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ABSTRACT 

Background:  Coronavirus disease-19 [COVID-19] is a pandemic spreading all over the world. The novel corona virus has a 
specific tropism for the low respiratory airways causing viral pneumonia. Early diagnosis of suspicious COVID-19 
pneumonia represents a pillar for immediate management. Computed tomography [CT] scan is considered the 
gold-standard screening tool, but it has several limitations. A chest ultrasound could play a role in COVID-19.   

Aim of the work: To evaluate the role of lung ultrasound [LUS] in diagnosis of suspicious COVID-19 pneumonia. 

Patients and Methods: Sixty patients with suspected COVID-19 pneumonia were included. They were initially evaluated in 
triage and initial diagnosis [Al-Azhar University Hospital; Damietta] and followed up by the surveillance and infection 
control team till the final diagnosis or discharge from isolation hospitals. All were evaluated clinically, by imaging 
modalities [LUS, chest computed tomography [CT]] and diagnosis confirmed by polymerase chain reaction. Data 
of LUS and chest CT compared to results of PCR. 

Results: LUS had sensitivity of 88.2%, specificity of 11.5%, PPV of 56.6%, NPV of 42.8% and overall diagnostic accuracy of 
55.0%. on the other side, CT scan had 94.1%, 3.85, 56.14%, 33.33% and 57.0% for sensitivity, specificity, positive 
predictive value, negative predictive value and overall diagnostic accuracy, successively. Results of LUS are slightly 
lower than CT. 

Conclusion: US is a useful screening and monitoring tool in suspected COVID-19. It is feasible, portable with an accepted rate 
of sensitivity. However, it is advisable to be used as an integrated diagnostic tool.  
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INTRODUCTION 

Coronavirus disease-19 [COVID-19] is an 
infectious pandemic caused by a new coronavirus, 
known as severe acute respiratory syndrome 
coronavirus 2 [SARS-CoV-2][1]. Clinically, it presents 
by non-specific manifestations of fever, fatigue and 
dry cough. But, it could be completely asymptomatic 
or complicated by severe pneumonia[2]. Treatment is 
mainly supportive. However, available medical 
treatments for COVID-19 pneumonia [a severe 
complication of the disease] include different anti-
viral drugs, drugs blocking the inflammatory cascade 
[e.g., anti-interleukin-6], chloroquine, mechanical 
ventilation [MV] and extracorporeal membrane 
therapy. Available evidence recommends early 
treatment, as it is concomitant by better and rapid 
improvement [3,4]. This elucidate the significance of 
diagnostic methods early in the course of the 
disease.  

Computed tomography [CT] is extensively used 
as an initial screening and diagnostic tool of viral 
pneumonia [including COVID-19] [5]. The real-time, 
polymerase chain reaction [RT-PCR] is then used to 
confirm the diagnosis of COVID-19 by amplification 
of nucleic acid particles, detected from respiratory 
tract or blood specimens[6].  Unfortunately, RT-PCR 
had multiple limitations: first, the results are false 
negatives when viral load in the specimen is low 
leading to low detection rate; Second, it could not 
reflect the disease severity or predict its progression; 
Third, shortage of reagents supply, and new 
reagents awaits extensive studies and improvement; 
Fourth, it takes time to obtain the results. For these 
reasons, researchers recommend the usage of CT 
as the main and initial tool for diagnosis of COVID-
19[7]. Additionally, if there is a patient with suspicion 
of COVID-19 [on clinical basis] with positive CT 
findings, but negative PCR, such patient must be 
isolated and managed as a positive case as soon as 
possible[8].  Computed tomography is not readily 
available in all health care facilities, especially in 
developing countries. Thus, another, readily 
available, relatively cheap initial diagnostic and 
screening tool is mandatory. Ultrasound could 
represent such tool. Soldati et al.[4] reported that, a 
chest ultrasound could have a role in COVID-19 
pandemic and they advocated the spread of its use.  

The main advantages of thoracic ultrasound 
include wide availability, easily use, ease and rapid 

disinfection, and the ability of its use at patient’s 
bedside. In addition, it is more sensitive than X-ray 
chest in diagnosis of different pneumoniae[9,10].  
However, the ultrasound role as a sole or 
complementary diagnostic modality in COVID-19 
pandemic is still questioned. 

AIM OF THE WORK 

The aim of the present work is to investigate the 
diagnostic ability of thoracic ultrasound in suspicious 
COVID-19 infection and/or COVID-19 pneumonia. 
Also, to compare its findings to CT and SARS COV2 
PCR. 

