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    Abstract
Background: Infectious endophthalmitis is a severe ocular inflammation which can cause devastating visual loss. The aim of the study was to identify the demographic and clinical features of infectious endophthalmitis in Western China for better prophylaxis and treatment of this disease. Methods: A retrospective, cross-sectional study was conducted based on the medical records of inpatients having infectious endophthalmitis in a tertiary referral center in Western China between 2005 and 2016. Results: The common cause of infectious endophthalmitis was trauma (82.6%), endogenous (7.8%), ophthalmic surgery (6.9%), and corneal ulcer with perforation (2.7%). These four etiological groups differed in age, gender, enucleation rate, visual outcome, etc. The number of cases in the first 6 years accounted for 38.7% of the total collection, which in the second 6 years accounted for 61.3%. The etiology patterns were different between these two periods. Altogether 51.3% of patients received pars plana vitrectomy, 13.9% of patients underwent evisceration, and the remaining 34.8% received other treatments. Of the 670 cases that had culture results, 266 (39.7%) were culture positive and 177 (66.5%) were Gram-positive organisms, 64 (24.1%) were Gram-negative organisms, 11 (4.1%) had fungal infection, and 14 (5.3%) were infected by multiple pathogens. Conclusions: There was an upward trend of the occurrence of infectious endophthalmitis in Western China for the past decade. The demographic and clinical characteristics of infectious endophthalmitis in Western China had its own characteristics and differed from those of developed countries. Here, open globe trauma was the most common cause of endophthalmitis, most traumatic endophthalmitis patients were male, and most of the injuries were work related, implicate that we should strengthen the education and application of ocular safety regulation specifically targeting the workplace.
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    Introduction


    Infectious endophthalmitis is a severe ocular inflammation which can cause devastating visual loss. The most common causes are open globe trauma, ocular surgery, and endogenous spread from adjacent periocular tissues or through the bloodstream.[bookmark: ft1][1] The etiology and treatment settings of endophthalmitis range widely according to different geography, economy, or race.[bookmark: ft2][2],[bookmark: ft3][3],[bookmark: ft4][4] Study results on etiology of endophthalmitis have been controversial. A German researcher reported that endogenous endophthalmitis accounted for 41% of the endophthalmitis patients studied, while 12% developed endophthalmitis following open ocular injury.[bookmark: ft5][5] By contrast, an Indian study reported that only 16.8% of 107 endophthalmitis cases were endogenous, and up to 40.2% were posttraumatic.[bookmark: ft6][6] Endophthalmitis prophylaxis and treatment have evolved tremendously over time, especially with the application of pars plana vitrectomy and systemic and/or intravitreal antibiotics. Nevertheless, even in today's world, the management of endophthalmitis still can be challenge.[bookmark: ft7][7]


    Western China lies in the inland region of China with multiple nations and a relatively lower economic status and there are huge population and economic disparities between urban and rural remote areas. In recent years, the upward trend for the occurrence of infectious endophthalmitis results in great economic burden for the patients and the society. As far as we know, there has been no study that analyzed the clinical features of infectious endophthalmitis in Western China. To profile the demographic and clinical features of endophthalmitis in Western China, we carried out a retrospective, cross-sectional study involving 1593 case records of endophthalmitis inpatients' records during a time span of 12 years. We also attempt to describe the time trend of the disease aiming to find better prophylaxis and treatment in this region.


    Methods


    Ethical approval


    The protocol of this study complied with the Declaration of Helsinki and was approved by the Institutional Review Board of West China Hospital of Sichuan University. The informed consent was exempted due to the retrospective nature of this study.


    Acquisition and extraction of data and material


    It was a retrospective, cross-sectional study based on the medical records of inpatient discharge date system of West China Hospital, which is a large tertiary referral center in Western China. The time of admission was between January 1, 2005, and December 31, 2016. Demographic and clinical data of all patients with a clinical diagnosis of endophthalmitis during that period were reviewed using a retrospective chart. The diagnosis of infectious endophthalmitis was based on patient's medical history and clinical symptoms and signs. Presumptive endophthalmitis was confirmed by culture. Cultures were assessed from aqueous fluid or vitreous humor.


