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Abstract: COVID-19 modified the healthcare system. Nasal-pharyngeal swab (NPS), with real-time
reverse transcriptase-polymerase (PCR), is the gold standard for the diagnosis; however, there are
difficulties related to the procedure that may postpone it. The study aims to evaluate whether
other elements than the PCR-NPS are reliable and confirm the diagnosis of COVID-19. This is a
cross-sectional study on data from the Lung Unit of Pavia (confirmed) and at the Emergency Unit
of Palermo (suspected). COVID-19 was confirmed by positive NPS, suspected tested negative. We
compared clinical, laboratory and radiological variables and performed Logistic regression to estimate
which variables increased the risk of COVID-19. The derived ROC-AUCcurve, assessed the accuracy
of the model to distinguish between COVID-19 suspected and confirmed. We selected 50 confirmed
and 103 suspected cases. High Reactive C-Protein (OR: 1.02; CI95%: 0.11-1.02), suggestive CT-images
(OR: 11.43; CI95%: 3.01-43.3), dyspnea (OR: 10.48; CI95%: 2.08-52.7) and respiratory failure (OR: 5.84;
CI95%: 1.73-19.75) increased the risk of COVID-19, whereas pleural effusion decreased the risk (OR:
0.15; CI95%: 0.04-0.63). ROC confirmed the discriminative role of these variables between suspected
and confirmed COVID-19 (AUC 0.91). Clinical, laboratory and imaging features predict the diagnosis
of COVID-19, independently from the NPS result.
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1. Introduction

In December 2019, a new Coronavirus, named SARS-CoV-2, was isolated in the
respiratory tract cells of humans [1]. On 11 March 2020, the WHO declared the first
SARS-CoV-2 outbreak in China as an international public health emergency [2], starting
the beginning of the COVID-19 pandemic. COVID-19 infection causes mild or moderate
symptoms such as cough, fever, asthenia and sometimes headache and gastrointestinal
symptoms, such as vomiting and diarrhea [3]. However, a great proportion of individuals
also experienced respiratory symptoms such as dyspnea and respiratory failure suggestive
of severe pneumonia that led to access to the Intensive Care Unit or death.

The virus has been isolated in biological respiratory fluids, both through oronasal
swabs and bronchoalveolar lavage [4]. The analysis of the nasal-pharyngeal swab (NPS),
which uses the real-time reverse transcriptase-polymerase chain reaction (RT-PCR), is
considered the gold standard for the diagnosis of COVID-19. The sensitivity and specificity
of the RT-PCR technique have been discussed in several studies; Dramé et al. [5], showed
that the sensitivity of NPS was under 40% and suggested performing NPSs repeatedly over
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time, in correlation with patients” symptoms and other diagnostic tests to avoid missing
diagnosis. Conversely, Xiang et al. considered the SARS-CoV-2 antibody tests IgM and
IgG as a better diagnostic investigation than the swab [6]. However, during the pandemic,
NPS appeared to be the simplest and fastest technique, despite the limitations that could be
linked to non-optimal management of the sample or the difficulties related to the procedure.
As a matter of fact, NPS can give false-positive and false-negative results. This could
be the consequence of various factors, such as cross-contamination with other viruses,
unsuitable laboratories and inexperienced operators, but also the viral load, which depends
on the days of illness that have passed [7]. Moreover, a systematic review by Rodriguez
et al. pointed out the need to perform repeated tests in subjects with a strong suspicion
of infection, considering that 54% of COVID-19 positive patients showed a false negative
result on the first test with the RT-PCR method [8].

During the COVID-19 pandemic, Italy was one of the most affected countries and the
positivity rate and the management of screening tests were heterogeneous among regions,
especially during the first outbreak [9,10]. The management of a suspected patienti.e., those
who, in addition to typical symptoms, reported a close contact with a positive COVID-19
patient or who were living or traveled through areas at a greater risk of infection (defined
as a “red zone”), represented the area of uncertainty leading to the lack of a unified policy
to face the emergency [9]. As an example, patients with respiratory symptoms and features
of COVID-19 disease that accessed the hospital were transferred to the so-called “grey
areas”, in which they received prompt assistance while waiting for the NPS results [11].
This system was established to avoid the spread of COVID-19 in non-COVID-19 units.

