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											Abstract

											
												 
												Recurrent respiratory papillomatosis (RRP) is a chronic disease caused by HPV 6 and 11 viruses, but there is still no consensus on the factors that may influence its course.
												

												 
												The aim is to analyze recurrent RRP activity measured by the number of surgeries and recent exacerbations of the disease, compared with the history of intestinal symptoms.
												

												 
												The study included 73 patients with confirmed papillomatosis. The main baseline variables were: Age of onset, breastfeeding in infancy, number of surgeries throughout life, diet, number of antibiotic treatments in the last year, BMI and current disease activity on the three-point Dikkers scale. Variables important for the analysis of the impact of intestinal dysbiosis on the course of papilloma were: Intestinal symptoms and blood test results. The primary outcome measure in this study was the association between papilloma activity and indicators of gut microbiota status.
												

												 
												Our results showed that diet had a statistically significant effect on disease activity measured by the interval to the last recurrence of RRP (p = 0.005). The remaining variables had no effect on the number of surgeries performed during the patient's lifetime and the current RRP status. The acquired knowledge may contribute to further work on discovering the relationship between the state of intestinal microflora and the course of RRP infection in patients with recurrent respiratory papillomatosis.
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										Introduction

										
											Recurrent respiratory papillomatosis (RRP) has a long-term natural history with exacerbations and remissions of varying duration. Low-risk human papillomaviruses (HPV) 6,11 are proven to be responsible for the development of RRP and other papillomata in oro-genital and respiratory mucosa, [1,2] as well as genetic autosomal recessive, a syndromic form of Juvenile RRP associated with an 
											
												NLRP1
											
											 GOF mutation [3]. However, there is still no answer to the question whether there is a factor that promotes the activity of the HPV virus and intensifies the course of the disease. The viral load in particular anatomical sites results from a combination of acquisition and clearance [4,5]. Unfortunately, a reliable correlation of protective immunity or immunologic frailty to HPV does not currently exist. In recent years, there has been compelling evidence that failure of HPV clearance and severity of RRP disease is associated with an impaired immune response. Failure to eliminate HPV 6 and 11 due to a defective immune responsiveness was proposed to play a major role in the development of RRP; dominance of cytotoxic T cells, activated NK cells, high numbers of stressed MIC A/B expressing lymphocytes, an overall suppression of cytokine mRNA production in RRP patients, compared to healthy controls was proved [6-11]. Growing evidence indicates that the gut microbiota participates in the maturation of the immune system and plays a key role in host defense against pathogens [12]. Thus, the intestines can be defined as the "abdominal brain" and its effects on distant organs and broadly understood homeostasis consist of: the central nervous system (brain-gut axis), control of neurotransmitters, psychosomatic diseases, neurodegenerative diseases, hormonal balance, immunity, incidence of infections.
										

										
											The problem of immunological balance between HPV persistence in the respiratory tract, host immunity and intestinal microbiota has never been investigated. However, these two seemingly unrelated medical problems are closely related to the immune system. The authors' interest in the point of contact and borderline between both scientific issues is based on clinical observations. Namely, it was found that intestinal symptoms coincide with the severity of papilloma and, on the contrary, remission of the disease during the use of probiotics for reasons unrelated to papilloma. This probiotic "side effect" directed our attention to the essence of both problems, the common denominator: immunity. Therefore, the clinical symptoms of intestinal dysbiosis in RRP patients, which are indirectly associated with immune disorders, were investigated, and remissions and exacerbations were investigated during the long life of RRP. The aim is to compare RRP activity measured as the number of surgeries in real time and recent disease activity, as well as an interview regarding intestinal complaints, indicators of the state of the intestinal microbiota, and the effects of antibiotic treatments.
										

										Material and Methods

										
											The study was conducted prospectively at the Poznań University of Medical Science - Department of Otolaryngology and Head and Neck Surgery, the Tertiary Referral Center in the years March 2000 - February 2020.
										

										
											There were 94 consecutive adult patients (41 women, 53 men) with RRP treated; out of them, 73 (39 men, 34 women) came for regular check-ups over the last 5 years and were ultimately included in the study group. A complete medical history and physical examination were conducted, taking into account RRP activity: age of onset, number of surgeries, current extent of RRP. Questions were asked about intestinal dysbiosis in terms of abdominal symptoms, irritable bowel syndrome, diarrhea, constipation, the number of antibiotic treatments in the last year and the current nature of digestive complaints with the dominant symptom. Patients underwent blood tests (classified as normal/abnormal), histological examination of a tissue sample and HPV genotyping. Data collected from the RRP patients group are presented in Table 1. The mean age of patients was 51.7 years (15-88 years). Most of the patients (69%) were diagnosed with RRP between the age of 12 and 60. Only 15% were diagnosed before the age of 12 and 16% after age 60.
										