    Patient data included case number, sex, age, living place, ethnicity, urban or rural, year of admission, month of admission, laterality, past medical condition, cause of infection (posttraumatic, postsurgical, endogenous, and corneal ulcer with perforation), classification of open globe injury (perforation, intraocular foreign body, and rupture), interval between symptom occurrence and admission, hospital stay, visual acuity on admission, visual acuity on discharge, treatment modality, and culture results (Gram-positive, Gram-negative, fungus, and culture-negative). Visual acuity tested using an international standard visual chart was converted to logMAR acuity. For statistical analyses, counting fingers (CFs), hand movement (HM), light perception (LP), and no LP were converted to 1.9 logMAR, 2.3 logMAR, 2.7 logMAR, and 3.0 logMAR, respectively.[bookmark: ft8][8]


    Grouping of the patients


    Patients were divided into four groups according to cause of infection: posttraumatic, postsurgical, endogenous, and corneal ulcer with perforation. Clinical features and constituent ratio for the first 6 years of collection (2005–2010) versus the second 6 years of collection (2011–2016) were compared among these four groups.


    Statistical analysis


    Statistical analyses were performed by a professional biomedical statistician using SPSS software (version 17.0, SPSS Inc., Chicago, IL, USA). Clinical descriptive statistics were calculated as the mean ± standard deviation (SD), median, and/or n (%) depending on the circumstances. Differences in continuous outcome variables among four types of infectious endophthalmitis were sought using analysis of variance (ANOVA). Categorical data were examined using the Chi-square test. Spearman's rank correlation test was performed to evaluate the correlation between discharge and admission visual acuity. A value of P ≤ 0.05 was considered statistically significant.


    Results


    Subject characteristics


    Clinical characteristics of infectious endophthalmitis enrolled in the study are shown in [Figure - 1]. A total of 1610 eyes from 1593 patients were diagnosed as infectious endophthalmitis and the patients were hospitalized-treated in our hospital and over a 12-year period [132.8 cases per year, [Figure - 1]a. The mean age was 35.1 ± 20.3 years (ranging from 6 months to 88 years), and the median age was 37 years. The peak age of patients was in their 30 s and 40 s [Figure - 1]b. Nearly 79.5% were male, and 20.5% were female. Almost 91.8% of patients were distributed in Sichuan Province, and 8.2% were distributed outside of Sichuan Province. The visiting rate, which is defined as the number of visiting patients during the 12 years divided by the total population of the prefecture, differed among prefectures in Sichuan Province [Figure - 1]c. Nearly 90.6% of the patients were of Han-ethnicity, 5.4% were Tibetan, 3.6% were of Yi-ethnicity, and 0.4% were of other ethnicities. Furthermore, 66.1% of the patients were rural and 33.9% were urban, while 51.4% of patients had only unilateral right eye involvement, 47.5% had only unilateral left eye involvement, and 1.1% had bilateral involvement. As illustrated in [Figure - 1]d, most patients having infectious endophthalmitis (87.6%) were admitted in the Department of Ophthalmology within 2 weeks following symptom occurrence, and the peak period was within 1 day (22.7%). The average duration of the period from symptom occurrence to admission was 9.7 ± 77.4 days (median: 2 days, range: 1 h–2920 days, with 14 cases of an unknown period). The mean hospital stay of patients was 8.45 ± 4.44 days (median: 8 days, range: 1–54 days), while the most frequent duration (80.7%) was within 10 days.
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        	Figure 1: The clinical characteristics of patients with infectious endophthalmitis enrolled in the study. (a) Total number of infectious endophthalmitis cases from 2005 to 2016 in Western China. (b) Ages of the 1593 cases of infectious endophthalmitis. (c) Statistical map of geographical distribution of infectious endophthalmitis. The star stands for Chengdu, the provincial capital of Sichuan Province, where the referred center is located. (d) Duration of period from symptom occurrence to presentation in all patients (n% stands for the constituent ratio).
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    About 10.0% of patients had past medical history including hypertension (50 cases, 31.4%), diabetes (46 cases, 28.9%), liver disease (21 cases, 13.2%), respiratory disease (11 cases, 6.9%), gastrointestinal disease (8 cases, 5%), cardiac disease (4 cases, 2.5%), cerebral disease (3 cases, 1.9%), malignant tumor (3 cases, 1.9%), immunological diseases (3 cases, 1.9%), kidney disease (2 cases, 1.3%), AIDS (2 cases, 1.3%), and others (6 cases, 3.8%). The period from symptom occurrence to admission was compared among the patients without past medical history with those having hypertension, diabetes, and other past medical histories. The results were converted to logarithm due to the skewed distribution. The difference exhibited significance (F = 7.495, P < 0.001) using ANOVA, but significant difference was only observed in the period between patients without past medical history and patients with diabetes when Dunnett T3 post hoc analysis was used to further analyze these results (P = 0.015).