PATIENTS AND METHODS 

The present study is a prospective cohort study, 
carried out at Al-Azhar University hospital [New 
Damietta] during the period from April to June 2020. 
Sixty patients with suspicious COVID-19 clinically 
were recruited. Included patients were selected from 
those attending triage room and emergency 
department. The diagnosis was confirmed or 
excluded by PCR. The study protocol was approved 
by the local and research ethics committee of 
Damietta Faculty of Medicine [Al-Azhar University].    

As a tertiary care hospital, our hospital developed 
its own triage for COVID-19 with its nomination as a 
pandemic. At emergency department entry, a team 
of [chest disease specialist, general practitioner and 
high nurse] who had been trained for handling of 
suspicious COVID-19 cases checked all attendants 
and divide them into two suspicious and non-
suspicious groups according to the case definition of 
COVID-19 launched by Egyptian Ministry of Health 
[MOH] in April 2020. Suspected cases are admitted 
to a special department of the hospital [which is 
totally away from and secured to prevent 
transmission of infection other departments of 
hospital] to fulfill the case definition.  Suspected 
cases were subjected to analysis of complete blood 
count [CBC] and arterial blood gases [ABG]. Chest 
ultrasound was performed under standard 
precautions of infection control. Suspected cases 
directly referred to isolation hospitals in Damietta 
governorate, for further management.  Chest 
ultrasound examination had been completed in the 
special department of isolation, under strict 
precautions to minimize exposure to infection 
according to WHO recommendations, with portable 
ultrasound machine. The lung had been scanned as 
described previously by Buonsenso et al.[11].  
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A convex sensor [3.5 mHz] connected to a tablet 
was used for lung ultrasound. This system has been 
selected to mitigate the chance of infection and the 
resulting nosocomial spread. Two operators, an ED 
doctor [pulmonary intensivist] and an ED nurse 
[operator 2] entered the insulation room.  Lung 
ultrasound was conducted by Operator 1 who 
reached the patient. Operator 2 was responsible for 
freezing and saving images/videos, but the patient 
did not touch anyone else in the room. The two 
operators shared and agreed this procedure before 
entering the room to minimize the risk of 
contamination. The tablet and the sensor have been 
sterilized in a certain area at the end of the procedure 
and are placed in two new sterile plastic bags. In the 
next, the thorax was scanned at bedside in the 
following 12 lung areas: anterior higher and lower, 
lateral higher and lower, posterior higher and lower 
on both sides of the lung.  'B-lines' are a hallmark of 
alveolo-interstitial US syndrome and their semi-
quantification helps in determining its duration. 
Although a recent consensus discusses some 
aspects of B-line image acquisition, research are 
sparse on reproducibility between raters and 
transducers[12]. CT examinations had been 
performed as described by Xu X. et al.[13]. Image 
analysis carried by an-independent radiologist 
described lesion characteristics [e.g., distribution, 
number of lobes, lesion’s pattern and involvement of 
adjacent structures]. Consolidation confirmed if there 
is an opacity which obscured bronchial structures 
and pulmonary vessels. Crazy paving defined as 
ground glass opacity associated with interlobular 
septal thickening [14].  Our infection control and 
surveillance team was able to follow up those 60 
patients. Then, patients were subdivided into covid-
19 positive and negative subgroups according to 
results of SARS-CoV2 PCR.  

Statistical analysis of data:  by statistical 
package for social sciences [SPSS], version 16 
[SPSS Inc., Chicago, USA], all statistical tests had 
been carried out. Qualitative data presented in 
frequency and percentage distribution, while 
quantitative data presented as mean [for central 
tendency] ± standard deviations [SD; for dispersion]. 
The yield of studied tools had been determined by 
Wilsons score method. Groups had been compared 
by student samples [t] test, Chi square, Mann 
Whitney tests according to type of data. P < 0.05 had 
been considered significant. A receiver operating 
characteristic curve (ROC curve) (Wilson score 

method) was used to test the validation and accuracy 
of the chest CT scan and LUS in COVID19 screening 
considering SARS COV2 Polymerase chain reaction 
(PCR) (Wilson score method)  as a gold confirmatory 
standard. Also, a receiver operating characteristic 
curve (ROC curve) (Wilson score method) was used 
to test the validation and accuracy of the LUS in 
COVID19 pneumonia screening considering chest 
CT scan as a gold confirmatory standard.          

