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Abstract

Pseudomonas aeruginosa (Pa) detection in the paranasal sinuses may help to prevent or postpone bacterial aspiration to
the lower airways (LAW) and chronic lung infection in cystic fibrosis (CF). We assessed the ability of an ELISA test for
measurement of specific Pa secretory IgA (sIgA) in saliva (a potential marker of sinus colonization) to early detect changes
in the Pa LAW status (indicated by microbiological sputum or cough swab culture and specific serum IgG levels) of 65
patients for three years, in different investigation scenarios. Increased sIgA levels were detected in saliva up to 22 months
before changes in culture/serology. Patients who remained Pa-positive had significantly increased sIgA levels than patients
who remained Pa-negative, both at the baseline (39.6 U/mL vs. 19.2 U/mL; p=0.02) and at the end of the follow-up (119.4
U/mL vs. 25.2 U/mL; p <0.001). No association was found between sIgA levels in saliva and emergence or recurrence of
Pa in the LAW. A positive median sIgA result in the first year of follow-up implied up to 12.5-fold increased risk of subse-
quent Pa exposure in the LAW. Our test detected early changes in the P. aeruginosa LAW status and risk of exposure to P.
aeruginosa in the LAW with two years in advance. Comparison with sinus culture is needed to assess the test’s ability to
identify CF patients in need of a sinus approach for Pa investigation, which could provide opportunities of Pa eradication
before its aspiration to the lungs.
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culture is the reference diagnostic method, but limitations
exist as only 35-40% of the patients are able to spontane-
ously expectorate a representative sputum sample [1, 2], and
the utility of cough swabs as an alternative for surveillance
is controversial, since they can underestimate the bacterial
presence in the lungs [3].

Pseudomonas aeruginosa 1gG serology as a surrogate has
been long discussed and proved useful for screening patients
with chronic lung infection and at risk of developing thereof
[4, 5]. However, the potential of serology for the early P. aer-
uginosa detection is a matter of debate [6], and the humoral
response may rise when a mucoid biofilm-producing P. aer-
uginosa strain is already well established in the CF lungs [7].
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The recent “unified airways” hypothesis suggests the
upper airways (UAW), namely the paranasal sinuses, as the
first niche and main reservoir of P. aeruginosa strains caus-
ing intermittent colonization, even after a certain period of
antibiotic eradication therapy, and bacterial detection and
treatment in the UAW might prevent or postpone its aspira-
tion to the lower airways (LAW), where it ultimately leads
to chronic lung infection [8—10]. Nevertheless, sampling
the paranasal sinuses with sinus aspiration (the reference
method) can be invasive, time-consuming, painful, and
expensive [9], therefore, unfeasible in the clinical routine of
most CF centers. Antibody-based enzyme-linked immuno-
sorbent assay (ELISA) techniques for measurement of the
secretory IgA (sIgA)-mediated immune response in nasal
lavage and saliva have been tested for diagnostic purposes,
as they can reflect the local immune response in the sinus
mucosa, and proved potentially useful for differentiation
among P. aeruginosa chronic infection, intermittent coloni-
zation, and absence of infection in the lungs [11], as well as
for ruling out chronic lung infection [12].

In the present study, we assessed the usefulness of a
previously standardized ELISA test for measurement of
specific P. aeruginosa sIgA in saliva [12] for early detec-
tion of changes in the P. aeruginosa colonization/infection
status in the lungs, indicated by changes in microbiological
culture and serum IgG results, in a three-year longitudinal
follow-up.

Methods
Patients’ classification

The study took place at the CF Reference Centre of the Uni-
versity of Campinas Teaching Hospital (Hospital de Clini-
cas—HC Unicamp). A total of 70 patients with confirmed
CF diagnosis [13] and without chronic P. aeruginosa lung
infection were initially enrolled, out of whom two patients
moved to other CF centres, two patients asked to be excluded
from the study, and one patient lost follow-up. The final
sample included 65 patients.

