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ABSTRACT

Background: The upper airways of cystic fibrosis (CF) persons are an evolutionary niche where genetically adapted bacterial strains are selected for
lung infection. The microbiological studies conducted up to now on the upper airways are not easily comparable.

Methods: Using classical culture methods, we simultaneously studied the microbiological status of upper and lower airways in persons not chron-
ically infected with P. aeruginosa. Each person had a single upper airways sampling and a concomitant lower airways sampling. Lower airways
sampling was performed by oropharyngeal swab or sputum collection. Using a quasi-experimental design of study, we evaluated the performance of
2 different upper airways’ sampling methods, nasal lavage according to method described by Mainz or nasal lavage with a rhino-set. Pain was
measured with appropriate scales.

Results: A total of 194 persons were enrolled in this study. Pathogenic flora was found in 128 (6.6%) of 194 upper airways samples and in 164
(84.6%) lower airways samples. A statistically significant difference between the upper airways and the lower airways was found in the isolation of
S. aureus and non-fermenter gram negatives. Nasal lavage according to Mainz resulted in the isolation of more non-fermenter gramnegatives than
the rhino-set (p < 0.05). No differences were found in the pain caused bythe two methods.

Conclusions: In our study population, cultures of the upper airway and lower airway differ in CF persons. In people sampled with nasal lavage
according to Mainz more non-fermenter gram negatives were detected than with rhino-set. The two sampling methods were comparable with regard
to the caused pain, nasal lavage according to Mainz method being quicker to perform.

1. Introduction

Cystic Fibrosis (CF) is the most common lethal genetic disease in the Caucasian population and affects more than 100,000 persons
worldwide, with an incidence in Tuscany of one new person per 4000 newborns [1-5]. Over the last 30 years, advances in CF care have
led to a significant increase in survival [1-4]. Further improvements in expectancy and quality of life result from the recent intro-
duction of cystic fibrosis transmembrane conductance regulator (CFTR) modulators in clinical practice [2,6-12]. This type of therapy,
which is already available to a substantial proportion of persons with CF (pwCF), has led to a substantial improvement in clinical
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condition with an improvement of forced expiratory volume in the first second (FEV;) and nutritional status along with a reduction in
sputum volume and in pulmonary exacerbations [6-12].

Despite the progress made, bacterial respiratory infections continue to remain the leading cause of lung damage, mortality and
morbidity [2-4]. A relatively small number of pathogens are responsible for pulmonary infections and the prevalence of different
bacterial species varies depending on the age of the pwCF [2-4]. At a young age Staphylococcus aureus (S. aureus) is most frequently
isolated while nonfermenter gram-negatives, especially Pseudomonas aeruginosa (P. aeruginosa), are the most frequent pathogens in
adults [4]. Chronic P. aeruginosa infection is associated with a progressive reduction in lung function and an unfavourable clinical
course. The effects are more severe when chronic infection develops early [3,13].

The CFTR genotype also influences the upper airways (UAW), which are susceptible to infection [14-24]. A correlation between the
UAW and lower airways (LAW) flora has been described. P. aeruginosa strains isolated in both anatomical sites have the same genotype,
and strains isolated from the UAW may have phenotypic characteristics of chronic infection (e.g. mucoid phenotype) before isolation
in the LAW [19-24]. This and other observations lead clinicians to believe that infection in the paranasal sinuses may precede pul-
monary infection [14,15]. At the level of the paranasal sinuses, the oedema of the mucosa, the reduced concentration of oxygen and
antibiotics, and the particular nutritional conditions of the bacteria provide a formidable evolutionary drive for micro-organisms [15,
21-25]. UAW are considered an evolutionary niche in which genetically adapted bacterial strains are selected to infect the lung
[23-25].

However, studies on UAW flora are difficult to compare due to the heterogeneous sampling methods used, the different ages, the
heterogeneous clinical conditions and the different microbiological status of pwCF [13-25].

