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Reliable testing methods for severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) in children are essential to allow normal activities. Diagnosis of

SARS-CoV-2 infection is currently based on real-time reverse transcriptase-polymerase

chain reaction (RT-PCR) performed on nasopharyngeal (NP) swabs; concerns have been

raised regarding NP swab accuracy in children to detect the virus because of potential

lack of cooperation of the patients or due to general uncertainties about concordance

between high and low respiratory tract specimens in children. The aim of the study

(IRB approval: ST/2020/405) is to prospectively compare RT-PCR results on NP and

tracheo-bronchial aspirate (TA) in children admitted to the hospital for surgery or admitted

to the Pediatric Intensive Care Unit (PICU) of a tertiary children hospital in Milano, Italy,

during a peak of COVID-19 infections in the city. A total of 385 patients were enrolled

in the study: 364 from surgical theater and 21 from PICU. Two patients (0.5%) tested

positive on TA and were negative on NP; both cases occurred in November 2020, during

a peak of infection in the city. Specificity of NP swab was.995 (95% CI: 0.980–0.999).

Two patients with positive NP swabs tested negative on TA.

Conclusion: Our study shows that the specificity of SARS-CoV-2 RT-PCR on TA swab,

compared to results of SARS-CoV-2 RT-PCR on NP, was very high for negative cases in

our pediatric cohort during a period of high epidemiological pressure.
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INTRODUCTION

While children have shown lower incidence and severity of
COVID-19, they have often had restrictions placed on their
activities because they are considered a potential reservoir for the
disease and source of infection for the adult population (1).

Diagnosis of SARS-CoV-2 infection is currently based on
RT-PCR performed on nasopharyngeal (NP) swabs (2). The
same diagnostic method can also be applied to other specimens
(sputum, tracheal aspirate, bronchoalveolar lavage, urines, feces,
etc.) (3). However, concerns have been raised regarding NP
swab accuracy in children to detect the virus because of the
potential lack of cooperation of the patients (4) or due to
general uncertainties about concordance between high and
low respiratory tract specimens in children with viral and
bacterial respiratory infections in previous studies (5). While
alternative methods to collect suitable material for SARS-CoV-
2 research in upper respiratory tract specimens, such as nasal
and nasopharyngeal fluid (6), have been described, the current
standard diagnostic method in the pediatric population remains
NP swab.

This prospective study aims to compare RT-PCR results onNP
and tracheo-bronchial aspirate (TA) in children.

METHODS

This is a prospective observational study conducted at a tertiary
pediatric hospital in Milano, Italy (IRB approval: ST/2020/405)
between 2 November 2020 and 2 June 2021 on children admitted
to the hospital for surgery or admitted to the Pediatric Intensive
Care Unit (PICU). The chosen period coincided with the peak
of COVID-19 infections in the city (7). All consecutive patients
meeting the inclusion criteria underwent NP and TA RT-PCR
for SARS-CoV-2.

Usual Testing Pathway for Patients
Admitted to Hospital
All patients admitted to our hospital undergo an NP swab,
together with the caregiver who will stay in the hospital with
them; in the case of planned surgery, this is obtained 48 h before
surgery, and if it gives a positive result for any of the two (patient
and caregiver), surgery is postponed. In the time frame between
NP swab and surgery, both patient and caregiver are officially
quarantined. Themaximal interval between evaluation with swab
and surgery is 72 h; after this time, if surgery is for any reason
delayed, the swab is to be repeated.

In case of urgent/emergent surgery, patients receive NP swabs
upon hospital admission and are treated as suspected cases in
both ward and Operatory Room (OR) until the result of the
swab is available for both patient and caregiver. If one of the
two is positive, the case is treated as positive throughout the
hospital stay.

Patients admitted to the PICU are tested with an NP swab
together with the caregiver; until the result of the swab, patients
are treated as positive cases even if admitted for non-respiratory
reasons. If they are intubated, a sample of TA is collected for
SARS-CoV-2 RT-PCR too.

For both surgical and patients in PICU, if in case the TA was
positive, then the patient was treated as positive, and NP was
repeated according to local protocols1.

RT-PCR
On available samples, molecular analyses are performed to
detect SARS-CoV-2 RNA, using the automated Real-Time PCR
ELITe InGenius R© system and the GeneFinderTM COVID-19
Plus RealAmp Kit assay (ELITechGroup, France). The reaction
mix is manually prepared, according to the instructions of the
manufacturer and loaded into the system with other reagents,
while RNA is extracted from 200 µl of sample and eluted in
100 µl; the final reaction volume consists of 5 µl of RNA plus
15 µl of reagents mix. The RT-PCR profile is set up as follows,
according to the instructions of the manufacturer: 50◦C for
20min, 95◦C for 5min plus 45 cycles at 95◦C for 15 s, and
58◦C for 60s. Three targeted regions in the RNA-dependent RNA
polymerase (RdRP), Nucleocapsid (N), and Envelope (E) genes
were simultaneously amplified and tested. A cycle threshold
value (Ct-value) fewer than 40 is defined as a positive test result
according to the instructions of the manufacturer.

Patient Population
Inclusion criteria are defined as follows:

- Age 0–18 years.
- Tracheal intubation due to surgery requiring general

anesthesia or tracheal intubation as part of life support
in PICU.

