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Abstract
Purpose  To investigate whether compulsory face masking in public life changes the incidence or pattern of post-injection 
endophthalmitis (PIE).
Patients and methods  All injections of bevacizumab, ranibizumab, aflibercept, dexamethasone or triamcinolone between 
01/01/2015 and 12/31/2021 at the University Eye Clinic of Tuebingen were included in this retrospective analysis. The 
injection procedure itself was unchanged since 2015 and included the use of a sterile drape covering the head up to the 
shoulders which prevents airflow toward the eye. Furthermore, all staff wore a face mask and gloves at all times. The two 
study periods were defined by the introduction of a compulsory face masking rule in public life (01/01/2015 until 04/27/2020 
vs. 04/28/2020 until 12/31/2021).
Results  A total of 83,543 injections were performed in the tertiary eye clinic, associated with a total of 20 PIE (0.024%, 
1/4177 injections). Of these, thirteen PIE were documented during the pre-pandemic period (0.021%, 1/4773 injections) 
and seven PIE during the pandemic period (0.033%, 1/3071 injections). No significant difference in PIE risk was observed 
(p = 0.49), and there was no case of oral flora associated PIE.
Conclusion  Although some potential confounders (wearing time, skin flora) could not be considered, there was no clear 
signal that the introduction of compulsory face masking in public life did alter the risk for PIE in our patient population. 
Three and six months after PIE, no difference in visual acuity was detectable between the two study periods.
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Introduction

Endophthalmitis (EO) is one of the most serious complica-
tions of intravitreal injections. The most commonly found 
bacteria causing post-injection endophthalmitis (PIE) are 
coagulase-negative staphylococci, which are commonly 
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Prior studies have investigated whether wearing a face mask by all participants during intravitreal injection results 
in an altered rate of post-injection endophthalmitis (PIE) due to the spread of oral bacteria towards the eye and 
have not demonstrated an increased rate.
 

To date, however, it is not clear whether a general mask mandate in public life leads to a change of PIE incidence.

This study shows that the introduction of compulsory face masking in public life did not lead to an increased rate 
of PIE.
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found on human skin and conjunctiva [1]. It is known that 
endophthalmitis linked to oral flora is associated with a 
worse outcome compared to EO caused by coagulase-nega-
tive staphylococci. Therefore, precautions to prevent trans-
mission of oral bacteria have been recommended [2–5].

The Covid-19 pandemic not only changed hygiene 
awareness and increased fear of viral infection, but was 
also accompanied by the need of a universal face mask use 
in most countries around the world [6]. Although it has 
been known for some time that the spread of aerosols can 
be reduced by the use of face masks, there are mixed data 
regarding the impact of bacterial spread in the ophthal-
mic setting [7, 8]. On the one hand, patients who do not 
wear a mask or who wear a loose mask have been shown 
to have an increased bacterial spread toward the eyes [9, 
10]. On the other hand, Angaramo et al. have reported that 
wearing a loose mask does not increase the risk of bacte-
rial colonization of the eye [11]. The hypothesis was that 
contaminated masks could affect the flora in the periocu-
lar region and/or the altered airflow could be associated 
with increased bacterial exposure in the sterile field.  The 
aim of this study was therefore to investigate whether pro-
longed face mask wearing in everyday life, and not only 
during the injections resulted in an altered PIE risk.

Methods

All intravitreal injections during the period 01/01/2015 
to 12/31/2021 of bevacizumab, ranibizumab, aflibercept, 
dexamethasone and triamcinolone were included. Only EO 
cases caused by or related to prior intravitreal injections 
were included in the analysis. Cases with other causes of 
EO were excluded (i.e. postsurgical, bleb associated, endog-
enous, traumatic).

Since 2015, all staff, and from April 2020, all patients 
wore a face mask during the injection procedure. Nurses 
always wore gloves, and the physician who performed the 
injection wore sterile gloves. Intravitreal injections were per-
formed following a standardized protocol [12]. Five drops 
of Oxybuprocain (4 mg/ml) were used for local anesthesia. 
The eye and the periocular area were disinfected with a povi-
done iodine solution (10% and 5%, for skin and conjunctiva 
respectively). After covering the eye with a sterile drape—
which prevented any airflow from the mouth to the periocu-
lar area—a sterile lid speculum was inserted, and the drug 
was injected into the eye 3.5 mm from the limbus. After the 
orientation test of visual function (exclusion of acute loss of 
vision), a drop of lubricants was applied, and the speculum 
and sterile drape were removed. Neither topical antibiotics 
nor temporary bandage was used after the injection.

