several possible reasons why changes in the incidences have not been reported in other countries. In the USA
and Europe, recommendations have been made to discontinue
ophthalmic surgery during the COVID-19 period.41 42 In the USA,
there was a period when retinal surgeries decreased by more than
80%.41 On the other hand, COVID-19 in Japan has not spread
as severely as in Europe and the USA, and there has not been a
massive lockdown. Ophthalmic surgeries were performed under
almost normal conditions throughout the period. The nature of
the surgery, the subject of the surgery and the indications for
surgery at each institution were reported to be unchanged during
this study period (personal communication from the director of
each institution). In this study, the number of surgeries per year
during the COVID-mask period was only 14.5% lower for cataracts and 9.9% lower for vitrectomy. Furthermore, most patients
wore masks for a long time, sometimes even at home because
there is no strong antimask movement in Japan.13 Therefore,
it is possible that the postvitrectomy endophthalmitis did not
become evident in these countries due to the lower number of
vitrectomies and/or sociocultural differences in which masks are
less strictly worn.
There are limitations in this study. There was a certain degree
of bias because of its retrospective nature. Another limitation
was the lack of uniformity in the selection of the type of surgery
and the diagnosis of endophthalmitis which were left to the
judgement of the surgeon and the institution. This is a point that
Sakamoto T, et al. Br J Ophthalmol 2022;0:1–6. doi:10.1136/bjophthalmol-2022-321357
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cannot be avoided in a multicenter study. This survey may not
reflect the entire situation in Japan because it was not a comprehensive survey such as a nationwide survey. On the other hand,
the participating facilities were leading ophthalmological institutions that meet the standards of the JOS and have the advantage
of providing at least the level of diagnosis and treatment recommended by the JOS. Because the pathogens in most cases could
not be identified, it is necessary to be cautious in concluding
on the cause of the endophthalmitis based only on the culture-
positive cases. The COVID-19 pandemic is the first of its kind
in world history, and there are many unknowns. The possible
causes of intraocular inflammation are added as follows. First,
burnout of the medical personnel may be one factor. As securing
a complication-free outcome of a delicate and sophisticated type
of surgery such as vitrectomy is a result of complex and coordinated team efforts, the team members involved in patient care
need to be at the peak of their work performance. However,
the COVID-19 pandemic resulted in a considerably higher than
usual level of stress and burnout on healthcare workers worldwide.43 The study in Taiwan showed that endophthalmitis was
associated with the presence of several comorbidities.44 As the
COVID-19 pandemic in general reduced access to healthcare,
it is theoretically possible that the comorbidities may have
been present or treated less effectively than usual in some of
the patients with endophthalmitis. Third, increased levels of
stress and anxiety in patients. Although it may be difficult to
provide direct evidence specifically for endophthalmitis, the
field of psychoneuroimmunology is a well-established one and
it has been shown that psychological stress seems able to alter
the susceptibility of animals and man to infectious pathologies.45
Although we cannot exclude the influence of these factors, we
believe that the increase of oral flora as a causative agent suggests
a relationship with mask use.
In addition, the culture positive rate on endophthalmitis
after vitrectomy was low in this study at 22% (4/18) for the
pre-COVID-19 period and 29.3% (9/31) for the COIVD-mask
period. A nationwide survey of postcataract surgery endophthalmitis in Japan also showed a low infection rate of 7.7% (1/13)
of the endophthalmitis cases.31 In Japan, when infective endophthalmitis is suspected, a large dose of broad-spectrum antibiotics
is always administered in the very early phase. Thus, most of the
cases received a large amount of antibiotics in eyes before the
patients were sent to the treatment facilities. We suspected that
this was likely the reason for the low positivity rate in bacterial
cultures. It is necessary to discuss this issue at the JRVS.
In conclusion, the significant increase of endophthalmitis
after vitrectomy during the COVID-mask period indicates that
clinicians need to follow these patients more vigilantly and
instruct patients on the proper method to wear masks. Although
COVID-19 vaccines are available worldwide and mask wearing
has not been mandated in some areas or countries, there is still
a need for mask wearing. With the emergence of the omicron
strain of COIVD-19 and the expectations of new mutants of
COVID-19, the need to wear masks will most likely continue
for several years. Because the need for vitreoretinal surgery will
continue regardless of the presence of COVID-19, it is important
for clinicians to know the present results and treat their patients
accordingly.
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online supplemental figure S1: Baseline and final best-corrected visual
acuity (BCVA) in pre-COVID and COVID-mask period.
Baseline and final BCVA of post-vitrectomy endophthalmitis in pre-COVID and
COVID-mask periods were compared. Baseline BCVA (A), final BCVA (B), and
the change of the BCVA between final and baseline BCVA (C) were not
significantly different in the pre-COVID and during COVID-mask period.
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online supplemental figure S2: Breakdown of vitrectomy in the pre-COVID
and COVID-mask periods: the size of vitrectomy probes and the vitrectomy
alone/phacovitrectomy.
There was a tendency for more endophthalmitis cases in the COVID-mask
period that had undergone 25G vitrectomy (A) and more vitrectomy procedures
alone (B), but it did not reach statistical significance.
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