Lacking a gold standard for UAW sampling [3], it is necessary to evaluate the performance of the various methods to enable a
correct interpretation of the results and to implement careful surveillance of the LAW in order to detect initial P. aeruginosa lung
infection.

The importance of the role of the UAW could pave the way for the routine microbiological monitoring of UAW and for a greater
attention to this anatomical site. In a context where the increasingly widespread use of modulators leads to a substantial reduction in
the number of expectorating patients, microbiological surveillance conducted at the upper airway level could be complementary to the
current clinical practice of airway surveillance, classically based on sputum and oropharyngeal (OP) cultures. The main aim of our
study was to assess the microbiological status of the airways in pwCF not chronically infected with P. aeruginosa. As a secondary aim we
evaluated the performance of two different sampling methods, nasal lavage according to the method described by Mainz (NLM) [20] or
nasal lavage with a syringe containing sterile isotonic saline solution with a specific silicone nasal adapter (rhino-set). Neither of the
nasal lavage methods under comparison for microbiological sampling is described in the standard of care but both are used in clinical
practice. Our a priori hypothesis was that there were no differences in the result of cultures performed on samples collected with the
two nasal lavage methods. The impact of the different approaches on the pwCF was also measured for assessing the pain caused by the
sampling procedures.

2. Methods

This is a single-centre, observational, prospective study. Each pwCF participating in this study had a single UAW sampling and a
concomitant LAW sampling. Sampling of the lower airways was performed by oropharyngeal swab or sputum collection.

A quasi-experimental design (the allocation of pwCFs is described later) was used to evaluate the performance of two different UAW
sampling methods. This design was chosen, in the context of the SARS-CoV-2 pandemic, in order to make the appointments for access
to the CF Centre compatible with the provisions of the local health authorities aimed at containing the pandemic [26,27]. Throughout
the duration of the study, pwCF requesting access to the Centre or with symptoms suggestive of viral infection had to be swabbed for
SARS-CoV-2 within 24 h preceding their scheduled clinical check-up date [26,27]. This diagnostic pathway influenced the date of the
clinical check-up. At the same time, the infections that occurred over time among healthcare personnel and their employment in other
wards of the hospital, to cope with the pandemic, led to continuous reorganisation of appointment schedules.

Airway sampling was performed from December 2020 to December 2022. Persons with CF in the care of the Tuscan Regional
Centre, in regular clinical follow-up (quarterly checks), treated according to the standard of care, regardless of their CFTR genotype
and Elexacaftor-Tezacaftor-Ivacaftor (ETI) treatment (available in Italy since July 2021) took part in the study. Persons with CF older
than 4 years in clinical stability, not chronically infected with P. aeruginosa (never or P. aeruginosa free according to the Leeds clas-
sification) were considered eligible [13].

Unstable clinical status or concomitant use of parenteral antibiotics, age under 4 years, bipulmonary transplantation and chronic
P. aeruginosa infection were considered exclusion criteria. The sinonasal measurement of symptoms is outside the scope of this study.

The diagnosis of CF was in agreement with international criteria [28]. Pathogenic germs were considered to be those reported in
the European CF Registry [4]. The definition of the microbiological status of the pwCF was based on the Leeds definition [13].

The quasi-experimental design was realised by allocating the pwCF to two different UAW sampling methods according to the days
(date) chosen by the pwCF depending on the availability of the Centre on 4 days per week (as on the remaining days the medical staff
was involved in care commitments towards patients with other types of pathology). The administrative staff who actually booked the
follow-up appointments were not aware of the study.

Experienced physiotherapists performed sampling of the UAW with the nasal lavage according to Mainz method on even dates, and
nasal lavage using rhino-set on odd dates. Specifically, the first method was performed by inserting 10 ml of sterile isotonic saline
solution into each nostril with a 10 ml syringe, asking the pwCF to keep his head in a slightly extended position in order to facilitate the
occlusion of the soft palate [20]. The lavage was collected in a sterile container.
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Lavage with rhino-set was performed using a 10 ml syringe of sterile isotonic saline solution with a specific silicone nasal lavage
adapter. The physiological saline was gently inserted into the right nostril by means of pressure exerted on the syringe piston and re-
aspirated using the same device. This procedure was then repeated in the left nostril.

