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Abstract 

We report the Radiological findings in relation to the clinical features of coronavirus disease (COVID-19) in 37 
symptomatic neonates and young infants (<2 months of age) who presented with a sepsis-like picture and proved to be 
infected with COVID-19.   

Patients and methods: We reviewed, recorded, and analyzed the clinical findings in relation to the imaging features of 
coronavirus disease (COVID-19) in 37 symptomatic neonates and young infants (<2 months of age) who presented with 
sepsis-like picture (fever, hypotonia, hypoactivity, cough, and poor feeding) and proved to be infected with COVID19 
(PCR) between January 1, 2020, and June 1, 2020. 

Results: Our symptomatic newborns with COVID-19 infection had increased pulmonary vascularity in 6.2%, slightly 
accentuated central lung vascularity in 12.5%, and prominent hilar shadows with increased linear lung shadowing in 
the perihilar and precardiac in 34%. Increased linear lung shadowing with a tiny beaded-like appearance more 
distributed peripherally and at lower lobes occurred in 28%. Superadded peri-bronchial cuffing and perivascular 
haziness and lace-like fine linear appearance of interstitium occurred in 9.3%. Ground glass fine opacities (GGO) 
scattered in two or more lobes of both lungs appeared in 15.6%. Only 6.2% of symptomatic newborns showed 
superadded consolidations in both lungs, mainly peripherally oriented. Correlation with clinical severity of the disease 
(requirement of oxygen and assisted ventilation) proved that the appearance of GGO without consolidations was 
associated with moderate clinical severity, while the appearance of consolidations was associated with marked disease 
severity. 

Conclusions: These findings brought more attention and understanding of the radiological manifestations and their 
association with the clinical severity in COVID19 positive newborns and young infants. 
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1. Introduction

The diagnosis of SARS-CoV-2 neonatal infection should meet all of the following criteria: (1) at least one clinical 
symptom, including unstable body temperature, low activity or poor feeding, or shortness of breath, (2) chest 
radiographs showing abnormalities, including unilateral or bilateral milled glass opacities, (3) a SARS-CoV-2 infection 
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diagnosis in the patient's family or caregivers, and (4) close contact with people who may have or have confirmed SARS-
CoV-2 infection, patients with unexplained pneumonia. (1) 

Despite the increasing number of published studies on COVID-19 in pregnancy, there are insufficient good-quality data 
to draw unbiased conclusions with regard to the severity of the disease or specific complications of COVID-19 in 
newborns and young infants < 2 months of age.   (2,3)  

Wei M et al, reported 9 young infants between 1 and 11 months of age. Of the nine infants, four had fever, two mild 
upper respiratory symptoms, one asymptomatic, and two no information on symptoms. The time between admission 
and diagnosis was 1–3 days.  (4) All nine infants did not require intensive care or mechanical ventilation and had no 
serious complications. Lu X et al reported 31 infants under 1 year, 19 % had symptoms of upper respiratory tract 
infection and 20 % had pneumonia, the rest were asymptomatic. (3) 

Yan-Ting et al reported A considerable number of, but not all, neonates born to COVID-19-infected women developed 
COVID-19 (5/30) or had pneumonia-like radiological features (17/30). In their series those with CT features of 
pneumonia were mainly asymptomatic. (5) 

Case reports stated some chest radiograph findings including pneumonia, increased lung marking, thickened texture, 
or high-density nodular shadows, and reported non-specific biochemical variables. The link between radiological and 
clinical symptoms was not completely entertained.  (3,5,6) 

Given the paucity of studies at this time, the chest radiographic changes in COVID19 positive newborns and young 
infants and their association, if any, with clinical manifestations have not been obviously studied.   