- Written consent of caregiver.

During the enrolment period, samples of TA were collected
from the anesthesiologist/intensivist in charge of the case. In the
surgical patients, TA was collected after induction of anesthesia
and intubation; in the patients in PICU, it was collected right after
intubation if this occurred in the PICU, or upon admission, if the
patient was transferred already intubated from another hospital.

When dealing with sample collection, the highest level of
personal protective equipment was mandatory for the person
involved (sheltering facepiece (FFP) 3 mask or equivalent; visor;
long-sleeved gown; and gloves). After collection, the samples
were immediately sent to the laboratory for analysis.

Statistical Analysis
Categorical data are expressed as count and percentage;
specificity is reported along with binomial exact 95% confidence
interval. Quantitative data are expressed as mean and standard
deviation or median and interquartile range (25-75th centile).
Data were analyzed with Stata v17.0 (StataCorp USA).

RESULTS

A total of 385 patients have been enrolled in the study: 364 from
surgical theater and 21 from PICU. Among the surgical patients’
group, 213 (58.45%) were scheduled for elective procedures and

1http://www.salute.gwww.salute.gov.it
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TABLE 1 | Results of NP and TA samples in the studied cohort.

TA +, N TA -, N Total, N

NP+, N 0 2 2

NP-, N 2 359 361

Total, N 2 361 363

NP, naso-pharyngeal swab; TA, tracheo-bronchial aspirate; N, number.

151 (41.55%) for urgent surgery. The mean age was 7.30 ± 4.89
years. No patient showed COVID-19-related symptoms.

Among PICU patients, 14 were intubated due to respiratory
failure, 5 due to neurologic events, and 2 due to trauma/burns.
The mean age was 5.85± 4.88 years.

Of the surgical group, 22 samples were insufficient for testing,
leaving 342 adequate samples for study.

The total number of adequate samples for testing was
therefore 363:342 from surgical theater and 21 from PICU.

In total, four patients tested positive for SARS-CoV-2 during
the study (Table 1).

Two patients (0.5%), one in the surgical elective patients and
one in the PICU group, tested positive on TAwhile being negative
on NP; both cases occurred in November 2020.

Two urgent surgical patients, whose preoperative NP swab
was positive, tested negative at TA.

Specificity of TA was 0.995 (95% CI: 0.980–0.999).

DISCUSSION

The NP swab is currently considered the “Gold Standard”
for SARS-CoV-2 detection (8, 9). NP swab can however give
false negative results, sometimes also related to suboptimal
sample collection, especially in children (10). We decided to
analyze and compare the results of both NP swab and TA in
children who required intubation for surgical procedures or life
support. Our cohort consisted mostly of healthy children, who
do have a normal community life, who do not show COVID
symptoms, and who had proven negative on the pre-operatory
swab (and whose caregiver had tested negative too), but in a
geographical and chronological setting characterized by high
levels of virus circulation.

This is, to our knowledge, the first study analyzing
concordance of results of SARS-CoV-2 RT-PCR in NP swabs and
TA in children. Our results show that the specificity of TA was
high in our cohort for the negative patients.

We cannot draw the same conclusion for the positive patients,
where half of the cases were detected by NP and half cases by TA.
It can be postulated that these results depend on a sample size
problem, that is, the very low rate of positive patients that were
enrolled in our cohort.

Overall, four patients in our study had discordant results. The
negativity of RT-PCR on TA in the two patients whose NP swab
was positive can be explained by a longer persistence of the virus
in the upper respiratory tract compared to the lower respiratory
tract. RT-PCR positivity could be due to persistent infection as

well as the presence of non-transmissible virus fragments (11).
We, unfortunately, do not have the relative viral cultures to check
this possibility; it was not part of our protocol and the data
collection was implemented during a period of high COVID-
2019 circulation with relative resource limitation in all hospitals.

Another explanation can be that children usually mount a
robust innate immune response within the upper airways that
can limit the spread of the virus to the lower respiratory tract,
as recently demonstrated in a study involving adult and pediatric
patients (12).

Conversely, two patients had negative NP and positive TA
tests. The discordance of upper and lower respiratory samples
has been previously documented. Specifically, a recent study
evaluated differences between swab results in the trachea and
in the nasopharynx in 25 totally laryngectomized subjects,
showing that results were overall divergent and no statistically
significant correlations emerged between results of the tests
performed in the two sites, suggesting that both tracheal
and nasopharyngeal swabs are recommended in these kinds
of patients, to obtain a reliable test and to avoid false
negatives (13).

Our study has some limitations to address. First, the low
number of positive samples did not allow us to calculate
the sensitivity of the tests. Second, we did include only a
small number of children with acute lower respiratory tract
infections, therefore, our findings cannot be translated to these
type of patients. Third, we neither have the viral load of the
discordant samples or their ability to grow in culture nor the
Cycle-Thresholds Values of RT-PCR which limits our ability to
speculate if positive NP swabs with negative TA represent viral
traces due to older infection.

In conclusion, our study showed that the specificity of SARS-
CoV-2 RT-PCR on TA, compared to results of SARS-CoV-2 RT-
PCR on NP, which is actually considered the gold standard, was
very high for negative patients in our pediatric cohort, even
during a period of high epidemiological pressure.
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