In case of suspected PIE, patients were treated with Gen-
tamicin (5 mg/ml) and Moxifloxacin (5 mg/ml) eye drops 
every hour. All patients included in the study underwent a 
vitrectomy with vitreous biopsy and intravitreal injection 
of antibiotics (1 mg Ceftazidime and 1 mg Vancomycin). 
After surgery, intravenous treatment adapted to renal func-
tion with Ceftazidime, Imipenem and Cilastin was initiated 
and continued for at least 7 days. A culture positive PIE 
was defined by growth of bacteria in the bacterial culture. 
Some of the negative samples were re-examined by PCR. If 
a specific bacterial strain was detected, the sample was also 
classified as culture positive PIE, although no antibiogram 
could be obtained.

Visual acuity was analyzed using LogMAR. Low visual 
acuity values like counting fingers, hand movement and 
light perception were converted to LogMAR 2.0, 2.3 and 
2.7, respectively. Statistical analysis was performed using 
R and Prism 6, GraphPad. Fisher’s test or Chi-square test 
with Yates’ correction and the Mann–Whitney U-test were 
used, and statistical significance was assumed for p < 0.05.

This study was performed in line with the principles of 
the Declaration of Helsinki. Approval was granted by the 
Ethics Committee of the University of Tuebingen (Project 
Number 145/2022BO2).

Results

During the study period, 83,543 injections were performed 
in the tertiary center, associated with a total of 20 PIE 
(0.024%, 1/4,77 injections) (Table 1). Of these, 62,044 injec-
tions were performed in the period between 01/01/2015 and 
04/27/2020 and 21,499 in the period between 04/28/2020 
and 12/31/2021, with 13 PIE (0.021%, 1/4773 injections) 
and 7 PIE (0.033%, 1/3071 injections), respectively. No sig-
nificant difference in PIE risk was observed between the time 
periods (p = 0.49). During the pre-pandemic period, 30,053 
Bevacizumab, 16,998 Aflibercept, 13,156 Ranibizumab, 
855 Dexamethasone and 982 Triamcinolone injections were 

Table 1   Summary of documented intravitreal injections and regis-
tered post-injection-endophthalmitides (PIE)

Pre-pandemic Pandemic p value

Intravitreal injection
  Bevacizumab 4 (31%) 4 (57%) 0.24
  Aflibercept 3 (23%) 3 (43%) 0.16
  Ranibizumab 3 (23%) - -
  Dexamethasone - - -
  Triamcinolone 3 (23%) - -

Total injections 62,044 21,499
PIE 13 7 0.49
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administered while during the pandemic period, 12,203 
Bevacizumab, 5523 Aflibercept, 3152 Ranibizumab, 395 
Dexamethasone and 226 Triamcinolone injections were 
carried out.

The median age of patients with PIE was 76 years (IQR 
72.25–81.75). In the pre-pandemic group, the median age 
was 76 years (IQR 72–79.5), and in the pandemic group it 
was 80 years (IQR 72–82) (p = 0.45). On median, patients 
had previously received 29 injections (IQR 5.5–47.5) in the 
pre-COVID group and 20 injections (IQR 12–28) in the 
COVID group (p = 0.83). In the pre-pandemic group, PIE 
was associated with neovascular AMD in 46% (n = 6), veno-
occlusive disease in 46% (n = 6) and diabetic macular edema 
in 8% (n = 1). In contrast, in the pandemic group, 86% (n = 6) 
of PIE occurred in patients with neovascular AMD and 14% 
(n = 1) in diabetic macular edema.

The time between injection and admission to the emer-
gency clinic demonstrated no significant difference between 
the two groups (pre-pandemic: median 4 days (IQR 3.5–8.5) 
and pandemic: median 9 days (IQR 3–15) (p = 0.71)).

VA on the day of intravitreal injection was median Log-
MAR 0.3 (IQR 0.15–1.25) in the pre-pandemic group and 
median LogMAR 0.4 (IQR 0.3–0.7) in the pandemic group 
(p = 0.57). On the day of emergency presentation, the pre-
COVID group had a median visual acuity of LogMAR 2.3 
(IQR 1.75–2.3), and the COVID group had a median visual 
acuity of LogMAR 2.3 (IQR 1.7–2.3) (p = 0.96). There was 
also no significant difference at 3 and 6 months post-injec-
tion (p = 0.28 and p = 0.45, respectively).

Of the twenty vitreous samples examined, a positive bac-
terial culture was confirmed in fourteen cases, and an anti-
biogram was obtained in twelve cases. A summary of these 
results can be found in Table 2.

Discussion

This study investigates whether the introduction of universal 
compulsory face masking in public life leads to increased 
rates of PIE. During the Covid-19 pandemic, various meas-
ures were taken to contain the spread of the virus, with 
mandatory face masking introduced in most countries. In 
Germany, this was introduced on the 27th of April 2020 and 
included the wearing of a mouth-nose mask in all public 
buildings, businesses and public transportation [13]. Due to 
its far-reaching impact on people’s daily lives, it is of great 
interest to determine whether the introduction of a general 
face mask mandate leads to an increased risk of PIE. This 
study examined 83,543 injections, with 62,044 administered 
before and 21,499 during the pandemic, while a face mask 
law was in place.

