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Introduction: The pathogenesis of COVID-19 includes systemic immune activation and endothelial dysfunction, which is closely
related to the pathogenesis of rosacea. In order to investigate the influence of COVID-19 infection on the condition of rosacea patients,
we retrospectively investigated the impact of COVID-19 infection and COVID-19-related masks on rosacea patients.

Methods: We collected the basic information from rosacea patients who had a long-term follow-up at West China Hospital of Sichuan
University. Between January 2023 and March 2023, we recruited 87 rosacea patients for this survey.

Results: Our results showed that COVID-19 infection could aggravate the condition of rosacea patients, and the change in the
symptoms was not related to fever, temperature, antipyretics use, and vaccination. In addition, we observed a significant association
between the type of mask worn by rosacea patients and exacerbation, while the duration of mask usage did not exhibit a similar
relationship.

Discussion: Considering the ongoing global utilization of masks due to the COVID-19 pandemic and the possible recurrence of
COVID-19 infection, dermatologists should monitor the condition of rosacea patients infected with COVID-19 and adjust the
treatment regimens accordingly.
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Introduction
In late December 2019, an outbreak of unidentified pneumonia originated in Wuhan, China. The pathogen was isolated
and identified as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), leading to Coronavirus Disease 2019
(COVID-19). Since the outbreak of the COVID-19 pandemic, understanding of COVID-19 symptoms has been
progressively expanding. COVID-19 infection was initially described as a respiratory infection, which can cause severe
pneumonia. However, as the number of clinical cases increases, it has been found that patients with COVID-19 also
exhibit structural and functional impairments extending to various organs, including the skin.'? There are many
mechanisms underlying the pathogenesis of COVID-19, encompassing systemic immune activation and endothelial
dysfunction.” Notably, patients afflicted with COVID-19 have been found to exhibit significantly elevated plasma
concentrations of various proinflammatory cytokines, including interferon vy, tumor necrosis factor, Interleukin-6 (IL-6),
IL-1B, IL-2, and IL-17A.° Moreover, prior investigations have substantiated that COVID-19 can directly bind to
angiotensin-converting enzyme 2 (ACE2) in vascular endothelial cells, causing endothelial damage and dysfunction.”””
Rosacea is a common chronic inflammatory skin disease, affecting 3% of people over 30. It is characterized by
frequent facial flushing, facial erythema, papules and telangiectasia.'®'" The exact etiology of rosacea is unknown, and it
has been suggested that the pathogenesis of rosacea appears to be multifactorial.'>'* It may contain genetic components,
innate immune system disorder, dysfunction of facial vascular regulation, neurogenic inflammation, skin barrier
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destruction, and increased Demodex level.'*'® The chitin released by the demodex can trigger an inflammatory response
in keratinocytes through the TLR-2 pathway, which enhances the expression of IL-8, IL-1f3, and TNF-a.'”'® IL-1B and
TNF-a are additional angiogenic factors, which might cause vascular hyper-reactivity in rosacea.'” In addition, previous
studies have found that IFN-y and IL-17A are involved in the pathogenesis of rosacea.?’ IL-17 has been proven to induce
angiogenesis through VEGF and affect LL-37 expression.'” LL-37 can affect various processes, including immune
modulation, neutrophil chemotaxis, and the induction of cytokine and chemokine release from mast cells, enhancing the
expression of IL-1, IL-6, and MMP-9, thereby enhancing the inflammatory response to rosacea.”' >* On the other hand,
LL-37 can affect angiogenesis by enhancing the proliferation of endothelial cells.**

As mentioned above, COVID-19 can cause systemic immune activation and endothelial dysfunction, which is related
to the pathogenesis of rosacea. Nevertheless, our understanding of the specific influence of COVID-19 on rosacea
remains limited. Consequently, we retrospectively investigated the impact of COVID-19 infection and COVID-19-related
masks usage on rosacea patients.

Materials and Methods
Survey Subjects

In this study, patients with rosacea who had a long-term follow-up at West China Hospital of Sichuan University were
enrolled as the subjects. Inclusion criteria include a) patients diagnosed with rosacea, b) being able to complete the
questionnaire independently, and ¢) voluntary participation and informed consent. Conversely, exclusion criteria com-
prised patients with neurological or psychiatric disorders, unconsciousness, or communication impairments. The survey
period spanned January 2023 to March 2023.