Pseudomonas aeruginosa lung colonization/infection
definition relied on modified Leeds criteria [12, 14], as fol-
lows: never colonized (no history of P. aeruginosa in micro-
biological culture with negative screening serum IgG result),
free of infection (history of P. aeruginosa in microbiological
culture, but not in the last 12 months prior the study, with
negative serum 1gG), intermittent colonization (P. aerugi-
nosa isolated in <50% of cultures in the last 12 months with
negative serum IgG, or no isolation of P. aeruginosa with
positive serum IgG), and chronic infection (P. aeruginosa
isolated in <50% of cultures in the last 12 months with
positive serum IgG, or P. aeruginosa isolated in >50% of
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cultures in the last 12 months regardless of the screening
IgG result).

LAW microbiological assessment

A minimum of four microbiological LAW cultures were
performed per patient/year, and sputum and cough swabs
were the samples of reference. Samples were sent to the
HC Unicamp Microbiology Lab and cultured in MacConkey
agar for 24 h at 37 °C. Identification was based on colonial
morphology (no lactose fermentation, metallic sheen, and
green diffusible pigment), grape-like odor, positive oxidase
reaction, and growth at 42 °C [15]. The biochemical identi-
fication was confirmed by automated methods using the BD
Phoenix™ System (Becton—Dickinson, Franklin Lakes, NJ,
United States), according to the manufacturer’s instructions.

Measurement of P. aeruginosa-specific serum IgG
and salivary silgA

Levels of P. aeruginosa-specific serum IgG (used as a com-
plementary test for P. aeruginosa detection in the LAW) and
sIgA in saliva were measured using previously described
ELISA tests [12, 16]. Blood samples were collected in
4.0 mL blood tubes without anticoagulant additives and cen-
trifuged (2500 rpm/15 min) for obtaining the serum samples.
Saliva samples were collected using Salivette® cotton swabs
(Sarstedt, Niimbrecth, Germany). The swab is placed in the
patient’s mouth for 3 min and transferred to an appropriate
tube for centrifugation (3000 rpm/10 min) and obtainment
of clear saliva.

A 96-well ELISA plate was coated overnight with
a commercially available pooled P. aeruginosa anti-
gen (St-Ag; Statens Seruminstitut, Copenhagen, Den-
mark) diluted 1:2000 in carbonate—bicarbonate buffer
(Na,COj; 10.0 nmol/L + NaHCO; 28.0 nmol/L; pH 9.5).
The St-Ag consists of 64 water-soluble antigens from 17
different O-groups of P. aeruginosa, obtained by soni-
cation [5]. The plate was rinsed for three times with a
rinsing buffer composed of phosphate-buffered saline
(NaCl 137.0 mmol/L + Na,HPO, 10.0 mmol/L + KH,PO,
1.8 mol/L; pH 7.4) added with 0.1% Tween 20 (PBS-T).
After rinsing, nonspecific antibody-binding sites on the
plate were blocked with PBS-T added with 0.1% bovine
serum albumin for 1 h and the plate was rinsed twice.
Samples diluted 1:800 (serum) and 1:8 (saliva) were added
for 1 h, followed by a three-time rinsing and addition of
horseradish peroxidase (HRP)-conjugated polyclonal
rabbit anti-human IgG (P0214, diluted 1:4000) and IgA
(PO216, diluted 1:2000) (Dako Denmark A/S, Glostrup,
Denmark), for antibody measurement in serum and saliva,
respectively. Tetramethylbenzidine (TMB; Sigma-Aldrich,
St. Louis, MO, United States) was added as the substrate,
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for 10 and 20 min, for plate-containing serum and saliva
samples, respectively, and reactions were stopped after
addition of sulfuric acid (H,SO,) 1.0 mol/L. The absorb-
ances were read at 450 nm on an ELISA reader (Labsys-
tems, Helsinki, Finland), and the absorbance values were
converted into U/mL. Cut-off values of 28.2 U/mL and
47.2 U/mL determined a positive result for serum IgG and
sIgA in saliva, respectively [12].