Even though the vaccination campaign curbed the spread of SARS-CoV-2 infection,
the COVID-19 pandemic steadily continues, and it is arduous to make a prevision about its
end. Although the severity of the disease and the number of hospital admissions could
potentially be reduced by promoting vaccination strategies, the management of the hospital
admissions of COVID-19 patients is still unclear and needs to be further implemented in the
long term. An early diagnosis, isolation systems and quarantine of suspected patients are
fundamental to controlling the spread of the infection [12]. The introduction in the decision-
making of the clinical, radiological and laboratory features to increase the risk of COVID-19
could facilitate the diagnosis and reduce the permanence in the “grey areas”. Assuming that
the negative result of the RT-PCR NPS cannot completely rule out COVID-19 diagnosis, we
aimed to investigate whether clinical, laboratory and imaging characteristics can improve
the reliability of the NPS in differentiating suspected from ascertained COVID-19 cases.

2. Materials and Methods
2.1. Study Population

This is a retrospective, cross-sectional, multicenter study. The population was divided
in confirmed and suspected COVID-19 cases. In the first group, the disease was confirmed
by the positivity of NPS from the upper respiratory tract by RT-PCR. In the second group,
patients with clinical, radiological and laboratory features suggestive of SARS-CoV-2
infection and negative NPS were included. Data were collected from March to May 2020.
Suspected COVID-19 cases were selected from medical records of the Emergency Care
Unit of the University Hospital of Palermo, Italy, whereas confirmed COVID-19 cases were
retrieved from medical records of the Lung Unit of the Fondazione IRCCS Policlinico San
Matteo, University of Pavia, Italy. The study obtained the approval of the Ethical Board of
both institutions.

2.2. Data Collection

Demographic characteristics, respiratory signs and symptoms at admissions, such
as fever, dyspnea and cough, clinical laboratory tests with complete blood count and
serum biochemical tests (lactic dehydrogenase (LDH), D-dimer and C-reactive protein
(CPR)) were extracted from medical electronic records at the time of the admission to the
Emergency Care Unit for suspected COVID-19 cases and at the time of the admission to the



J. Clin. Med. 2022, 11,2993

30f8

Lung Unit for COVID-19-confirmed cases. Chest computed tomographic (CT) scans were
carried out for all the patients and were considered suggestive of SARS-CoV-2 infection if
they reported the following characteristics: evidence of focal unilateral or diffuse bilateral
ground-glass opacities with or without co-existed consolidations [13,14]. Respiratory failure
was classified according to blood gas abnormalities [15]. In both units, a PCR-NPS test
was performed on all the patients at the moment of the admission. Suspected cases were
considered negative for SARS-CoV-2 infection after at least two negative PCR-NPS tests
within 48-72 h as well as their consequent admission to a non-COVID Unit.

2.3. Statistical Analysis

Clinical, laboratory and radiological variables were summarized using means and
Standard Deviations (SD). Normality was assessed by visual inspection of histograms and
g-q plots. Continuous baseline variables judged to follow a non-normal distribution were
summarized using medians and interquartile ranges. A comparison of those characteris-
tics was performed using Chi-squared or t-test for categorical and continuous variables,
respectively. A logistic regression model was performed after the selection of the variables
considered statistically different (with a p-value <0.05) between the two groups to evaluate
which exploratory variables were considered to increase or reduce the risk of SARS-CoV-2
diagnosis. The Wald test was used to assess the accuracy of the logistic regression classi-
fication. Afterward, a prediction model was performed and, according to the predicted
classification, the confusion matrix of the dataset was generated to calculate the sensitivity
and specificity of the overall predictive values. From the results of the prediction model,
we constructed a receiver operating characteristic (ROC) curve and calculated the area
under the curve (AUC) to assess the overall accuracy. A p-value < 0.05 was considered sta-
tistically significant. The analysis was performed using R studio version 1.1.463 (R Studio
Inc., Boston, MA, USA) and R version 3.5.1 (The R Foundation for Statistical Computing,
Vienna, Austria).

3. Results

We included a total of 153 subjects: 50 belonged to the group of confirmed COVID-19
cases and 103 to the suspected COVID-19 cases. A summary of the general characteristics
and the comparison between groups is presented in Table 1. Significant differences were
found between suspected and confirmed COVID-19 patients in terms of smoking history,
physiological parameters and symptoms, such as the presence/absence of fever, dyspnea,
respiratory failure, as well as radiological findings (presence/absence of pleural effusion,
CT scan suggestive of SARS-CoV-2 infection) and laboratory exams (CPR, Lymphocytes
(%), LDH).