In both types of UAW sampling, the collected fluid was placed in a single container and sent to the microbiology laboratory.

Airway samples were processed according to classical microbiology methods following guidelines for CF patients (Recommen-
dations SIFC Microbiologists Group) [29]. Isolations of pathogens from the UAW and LAW were used as outcome measures.

The pain caused by the lavage methods was assessed using special scales [30-32]. For pwCF in paediatric age, the Wong-Baker
Faces Pain Rating Scale was used, a horizontal scale of 6 drawn faces, from smiling to crying, corresponding respectively to the
absence of pain and the worst possible pain [30]. The scale provides a score between 0 and 10 and was used for individuals from 3 to 8
years of age.

A numeric pain rating scale was used for individuals over 8 years of age [31]. The pwCF was asked to mark the number indicating
the intensity of their pain. The left end of the scale corresponds to 'no pain’ and the right end to "worst pain imaginable’.

The study was conducted according to the Declaration of Helsinki and in accordance with the principles of ethics and good clinical
practice (E6: Good Clinical Practice: Consolidated Guideline (CPMP/ICH/135/95). Approval to conduct the present study was pro-
vided by the Paediatric Ethics Committee (CEP) of the Tuscany Region (Florence, Italy) K37 271,/2020 on 10/11,/2020.

3. Statistical analysis

All collected values were entered into an electronic database. Descriptive statistics for quantitative variables were performed using
normal distribution tests. Differences between groups in continuous and categorical variables were evaluated using descriptive sta-
tistics, x? test, and Fisher’s exact test. Comparisons between independent samples were performed using Student’s t-test for the
equality of the means or the Mann-Whitney test. The level of statistical significance was expressed as a p-value and it was considered
statistically significant if p was <0.05. No interim analysis was planned.

4. Results

A total of 194 pwCF (112 males, mean + SD age 20.3 + 14.4 years and 82 females, mean + SD age 17.7 4+ 12.2 years) not
chronically infected with P. aeruginosa were enrolled for this study. One hundred and five (54.1%) pwCF were older than 18 years and
89 (45.9%) were younger than 18 years.

During the study period, 194 concomitant UAW and LAW respiratory tract samplings were performed. With regard to sampling
from the upper tract 128 (66%) resulted in the isolation of pathogenic flora and 66 (34%) of normal flora. Sampling of the lower tract
was performed in 56 (28.9%) pwCF by sputum collection, in 132 (68.0%) by oropharyngeal swabs, in 6 (3%) data were missing. One
hundred and sixty-four (84.6%) of 194 samplings resulted in the isolation of pathogens, 26 (13.4%) in the detection of normal flora, 4
(2%) data missing.

Fig. 1 illustrates the results of upper and lower respiratory tract sampling. A statistically significant difference was found (p < 0.05).

With regard to the UAW sampling the NLM method was performed in 88 (45.4%) pwCF and the rhino-set method in 104 (53.6%), 1
(0.5%) swabbed nasal secretions, 1 (0.5%) missing data.

Results of cultures from the upper and lower airways
100% 0 5

60%

84.6
50%
40%
30%
20%

10%

Upper airways Lower airways

® Normal flora Pathogenic flora Missing

Fig. 1. Results of upper and lower airways cultures.
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Table 1 shows the demographic characteristics of the 192 pwCF and the method of UAW sampling.

Fig. 2 illustrates in percentage the prevalence of UAW and LAW tract pathogens in pwCF not chronically infected with P. aeruginosa.
A wide diversity of pathogens was detected and a statistically significant difference was found between S. aureus isolations in the upper
and lower tract (p < 0.05).

