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ABSTRACT Nasopharyngeal (NP) specimens are commonly used for the detection
of influenza, but saliva swabs are easier to obtain and cause less discomfort to the
patients. The objective of this study was to evaluate the usefulness of saliva swab
specimens for the diagnosis of influenza compared with NP specimens. Influenza vi-
rus detection rate in saliva and NP swabs was compared in adult patients admitted
to an emergency department from January to March 2020, using the Xpert Xpress
Flu/respiratory syncytial virus (RSV) test. Cycle threshold (CT) values were evaluated
in all the cases. Among the 82 patients recruited, 19 had an influenza-positive diag-
nostic test result (11 influenza A and 8 influenza B). Overall, the agreement between
saliva and NP swabs results was 97.6% (80/82; k = 0.929; 95% confidence interval
[CI], 0.832 to 1.0). There was no significant difference in the influenza detection rate
between saliva swab and NP specimens (20.7% [17/82] versus 23.2% [19/82]; P=0.5).
There were only two discordant results (influenza B in an NP and false negative in a
saliva sample). Manual inspection of the amplification curves showed that influenza
RNA had been amplified in saliva with high CTs (CT of 40) that the test reported as a
negative result. The overall sensitivity and specificity for saliva was 89.5% (73.0% to
100%) and 100% (99.2% to 100%), respectively. In all the cases, the same influenza
virus (A/B) was detected. Median CT values were significantly lower in NP (31; inter-
quartile range [IQR], 21.0 to 32.0) than in saliva (33; IQR, 23.0 to 38.0) (P=0.001)
specimens. Saliva swabs have high sensitivity and specificity for the detection of
influenza virus by the Xpert Xpress Flu/RSV test and a high overall agreement and CT

correlation with NP specimens. Saliva swab is a feasible specimen type for influenza
testing that might be easily self-collected with minimal equipment and discomfort.

IMPORTANCE Early detection of influenza virus is important for guiding antiviral and
antibacterial treatment for infection control and public health measures. We have
observed that saliva swab specimens have high sensitivity and specificity for the
detection of influenza by the Xpert Xpress Flu/respiratory syncytial virus (RSV) test
and high overall agreement and CT correlation with nasopharyngeal specimens.
Saliva swab may therefore be a feasible specimen type for influenza testing that can
be easily self-collected with minimal equipment and discomfort.

KEYWORDS influenza, saliva swab, nasopharyngeal swab, emergency department,
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Influenza virus infection is a global health problem that, according to the World Health
Organization, affects 10% to 15% of the world’s population, causing 600 million cases,

3 million serious illnesses, and 500,000 deaths per year.
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Influenza virus diagnosis might sometimes be delayed because an adequate sample has
not been obtained, which is essential for early clinical management, appropriate use of antimi-
crobials, and patient isolation (1). Currently, the microbiological diagnosis of influenza infection
is simple and usually based on the performance of reverse transcriptase PCR (RT-PCR) of a re-
spiratory sample (2–5). Nasopharyngeal (NP) exudate is the most commonly used sample
type, which is not always easy to obtain with optimal quality. Sending NP samples from unco-
operative patients or samples obtained by inexperienced personnel may lead to nosocomial
spread of respiratory viruses, diagnostic delays, and false-negative results (6).

The utility and yield of saliva samples for the diagnosis of respiratory viruses, such as
influenza and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), are contro-
versial (7–12). The collection of large volumes of saliva is usually recommended, but this
is frequently a cumbersome procedure. In our experience, many patients are not able to
spit out the sufficient volume of saliva needed for the detection of RNA virus with the
current molecular techniques. Nevertheless, a saliva swab is easier to obtain and causes
less discomfort in the patients, and its use might be a faster and much more convenient
for influenza diagnosis than conventional saliva collection and NP swab.

The purpose of this study was to determine the diagnostic utility of influenza RT-PCR of
a saliva swab specimen compared with the conventional NP exudate during the influenza
season and verify whether the saliva swab could replace or complement the NP exudate in
the diagnosis of influenza in adults in an emergency department.