    Predisposing factors


    As illustrated in [Table - 1], the most common cause of infectious endophthalmitis in this series was trauma (82.6%), followed by endogeneity (7.8%), ophthalmic surgery (6.9%), and corneal ulcer with perforation (2.7%). The injury causes of traumatic endophthalmitis were comprised of industrial tools (54.7%), living utensils (16.5%), animals and plants (8.3%), explosive materials (5.9%), medical sharp instrument (1.7%), and others (1.8%) including fall damage, fist and feet, and traffic accident. Moreover, 11.1% of the injury causes were undetermined. For postsurgical group, the mean time interval between surgery and symptom occurrence was 20.3 days, 1340.6 days, 8.0 days, 44.7 days, and 1 day in patients having endophthalmitis after cataract surgery, glaucoma filtering surgery, vitrectomy, penetrating keratoplasty, and corneal suture removal, respectively. The related infectious disease could not be determined in 71.8% of endogenous endophthalmitis, and respiratory infection (15.3%) was the most common related disease that could be determined. In the 43 cases of corneal ulcer-associated endophthalmitis, the infectious keratitis of 7 cases (16.3%) was caused by trauma such as tree branch scratch or foreign body injury, and the others had no definite causes.
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        	Table 1: Types of endophthalmitis in patients
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    Comparison between the first half and the second half of the period


    The number of cases in the first half of the period (2005–2010) accounts for 38.7% of the total collection and that in the second half of the period (2011–2016) accounts for 61.3%. The patterns of endophthalmitis with respect to the proportion of four groups for the first half of the period versus the second half of the period are illustrated in [Figure - 2]. The proportion of posttraumatic endophthalmitis decreased from 86.2% to 80.3%, while that of postsurgical endophthalmitis increased from 3.7% to 8.9% (χ2 = 16.619, P = 0.001).
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        	Figure 2: The patterns of endophthalmitis with respect to the proportion of four groups for 2005–2010 versus 2011–2016.
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    Comparison among four groups


