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Highlights 

 

• HRV is frequently found in the respiratory tract of CF patients 

• HRV can be associated to pulmonary exacerbations in CF patients 

• HRV load did not vary according to CF patients age 

• HRV infection affects the expression of TLRs in CF patients 

• TLR2 and TLR4 levels are increased in HRV positive CF patients 

• TLRs expression changed according to the specific HRV-bacteria species interaction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Abstract: 

Objectives: Since an inappropriate and sustained activation of TLRs may contribute to a chronic 

inflammatory response resulting in detrimental effects in cystic fibrosis (CF) patients, we sought to 

examine whether HRV infection might alter the respiratory expression of TLRs according to the 

microbiological status of CF patients.  

Methods: Respiratory samples were collected from the respiratory tract of CF patients (n=294) over 

a period of 12 months. In addition to the usual microbiological investigation, HRV-RNA detection 

and typing were performed by RT-PCR and sequencing. HRV viral load and TLRs levels were 

measured by RT-Real Time PCR.  

Results: HRV-RNA was detected in 80 out of 515 respiratory samples (15.5%) with a similar rate in 

all age groups (0-10 years, 11-24 years, ≥25 years). Patients infected with different HRV A, B and C 

species exhibited higher levels of TLR2, TLR4 and TLR8 as compared to HRV negative patients. 

Moreover, the expression level of TLR2, TLR4 and TLR8 correlated with high level of HRV viral 

load. HRV positive patients co-colonized by Staphylococcus aureus or Pseudomonas aeruginosa 

showed also enhanced amounts of TLR2 and TLR2/4-mRNAs expression respectively. In the case of 

presence of both bacteria, TLR2, TLR4, TLR8 and TLR9 levels are elevated in positive HRV patients. 

Conclusions: TLRs, especially TLR2 and TLR4, increased in HRV positive CF individuals and varies 

according to the presence of S. aureus, P. aeruginosa and both bacteria. 
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Introduction 

Chronic lung disease remains the primary cause of mortality in cystic fibrosis (CF). The classic 

bacteria implicated in CF pathology, Pseudomonas aeruginosa and Staphylococcus aureus, by 

colonizing airway epithelial, activate innate response through toll-like receptors (TLRs) [1, 2]. All 

TLRs (1-10), and their adaptor molecule, MyD88, are expressed and functional in CF airway 

epithelia; however, most of the related studies are derived from in vitro/ex vivo investigations or were 

obtained from mouse model [3, 4]. Stimulation of airway epithelial cells with P. aeruginosa enhances 

the expression of TLR2 and TLR5 on the epithelial cell surface [5, 6, 7] and TLR2 may be increased 

in CF as compared with normal epithelial cells [2]. Moreover, an altered TLR4 expression has been 

found in CF airways cells [8, 9], together with a persistent expression of this recognition receptor due 

to the apparent inability of CF cells to target TLR4 toward the lysosome for degradation [10]. Multiple 

bacterial exoproducts, such as flagellin and lipoproteins, were also shown to induce through TLRs a 

strong production of the neutrophil chemoattractant IL-8, leading to an increased inflammatory 

response [11, 12]. Also, it is well established that one of the most important airway defence 

mechanism against respiratory viral infections is the activation of TLRs response. However, the role 

of respiratory viruses on the development of airway disease in CF patients is poorly understood [13, 

14].  Among respiratory viruses, human rhinovirus (HRV) is likely the most commonly detected virus 

in CF, showing a high prevalence in upper and lower respiratory samples of children and adults 

suffering from CF [15, 16]. HRV infection in CF disease was associated to greater inflammation [17], 

worse lung function, reduced quality of life, hospitalization and required more days of antibiotic 

treatment upon concomitant bacterial infection [18, 19]. Of note, the viral capsid of HRV can bind 

TLR2, while ssRNA is recognized by TLR7 and 8 [20, 21]; TLR2 expression appeared also to be 

required for early inflammatory responses induced by HRV [22]. Moreover, an increased expression 

of TLR9 has been also recorded in sinonasal epithelial cells of CF patients frequently suffer from 

chronic rhinosinus [23]. Indeed, in the setting of polymicrobial colonization or infection of the 

respiratory tract, how the different bacterial and viral stimuli affect airway TLRs response in CF 



disease remains largely unknown [24]. Undoubtedly, identification of the specific TLRs that can be 

targeted to dampen an overexuberant inflammatory response in CF airway might be extremely 

interesting to better understand the pathogenesis of respiratory infections, in general and in CF in 

particular. 