Survey Methods

In order to prevent the potential COVID-19 spread between respondents and investigators, all surveys were conducted by
electronic questionnaires. Prior to conducting the survey, patients were informed of the purpose of the survey, and their
informed consent was obtained. We informed every patient about the precautions for completing the questionnaires and
explained the requirements for questionnaire completion under a uniform guideline to ensure consistency across responses.

Survey Content

The study collected basic information on rosacea patients, encompassing demographic characteristics, rosacea history,
COVID-19 infection history, and mask use. The rosacea history comprises medical history, severity assessment of the
condition, and treatment options. As for COVID-19 infection history, it encompassed relevant parameters such as
infection status (presence or absence), infection duration, symptomatic manifestations, treatment approaches, and the
consequential impact of COVID-19 infection on rosacea. Additionally, the use of masks includes the type of mask, the
average duration of mask use per day, and the subsequent impact of mask use on rosacea.

Statistical Methods

IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp, Armonk, NY, USA) was used to analyze the data. The
statistical descriptions of enumeration data were represented as numbers (percentage), while the statistical descriptions of
measurement data were expressed as mean + standard deviation. The Chi-square test was used for categorical variables,
and the r-test was used for measurement data conformed to normal distribution. The difference was considered
statistically significant at P < 0.05.

Results

A total of 121 questionnaires were collected in this study, with 87 valid questionnaires and a response rate of 71.90%. All
patients were diagnosed with rosacea in the hospital. The mean age of the participants was 36.0 + 10.8 years, comprising
one male respondent (1.15%) and 86 female respondents (98.85%). The median duration of rosacea was 3 (2, 4) years.
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Furthermore, the distribution of rosacea severity within the studied population indicated that 18 cases were classified as
mild (20.69%), 52 cases were classified as moderate (59.77%), and 17 cases were classified as severe (19.54%).

The treatment regimen for these patients was dominated by the use of phototherapy plus sonophoresis therapy in 52
cases (59.77%), minocycline in 33 cases (37.93%), hydroxychloroquine in 32 cases (36.78%), doxycycline in 23 cases
(26.44%), compound glycyrrhizin in 27 cases (31.03%), antihistamines in 19 cases (21.84%), pregabalin in 15 cases
(17.24%), alprazolam in 11 cases (12.64%), sodium bromide in 11 cases (12.64%), and untreated in 5 cases (5.75%).
Among the cohort, a total of 55 patients with rosacea had redness and burning sensations in the ear, of which 25 patients
(45.45%) reported symptoms lasting less than 1 hour per day, 26 patients (47.27%) had symptoms lasting 1 to 3 hours
per day, 1 patient (1.82%) each had symptoms lasting 3 to 5 hours per day and 5 to 8 hours per day, and 2 patients
(3.64%) had symptoms lasting more than 8 hours per day.

Regarding COVID-19 infection, a notable proportion of rosacea patients, specifically 73 cases (83.91%), were found
to have contracted the virus, while 14 cases (16.09%) remained uninfected. A total of 33 patients (45.20%) infected with
COVID-19 were confirmed by self-purchased antigen reagent, 20 patients (27.40%) were confirmed by nucleic acid
detection, and 20 patients (27.40%) were not detected but thought to be infected with COVID-19 (Figure 1A). A total of
14 cases (19.18%) were infected with COVID-19 for 1 to 3 days, 16 cases (21.92%) for 4 to 6 days, 22 cases (30.14%)
for 7 to 9 days, and 11 cases (15.06%) for more than 9 days. The symptoms of patients with COVID-19 infection were
mainly fever, with a total of 48 cases (65.75%), and the average temperature of patients with fever was 38.6 + 0.7°C.
There were 35 cases (47.95%) of malaise, 35 cases (47.95%) of dry cough, 27 cases (36.99%) of runny nose and nasal
congestion, 26 cases (35.62%) of sore throat, 19 cases (26.03%) of abnormal smell and taste, 11 cases (15.07%) of
nausea and vomiting, 9 cases (12.33%) of chest tightness, 8 (10.96%) cases of dyspnea, 6 cases (8.21%) of abdominal
pain and diarrhea, and 4 (5.48%) cases of other symptoms (Figure 1B). The treatment of COVID-19 infection was mainly
antipyretics in 43 cases (58.90%). A total of 17 patients (23.29%) took non-antipyretic drugs, 3 patients (4.11%) were
hospitalized in the general ward, and 11 patients (15.07%) had no treatment.