RESULTS 

The present study included 60 patients with 
clinical and imaging suspicion of COVID-19 
pneumonia. The diagnosis was confirmed in 34 
patients [56.7%] and 26 patients [43.3%] yielded 
negative 3 PCR examination results. Males 
represented 67.6% of positive and 53.9% of negative 
group with no significant difference between groups. 
The age ranged between 19 and 69 years and the 
mean age of positive group was 43.97± 12.5 years, 
while it was 44.58±9.67 years. Both positive and 
negative groups were comparable as regard to 
different comorbid diseases [chronic obstructive 
pulmonary disease [COPD], diabetes mellitus, 
hypothyroidism and neuromyopathy], except 
significant increase of hypertension and liver 
diseases among positive [73.5%, 17.6%] when 
compared to negative group [46.2%, 0.0% 
respectively] [Table 1]. The clinical and laboratory 
data were presented in table [2]. No significant 
difference was reported between positive and 
negative groups as regard any of clinical or 
laboratory data, except significant decrease of 
albumin in negative when compared to positive 
group [3.45 ± 0.84 vs 4.03 ± 1.01 respectively].  The 
ultrasound findings in relation to the CT characters 
among the studied patients are presented in table 
[3], 11.7% was free of any LUS characters but 100% 
of them showed ground glass opacity in the chest 
CT. Only 20% of the patients revealed Thick pleural 
line by ultrasound; majority 66.7% of them was 
ground glass opacity in the CT. Multiple B line 
ultrasonographic character presented among 15.0% 
of patients and 33.3%, 33.3% of them showed 
ground glass opacity and combined ground glass 
opacity & consolidation in the CT respectively. 
Majority 30.0% of the patients revealed lung rocket 
in the pulmonary ultrasound 33.3% of them showed 
crazy paving and 27.8% of them showed 
consolidation in the CT.  

According to results of ultrasound scan, COVID-
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19 positive patients were assigned to positive or 
negative groups and their results were compared to 
final PCR results to test sensitivity and specificity of 
both modalities and results had been presented in 
table [4]. CT scan had 94.1%, 3.85, 56.14%, 33.33% 
and 57.0% for sensitivity, specificity, positive 
predictive value, negative predictive value and 
overall diagnostic accuracy, successively; while LUS 
had sensitivity of 88.2%, specificity of 11.5%, PPV of 
56.6%, NPV of 42.8% and overall diagnostic 
accuracy of 55.0%. Results of LUS are slightly lower 
than CT in diagnosis of COVID19 infection. COVID-
19 positive patients were assigned to pneumonic or 
non-pneumonic groups and their results were 
compared to chest CT scan to test sensitivity and 
specificity of LUS in diagnosis of COVID19 
pneumonia in comparison to chest CT scan as a gold 
standard and results had been presented in table [6]. 
LUS had 87.93%, 0.0 %, 96.23%, 0.0% and 85% for 
sensitivity, specificity, positive predictive value, 
negative predictive value and overall diagnostic 
accuracy, successively.  

Results of CT scan in the current study were 
normal among 5.9%, revealed consolidation among 
20.6%, ground glass opacity [GGO] among 35.3%, 
crazy paving among 17.6%, GGO with consolidation 
among 11.8%, GGO with crazy paving among 8.8%, 
while no patients had lymph-adenopathy or pleural 
effusion. These data were compared to previous 
studies and results showed great variability [Table 
5].   

Mortality among COVID-19 patients was 
presented in figure [1]. Two patients out of 34 
positive cases [5.9%] were died.  

 

Figure [1]: Mortality among the COVID-19 patients 
 

 

Table [1]: Demographic and comorbid conditions variability among the studied group 
 

P- value 
Non COVID 19 

[N=26] 
COVID 19 cases 

[N=34] 
Variable 

0.835 44.58±9.67 43.97± 12.5 Mean± SD  Age 

0.197 
14 [53.9%] 23 [67.6%] Male  Sex 

12 [46.1%] 11 [32.4%] Female 

Comorbidities 

0.031* 12 [46.2%] 25[73.5%] Hypertension 

0.224 4 [15.4%] 2 [5.9%] COPD 

0.580 15 [57.7%] 22 [64.7%] Diabetes Mellitus 

0.024* 0 [0.0%] 6 [17.6%] Hepatic disorder 

0.728 3 [11.5%] 3 [8.8%] Hypothyroidism 

- 0 [0%] 0 [0%] Collagen disorder 

0.444 1 [3.8%] 3 [8.8%] Neuromyopathy 
N: number of subjects, SD: standard Deviation, COPD: chronic obstructive pulmonary disease. *Statistical Significance was defined as P <0.05. 
 