 

Objectives 

Since an up-regulation of TLR might enhance proinflammatory responses in airway epithelial cells 

resulting in detrimental effects in CF patients [25], we sought to examine how HRV infection 

influences the respiratory expression of TLRs according to the microbiological status of CF patients. 

Thus, the main contribution of the present work is the study of the gene expression of the different 

TLRs, which have emerged as essential pattern recognition receptors in CF and HRV infection [26, 

27], in a group of HRV infected CF patients matched with a group of HRV negative CF patients. 

 

Material and methods 

Study design 

Respiratory samples were collected from the respiratory tract (oropharyngeal aspirate and sputum) of 

CF patients attending the Regional Reference Center for Cystic Fibrosis, Policlinico Umberto I, 

University of Rome “Sapienza”, for routine visit during 2018 (from 1st January to 31st December) 

(n=294). Most patients were routinely seen in the hospital every 3 months and a total of 515 

respiratory samples were collected. In addition to the usual microbiological investigation, HRV was 

tested by RT-PCR in all respiratory samples. The duration of HRV positivity in CF patients was also 

evaluated after 12 weeks later. Then, the gene expression of TLRs was performed in 55 out of 80 

HRV positive patients for whom the respiratory samples (oropharyngeal aspirate n=37 and sputum 

n=18) were enough for this analysis. The above respiratory samples did not differ in respect to age of 

CF patients (oropharyngeal aspirate samples/age of patients: mean/DVS, 18.63/13.08; sputum 

samples/age of patients: mean/DVS, 19.18/13.42, p>0.05). An age, gender, genetic and 



microbiological matched group of CF patients (n=55) was also selected from the same cohort of 

patients. The study was approved by the ethics committee of the Policlinico Umberto I Hospital, 

Sapienza University of Rome, and informed consent was obtained from patients suffering from CF. 

 

Specimen collection 

Respiratory samples (oropharyngeal aspirate and sputum) were collected from the respiratory tract of 

individuals with CF during the routine visit. All sputum samples were quality assessed after slides of 

the specimens had been Gram-stained and microscopically examined at 100x magnification. The 

sputa quality was assessed according to the criteria of Bartlett et al. [28], by determining the numbers 

of squamous epithelial cells and polymorphonuclear cells within the following categories: <10, 10–

25, or >25 cells per representative (×100) low power field magnification. All samples were divided 

into three aliquots: one was used for traditional microbiological investigations, the second was treated 

for nucleic acid extraction and viral detection; the third was centrifuged at 2000 rpm for 10 min and 

each cell pellet was resuspended in 500 µl of phenol and guanidine isothiocyanate reagent (Trizol, 

Gibco-BRL, Green Island, NY, USA) and frozen at −80 °C for gene expression analysis. 

 

Microbiological investigations  

Standard methods and procedures were followed for the traditional microbiological investigation: 

respiratory tract samples were analyzed for common and emerging microorganisms by using 

appropriate media (BD BBLTM Stacker Plates, Heidelberg, Germany). Matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) (Bruker Daltonics, Inc., 

Billerica, MA, USA) was used for identification where necessary. Patients with CF were recognized 

as chronically colonized by P. aeruginosa in accordance to European consensus criteria [29]. Patients 

with S. aureus were considered to have a persistent colonization if they had three or more consecutive 

S. aureus isolates over at least 12 months [30].   

 



HRV detection and sequencing 

HRV positivity was tested with PCR-based tests, as previously described [31, 32]. Prior to testing for 

