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	  Abstract

												Objectives

												
												This study was performed to review our experience with pediatric patients adaptive immunity to Streptococcus pneumoniae and Haemophilus influenza in the clinical presentation of chronic rhinosinusitis. Currently, there is no specific routine role in healthcare to check the immune status in patients after receiving the vaccinations.


Methods


Patients were identified from the EMR using the ICD-10 code for chronic sinusitis and were considered eligible if they had titers drawn to evaluate their immunity. Patients being reviewed were between 2 and 18 years of age. None had a history of global immunological disease, cystic fibrosis, craniofacial abnormalities, or nasal polyps. Their vaccination records were verified using the state record system, GRITS, or by patient intake history. Titers were then compared to the geometric mean established by previous academic research and the minimum level recommended for protective immunity as outlined by the WHO.


Results


We found that in a sample of 36 patients that met the criteria for this study, 76% had S. pneumoniae titers that fell below the reported geometric mean of 1.3 mcg/mL. Similarly, 45% of the patients had H. influenza titers that fell below the reported geometric mean of 1.0 mcg/mL. Both of these values were found to be statistically significant. There was no significant relationship present between the immunogenicity rates of the vaccines and the minimum level required for protective immunity as outlined by the World Health Organization.


Conclusion


Specific antibody deficiency to S. pneumoniae and H. influenza pathogens in pediatric patients with chronic rhinosinusitis had a high prevalence.


Introduction


Nearly all pediatric otolaryngologists struggle to treat a handful of patients with chronic rhinosinusitis (CRS). In a recent analysis of national surveys, CRS was estimated to account for 3.7-7.5 million visits per year in patients 0 to 20 years of age and the burden exceeded that of acute rhinosinusitis and allergic rhinitis [1]. First line medical treatment for these patients has traditionally involved long duration antibiotics coupled with short term corticosteroids and treatment of allergic symptoms versus allergy evaluation [2]. Following conservative treatment, if refractory disease is still present patients will typically be evaluated for an adenoidectomy or other sinus surgery depending on the extent of the disease [3]. While these treatments are effective, there continue to be patients who struggle controlling their symptoms even after going through surgery [4]. Two of the most common bacterial agents that cause sinusitis are S. pneumoniae and H. influenza [5], however, since the introduction of Pneumococcal and Hib vaccines, the frequencies of these invasive pathologies have decreased drastically [6-8]. Immunogenicity rates for PCV 7 and 13 have been reported at 89% for children who receive the recommended doses with the geometric mean being observed at 1.3 mcg/mL [7]. Hib vaccination has similarly been found to have a high rate of immunogenicity, 90% in a 5 year study [6].



Recent publications have begun analyzing the burden of specific antibody deficiencies (SAD) and their impact on healthcare. SAD is grossly defined as having an antibody concentration lower than expected at a certain age and is most often discussed in its relation to S. pneumoniae. Analysis of IgG serotypes is performed quantitatively but remains somewhat arbitrary values where 0.35 mcg/mL is considered protective against invasive disease and 1.3 mcg/mL is recognized as protective against mucosal diseases [9]. Interpretation of these results can become even more complicated when analyzing as 50-70% of the serotypes should be above the geometric mean to be considered immunocompetent; however, not all patients with SAD are symptomatic [10]. A retrospective study of adult patients with SAD observed that 77% suffered from sinusitis as well as other recurrent infections [11]. The exact prevalence of SAD remains unclear as not all are symptomatic as stated above, but studies within the pediatric population estimate it to be 15-23% [12,13]. Evidence in one study found that 11.6% of patients undergoing sinus surgery also had SAD, however, this was a study of an adult population [14]. To our knowledge, similar studies have not been performed for H. influenzae.



While a large number of patients who do not mount an adequate immune response to these pathogens will develop an invasive disease or be found to be globally immunodeficient, statistically a certain population will show a "sub-optimal" response to vaccination or exposure. Currently there is no specific routine role in healthcare to check the immune response in patients after receiving vaccinations. We propose that if we review a sample population of pediatric patients with chronic rhinosinusitis, then their reported titers to S. pneumoniae and H. influenza will be statistically lower than previously reported responses.