1.1. Patients and methods 

We reviewed, recorded and analysed the clinical findings in relation to the imaging features of coronavirus disease 
(COVID-19) in 37 symptomatic neonates and young infants (<2 months of age) who presented with sepsis like picture 
(fever, hypotonia, hypoactivity, cough and poor feeding) and proved to be infected with COVID19 (PCR) between 
January 1, 2020, and June 1 2020. All neonates and young infants of our study were outpatients who were found positive 
for SARS-CoV-2 in the emergency department and were admitted to the dedicated COVID-19 Unit of our hospital. 
Confirmed cases were defined through nasal and/or pharyngeal swabs positive for the presence of SARS-CoV-2 viral 
RNA using an in-house Taqman rt-real-time PCR assay targeting E and RdRP genes. Assay validation was performed in 
line with ISO 15189: 2012 requirements. The quality of COVID-19 diagnostic testing was supported and ensured by 
proficiency testing panels, i.e., external quality assessment (EQA) schemes provided by ECDC and WHO. 

The ethical committee of Hamad Medical Corporation approved the protocol of the study (MRC-01-20-566). 

2. Results 

The clinical characteristics of the COVID19 positive newborns are presented in table 1. Fever, nasal congestion/block, 
cough and hypoactivity were the main presenting manifestations.  

The radiological changes of our patients are presented in (table 2) Plain X ray chest changes of the newborns with 
positive PCR for covid 19 are reported to be mostly mild. Our symptomatic newborns with COVID19 infection showed 
clear lung fields and normal pulmonary vascularity in 6.2%, slightly accentuated central lung vascularity in 12.5%, 
prominent hilar shadows with increased linear lung shadowing in the perihilar and precardiac in 34%. Increased linear 
lung shadowing with tiny beaded like appearance more distributed peripherally and at lower lobes occurred in 28% of 
them. Superadded peribronchial cuffing and perivascular haziness and lace like fine linear appearance of interstitium 
occurred in 9.3%. Ground glass fine opacities (GGO) scattered in two or more lobes of both lungs appeared in 15.6%. 
Only 6.2% of symptomatic newborns showed superadded consolidations in both lungs, mainly peripherally oriented. 

The degree of severity of chest changes in relation to clinical severity are presented in (table3). Correlation with clinical 
severity of the disease (requirement of oxygen and assisted ventilation) proved that the appearance of GGO without 
consolidations was associated with moderate clinical severity, while the appearance of consolidations was associated 
with marked disease severity.  Fine beaded appearance (Fig 1), GGO (Fig 2) and peripheral lung consolidations (figures 
3 and 4) appear to be relatively specific radiological manifestations of Covid 19.   
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Table 1 Clinical manifestations of COVID19 positive newborns and young infants 

Symptoms N (%) COVID-19 positive 
neonates (N = 37) 

Fever  90% 

Nasal congestion/block 39% 

Cough 29% 

Poor feeding  22% 

Hypo-activity 12% 

Irritability  12% 

Diarrhoea  15% 

Vomiting  7% 

Signs N (%)  

Tachypnea 5% 

Chest retraction   2% 

pallor 5% 

Vital sings N (%)  

Temperature (36.5-37.5) axillary  38.10 (36.6-39.2) 

Heart rate (normal range 110-160) 165 +/- 12 

Respiratory rate (normal = 30-60) 45 +/- 5 

Blood pressure systolic (normal =65-85) 88 +/- 7 

Blood pressure diastolic (normal = 45-
55) 

52 +/- 4 

 

Table 2 Radiological chest changes in COVID19 positive symptomatic newborns and young infants. 