HRV, the random primer-directed RT reaction, each sample was subjected to PCR amplification of 

the invariant β-actin gene to rule out the occurrence of PCR inhibitors; if β-actin PCR was negative, 

specimens were re-extracted from a frozen aliquot. HRV positive samples used for TLRs analysis 

were also typed as HRV A, B or C species. Briefly, HRV positive samples were retrospectively 

amplified with primers widely used for genotyping targeting 390 bases of the 5′untranslated region 

(5′UTR) central portion [33]. Direct amplicon sequencing was performed with Big Dye chain 

terminator reactions on an ABI 3130xl instrument.   

 

TaqMan-based real-time RT-PCR technique for HRV quantification 

TaqMan-based real-time PCR technique for HRV-RNA quantification was performed on all 

respiratory specimens with positive RT-PCR results for HRV [34]. Prior to testing for HRV, internal 

noncompetitive control, the housekeeping gene β-glucuronidase (GUS), was used to rule out the 

occurrence of amplification inhibitors. Briefly, RNA was extracted from oropharyngeal aspirate and 

sputum samples that were positive for HRV using a QIAamp Viral RNA Mini Kit (Qiagen, Milan, 

Italy). The RNA was dissolved in RNase-free water and the HRV quantification and GUS evaluation 

was performed by Taqman assay after generation of cDNA using a High Capacity cDNA Archive Kit 

(Applied Bio-systems, Monza, Italy). The following primers and probes for 5’UTR region of HRV 

A, B, C genotypes [35] and GUS [36] were added to the universal PCR master mix (Roche) at 600 

(HRV), 500 (GUS) and 400 (HRV), 250 (GUS) nM, respectively, in a final volume of 20 µl. The 

standards for HRV were obtained cloning the 203 bp of the 5’UTR-HRV region into the pCR2.1 

plasmid using a TOPO TA cloning kit (Invitrogen Corporation, San Diego, CA, USA). A linear 

distribution (r=0.99) was obtained between 101 and 108 copies of HRV-DNA. Viral load values were 

Log transformed for analysis and data were expressed as the Log number of HRV copies per ml of 

respiratory specimens. All the determinations were performed in duplicate.  



TaqMan-Based Real-Time RT-PCR Assays for mRNA Expression 

Quantitative real-time PCR for TLRs members (TLR2, TLR3, TLR4, TLR8, TLR9), was carried out 

with the LightCycler 480 instrument (Roche, Basel, Switzerland). Briefly, total RNA was extracted 

from respiratory samples using the RNeasy Plus Universal Tissue Mini Kit (Invitrogen, Carlsbad, 

CA, USA) and reverse transcribed using the High Capacity cDNA Reverse Transcription Kit 

(Applied Biosystems, USA), according to the manufacturer's protocol. Primers and probes for each 

gene were added to the Probes Master Mix (Roche, Basel, Switzerland) at 500 and 250 nM, 

respectively, in a final volume of 20 μL. The housekeeping gene β-glucuronidase/GUS was used as 

an internal control. Gene expression values were calculated by the comparative Ct method. The 

primers and probes targeting the following TLRs were assayed on demand and purchased from 

Integrated DNA Technologies (IDT, Coralville, IA, USA): TLR2 (Hs.PT.58.21312907), TLR3 

(Hs.PT.58.25887499.g), TLR4 (Hs.PT.58.38700156.g), TLR5 (Hs.PT.58.25167562), TLR8 

(Hs.PT.58.15.023918.g), TLR9 (Hs.PT.58.40576968). 

