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Abstract

Background: Chronic cough in children is a diagnostic challenge.

Objective: To discover the utility of nasal dipsticks and polymerase chain reaction (PCR)-DNA analysis in differentiating
bacterial sinusitis from other causes of chronic cough and identifying pathogens from the nasal cavity.

Method: We recruited 22 patients under |15 years of age with cough lasting longer than 4 weeks (group 1), 7 controls with
allergic rhinitis (group 2), and 10 controls without respiratory symptoms (group 3). Based on symptoms, the results of nasal
secretion assays, and nasal endoscopy, a diagnosis of clinical bacterial sinusitis was made. We identified potential pathogens
by quantitative PCR of nasal secretions.

Results: Group | A (cough with clinical bacterial sinusitis n = 10): Eight (80%) patients had bacterial sinusitis associated with
dominant potential pathogenic bacteria (PPB): Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis.
Group |B (cough without clinical bacterial sinusitis n = 12): None had dominant PPB. Group 2 (allergic rhinitis n =7): None
had dominant PPB. Group 3 (asymptomatic n = 10): None had dominant PPB. Twenty to 57% of all groups were colonized
with Staphylococcus aureus. Fifty to 70% were colonized with Staphylococcus epidermidis, Corynebacterium pseudodiphtheriticum,
and Dolosigranulum pigrum.

Conclusion: In children with chronic cough, clinicians can utilize a simple and inexpensive nasal secretion dipstick assay for
rapid diagnosis of sinusitis and identify PPB by DNA-PCR test for specific antibiotic treatment.
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Introduction either allergic and nonallergic rhinitis or bacterial and

Chronic cough is defined as daily cough lasting 4 weeks ~ nonbacterial sinusitis. Protracted bacterial bronchitis is
or longer." In children under 15 years of age, the causes now recognized as one of the most common causes of
of chronic cough include congenital defects, asthma, for- ~ chronic wet cough, especially in young children under
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eign body aspiration, infections, allergic diseases, gastro- ¥ ge.
esophageal reflux, tumors, and other rare causes.’
Among these, the most common etiologies include
asthma, upper airway cough syndrome, protracted bac-
terlal bronchitis’ and nonspeciﬁc Cough3’4 The diagnosis 'Division of Allergy and Immunology, Department of Pediatrics, Harbor
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of asthma or cough variant asthma can be made on the c
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Once asthma and other conditions listed above are
ruled out, upper airway cough syndrome or protracted
bacterial bronchitis need to be considered as the most
likely diagnoses. In approaching these clinical entities,
our goal was to promptly detect the patients with bac-
terial sinusitis and the involved pathogens and to treat
them with appropriate antibiotics. To this end, we decid-
ed to employ a novel method described by Huang and
Small,® who reported that nasal secretion dipstick assay
was highly correlated with sinus imaging studies and
could be utilized for the diagnosis of sinusitis. We
employed this simple approach for obvious reasons:
speed, cost-effectiveness, and avoidance of radiation
risk associated with sinus imaging studies. We also
sought an equally simple and rapid method for identifi-
cation of the pathogens for the suspected sinusitis.
Positive findings in imaging studies of sinuses such as
opacities and thickened lining indicate the presence of
inflammation, possibly infection, but may have poor
correlation with clinical disease™'® and do not reveal
any information on etiologies. Although sinus puncture
would yield such information,'' this cannot be per-
formed in most nonsurgical office settings. Studies
have documented that nasal culture is a poor reflection
of the microbes in the sinus cavity.'> Therefore, we ana-
lyzed the microbes from the osteomeatal area utilizing
a quantitative PCR method in an attempt to detect
the pathogens that may cohabit both sinus and
nasal cavities.

Methods

This prospective study was conducted between 2017 and
2018 with the approval of the institutional review board
and human subject committee at LA Biomed/Harbor-
UCLA Medical Center. Informed consent was obtained
from all patients.

Study Design and Participants

We recruited 39 children from 1 to 14 years of age com-
posed of 3 groups.

Patients with chronic cough (group IA and IB). We studied
22 children who had cough for longer than 4 weeks.
Among these, 10 patients who met the clinical diagnostic
criteria of bacterial sinusitis listed below were subclassi-
fied as group 1A (cough with clinical bacterial sinusitis)
and the other 12 as group 1B (cough without clinical
bacterial sinusitis).

Patients with allergic rhinitis (group 2). We studied 7 patients
with rhinitis and positive skin tests for respiratory
allergens but without cough and lower respirato-
ry symptoms.