Table [2]: Clinical and laboratory data of the patients suspected with COVID-19 

P- value 
Non COVID 19 

[N=26] 
COVID 19 cases 

[N=34] 
Variable 

0.835 28.73 ± 3.81 27.88 ± 5.37 BMI 

0.594 113.27 ± 11.64 115.15 ± 14.7  HR 

0.111 87.27 ± 4.81 88.85 ± 2.69 SO2 

0.063 12.90 ± 1.57 13.71 ± 1.70 HGB 

0.959 12.25 ± 4.79 12.18 ± 5.56 TLC ×103 

0.172 3. 92 ± 0.69 2.198 ± 0.82 Lymphocytes×103 

0.019* 3.45 ± 0.84 4.03 ± 1.01 Albumin 

0.103 85.65 ± 45.95 66. 94± 41.02 Urea 

0.545 1.92 ± 0.59 1.76 ± 1.22 Creatinine 

0.055 130.61 ± 6.52 134.47 ± 8.26 Na 

0.341 4.15 ± 1.07 4.40 ± 0.91 K 

0.747 47.15 ± 26.55 45.12 ± 22.03 CRP 

0.484 1496.92 ± 811.23 1661.17 ± 952.17 D-dimer 
N: number of subjects, SD: standard Deviation, BMI: Body mass index, HR: heart rate, SO2: oxygen saturation, HGB: hemoglobin, TLC: total leucocyte count, CRP: C-
reactive protein. *Statistical Significance was defined as P <0.05. 

94.1%

5.9%

Alive Died
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Table [3]: Distribution of LUS findings in relation to the chest CT scan characters among the studied patients 

LUS 
Chest Computed Tomography 

Total* Normal GGO Consolidation Crazy 
Paving 

GGO, 
Consolidation 

GGO, Crazy 
Paving 

Normal 
N 0 7 0 0 0 0 7 

%α 0.0% 38.9% 0.0% 0.0% 0.0% 0.0% 11.7% 

%© 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

Thick pleural line 

N 1 8 0 0 2 1 12 

%α 50.0% 44.4% 0.0% 0.0% 15.4% 20.0% 20.0% 
%© 8.3% 66.7% 0.0% 0.0% 16.7% 8.3% 100.0% 

Multiple B line 

N 0 3 2 0 3 1 9 

%α 0.0% 16.7% 14.3% 0.0% 23.1% 20.0% 15.0% 
%© 0.0% 33.3% 22.2% 0.0% 33.3% 11.1% 100.0% 

Lung Comet 

N 0 0 7 2 5 0 14 

%α 0.0% 0.0% 50.0% 25.0% 38.5% 0.0% 23.3% 
%© 0.0% 0.0% 50.0% 14.3% 35.7% 0.0% 100.0% 

Lung Rocket 

N 1 0 5 6 3 3 18 

%α 50.0% 0.0% 35.7% 75.0% 23.1% 60.0% 30.0% 

%© 5.6% 0.0% 27.8% 33.3% 16.7% 16.7% 100.0% 

Total 

N 2 18 14 8 13 5 60 

%α 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

%© 3.3% 30.0% 23.3% 13.3% 21.7% 8.3% 100.0% 
*[Pearson Chi-Square = 53.6, P value = 0.000], GGO: Ground Glass Opacity, α percentage within CT, © percentage within LUS 

 

Table [4]: Evaluation of validation and accuracy of CT vs LUS for COVID-19 epidemics screening when 
Polymerase chain reaction (PCR) is a gold standard using Wilson score method 

Diagnostic 
 accuracy 

NPV 
[95% CI] 

PPV 
[95% CI]  

Specificity 
 [95% CI] 

Sensitivity 
[95% CI]  Variable 

57% 
[41.36-68.42] 

33.33% 
[6.15-79.23] 

56.14% 
[43.28- 68.23] 

3.85% 
[0.68-18.89] 

94.1% 
[80.91- 98.37] 

CT scan 

55% 
[42.49-66.91] 

42.8% 

[15.82-74.95] 
56.6% 

[43.27- 69.0] 
11.5% 

[4.03-28.98] 
88.2% 

[73.38-95.33] 
LUS 

CT: computed tomography, US: ultrasonography, CI: confidence interval, PPV: positive predictive value, NPV: negative predictive value 