After screening, patients were seen on a quarterly
basis for three years and monitored for changes in the P.
aeruginosa LAW status and in the sIgA levels in saliva,
which were measured at least once a year. A change in the
P. aeruginosa status was considered upon conversion in
either microbiology or serology results. Changes in the
sIgA levels were analyzed in different scenarios, accord-
ing to patients’ P. aeruginosa LAW status at the end of the
follow-up. First, patients were divided into three groups:
Patients who remained P. aeruginosa-negative, i.e., never
colonized or free of P. aeruginosa LAW colonization/
infection (Pa,,,)); patients whose P. aeruginosa LAW
status were positive (intermittent colonization) at the
baseline but became negative at the end of the follow-up
(Pa(pys—neg))» and patients who became or kept P. aerug-
inosa-positive (Pap,)), 1.e., intermittently colonized or
chronically infected. In a second scenario, patients who
kept/became P. aeruginosa-negative were evaluated for
changes in the sIgA levels according to isolated episodes
of P. aeruginosa LAW colonization during the study,
being divided into two groups: those who had at least one
positive result for P. aeruginosa culture or serum IgG dur-
ing the follow-up and those who did not have any posi-
tive result indicating novel or recurrent colonization. In
a third scenario, patients were grouped according to their
history of exposure to P. aeruginosa in the LAW. In this
case, patients who were free of infection and intermittently
colonized were grouped together as having history of P.
aeruginosa exposure, and patients with no microbiological
or serological history of P. aeruginosa were classified as
not having history of P. aeruginosa exposure. Status was
changed from not exposed to exposed upon at least one

conversion in microbiological culture or serology during
the follow-up.

Statistical analysis

Baseline sIgA levels were compared according to the base-
line P. aeruginosa status (never colonized, free of infec-
tion, and intermittent colonization), and according to the
P. aeruginosa-related outcome in the different scenarios,
using the non-parametric Mann—Whitney U test (for two
independent samples) and the one-way Kruskal-Wallis H
test (for more than two independent samples). Variations
in the sIgA levels within each group were assessed using
the non-parametric Wilcoxon test (for two different periods)
and the Friedman test (for more than two different periods).
Differences between percentages were assessed using the
Chi-square test. Risk analyses were performed by calculat-
ing the odds-ratios (ORs) and their 95% confidence intervals
(CI). For all tests, a p value lower than 0.05 was considered
statistically significant.

Ethical aspects

The study was approved by the ethics committee of the
School of Medical Sciences, University of Campinas (tech-
nical opinion number: 931.170). All patients who agreed
to participate provided written informed consent. When
the patient was under 18 years old, written informed con-
sent was provided by his/her legal guardian, and the patient
(when literate) provided written informed assent.

Results

Out of 65 enrolled patients, 31 were male and 34 were
female; the median age was 4.5 years old (0.4-18.7). Spu-
tum was collected from 12 patients, and, in 53 patients, the
respiratory sample was collected with cough swab. Twenty-
eight patients were intermittently colonized, 20 were free of
infection, and 17 were never colonized with P. aeruginosa

Table 1 Patients enrolled in the

study P. aeruginosa status Intermittent colonization Free of infection Never colonized p value®
N 28 20 17 -
Gender (M/F) 12/16 10/10 9/8 -
Median age (range) 3.2(0.4-14.1) 6.6 (0.7-18.7) 4.3 (0.4-16.3) -
Median (serum IgG)* 11.0 (1.7-145.0) 7.2 (2.5-22.9) 6.2 (3.3-17.1) 0.284
Median (sIgA)* 27.1 (3.2-424.5) 37.1 (3.1-223.1) 15.0 (2.8-44.2) 0.037
% sIgA positivity 46.0 35.0 0.0 0.004