A total of four logistic regression models were performed: the first model included all
symptoms and physiological features that resulted in significantly different between the
two groups (Supplementary Table S1). In this model, the presence of dyspnea (OR 12.59;
CI95%: 1.7-93; p-value: 0.013) and the evidence of respiratory failure (OR 8.42; CI195%:
1.32-53.62; p-value: 0.024) increased the risk of diagnosis of COVID-19. The second model
(Supplementary Table S2), which included only radiological findings, showed that the
presence of a CT scan indicative of SARS-CoV-2 infection increased the risk of COVID-
19 diagnosis (OR 3.73; CI95%: 1.68-8.28; p-value: 0.001), while the presence of pleural
effusion reduced the risk (OR 0.24; CI95%: 0.09-0.63; p-value: 0.002). In the third model
(Supplementary Table S3), which collected laboratory findings, we demonstrated that only
CPR could be considered as a potential risk factor for COVID-19 diagnosis (OR 1.02; CI95%:
0.11-1.03; p-value: <0.001). A fourth logistic regression model was performed bringing the
above-mentioned variables together as it is shown in Table 2.
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Table 1. General characteristics and comparison of the two study groups. CT: Computed Tomography;
CPR: C-Reactive Protein; LDH: lactic dehydrogenase. Comorbidities are defined as any chronic
disease or medical condition.

COVID-19 Confirmed COVID-19 Suspected p-Value
N 50 103
Age (mean (SD)) 67.02 (10.98) 66.68 (17.52) 0.900
Sex = M/F n (%) 33/17 (66.0/34.0) 57/46 (55.3/44.7) 0.279
Smoking n (%) <0.001
Never 18 (47.4) 33 (63.5)
Former 1(2.6) 12 (23.1)
Active 19 (50.0) 7 (13.5)
Comorbidities = N/Y n (%) 12/38 (24.0/76.0) 18/85 (17.5/82.5) 0.462
Fever = N/Y n (%) 4/46 (8.0/92.0) 70/33 (68.0/32.0) <0.001
Temperature (°C) (mean (SD)) 37.36 (0.82) 36.69 (0.90) <0.001
Dyspnea = N/Y n (%) 7/43 (14.0/86.0) 41/62 (39.8/60.2) 0.002
Cough = N/Y n (%) 27/23 (54.0/46.0) 69/34 (67.0/33.0) 0.167
CT positive = N/Y n (%) 11/39 (22.0/78.0) 57/46 (55.3/44.7) <0.001
Pleural effusion = N/Y n (%) 44/6 (88.0/12.0) 61/42 (59.2/40.8) 0.001
D-dimer (ng/mL) (median [IQR]) 558.50 [503.50, 1010.25] 1360.00 [770.00, 3285.50] 0.375
Lymphocytes (%) (median [IQR]) 10.30 [5.10, 14.20] 13.70 [8.00, 22.55] 0.006
CPR (mg/L) (median [IQR]) 136.70 [76.15, 203.10] 21.82 [3.56, 67.16] <0.001
LDH (mu/mL) (median [IQR]) 436.00 [356.50, 523.75] 257.00 [208.25, 373.50] <0.001
Respiratory Failure = N/Y n (%) 20/30 (40.0/60.0) 70/33 (68.0/32.0) 0.002

Table 2. Logistic regression model. OR: Odd ratio; CI(95%): Confidence interval at 95%. CPR:

C-Reactive Protein; CT: Chest-Tomography:.

OR CI(95%) p-Value
1.02 0.11,1.02 <0.001
CT positive 11.43 3.01,43.3 <0.001
Pleural effusion 0.15 0.04, 0.63 0.009
Dyspnea 10.48 2.08,52.7 0.004
Respiratory Failure 5.84 1.73,19.75 0.002

Those characteristics were able to discriminate between COVID-19-confirmed and
COVID-19-suspected cases with a sensitivity of 0.60, specificity of 0.90 and high accuracy,
represented with an ROC-AUC curve of 0.91 (Figure 1).
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Figure 1. ROC-AUC report the high accuracy of the model in distinguishing the diagnosis of COVID-
19 between the two groups.