With regard to the isolation of nonfermenter gram-negatives, UAW sampling resulted in the isolation of 13 strains (5 strains of
P. aeruginosa, 5 of A. xylosoxidans, 2 S. maltophilia and 1 Burkholderia cepacia complex), whereas sampling from LAW resulted in the
isolation of 29 strains (9 P. aeruginosa, 9 A. xylosoxidans, 9 S. maltophilia and 2 B. cepacia complex). Overall, the difference observed in
nonfermenter gram-negatives between UAW and LAW was statistically significant (p < 0.05). No statistically significant differences
were observed in the isolations of each individual species.

In 9 pwCF in whom P. aeruginosa was isolated from the lower airways, 7 performed UAW sampling with NLM method (in 3 cases
positive for P. aeruginosa) and 2 with rhino-set (negative results).

Age (mean + SD) was 18.84 + 13.36 years in 128 subjects with positive UAW cultures and 18.97 + 13.09 in 165 subjects with
positive LAW cultures (p = 0.93). The FEV; values (% of predicted) were 83.83 + 22.08 and 84.64 + 23 (p = 0.78) in 112 (87.5%) out
of 128 UAW positive patients and in 145 (87.8%) out of 165 LAW positive patients able to perform spirometry, respectively.

In 94 subjects with UAW cultures positive for S. aureus the mean + SD age was 17.29 + 13.36 years and that of 140 subjects with
LAW cultures positive for S. aureus was 18.36 + 12.49 (p = 0.53). The FEV; values (% of predicted) were 88.11 + 20.47 and 86.85 +
21.49 (p = 0.67) in 83 (88.2%) out of 94 subjects with S. aureus positive UAW and in 125 (89.2%) out of 140 with positive LAW,
respectively.

Fig. 3 illustrates the different prevalence of pathogenic bacterial species that were isolated using either sputum collection or OP
swabs as sampling methods. Between the two sampling methods, no statistically significant differences were observed for any indi-
vidual bacterial species considered pathogens in CF.

Fig. 4, which compares different nasal sampling methods, illustrates the results regarding pathogen isolation. P. aeruginosa was
isolated from the UAW in 5 (5.6%) pwCF, in 3 of them concomitantly with the isolation of P. aeruginosa from the lower airways. Of 13
strains (5 P. aeruginosa, 5 A. xylosoxidans, 2 S. maltophilia and 1 B. cepacia complex) of non-fermenter gram-negatives isolated from the
UAW, 12 strains were isolated using NLM sampling and only 1 using rhino-set (p < 0.05).

Pain induced by the two sampling methods was assessed in 192 subjects undergoing nasal lavage.

In 13 children (3 missing data) under 8 years of age who performed the NLM method, the median score was 0 (IQR 0-2), the
majority of children had no pain,4 (30%) had a score of 2. In 8 pwCF (3 missing data) using the rhino-set method, the median score was
0 (IQR 0-2.25), again most children had no pain, only 2 (18.2%) had a score of 3. We observed no statistically significant differences
between the two methods (p-value: 0.96).

In 66 pwCF (5 missing data) over 8 years of age, the median score was 0 (IQR 0-0) for the NLM method, in 9 (13.6%) cases the score
was between 2 and 3 and in one case the score was 7. In 91 pwCF (3 missing data) using the rhino-set method, median score was 0 (IQR
0-0), in 19 (20.8%) pwCF the score was between 1 and 4, in 2 (2.2%) the score was 5-6 and in one case the score was 8. Also in children
over 8 years of age no statistically significant differences between the two methods were detected (p-value: 0.27).

Overall, both methods were well accepted, with a limited number of subjects reporting mild/moderate pain. There were no side
effects associated with either sampling method.

Once the co-operation with pwCF was obtained, the time required to perform the method with rhino-set is approximately 2 min
longer than with the NLM method.