Gender, age, P. aeruginosa status, median baseline sIgA levels in saliva and percentage of sIgA positivity

4Given in units per mL (U/mL)
®One-way Kruskal-Wallis H test
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(Table 1). Both median baseline sIgA levels in saliva and
rate of sIgA positivity were significantly higher in patients
who were free of infection (37.1 U/mL; p=0.014 and 35%;
p=0.007) and intermittently colonized (27.1 U/mL; p=0.03
and 46%; p=0.001) when compared to the never colonized
group, which did not show sIgA positivity (Table 1).

During the study, five patients who were free of infec-
tion at the baseline changed the P. aeruginosa LAW status
to intermittent colonization, two changed to chronic infec-
tion, and 13 remained free of infection. Episodes of recur-
rent colonization were seen in 54% of the latter. The rate of
sIgA positivity in this group at the end of the follow-up was
60%, and all patients who were sIgA-positive at the baseline
kept positive sIgA levels until the end of the study. Eight
patients who were never colonized developed P. aeruginosa
colonization during the follow-up, and three of them were
intermittently colonized at the end of the follow-up, with
a rate of sIgA positivity of 41.2%. Seven patients from the
intermittently colonized group maintained this status, two
developed chronic lung infection, and 19 became free of
infection. The rate of sIgA positivity at the end of the follow-
up was 64.3% (Fig. 1).

Out of 12 patients who were able to expectorate sputum,
seven (58%) were intermittently colonized at the baseline.
Two of them became free of infection, two became chroni-
cally infected, and three kept intermittently colonized at the
end of the follow-up. Two patients were never colonized at

the baseline and remained so during the study, and three
patients were free of infection, one of whom became inter-
mittently colonized at the end of the follow-up. Overall,
patients who were sputum producers had significantly higher
median sIgA levels in saliva at the baseline (46.7 vs. 19.2
U/mL; p=0.014), as well as in the first (69.4 vs. 39.5 U/
mL; p=0.042) and second (131.3 vs. 45.4 U/mL; p=0.031)
years, but not in the last year of follow-up (108.9 vs. 51.8 U/
mL; p=0.068), compared to patients whose samples were
collected with cough swab.

First scenario: slgA levels in saliva according
to changes in the P. aeruginosa LAW status

After three years of follow-up, microbiological respiratory
culture and serum IgG results indicated 27 patients who
remained P. aeruginosa-negative (Pa ), 19 who were P.
aeruginosa-positive and became P. aeruginosa-negative
(Pay5—peq))> and 19 who remained or became P. aeruginosa-
positive (Pag,,,)). Median baseline sIgA levels in saliva were
19.2 U/mL (2.8-155.1), 25.4 U/mL (3.2-424.5) and 39.6
U/mL (3.7-223.1), respectively. Statistical significance was
found between the Pa,,, and Pa,,, groups (p=0.02). The
median sIgA levels significantly increased within the Pa,,,,
and Pa,,,) groups in the last year of follow-up, compared
to the baseline. The median values (range; p value) were
25.2 U/mL (10.1-420.8; p=0.003), 51.3 U/mL (16.7-285.1;

Baseline End of follow-up
r 1 T 1
Positive sI =3
Remained never colonized (N=9) { ositve. <IgA (N=3) Positive sl —_»
v : Negative slgA (N = 6) osiive. slgh. (N=2)
Never colonized / Newati oA Q= 3)
N = egative s =3
=17 Became Pafree (N=15) &

Remained Pafree (N = 13%) {

Free of infection

N=20

Pa colonization during the study (N = 8) -[

Positive sIgA (N =2)

Became Pa intermittent (N = 3) {
Negative sIgA (N=1)

Positive sIgA (N=7)
Negative sIgA (N=6)

Positive sIgA (N =5)

Became Pa intermittent or chronic (N=7)