 

Statistical Analysis 

Data are expressed as median/range or otherwise indicated. The demographic and clinical 

characteristics were compared using Chi-Squared tests. HRV load between age groups was tested by 

Kruskal-Wallis test. Differences in the levels of TLRs members (TLR2, TLR3, TLR4, TLR8, TLR9) 

between HRV-infected CF patients and those negative for HRV infection were evaluated using the 

Mann–Whitney test. The same test was used to compare the levels of mRNA of TLRs members 

between HRV-infected CF patients and those negative for HRV infection according to the 

microbiological status. Mann–Whitney test was also used to evaluate if respiratory samples differed 

in respect to age of CF patients. Spearman’s rho coefficient was calculated to assess the correlation 

between HRV load, FEV1, age and TLRs levels. Comparison between TLRs expression levels in 

HRV positive and negative CF patients was performed by Wilcoxon Signed Rank Test. Differences 



were considered statistically significant when p<0.05. All analyses were performed with the SPSS 

v.20.0 for Windows.  

 

Results 

Detection of HRV-RNA in CF patients  

Demographic and clinical characteristics of CF patients examined are reported in Table 1. In 

particular, respiratory samples were collected from the respiratory tract of CF individuals which were 

subsequently divided into three age groups according to the bacteriological setting and disease 

evolution: the children group (0-10 years; n=131), adolescents/young adults (11-24 years; n=170) 

and the older group (≥25 years; n=214). HRV–RNA was detected in 80 out of 515 respiratory samples 

(15.5%) with a similar rate in all age groups: 23/131 (17.5%) in the children, 33/170 (19.4%) in the 

adolescent/young adults and 24/214 (11.2%) in the older group.  Moreover, the HRV viral load levels 

measured in HRV positive respiratory samples were comparable between the three age groups of CF 

patients analyzed (Table 1). The HRV infection prevalence in all age groups was not related to the 

presence of S. aureus and P. aeruginosa, alone or in co-colonization (Fig.1).  

Since the capability of HRV to cause persistent infection of the respiratory tract in patients with CF 

is not well defined [37], the duration of HRV positivity in patients with CF was also evaluated. None 

of HRV infected patients had a prolonged infection (i.e. no patient was HRV positive in two 

subsequent samples taken with a frequency of 12 weeks). 

 

TLRs expression in HRV positive and negative CF patients 

We evaluated the gene expression of TLR2, TLR3, TLR4, TLR8 and TLR9 in HRV positive patients 

(n=55) and in a second group of HRV negative CF patients (n=55) matched for age, gender, CFTR 

genetic, microbiology and respiratory samples (HRV positive versus HRV negative, p>0.05 for all 

the parameters). The identification of HRV was associated with pulmonary exacerbations in 10 out 

of 55 CF patients analysed. By contrast, the remaining HRV positive CF patients (n=45) had self-



limiting and mild upper respiratory symptoms. An increased expression of TLR2 and TLR4 was 

observed in HRV positive patients compared to those without HRV infection (Fig. 2, Panel A, C). By 

contrast, the expression of TLR9, TLR3 and TLR8 remained almost unchanged (TLR3 and TLR9) 

or slightly increased (TLR8) in HRV positive CF patients compared to the HRV negative patients 

(Fig. 2, Panel B, D, E). Furthermore, HRV infected patients exhibited a different TLR magnitude 

from HRV negative individuals (Fig. 2, Panel F); TLR4 was 7-, 5- and 14-fold increased compared 

to TLR3 (p<0.001), TLR8 (p<0.001) and TLR9 (p<0.001) respectively, while the differences between 

TLR4- and TLR2-mRNA amounts were not significant (p=0.111). By contrast, TLR4 expression 

levels in HRV negative individuals were 2-, 4-, 4- and 9-fold increased compared to TLR2 (p=0.002), 

TLR3 (p<0.001), TLR8 (p<0.001) and TLR9 (p<0.001) respectively (Fig. 2, Panel F). 

Since recent studies have implicated certain species of HRV as being more pathogenic [18, 38], we 

also evaluated whether HRV A, B and C species were associated with different gene expression of 

TLRs in CF patients. HRV A was identified in 24 (43.6%) CF patients, HRV B in 12 (21.8%), and 

HRV C in 19 (34.6%). Significant differences in transcript levels of TLR2, TLR4, and TLR8, but not 

TLR3 and TLR9, were observed between patients with HRV A, B and C strains as compared to those 

without HRV infection (Table 2). 

