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Abstract:

Real-time reverse transcriptase-polymerase chain reaction (RT-PCR) is the predominant
diagnostic method for detecting severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection. This technique applies to various sample types, including nasopharyngeal swabs (NPS),
oropharyngeal swabs (OPS), and self-collected saliva. However, the absence of positive results
does not conclusively rule out infection. Methods: A comprehensive review was undertaken to
analyse the strengths and limitations of existing diagnostic approaches for nonserologic detection
of SARS-CoV-2 using RT-PCR. The article also suggests practical measures to enhance diagnostic
reliability. Results: Among the initially identified 56 papers, 16 papers (encompassing 452
patients) were included in the review. Most papers present findings from diverse samples in limited
case series, with a notable absence of comparative studies. Conclusions: The diagnostic accuracy
of NPS and OPS is less than optimal, and the risk of aerosol dispersal contamination is noteworthy.
SARS-CoV-2 RNA can be detected in self-collected saliva specimens from many infected
individuals within 7 to 10 days after symptom onset. There is an urgent need for comparative trials
to establish the preferred diagnostic modality. Adequate education and training of healthcare
personnel are imperative
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Introduction: Since its emergence in China in December 2019, the coronavirus disease 2019
(COVID-19), resulting from the primary infection by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has become a global concern. It has led to over 7,145,500 confirmed
cases and more than 408,000 deaths worldwide (data as of June 10, 2020). The epidemiological
profile has rapidly evolved.

Currently, the diagnosis of SARS-CoV-2 infection relies on real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) conducted on either nasopharyngeal swabs (NPS) or
oropharyngeal swabs (OPS). Despite suboptimal detection rates, the collection of secretions from
the upper airway through NPS/OPS remains the primary diagnostic approach for testing both
symptomatic patients and asymptomatic individuals for COVID-19. This is effective when
performed promptly and appropriately after the onset of symptoms. Considering the analytical
sensitivity of the RT-PCR test and the epidemiological characteristics of COVID-19, it's crucial to
acknowledge the potential for obtaining false-negative results. This could occur both in the early

13



14 Acta Biomed 2024; Vol. 95, N. 2: ISSN: 0392-4203 | elSSN: 2531-6745

phase of the disease (a few days before symptom onset) and towards the end of SARS-CoV-2
infection (around 20 days after symptom onset) due to a low viral load and shedding below the
analytical sensitivity threshold of RT-PCR.

The US Centre for Disease Control and Prevention (US-CDC) recommends the collection of solely
upper respiratory nasopharyngeal swabs (NPS) based on reported detection rates. However, the
US Food and Drug Administration cautions that a negative RT-PCR result does not definitively
rule out SARS-CoV-2 infection and should not be the sole basis for patient management decisions.
Instances have been described where a negative NPS or OPS does not exclude COVID-19, as
consistent diagnosis is achieved through bronchoalveolar lavage fluid after repeated negative
testing with NPS and OPS.

Reduced detection rates may be attributed to inadequate sample collection in the nasopharynx, the
risk of collecting secretions from the nasal cavity instead of the nasopharynx due to patient
discomfort, or limited viral local tropism due to low expression of angiotensin-converting enzyme
2 receptors in the epithelial cells of the nasopharyngeal/oropharyngeal surface.

Table 1 provides an overview of currently available diagnostic techniques, but safety concerns
arise as the diagnostic procedure may lead to the dispersal of infected aerosols, potentially causing
nosocomial transmission. As of the time of writing, more than 28,600 cases among Italian
healthcare workers, including 167 deaths among physicians, have been documented.

This article explores the advantages and limitations of various diagnostic sampling modalities for
nucleic acid amplification-based diagnostics of SARS-CoV-2 infection, including NPS, OPS, and
self-collected saliva specimens. It also puts forth practical suggestions to enhance diagnostic
reliability.

Patients and methodology: Section criteria the inclusion criteria comprised papers published in the
English language within peer-reviewed journals, specifically addressing diagnostic accuracy,
procedural advantages and limitations, and any potential standard procedures to enhance
effectiveness and safety concerning the issue. The focus was on studies involving human subjects,
encompassing both adults and children. Excluded were animal studies, while case reports, reviews,
letters, opinions, and perspective papers were considered. Unpublished materials were not taken
into account. The primary outcome measures assessed were the detection rates of SARS-CoV-2
nucleic acid using RT-PCR on various samples obtained from the upper airways. Papers lacking
clarity on these criteria were not included Excluded from consideration were papers that did not
specifically report this particular outcome. Secondary outcomes aimed to identify the advantages
and limitations of each procedure, along with any potential standard procedures that could be
implemented to enhance effectiveness and safety.