Remained Pa intermittent (N =

Intermittent colonization

N=28)

Became Pafree (N=19)

Became Pa chronic (N =2) {

Negative sIgA (N=2)

N {Positive sIlgA (N=6)

Negative sIgA (N=1)

Positive sIgA (N=11)
Negative sIgA (N=8)
Positive sIgA (N=1)
Negative sIgA (N=1)

Fig. 1 CF patients enrolled in the study classified according to their baseline P. aeruginosa LAW status. Outcomes and sIgA positivity at the end
of the follow-up (*54% of the patients in this group had P. aeruginosa recurrence during the follow-up)
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p=0.07) and 119.4 U/mL (15.6-655.8; p=0.01) in the
Pa,eq)s Pa s neg) and Pay,, ) groups, respectively. Signifi-
cantly higher sIgA levels were observed in the P, group
(»=0.005) at the end of the follow-up (Fig. 2).

Second scenario: change in the slgA levels according
to novel or recurrent LAW colonization with P.
aeruginosa

Among patients from the Pa,,,) and Pa,,_,..) groups
(n=46), 22 had at least one novel or recurrent episode of
LAW colonization during the follow-up. Median sIgA levels
in these patients were elevated in all study periods when
compared to patients without novel or recurrent coloniza-
tion; however, statistical significance was reached only in
the first year of follow-up. Within both groups, the median
sIgA levels were significantly higher in the last year than
at the baseline (Table 2). Within the Pa,,,,_,.,) group, 9/19

(47%) patients did not have recurrent P. aeruginosa LAW
colonization during the follow-up, but their median sIgA
levels in saliva were significantly higher in the last year of
follow-up than at the baseline.

Among 24 patients who did not have novel or recurrent
P. aeruginosa lung colonization, one patient in the Pa,,,,
group had chronic Stenotrophomonas maltophilia lung colo-
nization and other four patients (three in the Pa,,, group
and one in the Pa,,,,_,.,) group) had at least three isolations
of other Gram-negative bacteria (S. maltophilia, Haemo-
philus influenzae and Burkholderia cepacia complex) in
microbiological culture during the follow-up. When these
five patients were excluded, the median sIgA levels in the
second year of follow-up became significantly higher in the
Pa, ;) group; however, no statistically significant differ-
ences other than that were observed (Table 2).

Out of the patients who were P. aeruginosa-nega-
tive at the baseline, 20 converted their sIgA levels and

Fig.2 Distribution of the
median sIgA levels in saliva

at the baseline and in the

three years of follow-up,
according to changes in the P.
aeruginosa LAW status (indi-
cated by changes in microbio-
logical culture and serum IgG
results). Pag,,,: patients who
were P. aeruginosa-negative at
the baseline and kept this status
until the end of the follow-up;
Py, _neq): Patients who were

P. aeruginosa-positive at the
baseline and became negative at
the end of the follow-up; Pa,,:
patients who were P. aerugi-
nosa-positive at the baseline
and remained positive until the 200.0
end of the follow-up. The dotted %
line corresponds to the cut-off
value of the sIgA ELISA test g
(47.2 U/mL) - .

I:l P, Q(neg)
P a(po:—nsg)
P, alpo:)

800.0

600.0

400.0+

Median [sIgA] (U/mL)

Study Period

Table 2 Changes in the sIgA
levels in saliva according

to development of novel

or recurrent P. aeruginosa
colonization in the LAW during
the follow-up (indicated by
changes in microbiological
respiratory culture and/or serum
IgG results)