Subjects without respiratory symptoms (group 3). We studied
10 children without current or past respiratory com-
plaints who were seen for routine physical checkups.

All patients were interviewed for pertinent history
and had nasal secretion assays and quantitative PCR
analysis of nasal secretions. The patients with chronic
cough (group 1) and allergic rhinitis (group 2) had
additional procedures: nasal endoscopy and allergy
skin testing.

Clinical Diagnosis of Bacterial Sinusitis

The clinical diagnosis of bacterial sinusitis was made
when a patient met 2 out of 3 criteria consisting of pos-
itive clinical history of sinusitis, nasal endoscopy, and
nasal secretion score as explained below.

Clinical history. The complaint of facial pain, sinus pres-
sure, or purulent nasal drainage was considered as pos-
itive history.

Nasal endoscopy. Jedmed flexible fiberoptic nasophar-
yngoscope (St. Louis, MO) was used after the applica-
tion of oxymetazoline nasal spray and 2% lidocaine
spray to each nostril 3 times. The presence of purulent
discharge in the middle meatus or in the nasopharynx
was considered to be a strong indicator for bacteri-
al sinusitis.

Nasal secretion assay. Nasal discharge was obtained by
swabbing with a wet cotton applicator 1 to 2cm into
the nasal antrum laterally and aiming at the middle
meatus. The applicator tip was then smeared over a
urine dip strip. The strip was scored in 4 components:
protein, nitrite, pH at 60 s, and leukocytes at 120 s. The
scoring was done according to the protocol published by
Huang et al.® as follows:

Protein
below2+ =0; 24+ =1;3+=2;4+ =3
pH
below7.5=0;75=1;80=2;85=2;85=3
Leukocyte esterase
below 1+ =0; 1+ =2; >24+ =3
Nitrite
no color = 0; light pink = 1; dark pink = 2

The total score was the sum of individual scores of
protein, pH, leukocyte esterase, and nitrite. A score
above 3 was considered as an indicator of bacteri-
al sinusitis.
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Analysis of Nasal Microbes

Nasal secretion samples were collected by inserting the
swab into the nostrils and rubbing while rotating the
swab from a depth of 2 to 3 cm and sent to MicroGen
Diagnostics (Lubbock, TX) for DNA analysis of nasal
microbes for rapid identification of PPB (potential path-
ogenic bacteria) and PPV (potential pathogenic virus).

Rapid PCR Screening and Quantification

This report, generated within 24 hours of sample collec-
tion, utilized the rapid quantitative PCR method using a
Roche LightCycler 480 II instrument that detects 7 types
of bacteria and the bacterial load, 1 fungus, 19 viruses,
and 8 bacterial resistance genes. The bacterial primers
were Haemophilus influenzae (HI), Moraxella catarrhalis,
Streptococcus — pyogenes,  Streptococcus — agalactiae,
Candida  albicans, Pseudomonas aeruginosa, and
Staphylococcus aureus (SA). Viral primers included
Human Rhinovirus/Enterovirus, Adenovirus, Coronavirus
(229E, HKU1, NL63, 0C43), Human metapneumovirus,
Influenza (A H1, H3, H1 2209, B), Parainfluenza Virus
(1, 2, 3, 4), Respiratory Syncytial Virus, Bordetella per-
tussis, Chlamydophila pneumoniae, and Mycoplasma
pneumoniae. Resistance genes for the following antibiot-
ics were included vancomycin, methicillins, beta-lactams,
carbapenems, macrolides, aminoglycosides, tetracy-
clines, and quinolones. Once the presence of bacteria
was identified, relative quantity (abundance) of these
was reported in percentage of total bacterial load subse-
quently by using NGS (next-generation sequencing)
machine. The method utilized universal 16S and internal
transcribed space amplicon sequencing on the Ion
Torrant Personal Genome Machine. A bacterium with
abundance greater than 50% was considered to be a
dominant species.

Classification of Microbiome

Streptococcus pneumonia (SP), HI, and Moraxella catar-
rhalis (MC) were classified as PPB, and Staphylococcus
epidermidis (SE), Corynebacterium pseudodiphtheriticum
(CP), and Dolosigranulum pigrum (DP) were classified as
PNPB. SA was classified separately. Rhinovirus and
Parainfluenza Virus were classified as potentially patho-
genic viruses (PPV). These classifications will be elabo-
rated in the “Discussion” section.