Table [5]: Comparison of CT findings with some papers published during 2020 
Song et al.[16] 

Chung M. et al.[14] Chen et al.[15] Xu X.,et al.[13] 
Current study Variable 

N/A N/A N/A 23%  3.3% Normal 

59% 29% 100% 13% 30.0% Consolidation 

77% 86% 14% 72% 23.3% GGO 

N/A N/A N/A 12% 13.3% Crazy Paving 

N/A N/A N/A N/A 21.7% GGO, Consolidation 

N/A N/A N/A N/A 8.3% GGO ,Crazy Paving 

6% 0.0% N/A 1% N/A Lymphadenopathy 

6% 0.0% N/A 4% N/A Pleural Effusion 

CT: computed tomography, GGO: Ground Glass Opacity   

Table [6]: Evaluation of validation and accuracy of LUS for screening of COVID-19 pneumonia epidemics 
when chest CT scan is a gold standard using Wilson score method 

Diagnostic 
 accuracy 

NPV 
[95% CI] 

PPV 
[95% CI]  

Specificity 
 [95% CI] 

Sensitivity 
[95% CI]  Variable 

85% 
[73.89 - 91.9] 

0.0% 

[0.0 - 35.43] 
96.23% 

[87.25 - 98.96] 
0.0 % 

[0.0 - 65.76] 
87.93% 

[73.38 - 95.33] 
LUS 

CT: computed tomography, US: ultrasonography, CI: confidence interval, PPV: positive predictive value, NPV: negative predictive value 
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DISUCSSION 

Although, about nine months had been passed 
since the documentation of the first COVID-19 case, 
the world still fight to find a curative treatment or a 
vaccine for the disease. All countries tailored their 
daily activity to adopt live with the disease, and some 
countries no longer considered it as a high 
consequence infection disease, although world 
health organization still report progressive increase 
of recorded cases allover the globe[17].  

The importance of a screening test or tool 
becomes more and more significant with time. 
Computed tomography, lung ultrasound, and viral 
swabs had been used as a screening tools. 
However, CT imaging had the drawbacks of being 
slow, expose patient to ionizing radiation, and 
exposes the other medical team members to COVID-
19 infections[18].  

On the other side, lung ultrasound is readily 
available, had no risk or exposure to ionizing 
radiation and relatively simple when compared to CT 
[no need for staff or time as CT]. But, it carries the 
same risk exposure to COVID-19 of the treating 
physician[9]. 

  We here presented our experience with LUS.  
Results revealed that, ultrasound is nearly as 
effective as computed tomography in diagnosis of 
Pneumonic COVID-19. Soldati et al.[4] advocated 
the use of lung ultrasound use as a screening tool in 
COVID-19 pandemic on the basis of animal studies 
and its role in  acute respiratory distress syndrome[19] 
and its diagnostic role in H1N1 pandemic[20].   

Soldati et al.[4] strongly proposed the diagnostic 
benefits of lung ultrasound for:  triage 
[pneumonic/non‐pneumonic COVID-19], diagnostic 
suspicion in emergency situation, follow up and 
monitoring [either in wards or intensive care unit] and 
reduction of exposed health care professionals to 
risk of infection [single clinician].  

In addition, Vetrugno et al.[9] concluded that, the 
use of lung ultrasound permitted the identification of 
patients with lung involvement. Disease severity had 
been documented and serial thoracic ultrasound 
were used to document the course of the disease. A 
significant reduction of chest x-ray and CT scans had 
been observed with the introduction of ultrasound. 

    

Fox and Dugar[21] challenged the use of 
ultrasound in COVID-19 due to non-specific 
manifestations of the disease which resembles 
picture of other viral pneumonia and acute 
respiratory distress syndrome in its severe form. 
However, they recommended the use of LUS to 
increase sensitivity, for proper allocation of medical 
service and monitoring of patients. This reflected 
their orientation to the important role of LUS in 
COVID-19 irrespective of non-specific 
manifestations [the tool could not blamed for this 
findings].  

 Regarding CT findings in the current work, it lies 
with previous studies showed that, main changes on 
CT depends on the study of the disease and usually 
presented as patchy or segmental GGO with 
vascular dilatation.  Very small number of patients 
had normal CT findings, early in the disease.  With 
disease progression, the GGO increased with 
involvement of multiple lobes, appearance of 
consolidations, both GGOs surrounding 
consolidations [which is characteristic for severe 
stages]. In addition, septal thinking and crazy paving 
are usually present. In advanced stages, CT lung 
revealed consolidation with GGO around 
consolidated areas accompanied by bands of 
parenchymal origin with small amount of effusion [i.e. 
lung whiteout][7].  