Then, to determine whether differentially expressed TLRs could also influence HRV viral load (and 

viceversa), levels of TLR2, TLR3, TLR4, TLR8 and TLR9 were also examined for any significant 

correlation with HRV load measured in the same respiratory samples. A positive correlation between 

HRV-RNA levels and TLR2, TLR4 and TLR8 gene expression, but not with the other TLR analyzed, 

was found (Table 3). 

 

TLR expression in HRV positive and negative CF patients according to the microbiological status  

Since polymicrobial colonization are common in CF respiratory tract and may differently activate 

TLRs, their expression in HRV positive and HRV negative patients was then analyzed stratifying 

patients according to presence of S. aureus, of P. aeruginosa or both.  



In the case of S. aureus only the group of CF patients with an age less than 18 years (n=28, years 

range: 0.58-17.76) were considered, because this bacterium is the earliest in the younger ones [39]. 

A different expression of TLR2 was found in HRV positive patients in the presence of S. aureus 

compared to those without HRV infection (Fig. 2, Panel A). Moreover, HRV positive CF patients 

persistently colonized by P. aeruginosa exhibited higher levels of TLR2 and TLR4 compared to those 

negative for HRV (Fig. 2, Panel A, C).  In the case of co-colonization by both bacteria, TLR2, TLR4, 

TLR8 and TLR9 levels are significantly elevated in positive HRV patients (Fig. 2, Panel A, C, D, E), 

whose expression increase from 1.8 (TLR 8) to 4.6 (TLR2) times. 

 

Relationship between TLR expression and demographic, clinical and virological parameters 

Having observed a differential expression of some TLRs in the respiratory tract of HRV infected CF 

patients, we evaluated whether there was any relation between TLRs expression and demographic 

and clinical parameters. Results indicated that TLRs levels were not correlated to the age and to the 

FEV levels recorded in CF patients according to the presence or absence of HRV infection (Table 3). 

 

 

Discussion 

The underlying mechanisms leading to pulmonary inflammation in CF are basically unknown. Some 

authors proposed that it may be promoted by an exaggerated or excessively prolonged innate immune 

response [40, 41]. Polymicrobial communities can colonize the respiratory tract in CF lung disease 

and viral infections, mostly caused by HRV [42, 43, 44], may contribute to the lower airway 

inflammation in patients with CF [45]. However, the impact of HRV–bacteria interplay on the innate 

immune response, inflammation and development of airway CF disease is poorly understood. TLRs 

appeared to play an important role in these events [4]. Indeed, an optimal TLR activation determines 

a proper innate immune response, while excessive TLR signal transduction and expression may 

promote an inflammatory response that causes damages to the host [46, 47]. Here, we confirm that 



HRV is frequently found in the respiratory samples from CF patients of any age group. Moreover, 

we found that HRV detection was associated with the occurrence of pulmonary exacerbations in 18% 

of CF patients analyzed. In agreement, a potential role of HRV in CF exacerbation has been already 

reported [19, 38, 48], highlighting the importance of HRV in managing the outcome of CF.  

HRV load did not vary according to patients age but, of note, the results presented here are the first, 

to our knowledge, to indicate how HRV infection may affect the expression of TLR in CF patients. 

Among the TLR analysed, TLR2 and TLR4 are highly expressed in the respiratory tract of CF patients 

and, most importantly, their expression increased upon HRV infection. Interestingly, of all the TLRs, 

both TLR2 and TLR4, have emerged as the principal receptor responsible for orchestrating changes 

in inflammatory status in airway epithelial cells and several respiratory diseases including CF [14, 

49, 50]. Indeed, our results are in part consistent with the observations that TLR2 and TLR4 

expression and function are relevant in CF patients [51, 52, 53]. Moreover, we suggest that, together 

with well-established bacteria (e.g. S. aureus and P. aeruginosa), HRV can also participate in 

modulating the levels of TLRs in CF. Indeed, enhanced levels of TLR2 and TLR4 correlated with 

elevated amount of HRV viral load. In support of our observations, TLR2 has been shown to be 

important during HRV infection because it can recognize the viral protein 4 (VP4) of the capsid and 

it is also required and sufficient for HRV induced proinflammatory responses in vitro and in vivo 