P. aeruginosa recurrence

Yes

No

p value®

p valueP©

Median [sIgA] baseline
Median [sIgA] Year 1
Median [sIgA] Year 2
Median [sIgA] Year 3

p value®

24.2 (2.8-223.1)
55.0 (6.9-337.8)
96.7 (11.0-708.0)
73.0 (10.1-655.8)
0.002

21.3 (3.1-424.5)
21.9 (6.6-277)
40.8 (14.0-607.0)
28.1 (11.0-285.0)
<0.001

0.260
0.011
0.269
0.116

0.164
0.020
0.043
0.138

“Friedman test
"Mann-Whitney U test

¢After excluding patients with chronic or recurrent colonization with other Gram-negative bacteria
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maintained them positive until the end of the follow-up,
15 of whom had novel/recurrent colonization or ended the
study as P. aeruginosa-positive. In 10 of these patients,
the sIgA test was able to detect P. aeruginosa before
(n=238) or simultaneously (n=2) to changes in microbio-
logical respiratory culture or serum IgG results, with a
mean interval of 9.5 months (0-22.1). In five patients,
the sIgA response in saliva rose after detection by culture/
IgG, with a mean interval of 6.4 months (3—14). Other
five patients maintained positive sIgA levels in saliva
without converting culture or IgG results until the end
of the follow-up.

Third scenario: changes in the slgA levels in saliva
according to the history of P. aeruginosa exposure
in the LAW

In this scenario, 48 and 17 patients were classified as
having and not having history of P. aeruginosa LAW
exposure at the baseline, respectively. During the follow-
up, eight patients were exposed to P. aeruginosa, irre-
spective of their P. aeruginosa-related outcome at the
end of the follow-up. Both sIgA levels and rate of sIgA
positivity were significantly higher in patients who had
P. aeruginosa exposure in all the study periods, except in
the second year (Table 3; Fig. 3). A positive median sIgA
result in the first year of follow-up implied significantly
increased risks of P. aeruginosa exposure both in the sec-
ond year (OR 12.5; CI: 1.5-104.6) and in the third year
of follow-up (OR 9.2; CI: 1.1-78.8).

D No history of P. aeruginosa esposure
$00.0 History of P. aeruginosaesposure

p=0374
x 2 =0.041
x
3 600.0- ®
g
£
2 2 =0.005 ¥
e x
3
x
? 40001 »2=0002 : i
| x %
= x
=]

200.0

. @ |
3 | g i] B é G
Baseline Year 1 Year2 Year3
Study Period

o

Fig. 3 Distribution of the median sIgA levels in saliva at the baseline
and in the three years of follow-up according to the patients’ history
of P. aeruginosa exposure during the study. The dotted line corre-
sponds to the cut-off value of the sIgA ELISA test (47.2 U/mL)

Discussion

Chronic bacterial sinusitis affects most CF patients and
P. aeruginosa is commonly isolated in cultures of sinus
secretion [17-19]. However, the impact in life quality
seems to be low and sinus symptoms tend to be under-
reported by CF patients [20-22]. The high sIgA/IgG ratio
in the paranasal sinuses is likely to be the main reason for
this, given the low inflammatory response triggered by
sIgA upon the encounter with the pathogen in the sinus

Table 3 Changes in the sIgA

. : . History of P. aeruginosa exposure Exposed Not exposed p value®
levels in saliva and in the
percentage of sIgA positivity Baseline
g e pwens’ i : f
exposure during the follow-up % sIgA positivity 41.7 0 <0.001
Median [sIgA] (U/mL) 31.1 (3.1-424.5) 15.0 (2.8-44.2) 0.005
Year 1
N 49 16 -
% sIgA positivity 59.2 12.5 0.001
Median [sIgA] (U/mL) 59.1 (6.6-337.8) 20.7 (7.5-92.2) 0.002
Year 2
N 54 11 -
% sIgA positivity 55.6 45.5 0.54
Median [sIgA] (U/mL) 68.0 (10.8-707.6) 41.4 (18.3-306.2) 0.374
Year 3
N 56 9 -
% sIgA positivity 60.7 333 0.124
Median [sIgA] (U/mL) 66.7 (10.1-655.8) 24.4 (16.0-110.4) 0.041
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mucosa [9, 23]. P. aeruginosa-specific sIgA is detectable
in saliva [11, 12] and ELISA-based tests may be useful to
identify P. aeruginosa foci in the CF paranasal sinuses and
the risk of downward lung colonization, as sinus secre-
tions are aspirated to the lungs [24]. Thus, we aimed to
assess the ability of our sIgA ELISA test to early detect
P. aeruginosa emergence in the LAW. To better separate
the patients according to their P. aeruginosa LAW sta-
tus, given the limited number of microbiological cultures
annually performed at our center (mean number of four per
patient), our classification criteria relied on both microbio-
logical culture and specific serum IgG to P. aeruginosa,
where one test complements the other.