(Part of this work was presented at the European Congress of Clinical Microbiology
and Infectious Diseases [ECCMID] held virtually in July 2021.)

RESULTS
Patient characteristics. From January to March 2020, a total of 85 patients were

screened and 82 were eligible for the study (Table 1). The median age was 72years old
and 46.3% (38/82) were male. Heart disease was the most common underlying disease
(39%, 32/82), followed by chronic obstructive pulmonary disease (COPD) (34.1%, 28/82) and
diabetes mellitus (20.7%; 17/82). Thirty-nine patients (47.6%, 39/82) had received a vaccine
against influenza virus and 30 (36.3%, 30/82) were immunosuppressed.

The most common symptoms were cough (60.9%, 50/82), fever (58.5%, 48/82), and
dyspnea (32.9%, 27/82). Forty-three patients (52.4%, 43/82) had severe respiratory dis-
ease and required oxygen supplementation. Forty-four patients (53.7%) were hospital-
ized with a median of hospital stay of 6 days (interquartile range [IQR], 3 to 9), and 38
patients (46.3%) were discharged from the emergency department.

Among the 82 eligible patients, 19 had a flu-positive diagnostic test result (11 influenza A
virus and 8 influenza B virus) (Table 2). There was not a significant statistical difference in dem-
ographics and clinical characteristics between patients diagnosed with and those diagnosed
without influenza (Table 1).

Comparison of influenza virus detection between saliva and nasopharyngeal swabs.
All study-eligible patients (n=82) had a valid result in their saliva and NP swab samples by the
Xpert Xpress Flu/respiratory syncytial virus (RSV) assay (Table 2). There was an overall high
agreement (97.6%) between saliva and NP exudate results (80/82; k = 0.929; 95% confidence
interval [CI], 0.832 to 1.0). The detection rate for influenza virus in saliva was lower than that of
NP swab (20.7% [17/82] versus 23.2% [19/82]), but a statistical significance was not reached
(P=0.5). Only two patients had a discordant result between saliva and NP exudate samples by
the Xpert Xpress Flu/RSV assay, detecting influenza B virus in the NP exudate but not in saliva.

Among patients with concordant results, all of them had the same respiratory virus
detected (influenza A/B).

The overall sensitivity and specificity for saliva for the diagnosis of confirmed influenza
virus was 89.5% (95% CI, 73.0% to 100%) and 100% (95% CI, 99.2% to 100%), respectively.

Viral load analysis. CT values provided by the Xpert Xpress Flu/RSV assay were
used as surrogate information for the amount of influenza RNA in the specimens and,
therefore, were used to evaluate the viral load.

Among all the patients with the same virus detected in both NP and saliva samples,
the CT values were significantly lower in NP than those in saliva (P=0.001). The median
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CT value for NP specimens was 31 (IQR, 21.0 to 32.0), and the median CT value for saliva
specimens was 33 (IQR, 23.0 to 38.0). Overall, a significant correlation between both sa-
liva and NP for the CT values for influenza virus was observed (P=0.001).

We further analyzed the two discordant cases with a negative PCR result for a saliva
swab and positive result for an NP swab. Manual inspection of the amplification curves

TABLE 1 Characteristics of patients with suspected influenza infectiona

Characteristic

Datab by category:

P valueGlobal (n=82) Influenza (n=19) No influenza (n=63)
Demographics and clinical data
Age (median [IQR]) 72 (53.0–84.2) 62.0 (49.0–84.0) 74 (54.0–85.0) 0.529
Sex, male 38 (46.3) 8 (42.1) 30 (47.6) 0.795
Hospital stay, days (median [IQR]) 1 (0–6) 2 (0–6) 1 (0–6) 0.648
Flu vaccinated 39 (47.6) 10 (52.6) 29 (46.0) 0.794
Immunosuppression 30 (36.6) 5 (26.3) 25 (39.7)
Prednisone/corticoid equivalent of$15 mg/day for$30 days 9 (11.0) 1 (5.3) 8 (12.7) 0.452
Solid organ transplant recipient 6 (7.3) 1 (5.3) 5 (7.9) 1.0
Hematological transplant recipient 3 (3.7) 0 3 (4.8) 0.581
HIV with,200 CD4 3 (3.7) 2 (10.5) 1 (1.6) 0.133
Other 9 (11.0) 1 (5.3) 8 (12.7) 0.452

Symptoms
Cough 50 (60.9) 12 (63.2) 38 (60.3) 1.0
Fever 48 (58.5) 12 (63.2) 36 (57.1) 0.792
Dyspnea 27 (32.9) 6 (31.6) 21 (33.3) 1.0
Auscultation abnormalities 15 (18.3) 3 (15.8) 12 (19.0) 1.0
Chest pain 8 (9.8) 1 (5.3) 7 (11.1) 0.674
Sputum 6 (7.3) 3 (15.8) 3 (4.8) 0.134
Headache 3 (3.7) 1 (5.3) 2 (3.1) 1.0
Rhinitis 3 (3.7) 0 3 (4.8) 0.581
Wheezing 1 (1.2) 0 1 (1.6) 1.0
Pharyngitis 0 0 0 NA

Underlying diseases
Heart disease 32 (39.0) 9 (47.4) 23 (36.5) 0.430
COPD 28 (34.1) 8 (42.1) 20 (31.7) 0.420
Diabetes 17 (20.7) 5 (26.3) 12 (19.0) 0.526
Solid tumor 8 (9.8) 1 (5.2) 7 (11.1) 0.674
Chronic renal disease 7 (8.5) 1 (5.3) 6 (9.5) 0.684
Hypertension 5 (6.1) 0 5 (7.9) 0.336
Liver disease 4 (4.9) 2 (10.5) 2 (3.1) 0.228
Malignant/hematological neoplasm 4 (4.9) 0 4 (6.3) 0.569
HIV 3 (3.7) 2 (10.5) 1 (1.6) 0.133
Neurologic disease 3 (3.7) 1 (5.3) 2 (3.1) 1.0
Autoimmune disease 3 (3.7) 1 (5.3) 2 (3.1) 1.0
Psychiatric illness 3 (3.7) 0 3 (4.8) 0.581
Hemodialysis 1 (1.2) 1 (5.2) 0 0.232
Solid organ transplant recipient 0 0 0 NA
Pregnancy 0 0 0 NA

Charlson’s comorbidity score, age adjusted 6 (1-9.0) 7 (0-10.0) 6 (2-8) 0.744
McCabe and Jackson score 0.871
Nonfatal 56 (68.3) 14 (73.7) 42 (66.7)
Ultimately fatal 24 (29.3) 5 (26.3) 19 (30.2)
Rapidly fatal 2 (2.4) 0 2 (3.2)

Severity of the disease
Hospital admission 44 (53.7) 12 (63.2) 32 (50.8) 0.434
Oxygen supplement requirement 43 (52.4) 8 (42.1) 35 (55.6) 0.432
Positive pressure ventilation requirement 12 (14.6) 4 (21.1) 8 (12.7) 0.459
Death 1 (1.2) 0 1 (1.6) 1.0
Admission to ICU 0 0 0 NA

Treatment data
Treatment with a neuraminidase inhibitor 12 (14.6) 12 (63.2) 0 ,0.01
Discontinuation of antibiotic treatment 27 (32.9) 4 (21.1) 23 (36.5) 0.271

aCOPD, chronic obstructive pulmonary disease; ICU, intensive care unit; NA, not applicable.
bValues are n (%) unless otherwise indicated.
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of the Xpert Xpress Flu/RSV assay in these two patients showed that influenza RNA
was amplified from the saliva sample, indicating successful detection of influenza
(CT=40) despite the machine indicating a negative result.