[20]. HRV interaction with TLR2 can be also used to overcome the IFN response mediated by the 

stimulation of other TLRs. Indeed, it has been shown that HRV interaction with TLR2 causes ILR-

associated kinase-1 (IRAK-1) depletion in both airway epithelial cells and macrophages, limiting 

single stranded RNA-induced IFN responses in dendritic cells by interfering with MyD88-dependent 

TLR7/9 signaling [54, 55, 56]. Unlike other respiratory viruses [57, 58], HRV does not activate TLR4 

by a specific viral protein, but it might induce TLR4 activation by host DAMPs, such as high-mobility 

group box 1 protein (HMGB1) and oxidized phospholipids, which accumulate in response to viral 

infection [59, 60]. The latter findings might explain why HRV infection promotes an increase of 

TLR4. However, John et al. [9, 61] have reported a reduced surface TLR4 expression in CF bronchial 



epithelial highlighting the complexity of the analyzed phenomenon. Moreover, levels of TLR8, 

known to be activated by viral or bacterial ssRNA and endogenous RNAs [62, 63], were slightly 

increased in HRV positive individuals and correlated also to HRV viral load. In this regard, it could 

be hypothesized that uridines sequences, which are abundant in HRV-RNA genome, might have 

immunostimulatory potential on TLR8 [64]. Of note, although expression of TLR2, TLR4 and TLR8 

were higher in HRV A, B and C species positive patients as compared to HRV negative patients, 

HRV species were not associated to a type specific increase of any TLR analyzed.   

Hence, our findings support the idea that an HRV infection may affect the airway microbial 

environment through the increased expression of specific TLRs, further promoting the intrinsic 

dysregulated inflammatory response observed in CF individuals. In agreement, many studies have 

reported higher levels of inflammatory mediators, mostly IL-8 and IL-6, produced by CF epithelium 

following HRV infection [51, 65]. However contradictory observations have been also been reported 

probably due in part to the different patients’ age, disease severity, HRV species, HRV viral load, 

and length of infection [66]. 

Since the airways of individuals with CF are abundantly colonized by S. aureus and P. aeruginosa, 

the expression of TLRs was further examined dividing the CF patients according to the presence of 

S. aureus, P. aeruginosa or co-colonization by both bacteria. Results confirmed that expression of 

TLRs are increased in HRV positive patients according to their microbiological status but some 

important findings were observed. Notably, the difference in TLR2 and TLR4 levels among HRV 

positive and negative patients were more pronounced in those with P. aeruginosa colonization. 

Interestingly, HRV increased also the expression of TLR8 and TLR9 in addition to that of TLR2 and 

TLR4 when there was a co-colonization between S. aureus and P. aeruginosa, suggesting an 

additive/synergistic effects of all these pathogens on innate immune response which could be 

responsible of the worse clinical conditions. In this context it has been shown that bacterial-viral co-

exposure synergistically increases innate immune responses compared with individual bacterial 



presence [67, 68, 69]. Moreover, a significantly higher viral load of P. aeruginosa was observed 

during respiratory-virus associated exacerbations [43].   

A major limitation of this study was that the amount of different cell type was not evaluated (e.g. 

epithelial and polymorphonuclear cells) in the respiratory samples collected from CF patients. 

Although all sputum samples were validated by the Bartlett’s criteria, the limited quantities of 

oropharyngeal aspirate samples collected during microbiological diagnostic routine did not allow to 

perform any other additional test over than the molecular analysis described. Then, it remains unclear 

whether the TLR changes observed in HRV positive patients might be a representation of different 

cell populations rather than any difference in gene expression per se. Additional experiments are 

required with other techniques (e.g. flow cytometry) to ascertain which cell type within the respiratory 

samples is really responsible of the different expression levels of TLR in CF patients. A second 

potential limitation was related to the difficulty to categorize the positivity of respiratory samples to 

S. aureus as infection or colonization in our CF patients [70]. Since no consensus criteria for S. aureus 

are available and given that dissection of S. aureus infection from colonization continues to be debate 

in CF patients, we have categorized our CF patients only according to the duration of S. aureus 

positivity in the respiratory samples. Moreover, it might suggest to carefully evaluate if small colony 

variants (SCVs) were detected in our respiratory samples, given they are implicated in chronic 

infections and are usually associated with a significantly worse respiratory outcome [71]. 