Hamer et al. [22] also reported that, the most 
common manifestations of pneumonic COVID-19 on 
CT are GGO, followed by a mixed picture of GGO 
and consolidation, and then consolidation alone.  

In addition, the sensitivity of CT in the current 
work lies with the range of reported in previous 
studies. For example, Cheng et al.[23], Caruso et 
al.[24], Ai T, et al.[25], and Fang et al.[26] reported that, 
the sensitivity of chest CT for COVID-19 pneumonia 
detection [diagnosis] has been reported to be [97%], 
the specificity [25% to 56%], and the overall 
accuracy [68% to 72%]. 

Results of the current work revealed that, 
ultrasound give nearly similar accuracy as CT in 
diagnosis of pulmonary changes in pneumonic 
COVID-19. One study compared different imaging 
modalities in intensive care unit revealed high 
agreement between LUS and CT. The same authors 
appreciate the role of LUS in exclusion of other 
pulmonary diseases [e.g., pneumothorax and 
effusion] [27].   
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Poggiali et al.[28] also reported a strong 
concordance between LUS and CT when carried out 
simultaneously in patients with flu-like 
manifestations and recommended its use instead of 
CT in early diagnosis of COVID-19.   

Liu et al. [29] through an international webinar 
concluded that, LUS appears to be a promising first 
line, comprehensive diagnostic tool in both 
suspected and diagnosed COVID-19.  

Istvan-Adorjan et al. [30] carried a mini-review 
about LUS in COVID-19 and concluded that, In 
COVID-19, pulmonary lesions determine the clinical 
course and prognosis of the disease and LUS is an 
easy imaging modality, considered a significant tool 
for diagnosis and follow up, which help timely and 
proper therapeutic decisions.   

More recently [June 2020], Boero et al. [31] 
evaluated the role of LUS in COVID-19 management 
and concluded that, a growing evidence supports the 
use of LUS in COVID-19. However, no data of 
multicenter studies are available. LUS could play a 
strategic roles in the management of the disease 
from presentation, at hospitalization and event after 
discharge. They advocated rapid research to set a 
protocol for LUS as a single or integrated tool in 
management of COVID-19.     

One limiting step of the current work is the small 
sample size of the included patients and absence of 
control group. However, a strength point is the use 
of PCR as a reference for diagnosis of COVID-19. 
Another strength point is comparing LUS to CT [CT 
considered as a gold-standard for diagnosis in 
suspected cases], which reflected the power of LUS 
as a diagnostic tool.  

We could conclude that, LUS could be a useful 
screening and follow up tool in COVID-19 infection 
epidemic or even COVID-19 pneumonia and similar 
conditions; especially in low-resources medical 
facilities. It is feasible, portable and revealed an 
accepted rate of sensitivity. 

 

Financial and Non-Financial Relationships and 

Activities of Interest  

Authors declare that, there was no competing interest 
 
 

 

 

 
 
 

REFERENCES 
 

1.  Rothan HR, Byrareddy SN. The epidemiology and 
pathogenesis of coronavirus disease [COVID-19] 
outbreak. J Autoimmun. 2020 May; 109: 102433. 
Published online 2020 Feb 26. [DOI: 10.1016/ 
j.jaut.2020.102433].  

2. Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al. Clinical 
Characteristics of Coronavirus Disease 2019 in 
China. N Engl J Med. 2020 Apr 30; 382[18]:1708-
1720. [DOI: 10.1056/ NEJMoa 2002032].  

3. Chen J, Qi T, Liu L, Ling Y, Qian Z, Li T, et al. Clinical 
progression of patients with COVID-19 in Shanghai, 
China. J Infect. 2020 May; 80[5]:e1-e6. [DOI: 
10.1016/j.jinf.2020.03.004].  

4. Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, 
Perrone T, Briganti DF, et al. Is There a Role for 
Lung Ultrasound During the COVID-19 Pandemic? J 
Ultrasound Med. 2020 Jul; 39[7]:1459-1462. [DOI: 
10.1002/jum.15284]. 

5. Koo HJ, Lim S, Choe J, Choi SH, Sung H, Do KH. 
Radiographic and CT features of viral pneumonia. 
Radiographics. 2018; 38[3]: 719-739. [DOI: 
10.1148/rg.2018170048]. 

6. Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, 
Chu DK, et al. Detection of 2019 novel coronavirus 
[2019-nCoV] by real-time RT-PCR. Euro Surveill. 
2020 Jan; 25[3]: 2000045. [DOI: 10.2807/1560-
7917.ES.2020.25.3.2000045].  

7. Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor 
recognition by novel coronavirus from Wuhan: an 
analysis based on decade long structural studies of 
SARS. J Virol. 2020. Mar 17; 94[7]:e00127-20 [DOI: 
10.1128/JVI. 00127-20]. 

8. Bassetti M, Vena A, Roberto Giacobbe D. The novel 
Chinese coronavirus [2019-nCoV] infections: 
challenges for fighting the storm. Eur J Clin Invest. 
2020: e13209. 

9. Vetrugno L, Bove T, Orso D, Barbariol F, Bassi F, Boero 
E, Ferrari G, Kong R. Our Italian experience using 
lung ultrasound for identification, grading and serial 
follow-up of severity of lung involvement for 
management of patients with COVID-19. 
Echocardiography. 2020; 37:625–627. [DOI: 10. 
1111/echo.14664]. 

10. Maw AM, Hassanin A, Ho PM, McInne MDF, Moss A, 
Juarez-Colung E, et al. Diagnostic accuracy of 
point-of care lung ultrasonography and chest 
radiography in adults with symptoms suggestive of 
acute decompensated heart failure: a systematic 
review and meta-analysis. JAMA Netw Open 2019; 
2:e190703. [DOI: 10.1001/jamanetworkopen. 
2019.0703]. 

11. Buonsenso D, Piano A, Raffaelli F, Bonadia N, de 
Gaetano Donati K, Franceschi F. Point-of-Care 
Lung Ultrasound findings in novel coronavirus 
disease-19 pnemoniae: a case report and potential 
applications during COVID-19 outbreak. Eur Rev 



IJMA 2020; Volume 2, Issue 4: 682-689 

689 

 

Med Pharmacol Sci. 2020 Mar; 24 [5]:2776-2780. 
[DOI: 10.26355/eurrev_202003_20549]. 

12. Short J, Acebes C, Rodriguez-de-Lema G, La Paglia 
GM, Pavón M, Sánchez-Pernaute O, Vazquez JC, 
Romero-Bueno F, Garrido J, Naredo E. Visual 
versus automatic ultrasound scoring of lung B-lines: 
reliability and consistency between systems. Medical 
ultrasonography. 2019 Feb 17;21[1]:45-9. [DOI: 
10.11152/mu-1885]. 

13. Xu X, Yu C, Qu J, Zhang L, Jiang S, Huang D, et al. 
Imaging and clinical features of patients with 2019 
novel coronavirus SARS-CoV-2. Eur J Nucl Med Mol 
Imaging. 2020 May; 47[5]:1275-1280. [DOI: 10.1007/ 
s00259-020-04735-9]. 

14. Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng 
X,  et al. CT Imaging Features of 2019 Novel 
Coronavirus [2019-nCoV]. Radiology. 2020 Apr; 295 
[1]: 202-207. [DOI: 10.1148/ radiol.2020200230]. 

15. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, 
et al. Epidemiological and clinical characteristics of 
99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: a descriptive study. Lancet. 2020 Feb 
15; 395 [10223]:507-513. [DOI: 10.1016/S0140-6736 
[20] 30211-7]. 

16. Song F, Shi N, Shan F, Zhang Z, Shen J, Lu H, Ling Y, 
Jiang Y, Shi Y. Emerging 2019 Novel Coronavirus 
[2019-nCoV] Pneumonia. Radiology. 2020 Apr; 295 
[1]:210-217. [DOI: 10.1148/ radiol.2020200274]. 

17. World Health Organization [WHO]. Weekly Epidemio-
logical and Operational updates September 2020; 
available at https://www.who.int/docs/default-source/ 
coronaviruses/ situation-reports/20200907-weekly-
epi-update-4.pdf? sfvrsn = f5f607ee_2; Last 
accessed September, 9th, 2020.  

18. Yoon SH, Lee KH, Kim JY, Lee YK, Ko H, Kim KH, et 
al. Chest Radiographic and CT Findings of the 2019 
Novel Coronavirus Disease [COVID-19]: Analysis of 
Nine Patients Treated in Korea. Korean J Radiol. 
2020; 21[4]:494–500. Epub 2019/02/26. [DOI: 
10.3348/kjr.2020.0132]. 