Elevated P. aeruginosa-specific sIgA levels in saliva sam-
ples from 36% of patients free of infection (Table 1) are not
unexpected, since these patients had at least one previous
exposure to P. aeruginosa, and, even after bacterial eradica-
tion in the LAW, the sIgA response in saliva may indicate
memory production [25, 26] or, most likely, persistent focus
of sinus colonization. This is most evident with the mainte-
nance of positive sIgA levels in this specific group alongside
to their considerable rate of recurrent P. aeruginosa LAW
colonization during the study. Initially, the test also proved
able to rule out any current or past exposure to P. aerugi-
nosa in the LAW, as no sIgA positivity was seen in the never
colonized group, corroborating our first assessment of the
test, which found a negative predictive value of 92% for rul-
ing out chronic lung infection [12]. However, at the end of
the follow-up, 33% of patients who maintained this status
had positive sIgA levels (Fig. 1; Table 3).

Concerning clinical outcomes, the use of different inves-
tigation scenarios provided us with a clearer assessment of
the test’s usefulness. We firstly hypothesized that patients
from the Pa,,,,, group would have significantly higher sIgA
levels in saliva than patients from the Pa,,,) group both at
the baseline and in the last year of follow-up, which was con-
firmed (Fig. 2). The absence of statistical difference between
the Pa,,,, and Pa,_,.,) Was not considered a surprise and
is in accordance with recent microbiological findings of
CF patients who underwent lung transplant, which found a
significant correlation between pretransplant sinus cultures
and posttransplant BAL cultures, with 19/21 patients with P.
aeruginosa-positive sinus culture having positive BAL cul-
ture [27]. Other study [28] demonstrated that 42% of patients
had the same colonizing pathogens of pretransplant LAW
cultures recovered in nasal lavage cultures after transplant.
Clinical benefits of the sinus approach for CF patients have
been reported by the Copenhagen CF study group. Patients
who underwent sinus surgery combined with systemic and
postoperative topical antibiotic treatment showed lung func-
tion improvement and significantly decreased frequency of
lung colonization with P. aeruginosa and other Gram-nega-
tive bacteria 1-3 years after surgery [10, 29]. These results

support the potential role of the paranasal sinuses as a niche
for downward colonization or recolonization of the LAW.

Interestingly, there was no significant difference in the
sIgA levels in saliva between the Pa,,.,, and Pa,,_,.,
groups at the end of the follow-up. We hypothesized that this
could be explained by isolated episodes of novel or recurrent
LAW colonization during the study in both groups, which
led us to the second investigation scenario. Nevertheless,
despite the significantly elevated median sIgA levels in the
first year of follow-up in patients who had P. aeruginosa
recurrence, no significant associations were found between
sIgA levels and recurrent colonization, given the consider-
able percentage of patients from the Pa,,, group with posi-
tive sIgA at the end of the follow-up (Table 2). Corroborat-
ing what was speculated in our cross-sectional analysis [12],
these results strongly suggest that patients from the Pa,,,,,
compose a group of risk for development of P. aeruginosa
LAW colonization. This hypothesis was confirmed in our
third investigation scenario, where a positive median sIgA
result in the first year of follow-up entailed 12.5- and nine-
fold increased risks of exposure to P. aeruginosa in the LAW
one and two years later, respectively. It is worth mentioning
that, despite the absence of positive results of culture and/or
serum IgG, patients who are free of LAW infection are not
free of P. aeruginosa exposure as they probably have estab-
lished immune memory to P. aeruginosa due to the previous
episodes of colonization or infection, although no studies
have assessed memory formation against CF lung infec-
tions so far. Therefore, in this specific scenario, this group
of patients was placed together with intermittently colonized
patients, who are also exposed to the bacterium. Moreover,
the significant rise of sIgA levels in Pa,,, patients, who did
not have recurrent P. aeruginosa LAW colonization (theo-
retically meaning successful antibiotic therapy), prevents
the test from being considered a marker of P. aeruginosa
eradication in the LAW.