 

Conclusion  

In conclusion our results indicated that the expression level of TLRs, in particular TLR2 and TLR4, 

increased in the respiratory tract of CF patients in the presence of an HRV infection and varied 

according to the microbiological status. Although the reasons leading to an unbalanced inflammatory 

response in HRV infections are not well understood and are most likely multifactorial in CF, our 

results pointed out that the presence in the respiratory tract of multiple bacterial and viral potential 

TLR agonists represents a milieu causing a chronic activation of specific TLRs. Hence, the interplay 



between different microorganisms, virus and bacteria, may play a key role in the prognosis of CF. 

Additional prospective studies with larger patient cohorts are needed to gain a more definitive 

understanding of the effects of virus/bacteria co-colonization on the overall innate immune response 

with the final aim to design a tailored immune-therapy to reduce over-inflammation in CF patients.  
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Table 1. Demographic, clinical characteristics, microbiological status and human rhinovirus (HRV) 

infection of cystic fibrosis (CF) patients (n=294) divided by three age groups (0-10 years, 11-24 years, 

>25 years). 

 

 

Items 
Patients grouped by age (n=294) ⌂ 

0-10 (n=63) 11-24 (n=102) >25 (n=129) 

Male/Female 37/26 51/51 60/69 

ΔF508 homozigotes 26 37 49 

ΔF508 heterozigotes 20 33 41 

Other mutations 17 32 39 

BMI, median 15.99 20.12 21.72 

BMI, range 12.7-25.4 13.3-26.4 12.9-36.0 

    

 Samples grouped by age (n=515) ⌂⌂ 

 0-10 years (n=131) 11-24 (n=170) >25 (n=214) 

Non pathogenic microbes (%) 14 (10.7%) 12 (7%) 8 (3.7%) 

Staphylococcus aureus chronic colonization 

(%) ○ 

59 (45%) 67 (39.5%) 38 (17.7) 

Pseudomonas aeruginosa colonization (%) 
○○ 

7 (5.3%) 8 (4.7%) 84 (39.3) 

Pseudomonas aeruginosa mucoid phenotype 1 (0.8%) 3 (1.8%) 52 (24.3%) 

Presence of S. aureus and P. aeruginosa (%) 51 (39%) 83 (48.8%) 84 (39.3) 

Other Gram - bacteria colonization ○○○ 4 (3.0%) 17 (10%) 37 (17.3%) 

HRV-RNA detection (%) 23/131 (17.55%) 33/170 (19.41%) 24/214 (11.21%) 

HRV-RNA viral load median (log10 

copies/mL)* 

3.77 3.38 3.74 

HRV-RNA viral load range (log10 

copies/mL)** 

2.29-5.43 1.66-5.79 2.4-5.75 

⌂ Demographic, genetic and BMI data were comparable among the 3 age groups (p>0.05 by Chi-Squared test). ⌂⌂ Almost 

patients were routinely seen in the hospital every 3 months * Difference for HRV-RNA detection in the age groups (p>0.05 by 

Chi-Squared test). ** HRV-RNA levels between the age groups: p>0.05 by Kruskal-Wallis test. ○ ≥ 3 consecutive positivity to 

S.aureus over at least 12 months ○○ P. aeuriginosa persistent colonization was stated according to the European consensus 

criteria [29]. ○○○ S. maltophilia, A. xylosoxidans and B. cepacia cplx colonization. 