Information Sources and Search Strategy:English language papers addressing sampling
procedures from the upper airways for the nonserologic diagnosis of COVID-19 were selected
through a MEDLINE search (accessed via PubMed on April 7, 2020). The search utilized the
following terms: "COVID-19 AND nasopharyngeal swab," "COVID-19 AND oropharyngeal
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swab," "COVID-19 AND saliva," and "COVID-19 AND swab." Separate literature searches were
conducted for nasopharyngeal swabs (NPS), oropharyngeal swabs (OPS), and saliva specimen
collection.

Study Selection:To ensure the relevance of all selected papers and identify any potentially
overlooked ones, the reference lists were thoroughly reviewed. Eligibility assessment and the data
collection process were independently conducted in an unblinded, standardized manner by two
review authors. The data extraction sheet was organized as follows: Review author #1 extracted
information, and Review author #2 verified it. In cases of disagreement between reviewers,
consensus was sought, or consultation with a third author was pursued if no agreement was reached
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Results Study Selection and Characteristics: Out of the initially identified 56 papers, a total of 16
were included in this minireview. These comprised 9 case series, 3 letters, 2 opinion/perspective
papers, 1 state-of-the-art paper, and 1 case report, collectively involving 452 patients (refer to
Figure 1). The majority of the papers detailed findings from various samples obtained in limited
case series, with a notable absence of original studies specifically designed for comparative
purposes on sampling techniques for collection from the upper airways.

Synthesis of Results:During the evaluation of the selected papers, a decision was made to conduct
separate literature analyses for nasopharyngeal swabs (NPS)/oropharyngeal swabs (OPS) and
saliva specimens. This decision was based on the observation that, in many case series, the
diagnosis of SARS-CoV-2 infection involved the use of both NPS and OPS in a combined
modality.In this context, 12 papers were considered relevant for assessing the diagnostic role of
NPS/OPS in patients with COVID-19. These included 1 state-of-the-art article, 1 opinion paper, 1
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case report, 2 letters (one with a single-case description and one presenting results from 28
patients), and 7 original papers conducted on limited case series of adult patients ranging between
5 and 292 individuals. Among these, the only comparative study was conducted by Xie et al., who
compared SARS-CoV-2 RNA detection rates fromAnalysis of different samples, including
oropharyngeal swabs (OPS), blood, urine, and stool samples, was conducted using various
fluorescent RT-PCR kits. The additional original papers incidentally reported virologic results
from specimens collected through OPS or NPS. Detection rates were reported in the range of 40%
to 100% for NPS and 32% to 100% for OPS. These rates peaked in the early stage of the disease,
reaching up to 100% when tested by day 5.However, after day 5, the rates dropped to 40% for NPS
and 25% to 40% for OPS (refer to Table 2).
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For assessing the potential diagnostic role of saliva sampling in COVID-19, only four papers were
found to be relevant. These included one perspective paper without a case description, one letter
with a single-case description involving gargle lavage, and two additional studies conducted on
small case series (23 and 12 adult patients, respectively) from the same Chinese group. Reported
detection rates ranged between 33% and 92%, with positive findings in 87% to 92% of affected
patients when performed within 7 days (see Table 2).

Discussion Nasopharyngeal and oropharyngeal swabs play a crucial role in the consistent
diagnosis of COVID-19 by detecting SARS-CoV-2 RNA in upper airway secretions. This is
supported by evidence of the virus's extensive tropism and its high replication rate in the
pharyngeal district. However, recent evidence suggests that the detection rate of SARS-CoV-2
RNA using RT-PCR on both nasopharyngeal swabs (NPS) and oropharyngeal swabs (OPS) may
be lower than anticipated. In fact, it has been reported that 3% to 34.7% of patients with chest CT
findings suggestive of COVID-19 initially tested negative on swab tests. Moreover, many patients
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with an early negative RT-PCR result but consistent CT findings later tested positive in serial
examinations after approximately 5 days on average.The analytical sensitivity of RT-PCR is
constrained by two grey zones where false-negative results may occur: during the initial days of
infection in mainly asymptomatic or mildly,During the collection of upper airway secretions,
inadvertent collection into the nasal cavity instead of the nasopharynx can occur, leading to the
failure to retrieve infected secretions in the intended location. In the case of oropharyngeal swabs
(OPS), unintended contamination from the oral cavity is also possible. Moreover, suboptimal swab
performance methods, such as collecting from the nasal cavity during nasopharyngeal swab (NPS)
or from the tonsillar complex, have been suggested as standard collecting procedures. For instance,
a national guideline presented unclear graphical representations (depicting collection from the
middle nasal meatus and the tonsillar complex) despite providing adequate explanations.