Although the St-Ag contains antigens that are cross-reac-
tive with other Gram-negative bacteria and cross-reactions
have been previously reported [30-32], this did not appear
to be a major problem in the present study, as no statistically
significant difference in the sIgA levels between patients
who had and who did not have recurrent P. aeruginosa
lung colonization was observed at the end of the follow-
up, even after excluding patients who were chronically or
recurrently colonized with other Gram-negative bacteria. In
most patients who became P. aeruginosa-positive or had
novel or recurrent colonization during the study, the sIgA
response was detected in saliva before or simultaneously to
culture/serum IgG. However, there were cases in which the
pathogen was first detected in the LAW and more than 25%
of patients ended the follow-up as P. aeruginosa-positive
without positive sIgA levels in saliva. In these patients, the
recolonization source may be the conducting airways of the
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lungs, where P. aeruginosa is not eradicated by antibiotic
therapy, grows slowly in biofilm aggregates or as microcolo-
nies due to the lower oxygen concentration, followed by an
inflammatory response activated in a lesser degree [33—35].
Such discrepancies were also found in microbiology-based
studies, and the sampling method seems to play a role, as
less invasive methods, such as nasal lavage, may not well
represent all the paranasal sinuses [36]. In fact, the agree-
ment between P. aeruginosa presence in the UAW and LAW
seems to vary from 19 to 55%, depending on the sampling
method [18, 37, 38]. Yet, a single specific sinus may not cap-
ture bacteria located in other sinuses [39]. Likewise, it is not
possible to categorically state that the P. aeruginosa pres-
ence in a given sinus can elicit a detectable sIgA-mediated
response in saliva. On the other hand, the rates of genotypic
compatibility of samples recovered from the upper and lower
airways are high [18, 19, 40]. In brief, this suggests that the
paranasal sinuses do act like bacterial reservoirs, but they
are not the only ones.

This is the first study in the American continent to assess
the usefulness of an ELISA test for detection of P. aerugi-
nosa-specific sIgA in saliva. Naturally, there are limitations.
First, this was a single-center study with a low number of
patients and samples, which hampers more robust statisti-
cal analyses. Second, the study lacks the comparison of the
sIgA response in saliva with a microbiological assessment
of the paranasal sinuses, an approach that is not routinely
performed in our CF center and is needed to confirm the
true potential of sIgA in saliva as a marker of persistent
sinus colonization. Third, the low number of patients who
developed chronic infection prevented the assessment of
the test’s ability to early detect the onset of P. aeruginosa
chronic LAW infection, which we aim to evaluate in a larger
follow-up. Overall, the results show an easy, feasible, and
rapid test, which, in a short period, detected changes in the P.
aeruginosa LAW status and risk of P. aeruginosa exposure
in the LAW with two years in advance, therefore corroborat-
ing the unified airways hypothesis. Although its diagnostic
usefulness must be better evaluated, our ELISA test emerges
as a potential alternative to identify patients in need of inves-
tigation of P. aeruginosa sinus colonization, which, in turn,
could open a window of opportunity to eradicate the bacteria
in this compartment before their aspiration to the lungs.
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