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Objective: Children with no pathogenic bacteria in the nasopharynx are unlikely to have acute bacterial sinusitis. We evaluated whether information on clinical presentation, viral co-detection, and mucosal cytokine levels could be used to predict presence of bacteria in the nasopharynx.

Method: We obtained nasopharyngeal (NP) swabs from children diagnosed with acute sinusitis. NP swabs were processed for bacterial culture, viral PCR testing, and cytokine expression. We examined whether results of the bacterial culture could be predicted based on the presence of clinical information, presence of viruses or mucosal cytokine levels.

Results: We enrolled 174 children; 123 (71%) had a positive culture for potentially pathogenic bacteria and 51 (29%) had normal flora. 122/174 (70%) tested positive for one or more viruses. Compared to children with normal flora, children with pathogenic bacteria were more likely to have viruses (p < 0.01), but this relationship disappeared when we adjusted for age. Children with pathogenic bacteria in their nasopharynx and children with normal flora had similar levels of nasal cytokines.

Conclusion: In children with clinically diagnosed acute sinusitis, clinical presentation, levels of nasal cytokines, and presence of viruses do not differentiate children with and without pathogenic bacteria in their nasopharynx.
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INTRODUCTION

Acute sinusitis is one of the most common infections in childhood leading to antibiotic prescription (1, 2). Differentiation between acute sinusitis requiring antibiotics and an uncomplicated viral upper respiratory tract infection is currently based on the duration of upper respiratory tract symptoms. Thus, the tools to diagnose and manage this condition remain limited. Accordingly, if ancillary tests could differentiate children with bacterial acute sinusitis and children with an uncomplicated viral infection, unnecessary use of antimicrobials could be reduced. This is especially important since acute sinusitis is a leading cause of outpatient antimicrobial prescription (1–3).

Previous studies have shown that, for children with acute otitis media, which has very similar pathogens compared to acute sinusitis, when pathogens are absent from the nasopharynx, bacterial superinfection is highly unlikely (4–8). In this study, we aimed to investigate whether nasal cytokine levels, clinical presentation, or presence of viruses, which could in principle be performed as a point of care test, could predict nasopharyngeal bacterial culture, which takes several days to result.



METHODS


Participants

Subjects were children 2–12 years of age who were participants in an ongoing multicenter prospective clinical trial (www.ClinicalTrials.gov, study identifier: NCT02554383). We used stringent diagnostic criteria, defined a priori, consistent with the American Academy of Pediatrics guidelines (9). Eligible subjects had either: (1) persistent upper respiratory tract infection symptoms, i.e., 10–29 days of cough (not exclusively nocturnal) and/or nasal symptoms (rhinorrhea of any quality) which was not improving; or (2) worsening symptoms (substantial worsening of nasal symptoms and/or fever after a period of improvement). We excluded children who had: (1) severe presentation (9); (2) had received antimicrobial treatment within 15 days before presentation; (3) had evidence of another infection (i.e., acute otitis media or pneumonia); or (4) had underlying immune deficiency, cystic fibrosis, ciliary dyskinesia, or major developmental delay. The University of Pittsburgh Institutional Review Board approved the study and parents/guardians provided written consent.

At the time of diagnosis, we collected detailed information about the child's presenting symptoms (number of days with symptoms, fever, nasal discharge, daytime cough, asthma, seasonal allergies, local and systemic antihistamine use, exposure in school, and season of diagnosis). In addition, parents answered a previously published validated electronic measure of symptom severity [Pediatric Rhinosinusitis Symptoms Scale (PRSS)] (10).




MATERIALS: SAMPLES COLLECTION, MICROBIOLOGY, AND CYTOKINES DATA


Specimen Collection and Processing

We obtained a NP sample from one nostril using a sterile, flexible, thin, flocked swab (ESwab™ -comprises 1 mL of Liquid Amies medium and a FLOQswab™-, COPAN Diagnostics Inc.). The tip of the nose was raised, and the swab introduced gently along the floor of the nasal cavity, passing under the inferior turbinate until the pharyngeal wall was reached. Once the swab was in contact with the pharyngeal wall it was removed gently. The swab was processed and refrigerated at 2–8°C until transport to the laboratory on ice. On arrival to the microbiology laboratory, it was processed into several aliquots (11) for viral detection, semi-quantitative bacterial culture, and cytokine transcript levels.