Among the 82 eligible patients at the emergency department during the 2019 to
2020 influenza season, no cases of respiratory syncytial virus (RSV) were detected by
the Xpert Xpress Flu/RSV assay.

DISCUSSION

Our study shows that saliva collected with a dry swab might be a convenient alter-
native way for sampling for influenza A and B viruses.

The nasopharyngeal swab is commonly used for the detection of respiratory viruses
but is an unpleasant procedure according to observed patient reactions, as they tend
to resist it. Moreover, the waiting time for health care providers to collect NP exudates
often causes a delay in clinical practice even when using rapid diagnostic assays and
can also cause in many cases an infection control risk to health care workers.

We have shown, together with other authors (13–15), that lower respiratory samples
obtained from intubated patients have a better diagnostic yield than NP specimens for
the diagnosis of influenza and that, if possible, both should be combined. Saliva has
been proposed as an alternative sample type for influenza diagnosis (6, 9, 10, 16, 17), but
its validity has not been reported by many molecular assays and a sufficient volume is
difficult to obtain from the majority of our patients. No studies of the use of saliva swab
in adult patients have been reported so far.

We found a high overall agreement between saliva swab and NP exudate samples when
tested by Xpert Xpress Flu/RSV assay. There was no significant difference in the detection
rate of influenza virus between both samples, and the sensitivity and specificity of the saliva
swab were high. This finding shows the utility of saliva swab as a noninvasive diagnostic
specimen type for patients admitted to the emergency department of a large tertiary-care
hospital.

We observed only two discordant results; two patients had influenza B detected in
the NP exudate but not in their saliva swab. However, manual inspection of the amplifi-
cation curves showed that influenza RNA had been amplified in saliva with high CTs
(CT, 40) that the test reported as a negative result. Therefore, for patients with high clin-
ical suspicion of influenza infection but a negative saliva result, RNA amplification
curves should be reviewed or NP exudate tested. Of note, there was a good correlation
in the viral load between paired saliva swab and NP exudate (P=0.001), and most of
the patients had a higher viral load in NP than in the saliva swab.

Previous studies tested saliva for 16 different respiratory viruses using multiplex RT-PCR
(6) and found adenovirus more frequently in saliva than in NP samples but detected influ-
enza A and rhinovirus more frequently in NP specimens than in saliva. Therefore, they
were not able to conclude if one of the sampling methods was consistently more sensitive
than the other. The RT-PCR assay that we used also tested for RSV in both types of speci-
mens obtained. Unfortunately, no cases of RSV were detected in our cohort, and we could
not evaluate the use of the saliva swab for detection of this virus.

TABLE 2 Results of Xpert Xpress Flu/RSV assay for nasopharyngeal and saliva swabsa

Microbiological data Xpert Xpress Flu/RSV result

Data by swab type:

Nasopharyngeal (n=82) Saliva (n=82)
Positive influenza PCR (n [%]) 19 (23.2) 17 (20.7)
Positive influenza A 11 (13.4) 11 (13.4)
Positive influenza B 8 (9.8) 6 (7.3)

Positive RSV PCR (n) 0 0
CT (median [IQR] 31 (21.0-32.0) 33 (23.0-38.0)
Sensitivity (% [95% CI]) NA 89.5 (73.0–100)
Specificity (% [95% CI]) NA 100 (99.2–100)
aRSV, respiratory syncytial virus; CT, cycle threshold; NA, not applicable.
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The sensitivity and specificity of saliva swab in this study were higher than those
previously found by other authors that used conventional saliva collection with different
molecular techniques and included a different patient population (16, 17). However, they
were similar to those found by To et al. (10) who also evaluated conventional saliva
collection but used the Xpert Xpress Flu/RSV assay as diagnostic test for influenza
and enrolled hospitalized adult patients, including those presenting severe disease.
Of note, these authors also showed a reduction in cost and time related to the collection
of saliva compared with those of NP samples. Early detection of influenza virus is important
for guiding antiviral and antibacterial treatment, for infection control and public health
measures (9).