Test and description Specimen WAY TO PERFORM
RT-PCR: two separate oligonucleotide||NpPs. P Sterilely open the outer case of the swab, Insert the swab into nasal
primers/probes selected from regions of the cavity by slightly elevating the tip of the nose, Let the swab flow the
virus nucleocapsid N gene; an additional set floor of the nasal cavity (in parallel with the hard palate).
targeting the human RNase P gene. All 3 P Keep the tip of the swab in the nasopharynx for a few seconds, then
assays must match in order to report||©PS: rotate and extract.
presumptive positivity for SARS-CoV-2. P Sterilely open the outer case of the swab, Gently lane the tongue
depressor anteriorly over the tongue, Reach with the tip of the swab
SELF the posterior wall of the oropharynx.
COLLECTED . .
SALIVA P Instruct the patient to how correctly perform a throat-clearing

maneuver, Invite the patient to sterilely open the container, Invite the
patient to perform a throat-clearing maneuver and cough out saliva
into the container,.

P Collect BAL or fibrobronchoscope brush biopsy through bronchoscopy
BAL (Wang (only for intubated patients with severe illness and upper respiratory

pascarella) samples negative)

Table 1. Diagnostic Test for SARS-CoV-2 Detection

The collection of upper airway secretions for SARS-CoV-2 diagnostic purposes has been
standardized by the US-CDC, recommending the use of swabs with a synthetic tip and shaft made
of aluminum or plastic materials.Based on our experience, NPS should be conducted as follows:
after sterilely opening the outer case of the swab, it is inserted into the nasal cavity by slightly
elevating the tip of the nose, enlarging the nostril, and reducing the risk of contamination of the
nasal vestibule. The swab then moves over the floor of the nasal cavity parallel to the line of the
hard palate. After reaching the nasopharynx, the swab remains there for a few seconds, is rotated,
and then extracted to enhance the absorption of secretions for diagnosis. Oropharyngeal swabbing
involves gently pressing the tongue depressor anteriorly over the tongue, avoiding contact with the
tongue. The swab should be positioned near the posterior wall of the oropharynx to collect
secretions descending from the upper nasopharynx. Figures 2 and 3 depict the proper collection of
nasopharyngeal and oropharyngeal secretions during NPS and OPS execution, respectively,
performed by a trained ear, nose, and throat examiner and confirmed through transnasal
videoendoscopic control.To minimize nosocomial transmission, certain procedural details can be
adopted. Won et al. proposed...A laboratory-safe and cost-effective protocol for COVID-19
detection has been proposed by Won et al. According to this protocol, the patient conducts the
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collection procedure under a well-ventilated fume hood with constant air inflow. This setup
includes spatial separation between the OPS station and the laboratory

Conclusion: the consistent diagnosis of SARS-CoV-2 infection using traditional nasopharyngeal
swabs (NPS) and oropharyngeal swabs (OPS) faces limitations due to suboptimal diagnostic
accuracy resulting from inadequate sampling techniques and the significant risk of nosocomial
transmission. Urgent attention is required for conducting comparative trials dedicated to defining
the preferred diagnostic modality.

NPS OoPs SALIVA
ADVANTAGES It rapidly peaks during early stage It rapidly peaks during early stage Simple; Very inexpensive; It does not cause
patient discomfort; It can be performed by
the patients themselves also outside the
hospital; Low risk of nosocomial
Risk of contamination; Risk of transmission; Can be used to monitor viral
nosocomial transmission; Possible load; It allows collection of both descending
side effects such as bleeding; It requires e.xaminer training; Risk of nasopharyngeal secretions and lower fluids
LIMITATIONS Unpleasant and possibly painful; It contamination; Risk of nosocomial transmission; ascending from the tracheobronchial tree
is already on the decline at the It is already on the decline at the time of first (throat-clearing maneuver)
tima of first presentation; presentation; Precocious negativity despite
Precocious negativity despite active active:viremia persistence; Not adequate for load It depends on the patient’s ability to
viremia persistence; Not adequate serial monitoring viral understand the instructions for use and its
for serial monitoring viral load Not compliance
so easy to perform in children
DETECTION 40%-100% (100% within day 5; 40% 32%-100% (32%-100% within day 5; 25%-40% 33%-92% (87%-92% within day 7; 33% after
RATE after day 5) after day 5) day 20
9to 10k 8to 10k 1to 2k

Table 2. Advantages and Limitations of Sampling Proceduresa From the Upper Respiratory Tract for Diagnosis of
SARS-CoV-2 Infection.

The diagnostic reliability of RT-PCR analysis performed on saliva samples collected through
various methods warrants further investigation. The collection of deep saliva, obtained through a
throat-clearing maneuver, is particularly intriguing as it encompasses fluids from the posterior
oropharynx, composed not only of saliva but also of secretions descending from the nasopharynx
and ascending from the tracheobronchial district.To enhance the effectiveness and safety of
diagnostic procedures, there is a crucial need for clear and unambiguous definition and
dissemination of standardized procedures. Additionally, the education and training of healthcare
personnel should be prioritized to ensure the proper execution of diagnostic protocols.
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Figure 2.a) Correct placement of the tip of the swab into the nasopharynx
b)Nasopharyngeal swab execution represented in a drawing

Figure 3. a) Oropharyngeal swab execution performed in a patient
b) Oropharyngeal swab execution represented in a drawing
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