5. Discussion

To our knowledge, this is one of the largest studies in the last five years aimed at assessing simultaneously the microbiological status
of UAW and LAW in pwCF. In our population the prevalence of bacterial isolates from UAW and LAW differ and the microbiological

Table 1
Demographic characteristics and method of UAW sampling of 192 pwCF.
Nasal lavage according to Mainz Nasal lavage with rhino-set Total

Number (males %) 88 (54.5%) 104 (59.6%) 192 (57.3%)
Mean age (years) 18.1 £13.5 20.0 £13.1 19.3 £13.6
<8 years (males %) 16 (50%) 11 (45.4%) 27 (48.1%)
>8 years (males %) 71 (54.9%) 94 (61.7%) 165 (50.5%)
F508del homozygous 21 22 43
F508del heterozygous 38 49 87
Other genotype 29 33 62
ETI treatment at sampling 3 12 15
Pancreatic status (insufficiency/sufficiency) 56/32 67/37 123/69
BMI kg/m?(mean + SD) 19.25 + 3.76 20.20 + 3.74 19.75 + 3.77
FEV; % (baseline) (mean + SD) 87.21 + 23.37 84.16 + 23.32 85.53 + 23.32
Exacerbations (2021-2022) 11 6 17
Days on parenteral antibiotic treatment (mean + SD) 11.27 + 5.84 11.33 + 6.74 11.29 + 5.96

Abbreviations - BMI: body mass index; ETI: Elexacaftor-Tezacaftor-Ivacaftor; FEV;: forced expiratory volume in the first second; SD: standard
deviation.
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Isolates (percentage) from upper and lower airways
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Fig. 2. Upper and lower respiratory tract flora in pwCF not chronically infected by P. aeruginosa (data non-mutually exclusive). Abbreviations -
LAW: lower airways; MRSA: methicillin resistant Staphylococcus aureus; UAW: upper airways.

Isolates (percentage) from lower airways (sputum versus OP swab)
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Fig. 3. Prevalence of pathogenic bacterial species isolated using spontaneously expectorated sputum collection or OP swab. Abbreviations - MRSA:
methicillin resistant Staphylococcus aureus; OP: oropharyngeal.

study on nasal lavage does not fully represent the microbiological status at the LAW level. Moreover, in our study two different
sampling methods of the UAW were also compared and we observed a significantly higher number of nonfermenter gram-negatives
isolated from people undergoing NLM.

From our data the prevalence of S. aureus, both in the UAW and LAW, was higher than in other publications and this could be
attributed to several factors. In comparison with other experiences the population of pwCF eligible for this study was more homo-
geneous, being not chronically infected with P. aeruginosa [14,19,20,22]. Moreover, the prevalence of S. aureus infection varies widely
between countries [4]. It is well known that there is no evidence-based treatment for the prevention of S. aureus infection and different
strategies can be adopted [33]. In our centre, as in many other centres, no antibiotic strategies were adopted over time to prevent
S. aureus infection. A clinical trial is currently underway in the UK to determine the true effectiveness of prophylactic treatment [34].

In our experience data showed a statistically significant difference in the culture test results between UAW and LAW. This dif-
ference, which is more substantial for S. aureus than for the other pathogens, raises the issue of the performance of airways sampling
methods. Spontaneously expectorated sputum is considered the gold standard to evaluate airways microbiology in pwCF and inter-
national guidance recommends taking respiratory samples for microbiological investigation following this method [4,35].
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Flora isolated from UAW using two different sampling methods
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Fig. 4. Flora isolated from UAW using two different sampling methods in pwCF not chronically infected by P. aeruginosa. Abbreviations - MRSA:
methicillin resistant Staphylococcus aureus; NLM: nasal lavage according to Mainz.

Much debate exists in the literature on other non-invasive sampling methods and whether OP cultures are truly representative of
the LAW. In our study, although there are no statistically significant differences, the detection of bacterial species is higher using
spontaneously expectorated sputum samples than OP swabs. Spontaneously expectorated sputum continues to be the recommended
specimen for sampling, and OP swabs should be used if a subject cannot expectorate [35]. Our study showed that the sensitivity of OP
swabs in isolating pathogens was lower than that of sputum but still higher than that of UAW. Although OP swabs are not fully
representative of the flora in the lower airways, they are nevertheless widely used in clinical practice in non-expectorating CF people
[4,35].