Bacterial Identification

For bacterial culture, samples were plated on three types of media: trypticase soy agar, 5% sheep blood agar, and chocolate agar (Becton Dickinson). Cultures were incubated overnight at 37°C with 5% CO2. If no growth was present after overnight incubation, the culture was reincubated for another 24 h. Growth of pathogenic bacteria (Streptococcus pneumoniae, non-typeable Haemophilus influenzae, Moraxella catarrhalis) was assessed using standard techniques (12).



Viral Identification

We performed individual real-time RT-PCR assays for the detection and subtyping of human rhinovirus (HRV), influenza subtypes A/B/C, adenovirus, human metapneumovirus (HMPV), parainfluenza virus (PIV) subtypes 1–4, and respiratory syncytial virus (RSV) using previously described methods (13–15). Negative and positive controls were included with each run and specimens were considered positive if the CT value was <40 cycles.



Cytokine Measurement

Nucleic acid extraction was performed with the ABI MagMax96 Express automated instrument. Gene expression of interleukin (IL)-6, IL-8, IL-10, IL-13, IL-17, IL-22, IL-25, IL-26, sIL22RA2, IL-33, interferon (IFN) α, β, γ, and λ was measured using exon-spanning primers and probes according to the manufacturer's instructions (TaqMan™, Applied Biosystems). All values were normalized to the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) housekeeping gene. Cytokines were grouped into three functional classifications based on published data: proinflammatory (IL-6, IL-8, IL-17, IL-22, IL-25, IL26, and IL-33), anti-inflammatory (IL-10, IL-13, and sIL22RA2) and antiviral (IFN-α, IFN-β, IFN-γ, and IFN-λ) (16–25). We normalized cytokine expression using the 2−ΔΔCT method (26), by enrolling 30 age-matched asymptomatic healthy controls who had no underlying medical conditions. We excluded children with fever or cold symptoms within the past 7 days; antimicrobial use in the last 14 days; or nasally administered medication in the last 15 days. There was no difference on the mean age, gender and viral detection of asymptomatic healthy controls compared with the study group. Further data regarding this group are not shown.




DATA ANALYSIS


Statistical Analysis

We used Kruskal-Wallis test for continuous variables and Chi-squared or Fisher's exact tests for categorical variables. Because 14 cytokines were tested, we used Benjamini-Hochberg correction to adjust p-values for multiple comparisons. For the multivariate analysis, we performed a logistic regression model with forward selection. Two-sided p < 0.05 were considered statistically significant throughout. All statistical analyses were performed using SAS 9.4 and R 3.6.2.




RESULTS


Subject Characteristics

We enrolled 174 children with clinically diagnosed AS. The median age of the children was 4.9 years [IQR: 3.5, 7.5]. A total of 123/174 (71%) had a positive bacterial culture for potentially pathogenic bacteria (i.e., Streptococcus pneumoniae, non-typeable Haemophilus influenzae, Moraxella catarrhalis). These children will hereinafter be referred to as being “colonized with bacteria.” A total of 51 (29%) children had growth of normal respiratory flora (hereinafter referred children with “normal flora”).

Compared to children with normal flora, children colonized with bacteria were younger (4.2 vs. 7.6 years, p < 0.01) and were more likely to be non-white (p = 0.03) (Table 1). We found no difference in gender or clinical presentation between two groups (Table 1). Among children colonized with bacteria, 71/123 (58%) were colonized with a single pathogen and 52 (42%) were colonized with >1 pathogen. The most frequently cultured bacteria was Moraxella catarrhalis (n = 79) (Figure 1).


Table 1. Demographics and clinical characteristics of children with acute sinusitis.
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FIGURE 1. Distribution of bacteria in 123 children with clinical diagnosis of acute sinusitis who had pathogens in their nasopharynx.




Viral Detection During Acute Sinusitis

A total of 122/174 (70%) children tested positive for at least one virus. Viruses (n = 95; 77%) were more likely to be detected in children colonized with bacteria than in those with normal flora (n = 27; 53%) (p < 0.01) (Figure 2); however, this association disappeared when we controlled for age (p = 0.06) (data not shown). Among those 122 children with virus(es), HRV was the most commonly detected virus (n = 81) followed by influenza virus (n = 18) and adenovirus (n = 18) (Figure 3). There were no significant differences in the cycle threshold values between groups (data not shown).