Among 73 rosacea patients infected with COVID-19, 25 (34.25%) had exacerbations. Among the 25 patients, 22 of
them experienced exacerbations without any change in the treatment regimen. The exacerbation of the disease was
mainly reflected in 23 cases (92.00%) of facial flushing, 17 cases (68.00%) of facial burning sensation, 14 cases (56.00%)
of telangiectasia, 14 cases (56.00%) of persistent facial erythema and 7 cases (28.00%) of facial itching. Among 73
rosacea patients infected with COVID-19, 45 patients (61.64%) had a treatment regimen that had no effect, and 3 patients
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Figure | (A) The number of patients with rosacea infected with COVID-19. (B) The post-infection symptoms of patients with rosacea infected with COVID-19.
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(4.11%) had remission. Nine patients (12.33%) changed their treatment during COVID-19 infection. Furthermore,
infection with COVID-19 had a psychological impact on 18 patients (24.66%).

This study also studied the relationship between the changes in symptoms in rosacea patients after infection with
COVID-19 and fever, usage of antipyretic drugs, vaccination, type of mask, and duration of mask usage. As shown in
Table 1, the changes in symptoms in rosacea patients after COVID-19 infection were unrelated to fever, antipyretics
usage, and vaccination (P>0.05).

During the COVID-19 pandemic, masks aggravated the condition of 53 patients (72. 60%), mainly manifested in 51
patients (98. 08%) experiencing aggravated facial flushing, 24 patients (45. 28%) experiencing aggravated facial
erythema, 23 patients (43. 40%) experiencing aggravated facial burning sensation, and 16 patients (30. 19%) experien-
cing aggravated papules and pustules. The type of mask worn by patients was related to the exacerbation of rosacea (y 2
=7. 145, P =0. 025), while the duration of mask usage was not associated with the exacerbation of rosacea (y 2 = 0. 013,
P = 0. 908) (Table 2). The details are shown in Figure 2.

Discussion

To our knowledge, this is the first study to investigate the effect of COVID-19 infection on individuals with rosacea.
Notably, our investigation revealed that 34.25% of rosacea patients had exacerbations subsequent to contracting COVID-
19. We also found that the changes in symptoms of rosacea patients following COVID-19 infection were unrelated to
fever, antipyretics usage, and vaccination status. In addition, we conducted an in-depth exploration of the correlation
between the type of mask worn by rosacea patients and the duration of mask usage, and the rosacea exacerbation.

Table | Changes of Rosacea Patients Infected with COVID-19

Alleviation | No Influence | Aggravation Zly P
Body temperature
Fever (n=48) 2 (4.17%) 27 (56.25%) 19 (39.58%) —1.215 0.225
No Fever (n=25) 1 (4.00%) 18 (72.00%) 6 (24.00%)
Fever level
Low (n=14) 0 (0) 10 (71.43%) 4 (28.57%) 2.474 0.290
Moderate (n=21) | (4.76%) 13 (61.90%) 7 (33.34%)
High (n=13) | (7.69%) 4 (30.77%) 8 (61.54%)
Condition of taking antipyretic medicine
Yes (n=32) 2 (6.25%) 16 (50.0%) 14 (43.75%) —0.527 0.598
No (n=16) 0 (0) 11 (68.75%) 5 (31.25%)
COVID-19 Vaccination
Once or less (n=7) 0 (0) 4 (57.14%) 3 (42.86%) —0.616 0.538
Two or three (n=66) 3 (4.55%) 41 (62.12%) 22 (33.33%)

Table 2 The Relationship Between Mask Use and Disease Change in Rosacea

Patients
Aggravation | No Influence Ve P
Mask type
N95 respirator (n=9) 5 (55.56%) 4 (44.44%) 7415 0.025
Common respirator (n=42) 33 (78.57%) 9 (21.43%)
Hospital respirator (n=36) 25 (69.44%) Il (30.56%)
Mask wearing
<4h (n=66) 48 (72.73%) 18 (27.27%) 0.013 0.908
24h (n=21) 15 (71.43%) 6 (28.57%)
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Figure 2 The relationship between mask usage and disease change in rosacea patients.

However, our results found that the type of mask worn by rosacea patients was related to the exacerbation of rosacea,
while the duration of mask usage was not associated with the exacerbation of rosacea.