There were some limitations to the present study. First, we recruited only adult patients,
and therefore, we cannot perform comparisons with other studies that evaluated younger
adults and pediatric patients (16). Second, this study included only patients who attended
the emergency department with probably more severe diseases and higher viral loads than
patients in other settings. Third, the study had to be interrupted because of the arrival of the
coronavirus disease 19 (COVID-19) pandemic that did not allow us to reach the sample size
expected in our study design. The performance of saliva sampling for COVID testing has al-
ready been shown to vary by test platform (12), and this will likely also be true for influenza
(and RSV) testing. However, this fact might be mitigated by the use of saliva swab in saline
media rather than expectorated saliva.

In conclusion, this study showed that saliva swab might be a feasible clinical specimen to
use for detecting influenza virus as well as NP swab when used with highly sensitive diagnos-
tic tests, such as Xpert Xpress Flu/RSV. Saliva swab can be easily self-collected with minimal
equipment and discomfort and should be considered a valuable diagnostic specimen type in
clinical or research settings.

MATERIALS ANDMETHODS
Study design, participants, and setting. This was a prospective diagnostic validity study, including

adult patients who were admitted to the emergency department of a tertiary-care hospital from January
to March 2020. Patients who had a NP specimen collected for detection of presumed influenza infection were
eligible. Once the NP specimen and a written informed consent were obtained from the patient, a saliva swab
was collected.

Data recorded on the patient included age, sex, date of admission and discharge, flu vaccination, immuno-
depression status, symptoms at admission, underlying diseases, Charlson’s comorbidity score, McCabe and
Jackson score, severity of the disease, microbiological results (PCR), degree of discomfort of sample collection,
flu treatment, changes in antibiotic therapy, and contact precautions.

Patients were considered to have a severe disease if they required oxygen supplementation, required positive
pressure ventilation, were admitted to the intensive care unit or cardiac intensive care unit, or passed away dur-
ing the stay at the hospital.

This study was approved by the by the Ethics Committee of Hospital General Universitario Gregorio
Marañón (code MICRO.HGUGM.2019-007).

Specimen collection and laboratory testing. The saliva specimen was collected by rubbing a dry
unflocked swab with no transport medium (Linfkar Healthcare GmbH, Düsseldorf, Germany) on the inside
the patient cheeks until the cotton was saturated (minimum of;25 seconds). The size of the head of the sa-
liva swab was 1 cm by 0.5 cm. The NP specimen was collected with a flocked swab (Copan Diagnostics,
Brescia, Italy) that was inserted into both nostrils of the patient until resistance was felt at the nasopharynx.
Then, it was rotated 180 degrees, withdrawn, and transported in 1.5ml of viral transport medium (UTM viral
transport medium; Copan Diagnostics).

NP and saliva swab specimens were transported from the emergency department immediately to
the laboratory (30min maximum) at room temperature. Saliva swabs were resuspended at the labora-
tory in 200ml of saline solution, and the entire volume was used for the analysis.

NP and saliva swab specimens were tested for influenza A and influenza B virus using the Xpert Xpress Flu/
RSV assay. All amplification curves were inspected manually. NP and saliva specimens were stored at280°C after
the analysis.

Data analysis. The comparison of influenza detection rate in saliva and NP samples was assessed
by McNemar’s test. Agreement between saliva and NP results was determined using k statistics (18).
The sensitivity and specificity of influenza virus detection in the saliva swab samples were calculated
using the NP swab specimens as the reference standards. Cycle threshold (CT) values were compared
by using the Wilcoxon signed-rank test. The correlation of CT values between saliva and NP samples
was performed using the Spearman correlation coefficient. A P value of ,0.05 was required to achieve
statistical significance. All statistical analyses were assessed using SPSS Statistics 21, IBM, Chicago,
IL, USA.
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