The issue of sampling methods is considered particularly important by pwCF following the introduction of highly effective CFTR
modulators. With this type of therapy in fact, the quantity of secretions decreases and sputum collection, considered up to now the gold
standard for microbiological analysis, appears more difficult [6-12]. Related to this topic, the James Lind Alliance, a non-profit
initiative aimed at identifying and prioritising unanswered questions in CF, ranks the best way to diagnose a lung infection in the
absence of sputum as the second of the top 10 priorities [36]. In this context, the study of UAW is easy to perform and, although not
currently included in the standards of care and not carried out routinely, it could be considered useful in providing some indications on
the microbiological status of pwCF.

Currently, microbiological monitoring of the UAW is not carried out regularly [14-25]. The studies conducted to date on UAW
microbiology are not easily interpretable due to the different sampling methods used, the different ages of pwCF and their microbi-
ological status. Various sampling methods, including endoscopy-guided aspirate [18], could be used. However, although endoscopy
sampling techniques are regarded as the most sensitive method, they are considered invasive. Nasal lavage is suggested as a
non-invasive alternative [18] although culture results may not represent the complexity of the UAW flora and the sample might be
contaminated with nasopharyngeal flora [24].

In our experience, using a single lavage, the microbiology of UAW cannot be used as a surrogate marker for the microbiological
status of the LAW and we found a difference between the two UAW sampling methods regarding the isolation of nonfermenter gram-
negative. At present, P. aeruginosa detection from the UAW is not an indication for starting early eradication treatment [3]. Micro-
biological monitoring of the lower airways using other methods, such as induced sputum, considered more sensitive than nasal lavage
in detecting P. aeruginosa [35,37], remains important for the correct definition of microbiological status and for starting appropriate
antibiotic treatment at initial P. aeruginosa isolation [4]. Whether a regular UAW monitoring to detect initial P. aeruginosa infection at
this anatomical site might be useful in the future for planning eradicating treatments aimed at preventing lung infection remains a
matter of debate.

In the present study, special attention was focused to pain symptoms possibly caused by the two sampling methods [20,32].
Overall, both UAW sampling methods were well accepted and we did not record any serious side effects related to the sampling
methods. Analysis of the data, both in subjects over 8 years of age and in subjects under this age, showed no statistically significant
differences in the perception of pain symptoms between the two sampling methods. The NLM method is preferable because of its
simplicity, materials are more readily available and this procedure requires less time.

The strengths of our study were the large sample size, including both paediatric and adult pwCF, and the homogeneity of the data
collected in a single centre with uniformity of sample collection and analysis methods. The findings from our study can easily be
generalised to clinical practice.
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The quasi-experimental study design we adopted to evaluate the UAW microbiology has obvious limitations compared to a
randomised controlled trial (RCT). The limitations in access to healthcare facilities put in place by the health authorities in the context
of the Sars-CoV-2 epidemic [26,27], contagions that occurred in pwCF and healthcare personnel, continuous re-scheduling of ap-
pointments, and the limitation of space and time used by healthcare personnel to conduct the study made us adopt a study design
simpler than a RCT. Other limitations stem from the fact that the result of a single sample cannot be considered truly representative of
the microbiological status. Furthermore, molecular typing studies on the bacterial isolates were not planned due to budget constraints.
In this regard, previous molecular studies have usually shown a concordance between UAW and LAW bacterial strains in pwCF [19,
20].

In conclusion, our study underlines the issues of airways sampling and emphasises both the diversity of results between UAW and
LAW and the different performances of sampling methods at the level of the UAW. The analysis of a simultaneous sampling shows that
the microbiological results at the level of the UAW cannot accurately represent that of LAW. Although the two UAW sampling methods
used are comparable with regard to the pain caused, the NLM method is preferable due to its simpler mode of execution. Although the
clinical significance and therapeutic perspectives regarding the UAW isolation of nonfermenter gram-negatives remain to be clarified,
the detection of more bacterial isolates was observed in pwCF sampled with the NLM method.
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