										 
										
											
											
											Table 1: Data collected from RRP study patients. View Table 1
											

										

										

										
											The variables shown in the Table 1 were categorized as follows: Breastfed in infancy (yes, no), diet (normal, vegetarian), BMI (normal, abnormal), number of antibiotic curations in the past year (0, 1-2, > 2, N = 6), RRP disease details: Age of onset, number of surgeries in lifetime, current activity of disease in the three-point Dikkers scale [13].
										

										
											In the examined group, the RRP disease severity was as follows: the age of onset was on average 37.5 (median 34), minimum 2, maximum 85, number of previously performed operations was on average 5 (median 3), minimum 1, maximum a 50; 63 patients underwent 1 to 10 operations (86%), 8 - more than 10 operations (11%) and 2 - more than 30 operations (3%). Stages 1, 2, and 3 Dikkers scale had 52 (71%), 17 (23%) respectively and 4 (6%) of 73 patients had a severe course of the disease.
										

										
											All procedures performed in the study are part of standard treatment in patients with RRP and are in accordance with the ethical standards of Poznan University of Medical Science and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was approved by the Bioethical Committee of Poznan University of Medical Science. Number 1010/ 18, Date 11/10/2018. Written consent, on the form accepted by the Poznań Medical Science University Ethical Committee, was taken from each patient.
										

										
											Variables of fundamental importance for the RRP disease severity were: the age of onset, number of surgeries, current activity of disease.
										

										
											The variables of importance for the analysis of the effect of intestinal dysbiosis on the course of RRP were as follows: intestinal complaints, number of antibiotic curations in the past year.
										

										
											The main outcome measure in this study was the dependence of RRP activity (age of onset, number of lifetime surgeries and activity of disease using the Dikkers scale) and indicators of intestinal microbiota status. The project focused on interdependence between: 1. RRP activity and gut complaints, 2. RRP activity and antibiotic curations. Statistical analysis was performed using Statistica v.13.0. The Chi-square test was used for categorical data. Student’s t-test and Kruskal-Wallis test and descriptive statistics were used for continuous data. The level of significance was set at P < 0.05.
										

										Results

										
											In the examined group of 73 RRP patients 54 (74%) patients did not have and 19 (26%) had intestinal complaints. Predominantly abdominal pain (9), diarrhea (4), alternating diarrhea (4), flatulence (6) were revealed. Over the past year, patients had undergone antibiotic curations: once, 40 patients (54.8%); twice, 21 patients (28.8%); three times, 6 patients (8.2%); and 8 patients (8.2%) underwent four curations. The BMI in 42 patients was normal (58%) and in 31 (42%) was abnormal (26.04 on average, median 25.54). 66 patients had a normal diet, 7 patients had a diet categorized as vegetarian.
										

										
											Additional data to more thoroughly describe the examined group was obtained. In all 73 patients, blood tests were categorized as normal (level of IgA and IgG). In all tissue samples taken, RRP was confirmed in histology. HPV genotyping showed the predominance of HPV type 6 in 58 and HPV type 11 in 15 patients.
										

										
											The basic question we wanted to answer is whether the presence of intestinal complaints and implicitly indicators of microbiota status had an impact on the course of RRP in the patients’ lifetime, measured as: onset of disease, number of surgeries, interval to last RRP recurrence and recent extent of disease measured in a three-level Dikkers scale. 14 (26.92%) patients with gut compliments and 38 without (73.08%) had the first level, 4 (23.53%) and 13 (76.47%) had the second level respectively and 1 (25.0%) and 3 (75.0%) had the third level respectively. There was no statistically significant difference between gut compliments and the extent of RRP p = 0.96129. Considering the two groups of patients: With and without intestinal complaints, they didn’t differ as to RRP onset, number of lifetime surgeries, nor mean interval to last RRP recurrence. Details are shown in Table 2.
										

										
										 
										
											
											
											Table 2: The interdependence between RRP disease severity and indicators of intestinal microbiota status. View Table 2
											

										

										
										
											Another question we wanted to answer was whether the number of antibiotic treatments correlated with the course of RRP in the patient's life. Considering three groups of patients with different frequencies of antibiotic intake in the last year (1, > 2, < 2), there was no correlation with RRP current extent of RRP (Table 2).
										