4. Discussion

In this study, we were able to prove that a composite measure that includes increased
blood levels of Reactive C-Protein, the evidence of suggestive CT-scan alterations and the
presence of dyspnea and respiratory failure in addition to the NPS are highly predictive of
SARS-CoV-2 infection. The current gold standard to make a diagnosis of active COVID-19
infection should remain the positive detection of viral RNA in respiratory specimens. The
use of RT-PCR assay to detect SARS-CoV-2 RNA from the nasopharyngeal tract should
remain the preferred initial diagnostic test, although it should be implemented with other
evaluations to avoid uncertainties [16]. It has been proven that negative test results do
not necessarily rule out the possibility of COVID-19 infection and other complementary
measurements, such as bronchoalveolar lavage, should be performed in case of high
suspicion of disease [17-22]. In such a manner, the diagnostic confirmation of COVID-19
infection can require some days, causing difficulties in terms of management of hospital
beds and patients’ follow-up in dedicated units. Suspected SARS-CoV-2 patients generally
can stand for days in the “grey areas” of the Emergency Care Unit, receiving assistance
while they are waiting for the test results. Therefore, there is the need to implement
complementary tools for the decision-making process to accelerate the diagnosis of COVID-
19 and facilitate the management of suspected COVID-19 patients. To our knowledge,
this is the first study that evaluated, in the real-life scenario of two Italian regions with
high and low COVID-19 prevalence, the importance of clinical, radiological and laboratory
parameters to implement the diagnosis of COVID-19 and accelerate the decision-making.

As previously demonstrated, CT scan plays a fundamental role in the diagnosis and
management of subjects with COVID-19 disease, and it can also be essential in detecting
the disease at an early stage [23,24]. In line with these findings, we were also able to
demonstrate that imaging could help to detect SARS-CoV-2-infected patients. Specifically,
we found that a positive chest CT scan can increase the risk of the presence of SARS-CoV-2
infection, whereas the presence of pleural effusion reduces it. A recent study highlighted
the high diagnostic sensitivity of chest CT at certain stages after viral infection [23]. In a
study by Xie et al., it was found that all patients presented characteristic CT features of
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COVID-19 at an early stage, which was confirmed by a positive RT-PCR assay during the
isolation period [25]. Similar results were obtained by Ai et al. in a study that evaluated the
consistency of chest CT scans in the diagnosis of COVID-19 [26]. CT imaging features of
COVID-19 can differ at various disease stages [27,28]. The most frequent CT abnormalities
observed in patients with COVID-19 are ground-glass opacities (GGO), usually with
multiple and bilateral focal lesions in the posterior and peripheral lung segments, “crazy
paving” pattern and less commonly at early stages, pure consolidations [27,29-32]. In
the current study, we were also able to demonstrate that the presence of pleural effusion
is indicative of a lower risk of COVID-19 diagnosis. This is in line with the study of
Woon et al. [33], who showed that the reported incidence of pleural effusions in COVID-
19 pneumonia is low (7.3%). Pleural effusions may occur several days after the onset
of symptoms, more likely resembling advanced stages of COVID-19 pneumonia [33].
Therefore, pleural effusion in COVID-19 patients could more likely be considered a more
severe radiological evolution of COVID-19 pneumonia [14,34-36]. Surely, a chest CT-scan
alone is not sufficient to exclude or confirm the diagnosis of COVID-19. Indeed, chest
CT-scans should be combined with other relevant clinical information. We proved that
patients that reported dyspnea with respiratory failure had an increased risk to be infected
by SARS-CoV-2. This is of great importance, given that SARS-CoV-2 infection may result in
hypoxemia [37] and the occurrence of respiratory failure increases mortality [38].

In addition to the radiological and clinical findings, we explored other markers able
to support the RT-PCR NPS and accelerate the diagnosis of SARS-CoV-2 infection. In this
regard, our analysis indicated that increased serum levels of C-reactive protein (CPR) could
enhance the risk of SARS-CoV-2 diagnosis. As shown in other studies, the levels of CRP
would optimally be rechecked on days 3, 5 and 7 after admission [3,39].

5. Conclusions

In conclusion, our findings suggest that NPS tests should be combined with chest
CT-scans, clinical symptoms and blood CPR evaluation, to increase the accuracy of the
diagnosis of COVID-19 in suspected patients with respiratory symptoms.
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Logistic regression model with radiological findings. OR: Odd ratio; CI(95%): Confidence interval at
95%. CT: Chest-Tomography; Table S3: Logistic regression model with laboratory findings. OR: Odd
ratio; CI(95%): Confidence interval at 95%. CPR: C-Reactive Protein; LDH: Lactic dehydrogenase.
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