Our findings indicate that 34.25% of rosacea patients experienced exacerbation after COVID-19 infection. The
aggravation primarily manifested as the aggravation of facial flushing (92.00%), facial burning sensation (68.00%),
telangiectasia (56.00%), persistent facial erythema (56.00%) and facial itching (28.00%). Indeed, previous studies have
documented a case study delineating amelioration in rosacea subsequent to acyclovir intervention for herpes simplex type
1 manifestations.>> Moreover, Sezer et al expounded upon a Wolf’s isotopic response, wherein rosacea manifested at the
site of healed herpes zoster.”® Concomitantly, instances of rosacea post HIV infection have been documented. These
observations posit a potential linkage between rosacea and viral infections.?”*® Previous studies have hypothesized that
viral IgM and IgG can cross-react with mast cell IgE, subsequently triggering degranulation of mast cells.”® It has been
documented that SARS CoV-2 specific IgM and IgG can be detected in affected patients.>® Consequently, we speculated
that the cross-reaction between the SARS CoV-2 antibody and mast cell IgE might lead to mast cell degranulation.' In
addition, significantly elevated plasma concentrations of pro-inflammatory cytokines, such as interferon vy, tumor necrosis
factor, IL-6, IL-1B, IL-2, and IL-17A, were reported in patients with COVID-19.° These inflammatory mediators, along
with the release of inflammatory factors from mast cell degranulation, can serve as endogenous vasoactive agents,
inducing superficial vasodilation and resulting in facial flushing. Repeated flushing can lead to the development of
persistent facial erythema, accompanied by telangiectasia. Additionally, it should be noted that the administration of
nonsteroidal anti-inflammatory drugs in rosacea patients following COVID-19 infection may also provoke flushing.**>?
The facial itching symptoms can also be attributed to the release of various itch-inducing molecules or pruritogens
triggered by mast cell degranulation.®*

Unexpectedly, our research revealed no significant correlation between the alteration of symptoms in rosacea patients
following COVID-19 infection and factors such as fever, body temperature, antipyretics usage, and vaccination. We
speculate that this may be attributed to the patients’ adherence to their established treatment regimens even during the
course of COVID-19 infection. It is plausible that this ongoing treatment may have prevented exacerbation of rosacea,
thereby obscuring the potential impact of fever, body temperature, antipyretics usage, and vaccination on rosacea
outcomes subsequent to COVID-19 infection.

A previous research conducted by Damiani et al has indicated that wearing masks has the potential to exacerbate
rosacea.”> However, it has been noted that the duration of mask usage was not associated with exacerbation. Our study
further investigated the impact of masks on rosacea patients while considering their adherence to prior treatment
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protocols. Interestingly, our results also showed that the duration of mask usage was not associated with exacerbations
but the type of mask was associated with exacerbations. Our research aligns with previous research findings,>** but
contradicts the observations from Yaqoob et al, in which there is no association between the frequency and duration of
mask usage and skin symptoms.*® Notably, during the prevalence of COVID-19, wearing masks exacerbated symptoms
in 72.60% of rosacea patients. The aggravation primarily reflected in the aggravation of facial flushing (98.08%), facial
erythema (45.28%), facial burning sensation (43.40%), and papules and pustules (30.19%). Previous studies have
revealed that masks can induce changes in the skin microenvironment through dehydration, increased sebum, and
elevated pH levels.** Dehydration and sebum imbalance can promote the proliferation of Propionibacterium acnes,
triggering innate immune responses and inflammatory lesions such as papules and pustules.*’ In addition, increased
sebum and inflammatory skin lesions can facilitate the colonization of Demodex folliculorum, thereby promoting the
development of rosacea.'”**

Our study also has some limitations. Firstly, the sample size of patients in our analysis is relatively small, which
warrants further verification in a more extensive data set. Secondly, our research was carried out via an electronic
questionnaire survey, lacking data such as VISIA results of rosacea patients.

Conclusion

In conclusion, this retrospective study showed that COVID-19 infection could aggravate the condition of rosacea
patients, and the change in the symptoms was not related to fever, temperature, antipyretics usage, and vaccination. In
addition, we observed a significant association between the type of mask worn by rosacea patients and exacerbation,
while the duration of mask usage did not exhibit a similar relationship. Considering the ongoing global utilization of
masks due to the COVID-19 pandemic, as well as the likelihood of rosacea patients experiencing repeated infections, it is
advisable for dermatologists to remain vigilant in monitoring rosacea patients with COVID-19 infections and adjusting
treatment regimens accordingly. Additional interventions may be incorporated, including the utilization of ivermectin,
minocycline, or doxycycline.**** In addition, further understanding of the pathophysiological mechanisms underlying
the effects of COVID-19 infection and mask usage on rosacea patients is needed in the future to evaluate the best
treatment to counteract the pro-inflammatory effects of COVID-19 infection and masks.
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