[image: Figure 2]
FIGURE 2. Number of viruses detected among children with acute sinusitis according to the presence of nasopharyngeal bacteria.
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FIGURE 3. Individual viruses detected among children with acute sinusitis.




Cytokine Expression During Acute Sinusitis

We measured cytokine expression in 169 (97%) children, five children were excluded due to missing values on housekeeping protein (GAPDH). Cytokine mRNA levels were similar in children with normal flora and children colonized with bacteria (Table 2 and Supplementary Figure 1), and this remained the case in younger children (age ≤5 years old).


Table 2. Normalized cytokine expression in children with acute sinusitis according presence of bacterial pathogens in the nasopharynx.
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Independent Predictors of Bacterial Presence

Multivariate analysis found that colonized children were younger than children with normal flora (p < 0.01) (data not shown).




DISCUSSION

To our knowledge, this is the first study to characterize the presence of pathogens, viruses, and immune response in the nasopharynx at the time diagnosis of acute sinusitis in children. We found significant heterogeneity of bacteria isolated from the nasopharynx, with M. catarrhalis being the most common isolate. In addition, we identified viruses in a large proportion of children, with HRV being the predominant one. The initial insult for acute sinusitis is often a viral upper respiratory tract infection (9). We found that HRV was the most common virus detected during acute sinusitis, which is similar to other published data (27).

We found that viruses were more likely to be present in children colonized with bacterial pathogens (Figure 2). However, this difference was largely due to a difference in age in children with and without bacterial colonization; after controlling for age there was no significant association between viruses detected and presence of bacterial pathogens (p = 0.06).

Elevated levels of IL-1, IL-8, IL-6, and tumor necrosis factor-alpha (TNF-α) in nasal lavage fluid during acute viral upper respiratory tract infection have been reported (28, 29). Furthermore, a longitudinal study of 151 children with viral URI showed that elevated concentration of IL-6 correlated with fever and was significantly higher during influenza and adenovirus infection compared with enterovirus and HRV (30). IL-1 concentration was significantly higher in patients that later developed acute otitis media compared with subjects without acute otitis media (30). Unlike the above studies, nasal cytokine levels did not distinguish between children with and without bacterial colonization of the nasopharynx in this study. In addition, we found no difference on nasal cytokine levels between children using oral or topical antihistamine pre-enrollment (data not shown). Our findings describe an orchestrated immune response with overlapping proinflammatory and anti-inflammatory effects during acute sinusitis (Table 2). A better understanding of the host mucosal immune response could provide a basis for development of a novel diagnostic methodology.

Acute sinusitis is a clinical diagnosis based on stringent criteria with no ancillary test to aid the diagnosis (9). Differentiation between viral vs. bacterial infections can be challenging based on clinical presentation. To illustrate this, a recent longitudinal study found that 30% of patients with acute sinusitis had a new virus identified, with RSV the most common virus detected (31). Increasing availability of gene expression and transcriptional profiling could help with the diagnosis or management of acute sinusitis. A recent publication showed that host antiviral gene expression of CXCL10, CXCL 11, IFIT2, and OASL is associated with presence of respiratory viruses (32). Another showed the combination of tumor factor-related apoptosis-induced ligand (TRAIL), γ-induced protein-10 (IP-10), and C-reactive protein can differential bacterial infection from a viral process (33). Another group showed that IL-17, IL-4, IFN-γ, and INF-λ inducible protein-10 were associated with decreased risk of hospitalization during viral lower respiratory tract infection (29). Our cytokine expression results did not help differentiate between children with acute sinusitis who were colonized with pathogens and those who were not.

Our study has several limitations. Nasopharyngeal swabs are not routinely performed in clinical practice; however, we used this method as a research tool to evaluate its potential role in diagnosis. There was a statistically significant difference in the age between the children with and without bacterial colonization (Table 1). However, we found no differences in seasonality, clinical presentation, or disease severity between the groups. We excluded children with severe sinusitis presentation, but this is <5% of children with sinusitis (9). A strength of our study was inclusion of a large representative sample of children and development of a novel method of performing bacterial culture, viral detection, cytokine measurement using a single NP swab (11).



CONCLUSION

This study yields insight into the host's response to viruses and bacteria in the nasopharynx. Further exploration of these interactions may elucidate the contributions of each to the pathophysiology of acute sinusitis.
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