Table 2. Levels of toll like receptors (TLRs) in rhinovirus (HRV) A-C positive and negative patients 

with cystic fibrosis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Items 
HRV A 

n=24 

HRV B 

n=12 

HRV C 

n=19 

HRV- 

n=55 

TLR2 median 

(range) 

5.58* 

(0.03-30.69) 

5.46* 

(1.29-25.45) 

5.61* 

(0.32-27.09) 

1.00 

(0.01-30.90) 

TLR4 median 

(range) 

5.42* 

(1.61-30.27) 

5.56* 

(2.58-32) 

5.69* 

(1.45-20.53) 

0.78 

(0.16-26.53) 

TLR8 median 

(range) 

0.98* 

(0.05-9.30) 

1.00* 

(0.22-3.91) 

1.00* 

(0.27-3.41) 

0.60 

(0.01-11.14) 

TLR3 median 

(range) 

0.78 

(0.35-2.84) 

0.78 

(0.25-1.08) 

0.78 

(0.18-1.87) 

0.48 

(0.00-9.06) 

TLR9 median 

(range) 

0.45 

(0.01-3.65) 

0.49 

(0.04-0.53) 

0.44 

(0.03-1.61) 

0.51 

(0.00-6.49) 

*Differences in TLR expression between HRV A-C positive and negative (HRV-) samples: p<0.05 by Mann-

Whitney test. 



Table 3. Relationships between toll like receptors (TLRs) expression and patients’ age, viral load 

and FEV1 in cystic fibrosis patients with or without human rhinovisus (HRV) infection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlations TLR2 TLR4 TLR8 TLR3 TLR9 

HRV+ 

Age 
r = -0.09 

p = 0.52 

r = -0.07 

p = 0.59 

r = -0.18 

p = 0.19 

r = 0.03 

p = 0.81 

r = -0.17 

p = 0.22 

Viral load 
r = 0.39 

p = 0.003 

r = 0.29 

p = 0.03 

r = 0.42 

p = 0.001 

r = 0.25 

p = 0.06 

r = 0.08 

p = 0.59 

FEV1 
r = 0.08 

p = 0.72 

r = 0.03 

p = 0.89 

r = 0.09 

p = 0.67 

r = -0.07 

p = 0.74 

r = -0.28 

p = 0.19 

HRV- 

Age 
r = -0.08 

p = 0.57 

r = -0.15 

p = 0.29 

r = -0.04 

p = 0.79 

r = 0.05 

p = 0.74 

r = -0.28 

p = 0.05 

FEV1 
r = -0.06 

p = 0.71 

r = 0.13 

p = 0.39 

r = 0.12 

p = 0.43 

r = 0.07 

p = 0.64 

r = 0.04 

p = 0.77 

Spearman’s rho coefficient (r) was used to assess these correlations. Significant correlations were highlighted in bold 

(p<0.05). 
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Fig. 1 Distribution by patients’ age groups (0-10 years, 11-25 years, >25 years) of human rhinovirus 

(HRV) positivity in the samples (n=515) collected from cystic fibrosis patients (n=309) according to 

the Staphylococcus aureus (SA) colonization, Pseudomonas aeruginosa (PA) colonization and co-

colonization by S. aureus and P. aeruginosa. Number of HRV+ and HRV- according to the 

microbiological status (S. aureus, P. aeruginosa and co-colonization by both bacteria) were 

comparable in each age group (p>0.05 by Chi-Squared tests).  

Fig. 2. Expression levels of genes encoding TLR2 (Panel A), TLR3 (Panel B), TLR4 (Panel C), 

TLR8 (Panel D) and TLR9 (Panel E) in cystic fibrosis (CF) patients with (n=55) or without human 

rhinovirus (HRV) (n=55) infection, stratified according to the microbiological status: 

Staphylococcus aureus (SA), Pseudomonas aeruginosa (PA) and co-colonization by both bacteria 

(SA+PA). *p≤0.05 **p≤0.01 ***p≤0.001 ****p≤0.0001. Levels of TLRs between HRV+ and 

HRV- patients were compared by Mann 