During the Covid-19 pandemic, a delayed emer-
gency department presentation was reported for medical 

emergencies, including ophthalmology [14–16]. In con-
trast to these findings, we did not observe a delayed pres-
entation of PIE patients during the pandemic which likely 
also contributed to the fact that visual acuity after 3 and 
6 months was comparable between the two groups.

Previous research has focused on the incidence of PIE 
following the introduction of face masking by both patients 
and physicians during the intravitreal injection itself, rather 
than the influence of face masking in public life on PIE.

It is known that patients wearing loose face masks during 
injections may have an increased dispersion of oral bacteria 
toward the periocular area [9, 10]. However, concerns that 
this may lead to increased rates of PIE or more frequent 
infections with oral flora associated EO have not been con-
firmed [17, 18]. The time periods studied in both publica-
tions depended on the use of face masks during the injection 
procedure rather than the introduction of a general mask 
mandate in public life, which was not taken into consid-
eration. Likewise, a recently published IRIS Registry study 
from the USA was unable to address this question, as the 
individual states had very diverse and variable legislation 
regarding compulsory face masking in public life [19]. In 
addition, the time periods examined during the pandemic 
were relatively short in all three previously mentioned stud-
ies, so that influences that may only have set in after longer 
mask wearing may not have been captured.

A number of factors play a role in influencing the risk of 
PIE, and these have been discussed before in detail [4, 20, 
21]. Nevertheless, eyes with blepharitis are known to be at 
higher risk of PIE, and it is assumed that this is due—at least 
in part—to the increased and altered bacterial load on the 
conjunctiva [22]. Furthermore, it is recognized that wearing 
face masks increases the incidence of dry eye disease and that 
these patients have an altered conjunctival microbiome [23, 
24]. In addition, wearing a loose mask can cause orally associ-
ated bacteria to enter the periocular area during breathing and 
may contribute to the disruption of the microbiome [9, 10]. 
Changes in the conjunctival microbiome make the eyes more 
susceptible to infection, and there is therefore reason to be con-
cerned that prolonged daily wear of a face mask may reduce 
the eye’s natural defenses against pathogenic bacteria [25].

In contrast to the three studies described previously, Blom 
et al. have shown that the introduction of a general mask 
requirement could potentially lead to an increased risk of 
PIE [26]. However, it should be noted that the number of 
injections during the period of mandatory masking was only 
14,649 in that study. Despite the fact that our study included 
many more injections and that face masks were worn longer 
and more intensively in Germany than in Norway, we were 
unable to demonstrate an increased risk of PIE in our study 
population [27, 28].

A main strength of our study is that there has been no 
relevant change in our preparation and injection protocol 
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since 2015. Even before other guidelines such as the state-
ment by the EURETINA expert panel recommended it, the 
nursing staff and physicians always wore a face mask and 
gloves [4]. Since a self-adhesive and sterile drape covering 
the entire head up to the shoulders has already been used 
since 2015, bacterial dispersion from the patient’s mouth 
to the periocular region during the injection procedure can 
be excluded. This is also supported by the fact that none of 
our PIE patients had bacteria associated with the oral flora.

There are several limitations to this study. Primarily, the 
rarity of PIE must certainly be mentioned here. Because 
such events can occur in clusters, large numbers and long 
observation periods are necessary to allow reasonably 
reliable conclusions. Despite the large patient population 
(83,543 injections), the sample may be too small to detect 
a small change in risk and exclude relevant confound-
ers. Because of the rarity of PIE, only a limited number 
could be used as the basis for the descriptive statistics, 
in contrast to a prospective study with appropriate case 
number planning and formulated hypothesis. Other study 
limitations include unavailable information. Although the 
influence of wearing time and other hygienic characteris-
tics on bacterial colonization of the periocular region is 
known, we were unable to analyze how many minutes per 
day and which type of mask (surgical or FFP2) was worn 
by patients because of the study’s retrospective nature 
[29–32]. It should also be noted that the results of this 
study may not be generalizable to other countries, as adher-
ence to measures such as face masks during the pandemic 
differs between countries [27].

In summary, this study found no evidence of an 
increased risk of PIE from a universal mask mandate. Nev-
ertheless, patients should continue to be educated about the 
importance of hygiene after intravitreal injections to mini-
mize the risk of PIE. In addition, consistent use of artificial 
tears should be advised during prolonged face mask wear 
to counteract the development of dry eye disease.
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