										
											The final question we wanted to answer was whether current BMI values correlate with the course of RRP measured by the number of operations performed thus far and the extent of RRP. Considering the two groups of patients: With and without a normal BMI, no correlation was found. Considering BMI with a gender correction and BMI with an age correction there was no impact on the number of operations performed in the patient's lifetime and current extent of RRP.
										

										
											Considering intestinal ailments with a gender correction and intestinal ailments with an age correction, there was no impact on the number of operations performed in the patient's lifetime and current RRP status.
										

										
											The extent of RRP in the interval to last RRP recurrence was considered depending on breastfed history, diet and patient BMI. Considering the extent of RRP, There was no statistically significant difference between breastfed patients and the extent of RRP (p = 0.630) and There was no statistically significant difference between BMI and the interval to last RRP recurrence p = 0.063371, however the extent of RRP in the interval to last RRP according to diet, in 7 patients with vegetarian diet, the period without RRP recurrence was longer (63.14 months) than in patients (66) with normal diet (21.98 months). Diet had a statistically significant impact on recent activity of disease measured by the interval to last RRP recurrence (p = 0.005).
										

										Discussion

										
											The hypothesis about the common denominator of RRP activity and gut dysbiosis was based on clinical observations. The authors noticed a convergence of intestinal ailments and papilloma exacerbations and remission of the disease during the use of probiotics for RRP unrelated reasons. This "side effect" of the use of probiotics directed attention to the potential coincidence of both problems.
										

										
											Premises for undertaking this research are the unsolved immunodeficiency background of HPV clearance/persistence phenomenon, unexplained impact of gut microbiota on local and systemic immunity of HPV infection, possible common denominator of HPV-related diseases escalation and gut microbiota alterations, related to lifestyle and civilization problems. Visconti, et al. estimated that the microbiome was involved in a dialogue between 71% of fecal, and 15% of blood, metabolites [14,15]. The question arose of how RRP and intestinal dysbiosis are associated, dependent, or based on gut microbiota. That is why we have undertaken clinical observations of intestinal dysbiosis in a group of patients with RRP.
										

										
											To our best knowledge, this is the first research devoted to the existence of the potential upper airway-gut axis and connection between RRP activity and gut-induced immunity. Two variables were considered important for the analysis of potential intestinal microbiota status in the course of RRP. The first variable gathered widely described intestinal complaints. The second variable was the number of antibiotic curations in the past year, which should negatively affect the host microbiota. We have not noticed that intestinal complaints were most common in patients with severe RRP infection. But patients with intestinal complaints noted that the complaints usually preceded the onset of an RRP relapse, unfortunately, we could not prove it statistically. In this research, the authors proved that the vegetarian diet had a statistically significant impact on recent activity of disease measured by the interval to last RRP recurrence and patients who were vegetarian had a significantly milder course of the disease.
										

										
											The interplay between the human gut microbiome and host metabolism [14-16], cross-talk with microorganisms, including bacteria, viruses, protozoa [17], influence on respiratory health, alterations in HIV infection [18] and the influence for impairment of immunity to antiviral vaccines [19] were found. But none of these studies concerned the effect of a microbiota on the course of HPV infection. The new knowledge generated by this project concerns providing an approximation to treatment resistant RRP etiology by adding another element of knowledge - clinical coexistence of HPV related digestive complaints and their association.
										

										
											To summarize, based on clinical observations, a relationship between intestinal complaints and intensity of RRP relapse was noticed. Parallel to intestinal complaints, the increase in RRP symptoms was observed. In this research, the authors did not succeed to get the statistically significant correlations between RRP activity (age of the onset, number of lifetime surgeries and current RRP activity) and the indicators of intestinal microbiota status, probably due to the limited group size. But very importantly, hard evidence concerning diet was obtained. We proved that the vegetarian diet had a statistically significant impact on lower recent activity of disease.
										

										
											Our research was limited by its clinical character, based only on observation of a group of patients and not supported by correlations of RRP status with immunological tests of patients' blood and stool microbiota analysis. Possibly, there are unknown mechanisms governing the microbiota-mediated impact on immune efficacy of upper airway mucosa clearance. However, our clinical observation is a documented premise for continuing this direction of research.
										

										
											The strength of research is an absolutely innovative subject, a large and carefully documented research group. We found promising clinical observations, which indicate further directions of research. The immunological potential of the mucous membrane for clearance/implantation of the HPV virus in RRP patients, gut dysbiosis and probiotic implementation should be further studied.
										

										Conclusions

										
											A relationship between intestinal complaints and intensity of RRP relapses was noticed. The acquired knowledge may contribute to further work on the discovery of the relationship between the state of the intestinal microbiota and the course of RRP infection in patients with recurrent respiratory papillomatosis.
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