Skin Testing

Allergy skin tests were employed to identify patients
with allergic rhinitis (group 2). Tests were performed
according to a standard procedure using 16 to 40 inhal-
ant allergens (Stallergenes Greer; London, UK) applied
to the skin by Multitest applicator (Lincoln Diagnostics;

Decatur, IL). The allergens included dust mites, cat, dog,
molds, and pollens of grass, trees, and weeds specific to
Southern California.

Statistical Analyses

Means or medians and standard deviations or interquar-
tile ranges were computed for continuous variables.
Frequencies and percentages were compared for categor-
ical variables. Analysis of variance was used if the out-
come followed a normal distribution. The Kruskal-
Wallis test was used for nonnormal continuous out-
comes. Chi-square or Fisher exact tests were used to
compare differences in proportions among groups.
SAS 9.4 Software (Cary, NC) was used for all
data analyses.

Results

As stated in the “Methods” section, subjects who met
2 out of 3 sinusitis criteria were classified as group 1A.
Nasal endoscopic findings (P < .04) and nasal secretion
scores (P <.0001) were highly sensitive and could have
been used as the selection criteria by themselves as
shown in Table 1.

Patterns of Microbes Among Different Clinical Groups
(Tables 2 and 3, and Figure 1)

The group with clinical diagnosis of bacterial sinusitis
(group 1A) carried PPB in their nasal cavity in higher
percentage. NPPB, SA, and PPV were present in various
degrees in all 3 groups, but there were no statistically
significant patterns discernible.

Group IA. Among the 10 patients who met the clinical
criteria for bacterial sinusitis, 8 patients (80%) (P =.02)
demonstrated the presence of PPB in their nasal samples
including SP, HI, and MC. All 8 patients had one of
these PPB as a dominant species (P < .0001). Six (60%)
patients demonstrated the presence of PPV antigens and
4 (40%) had concomitant PPB and PPV.

Group IB. Twelve patients were classified into a nonbac-
terial cough group since they did not meet the above
bacterial sinusitis criteria. Two patients (17%) demon-
strated the presence of PPB, but none of which were
dominant. Three (25%) patients demonstrated the pres-
ence of PPV antigens and 1 (8%) had concomitant PPB
and PPV.

Group 2. Among 7 patients with allergic rhinitis, 1
patient had nondominant PPB. One (14%) patient car-
ried PPV.
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Table |I. Demographics and Clinical Characteristics.

Group |A: Group B: Group 2: Group 3:
Cough w/ Bacterial Cough w/o Bacterial ~ Allergic Rhinitis ~Asymptomatic
Sinusitis (n = 10) Sinusitis (n=12) (n=7) (n=10) P
Mean age, y (range) 47 (2-12) 5.8 3-12) 8.0 (1-12) 5.6 2-9) NA
Male sex, n (%) 6 (60%) 5 (42%) 4 (57%) 5 (50%)
Race/ethnicity, n
White 4 5 4 3
African American | 0 0 I
Hispanic 3 4 0 4
Asian 2 3 3 2
Mean cough duration (wks) I5 31 0 0
Positive nasal endoscopy for sinusitis, n (%) 8 (80)° 2 (17) 2 (29) NA .004
Mean nasal secretion score (range) 54 3-7)° 1.8 (1-5) 1.9 (0-5) 0.7 (0-1) <.0001
Positive allergy skin test/IgE, n (%) 5 (50) I 91 7 (100) NA

2P values are based on Kruskal-Wallis test.

PP values are expected to be statistically significant since positive nasal endoscopy findings and nasal secretion scores were used as selection criteria to

diagnose bacterial sinusitis.

Table 2. Summary of Microbe Distribution Among Different Groups.

Group |A: Group IB: Group 2: Group 3:
Cough w/ Bacterial Cough w/o Bacterial Allergic Rhinitis Asymptomatic

Sinusitis (n=10) Sinusitis (n=12) (n=7) (n=10) P
Subjects with PPB (% of total) 8 (80%)” 2 (17%) I (14%) I (10%) .002
Subjects with NPPB (% of total) 5 (50%) 10 (83%) 4 (57%) 7 (70%) 4
Subjects with SA (% of total) 2 (20%) 2 (17%) 4 (57%) 4 (40%) 3
Subjects with SE (% of total) 2 (20%) 3 (25%) 3 (43%) 3 (30%) 8
Subjects with CP (% of total) 2 (20%) 6 (50%) I (14%) 5 (50%) 3
Subjects with DP (% of total) 3 (30%) 8 (75%) I (14%) 6 (60%) .09
Subjects with PPV (% of total) 6 (60%) 3 (25%) I (14%) 2 (20%) 2

Abbreviations: CP, Corynebacterium pseudodiphtheriticum; DP, Dolosigranulum pigrum; PNPB, potentially nonpathogenic bacteria; PPB, potentially pathogenic
bacteria; PPV, potentially pathogenic virus; SA, Staphylococcus aureus; SE, Staphylococcus epidermidis.
?Group |A had significantly more PPB demonstrated in their nasal cavity.