    Demographic and clinical features were compared among the four groups of endophthalmitis and are shown in [Table - 2]. There were significantly more males in the posttraumatic group (84.3% males, χ2 = 109.635, P < 0.001) compared with the other three groups. The endophthalmitis following corneal ulcer with perforation tended to affect females more (46.5% females, P < 0.001). Age displayed a significant difference among the four groups by ANOVA (F = 73.33, P < 0.001), and Dunnett T3 post hoc analysis revealed that the posttraumatic group (32.1 ± 18.1 years) was younger than the other three groups, while the postsurgical group (57.3 ± 22.8 years) had the oldest age. There was no significant difference in ethnic distribution among the four groups (Fisher's exact test: P =0.052). There was a significant difference in rural/urban distribution among the four groups, and the posttraumatic group and the following corneal ulcer with perforation group tended to have more rural patients (69.5% and 72.1%, respectively, P < 0.001), while the postsurgical and endogenous group tended to have more urban patients (52.7% and 55.6%, respectively, P < 0.001). The laterality had no significant difference among the groups (χ2 = 2.797, P = 0.424). Patients having endogenous endophthalmitis (40.3%) were more likely to have past medical history compared to those having other types of endophthalmitis (χ2 = 271.990, P < 0.001). The rates of positive cultures had no significant difference among the four groups (χ2 = 0.638, P = 0.888). Most of endogenous endophthalmitis tended to be caused by Gram-positive organisms (92.0%, Fisher's exact test: P =0.001). Among the four groups, endogenous endophthalmitis had the best discharge visual acuity (1.73 ± 0.91, F = 26.30, P < 0.001) and corneal ulcer-associated endophthalmitis had the highest enucleation rate (74.4%, χ2 = 139.300, P < 0.001). Almost 76.5% of patients (625 eyes) who underwent vitrectomy presented with admission acuity of HM or worse and included 525 eyes following trauma, 48 eyes following ophthalmic surgery, 51 eyes from the endogenous group, and 1 eye following corneal ulcer with perforation. Meanwhile, 23.5% of patients who underwent vitrectomy presented with better than HM admission acuity and included 164 eyes following trauma, 15 eyes following ophthalmic surgery, and 13 eyes from the endogenous group. Furthermore, endogenous group had the longest hospitalization stay (11.35 ± 8.66 days, F = 21.46, P < 0.001). Finally, the delayed time to diagnosis of endogenous and corneal ulcer-associated endophthalmitis (31.57 ± 58.13 days and 82.15 ± 448.79 days, respectively) was significantly longer than the other two types of endophthalmitis (5.57 ± 19.09 days and 8.07 ± 15.30, respectively, F = 17.13, P < 0.001).
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        	Table 2: Clinical features of the four groups of patients with endophthalmitis
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    Treatment


    Almost 51.3% of patients received pars plana vitrectomy combined with systemic intravenous infusion of antibiotics, 13.9% of patients underwent evisceration, and the remaining 34.8% received other treatments including intravitreal injection of antimicrobials, systemic intravenous infusion of antibiotics, and anterior chamber irrigation.


    Culture results


    Overall 670 of 1593 cases had culture results. In these 670 cases, 266 (39.7%) were culture positive, while 404 (60.3%) were culture negative. In the 266 culture-positive cases, 177 (66.5%) were Gram-positive organisms, 64 (24.1%) were Gram-negative organisms, 11 (4.1%) had fungal infection, and 14 (5.3%) were infected by multiple pathogens. Staphylococcus epidermidis was the most common pathogen (69 cases, 25.9%).


    Primary outcomes


    Some patients were too young to be tested for visual acuity and others were in pain, thus unable to cooperate and resulting in 151 cases of missing acuity. With regard to visual acuity, 17 cases of bilateral involvement, 151 cases of missing acuity, and 1 case of impatient death were excluded from the study. The mean admission LogMAR visual acuity was 2.26 ± 0.68, and the mean discharge LogMAR visual acuity was 2.18 ± 0.72 [Figure - 3]. Almost 34.4% of the cases showed improvement in their presenting acuity. However, visual acuity deteriorated in 23.4% of the patients at discharge, and the remaining 42.2% had no change in acuity. The discharge visual acuity was significantly correlated with admission visual acuity (rs= 0.691, P < 0.001).
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        	Figure 3: Admission VA and discharge VA of all participants. VA: Visual acuity.
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    One case of infectious endophthalmitis ended in mortality. A 54-year-old female patient had endogenous endophthalmitis transferred from pulmonary infection and died of infectious shock. However, her culture result was negative.


    Discussion


    This study revealed the clinical characteristics of infectious endophthalmitis in Western China, which enrolled 1593 cases.