Methods


This is a retrospective analysis of pediatric patient's adaptive immunity to S. pneumoniae and H. influenza in the clinical presentation of chronic rhinosinusitis over a 24 month period (December 2015 to December 2017) in Atlanta, Georgia by a single pediatric otolaryngologist. Once Institutional Review Board approval was obtained, patients were identified by searching the EMR based off of the ICD-10 code for chronic sinusitis, J32.9. Originally, 61 patients were identified in the time frame that was diagnosed with chronic sinusitis. 25 patients were then excluded from the analysis because they did not fall within the age range of 2 to 18 years of age at the time of the blood draw, they did not have their blood drawn at all, or did not have a viable vaccination record. None had a history of global immunological disease, cystic fibrosis, craniofacial abnormalities, or nasal polyps. Of the 36 patients remaining, their vaccination records were verified using the state record system, GRITS, or by patient intake history. Of note, two of the patients had a history significant for Down Syndrome and were included in this report. Once their blood work was obtained from either LabCorp or Quest, the common 14 strand pneumococcal titer (1, 3, 4, 8, 9, 12, 14, 19, 23, 26, 51, 56, 57, and 68) that overlapped both labs were compared against the minimum value that the WHO recommends for immunity against invasive pneumococcal disease as well as the geometric mean, with values set at 0.35 and 1.3 mcg/mL respectively [15]. A patient was considered to be sub-optimal if half of their 14 pneumococcal strands were below the geometric mean (< 1.3 mcg/mL). If half were below 0.35 mcg/mL they were considered to not have any protective immunity as outlined by the WHO.



H. Influenza titers were reviewed in a similar manner, however, due to a lab coding error, of the 36 patients only 29 in the sample had viable lab values. The same exclusion criteria was used for H. influenzae as was for S. pneumoniae. When analyzing the type B antibody concentrations for H. influenzae, below 0.15 mcg/mL was considered non-protective and between 0.15 mcg/mL and 1.0 mcg/mL was considered sub-optimal. Above 1.0 mcg/mL was considered to have protective immunity as outlined from the WHO and previous studies [8,16].


Results

Streptococcus pneumoniae


In this retrospective analysis 26 out of 36 patients (73%) had suboptimal immunity levels, defined as having at least 7 of the 14 tested strains below the geometric mean of 1.3 mcg/mL. In this group, 6 out of 36 patients (17%) were considered to have no immunity, defined as having at least half of their titers were below the WHO's recommended minimum level of 0.35 mcg/mL. There was no observed statistically significant difference between the reported immunogenicity rates of PCV and our sample population. When analyzing the total number of patients below the geometric mean (sub-optimal + non-immune = 26 of the 36 patients) against previously reported sample sizes, there was a statistically significant difference using chi-square analysis (p = 0.05) [5].


Haemophilus influenza


Twenty-nine of the patients had viable H. influenza titers available. Of this sample, 16 out of 29 (55%) were considered optimal whereas the remaining 13 (45%) were below 1.0 mcg/mL and therefore suboptimal. Of those remaining patients, 7 (24%) were considered to not have protective immunity (< 0.15 mcg/mL). When compared to predictive larger sample sizes as referenced in previous studies, the number of patients below 0.15 mcg/mL was statistically significant using chi-square analysis (p = 0.05) [6].


Discussion


While we were able to find a statistically significant difference between our sample population when compared to reference values provided by the World Health Organization and other reputable academic sources, a better control group would be to have age-matched controls from the same population. In particular, we found it difficult to run basic statistical analysis for the H. influenza sample as available literature provided proportions and not sample sizes. Predictive sample sizes were estimated to analyze this sample and aid in the interpretation of results and discussion. An attempt was made to analyze the specific serotypes of S. pneumoniae against the specific strains that were covered in respective vaccines. This data was deemed non-valuable as many patients received a combination of vaccines and the specific overlap of reported lab serotypes did not provide significant overlap.



Although the sample population was small, SAD had a high prevalence in both S. pneumoniae and H. influenza groups when compared to the immunogenicity rates of their respective vaccines. This suggests that there could be an immunological component to pediatric patients with chronic rhinosinusitis. As researchers, we admit this data was difficult to compare because of the lack of prior research on this topic specifically. We do however feel that it warrants the assessment of a patient's immunological status at some point in the management of chronic rhinosinusitis.



This study did not measure outcomes in a systematic way and therefore does not provide evidence in regard to recommendations on maintenance vaccinations, booster vaccinations, or other treatment options. Future goals of research should include: (1) Analysis with age appropriate control groups, (2) Outcome studies to assess response rates to different treatment plans, and (3) Systematic reviews to assess for iatrogenic risk.


Conclusion


Selective antibody deficiency to S. pneumoniae and H. influenza pathogens in pediatric patients with chronic rhinosinusitis had a high prevalence. Outcome studies are warranted to assess the role of checking immunity to S. pneumoniae and H. influenza in the management of patients with chronic rhinosinusitis as well as administering Pneumovax (PPS-23), Prevnar 13 (PCV 13), and/or Hib vaccine booster.
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