Table 3. Number of Subjects With Dominant (>50% of Total) of Bacteria in Each Group.

P for the
Presence of
Group |A: Group IB: Group 2: Group 3: Dominant
Cough w/ Bacterial Cough w/o Bacterial Allergic Rhinitis Asymptomatic Bacteria in
Sinusitis (n=10) Sinusitis (n=12) (n=7) (n=10) Nasal Secretions
Subjects with dominance of 8 (80%)* 0 (0%) 0 (0%) 0 (0%) <.0001
PPB (% of total)
Subjects with dominance of I (10%) 2 (17%) 4 (57%) 2 (20%) 2
SA (% of total)
Subjects with dominance of 1 (10%) 3 (25%) 2 (29%) I (10%) 7

PNPB (% of total)

Abbreviations: PNPB, potentially nonpathogenic bacteria; PPB, potentially pathogenic bacteria; SA, Staphylococcus aureus.
?Only group A (cough with clinical bacterial sinusitis) demonstrated the presence of dominant bacteria in their nasal secretion samples by DNA techniques
(P <.0001). Bacteria with abundance greater than 50% was considered to be a dominant species.



Song et al. 5
Abundance of Bacteria in Groups 1A, 1B, 2, and 3
0 20 40
- 5 S. pneumoniae H. influenzas - M. catarrhalis ® Group 1A
% W Group 1B
[ ]
s - & Group 2
50 - 50 s ¢ A Group 3
L]
™= s, 4 = o
3 0= “emm 0-,-—M, D e o — i,
- | S. aureus | S. epidermis | C_ pseudodiphtheri
P 100 { - * P “ 100 - [T IS 100
-— - *
=) +
- - L A
g = ¢ a|w % e A
© " L] &
€ B A * » A g &= E
T 0 eormaumm i b 0 eelen e | 0 CeAaun MA
a | D. pigrum 0 2 20
o
+
%0 .l - 4
. = gk
e® n &
0] Smamull mévenh Ak
0 20 2

Patient Number

Figure |. Abundance of bacteria in groups |A, IB, and 3.

Group 3. Among 10 asymptomatic controls, 1 patient
(10%) had nondominant PPB. Two patients (20%)
had PPV.

Clinical and Nasal Secretion Assay Response
to Antibiotics

All patients in group 1A reported improvement of cough
after 2 to 8 weeks of antibiotic treatment. Nasal secre-
tion assay score also decreased below 4 in all. Patients in
group 1B were symptomatically managed with varying
success without the use of antibiotics.

Allergic Sensitization

All patients in group 1A, 1B, and 2 were tested for the
sensitization to aeroallergens. Allergic sensitization was
present in 5 out of 10 patients (50%) in group 1A and 11
out of 12 patients (91%) in group 1B.

Discussion

In children, acute sinusitis is usually defined as symp-
toms lasting less than 30 days, chronic sinusitis longer
than 90 days, and subacute sinusitis in between these 2
ranges.'® Acute sinusitis is associated with sinus pres-
sure, purulent nasal drainage, cough, and the presence

of PPB."*"'* In chronic and subacute sinusitis, protracted
cough may play a more prominent role than nasal symp-
toms.'*!> The pathology of subacute sinusitis may
resemble acute sinusitis,'* while chronic sinusitis may
involve inflammatory processes in association with var-
ious microbes including SA, especially in patients with
nasal polyposis."* ' Among group 1 patients, 9 patients
had chronic and 13 patients subacute symptoms (data
not shown).