    In developed countries, ophthalmic surgery, especially cataract surgery, was the most common cause of infectious endophthalmitis, while trauma-related endophthalmitis accounted for only 12–25%.[bookmark: ft2][2],[bookmark: ft4][4],[bookmark: ft5][5] In developing countries, however, trauma was a very common cause of endophthalmitis. In an Indian study, posttraumatic endophthalmitis accounted for 40.2% of the patients, which is a lower prevalence than that of postoperative endophthalmitis (43.0%).[bookmark: ft6][6] Trauma was the most common cause (43.1%) in a Thailand study.[bookmark: ft9][9] In our study, 82.6% of all endophthalmitis cases were caused by trauma, which was a higher rate than that of previous studies. Moreover, the use of industrial tools (54.7%) was the most common cause of trauma, suggesting the importance of avoiding industrial injury to reduce the prevalence of traumatic endophthalmitis.


    In contrast to previous studies of developed countries that exhibited a balanced distribution between sexes,[bookmark: ft2][2],[bookmark: ft10][10],[bookmark: ft11][11] our study showed that male patients accounted for most of the infectious endophthalmitis cases (79.5%). This finding may largely be attributed to the fact that Western China is located in China's inland regions with a relatively lower economic status, where trauma was the most common cause of endophthalmitis (82.6%). Because most traumatic endophthalmitis patients were male (84.3%), male patients accounted for a large proportion of the total population. Similarly, there were more male patients with infectious endophthalmitis (66%) in India,[bookmark: ft7][7] which is also a developing country. We also found that most of the injuries were work related. As a matter of fact, regulations regarding ocular safety have been in practice in China for years. Nevertheless, publicizing of and education on ocular safety has been far from sufficient in reality. Specific injury prevention strategies, such as the use of safety goggles, need to target the workplace to reduce the incidence and severity of ocular trauma.


    We compared the patterns of endophthalmitis with respect to the proportion of posttraumatic versus postsurgical versus endogenous for the first 6 years of collection versus the second 6 years of collection. We found that the number of endophthalmitis cases presented an increasing pattern (38.7% in the first half of the period and 61.3% in the second half of the period). This increasing trend is probably consistent with the development of economy and increasing industrial activities for the past decade in Western China. The proportion of posttraumatic endophthalmitis decreased from 86.2% to 80.3%, while that of postsurgical endophthalmitis increased from 3.7% to 8.9%, which may be due to the propagation of ocular safety and increasing number of ocular operations over the years with the economic growth in Western China.


    As indicated by previous studies, advanced age is a risk factor of postsurgical endophthalmitis.[bookmark: ft10][10],[bookmark: ft11][11] In our study, patients of postsurgical endophthalmitis were also older than those of traumatic and endogenous endophthalmitis.


    The duration of the period from symptom onset to admission in our study (9.7 ± 77.4 days) was distinctively longer than studies conducted in Korea [bookmark: ft2][2] (3.9 ± 11.2 days) and New Zealand [bookmark: ft4][4] (4.2 ± 7.9 days). Twenty-one (1.3%) patients came to our hospital more than 60 days after symptom occurrence. Low socioeconomic status and unawareness of the harm of endophthalmitis may lead to delayed hospital visit.


    Most of the past medical histories were hypertension (31.4%) and diabetes (28.9%), which was in line with previous studies.[bookmark: ft2][2],[bookmark: ft12][12],[bookmark: ft13][13] Patients with endogenous endophthalmitis were more likely to have past medical history than those with other types of endophthalmitis.


    Given the large number of cases reviewed and period of collection, it is hard to collect the final visual outcome after a certain period of follow-up. Hence, we used the discharge visual acuity in the medical records instead for the present study. It is reasonable that the visual outcome in the present study was poorer than that of reported studies:[bookmark: ft2][2],[bookmark: ft12][12],[bookmark: ft14][14],[bookmark: ft15][15] 11.4% of the discharge visual acuity was beyond 20/200 and 74.6% of the patients had a discharge visual acuity of CF or worse. In the Korean study, 33.3% of patients had a final visual outcome (the vision after a follow-up period) over 20/100.[bookmark: ft2][2] Moreover, 74% and 68.8% of patients achieved 20/100 or better vision in the Endophthalmitis Vitrectomy Study [bookmark: ft12][12] and the Netherlands [bookmark: ft15][15] studies, respectively. To evaluate the treatments, we should analyze the final visual outcome instead of discharge visual acuity in subsequent studies.