19. Bass CM, Sajed DR, Adedipe AA, West TE. Pulmonary 
ultrasound and pulse oximetry versus chest 
radiography and arterial blood gas analysis for the 
diagnosis of acute respiratory distress syndrome: a 
pilot study. Crit Care. 2015 Jul 21; 19[1]:282. [DOI: 
10.1186/s13054-015-0995-5]. 

20. Testa A, Soldati G, Copetti R, Giannuzzi R, Portale G, 
Gentiloni-Silveri N. Early recognition of the 2009 
pandemic influenza A [H1N1] pneumonia by chest 
ultrasound. Crit Care. 2012 Feb 17; 16[1]:R30. [DOI: 
10.1186/cc11201]. 

 

 

 

 

 

 

21. Fox S, Dugar S. Point-of-care ultrasound and COVID-19. 
Cleve Clin J Med. 2020 May 14. [DOI: 10.3949/ 
ccjm.87a.ccc019]. 

22. Hamer OW, Salzberger B, Gebauer J, Stroszczynski C, 
Pfeifer M. CT morphology of COVID-19: Case report 
and review of literature. Rofo. 2020 May; 192[5]:386-
392. [DOI: 10.1055/a-1142-4094]. 

23. Cheng Z, Lu Y, Cao Q, Qin L, Pan Z, Yan F, Yang W. 
Clinical Features and Chest CT Manifestations of 
Coronavirus Disease 2019 in a Single-Center Study 
in Shanghai, China. AJR Am J Roentgenol. 2020 Jul; 
215[1]:121-126. [DOI: 10.2214/AJR.20.22959]. 

24. Caruso D, Zerunian M, Polici M, Pucciarelli F, Polidori 
T, Rucci C, et al. Chest CT Features of COVID-19 in 
Rome, Italy. Radiology. 2020 Aug; 296 [2]: E79-E85. 
[DOI: 10.1148/radiol. 2020201237]. 

25. Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, et al. 
Correlation of Chest CT and RT-PCR Testing for 
Coronavirus Disease 2019 [COVID-19] in China: A 
Report of 1014 Cases. Radiology. 2020 Aug; 296[2]: 
E32-E40. [DOI: 10.1148/radiol.2020200642]. 

26. Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, Ji W. 
Sensitivity of Chest CT for COVID-19: Comparison to 
RT-PCR. Radiology. 2020 Aug; 296[2]: E115-E117. 
[DOI: 10.1148/radiol. 2020200432]. 

27. Tierney DM, Huelster JS, Overgaard JD, Plunkett MB, 
Boland LL, St Hill CA, et al. Comparative 
performance of pulmonary ultrasound, chest 
radiograph, and CT among patients with acute 
respiratory failure. Crit Care Med. 2020 Feb; 48 [2]: 
151-157. [DOI: 10.1097/CCM. 0000000000004124]. 

28. Poggiali E, Dacrema A, Bastoni D, Tinelli V, Demichele 
E, Mateo Ramos P, et al. Can Lung US Help Critical 
Care Clinicians in the Early Diagnosis of Novel 
Coronavirus [COVID-19] Pneumonia? Radiology. 
2020; 295 [3]:E6. [DOI: 10.1148/radiol. 2020200847].  

29. Liu RB, Tayal VS, Panebianco NL, Tung-Chen Y, 
Nagdev A, Shah S, et al. Ultrasound on the 
Frontlines of COVID-19: Report From an International 
Webinar. Acad Emerg Med. 2020 Jun; 27[6]:523-526. 
[DOI: 10.1111/acem.14004].  

30. Istvan-Adorjan S, Ágoston G, Varga A, Cotoi OS, Frigy 
A. Pathophysiological background and clinical 
practice of lung ultrasound in COVID-19 patients: A 
short review. Anatol J Cardiol. 2020 Aug; 24 [2]: 76-
80. [DOI: 10.14744/AnatolJCardiol.2020.33645]. 

31. Boero E, Schreiber A, Rovida S, Vetrugno L, Blaivas M. 
The role of lung ultrasonography in COVID-19 
disease management. J Am Coll Emerg Physicians 
Open. 2020 Jul 21: 10.1002/emp2.12194. [DOI: 
10.1002/emp2.12194].  

 

 

 

 

 

 



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                  

 

https://ijma.journals.ekb.eg/ 
Print ISSN: 2636-4174 

Online ISSN: 2682-3780 

https://ijma.journals.ekb.eg/