Once we made the clinical diagnosis of bacterial
sinusitis based on the previously mentioned criteria
(group 1A), we sought to identify the predominant bac-
teria associated with the condition. Although asymp-
tomatic children may be colonized by PPB in the
middle meatus,'” the presence of these PPB in the
nasal cavity of patients diagnosed with clinical sinusitis
may reveal the pathogens. Lee et al. reported a study of
31 adults with acute sinusitis in which 61% of nasopha-
ryngeal and 48% of middle meatal samples grew PPB
and that the concordance rate between the 2 sites was
84%.'8 We wanted to increase the sensitivity of micro-
bial identification by employing DNA-based molecular
diagnostics. Recent studies indicate that molecular diag-
nostic approaches yield much more accurate results with
regard to diversity and quantities of microbes present in
the sinus and nasal cavities.'” >
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Once the PCR results were reported, we classified
these bacteria into different categories depending on
their pathogenic potential. SP, HI, and MC were classi-
fied as PPB since these have been established as predom-
inant pathogens for acute and subacute sinusitis by
previous studies.'*** SE is reported to be a commensal
bacterium in the nasal cavity.>> Although CP was char-
acterized as pathogenic in some studies,?® it was reported
to be part of natural microbiota of the nares and
throat.”” DP has not been reported to cause sinusitis.?®
SA was classified separately because of its presence in the
nasal and sinus cavities of asymptomatic subjects® !
and patient with sinusitis.***  Rhinovirus and
Parainfluenza Virus were the only viruses identified and
classified as potentially pathogenic viruses (PPV) since it
is well known to cause upper respiratory symptoms. As
seen in Tables 2 and 3, the presence of PPB as a domi-
nant species in the nasal cavities correlated with the clin-
ical diagnosis of bacterial sinusitis (P < .002) indicating
that dominance of microbes over others is an important
element of pathogenesis.** The presence of a PPB in
group 1B, 2, and 3 is not surprising because it is
known to inhabit the nasal cavities of asymptomatic
subjects.!” The nondominance of these PPB along with
other clinical features should enable the clinicians to sep-
arate these groups from the ones with bacterial sinusitis
(1A). Group 1A may represent a combination of recur-
rent acute, subacute, and chronic sinusitis with bacterial
infections. These PPB are also reported to be the most
common pathogens associated with acute otitis media™
and protracted bacterial bronchitis.®’ It is possible that
these patients may indeed have simultaneous sinusitis
and protracted bacterial bronchitis since antibiotic treat-
ment stops coughing in both entities. Such coexistence
(via “one airway”) needs to be explored in the future. In
group 1B, chronic cough was most likely due to postna-
sal drip resulting from nonbacterial pathologies such as
allergy (91% of the patients had allergen sensitization as
shown in Table 1), viral infection, or chronic irritation.
Although SA was present as dominant species in 2
patients in this group, its pathogenic role is doubtful
due to their presence in control groups 2 and 3.
Staphylococci were present in the sinus aspirates of
acute,?’ chronic sinusitis,'*?%?! and in the nasal cavities
of those with CRS with nasal polyps,'® and may play a
role in the pathogenesis of sinusitis, especially in
adults.*** But they were also shown to be present in
the nasal cavities of 25% to 30% of asymptomatic sub-
jects’® in a competing relationship with PNPB.,** and
their presence may be a transient colonization rather
than infection.

The presence of PNPB in all groups (Table 2 and
Figure 1) is consistent with the recent studies revealing
asymptomatic cohorts also carry diverse commensal
bacteria in the nasal cavities including SA, SE, DP,

and CP, and they maintain competing relationship
among themselves.’>?> An intriguing finding was the
presence of rhinovirus in all groups including asymp-
tomatic controls, indicating that its colonization was
not necessarily associated with clinical symptoms. In
group 1A, 60% of the patients carried PPV and 40%
carried both PPB and PPV indicating that both viruses
and bacteria were coexistent. Rhinovirus, the most
common viral pathogen in our study, was shown to
increase adhesion of PPB to nasal epithelial cells at
least 2-fold compared to uninfected controls.>’~*

Conclusion

We demonstrated, as others have, in children with
chronic cough with sinusitis, microbial balance of the
sinus cavity is disturbed and PPB takes the dominance.
This can be detected by simple methods: dipstick assay
and quantitative DNA-PCR test of the nasal secretion.
Therefore, we recommend that clinicians utilize these
methods as an alternative to imaging studies to make a
diagnosis of bacterial sinusitis and offer a specific ther-
apy for the pathogens in a rapid and accurate manner.
Further studies are indicated to replicate these findings
and refine the potential diagnostic capabilities of DNA-
based methods for bacterial sinusitis and bronchitis.
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