    There are different therapeutic strategies for infectious endophthalmitis according to the severity. Intravitreal antimicrobial and small-gauge pars plana vitrectomy are most commonly used, sometimes combined with systemic antibiotics for severe cases. In our study, the rate of vitrectomy was 51.3% (817/1593). The rate of vitrectomy as an intervention of endophthalmitis differed between studies. In the Netherlands study, 10% of the cases underwent vitrectomy.[bookmark: ft15][15] However, the rate of vitrectomy in another Korean endophthalmitis study was 76.3%,[bookmark: ft2][2] which was higher than our current findings. Tsai and Tsengfound that evisceration or enucleation was performed in 23.2% of the patients.[bookmark: ft16][16] In our study, only 13.9% of patients underwent evisceration. A high incidence of enucleation or evisceration was observed among patients with corneal ulcer-associated endophthalmitis. It was reported that 21.4–62.2% of patients with infectious keratitis-related endophthalmitis underwent enucleation or evisceration.[bookmark: ft17][17],[bookmark: ft18][18],[bookmark: ft19][19] In our study, 32 of 43 cases (74.4%) with corneal ulcer-associated endophthalmitis underwent enucleation, which was substantially higher than in previous reports. Low socioeconomic status, residence in remote places, poor accessibility to high-quality eye care services, unawareness of the harm of keratitis, and poor medication compliance may result in delayed treatment and failure to save the eyes of these patients.


    In a retrospective study reporting the etiology of endophthalmitis, cataract surgery (70%) and trabeculectomy (16%) were the first and second causes of postsurgical endophthalmitis, respectively.[bookmark: ft20][20] Our results confirmed this finding. Our study also showed that the time interval between filter surgery and endophthalmitis occurrence could be as long as several years because of the connection between the outer and inner eye, which was a result also found in previous studies.[bookmark: ft21][21]


    The positive culture rate was 39.7% in our study and is relatively lower compared with other reports.[bookmark: ft4][4],[bookmark: ft22][22],[bookmark: ft23][23],[bookmark: ft24][24] Thus, further investigation of causes is required. Gram-positive bacteria were the predominant causative microorganisms, which was also similarly found in previous studies.[bookmark: ft4][4],[bookmark: ft23][23]


    In conclusion, since 2011, there was a significant increase in the number of infectious endophthalmitis patients in this dataset. It might imply that more measures of prevention and control need to be taken for the upward trend of the occurrence of infectious endophthalmitis in Western China. The demographic and clinical characteristics of infectious endophthalmitis in Western China had its own characteristics and were quite different from those in developed countries. Here, trauma was the most common cause of endophthalmitis, most traumatic endophthalmitis patients were male, and most of the injuries were work related, implicate that we should strengthen the education and application of ocular safety regulation. Specific injury prevention strategies, such as the use of protective eyewear, need to target the workplace to reduce the incidence of ocular trauma and traumatic endophthalmitis. Infectious keratitis should be aware and effectively treated since corneal ulcer-associated endophthalmitis had a high incidence of enucleation.
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  Figure 1: The clinical characteristics of patients with infectious endophthalmitis enrolled in the study. (a) Total number of infectious endophthalmitis cases from 2005 to 2016 in Western China. (b) Ages of the 1593 cases of infectious endophthalmitis. (c) Statistical map of geographical distribution of infectious endophthalmitis. The star stands for Chengdu, the provincial capital of Sichuan Province, where the referred center is located. (d) Duration of period from symptom occurrence to presentation in all patients (n% stands for the constituent ratio).


  Figure: 2
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  Figure 2: The patterns of endophthalmitis with respect to the proportion of four groups for 2005–2010 versus 2011–2016.


  Figure: 3
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  Figure 3: Admission VA and discharge VA of all participants. VA: Visual acuity.
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  Table 1: Types of endophthalmitis in patients


  Table: 2

  [bookmark: tbl_ChinMedJ_2018_131_14_1658_235866_t5.jpg][image: ]


  Table 2: Clinical features of the four groups of patients with endophthalmitis
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