Radiological changes  No. of Patients   % 

Clear both lungs and normal pulmonary         2 6.2% 

Accentuated central lung vascularity       4 12.5% 

Prominent hilar shadows +increased linear shadows     11 34.3% 

The above + tiny beaded appearance        9 28.1% 

Above + peribronchial cuffing, perivascular haze, lace-like fine lung reticulations       3 9.3% 

Above + GGO (ground glass opacities)       5 15.6% 

Above + consolidation        2 6.2% 

Hilar enlargement       1 3.1% 
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Table 3 The degree of severity in relation to chest X ray changes in patients (newborns and infants) with Covid 19 
positive PCR 

Radiological severity in 
CXR 

No. of 
Patients 

% Clinical severity 

No changes 2 6.2% Mild fever 

Mild changes 23 72% Mild fever- cough 

Moderate changes 5 15.6% Moderate Fever, hypoactivity, cough and 3 required Oxygen 
supplement  

Severe changes 2 6.2% Severe respiratory distress - required assisted ventilation 

 

 

Figure 1 Chest radiograph (A full chest, B magnified part of Rt lower lung zone) representing accentuated hilar 
shadows with prominent vascularity, with fine beaded appearance (curved arrow)  mainly basal and parietal with 

prominent fine linear interstitial shadowing  appearance denoting mild severity of chest involvement in patient 
with positive PCR for  Covid 19 and presenting with mild clinical manifestation. 
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Figure 2 Chest radiograph representing accentuated hilar shadows with prominent vascularity,  with small patchy 
ground glass opacities  (GGO)  (arrows)  mainly Rt basal and parietal with prominent fine linear interstitial shadowing  

appearance denoting moderate severity of chest involvement in patient with positive PCR for  Covid 19 and 
presenting with moderate  clinical manifestation 

 



World Journal of Advanced Research and Reviews, 2023, 18(02), 1149–1157 

1154 

 

 
 
 

Figure 4 Chest radiograph with magnified views for Rt and left lower and med-zones  for patient with positive PCR 
for Covid 19 presented with severe clinical manifestations demonstrating the beaded appearance (solid arrows)  , 

GGO  (curved arrow) , prominent vascular  markings and peribronchial cuff (fine arrow)  ,  consolidation (long 
arrow) , enlarged Rt  hilar shadow which denote severe chest manifestation. 
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3. Discussion 

Definitive diagnosis of COVID-19 requires a positive RT-PCR test. The threshold for the imaging of patients with 
potential/confirmed COVID-19 demonstrates a degree of variation globally due to local resources, the published 
guidelines of individual learned bodies and sociocultural approaches to imaging. (7) 

Although chest CT scans may improve diagnostic accuracy, The use of CT as a primary screening tool is discouraged, 
because of high costs, the need for sedation, and radiation exposure. A meta-analysis, in April 2020, reported a pooled 
sensitivity of 94% and specificity 37%. In low prevalence (<10%) countries, the positive predictive value of RT-PCR was 
ten-fold that of CT chest. In addition, the presence of significant CT findings in asymptomatic patients who had benign 
clinical course reduced the requirement for CT scanning in these asymptomatic COVID 19 positive patients. (8-12) 

  

Although less sensitive than chest CT, chest radiography is typically the first-line imaging modality used for patients 
with suspected COVID-19 infection. For ease of decontamination, use of portable radiography units is preferred. The 
previously reported imaging findings in adults and children are most commonly in the form of atypical or organizing 
pneumonia.  The most frequent findings are airspace opacities, whether described as consolidation or, less commonly, 
ground glass opacity (GGO). The distribution is most often bilateral, peripheral, and lower zone predominant. However, 
radiological findings in symptomatic newborns and very young infants were not described except in case reports. (10, 
13,14,15.16)  

In our cohort of COVID19 positive newborns and young infants (n = 37) we reported the different radiological findings 
including: 

 Fine beaded appearance (Fig 1),  
 Ground glass opacities (GGO) (Fig 2), and  
 Peripheral lung consolidations (Fig 3 and 4)  

These features appeared to be relatively specific radiological manifestations of Covid 19.   In support to the high 
frequency of radiological findings in our symptomatic newborns and young infants with COVID19 infection, Wong HYF 
et al found that in COVID-19 cases requiring hospitalization, 69% had an abnormal chest radiograph at the initial time 
of admission, and 80% had radiographic abnormalities sometime during hospitalization. (14)  

In our infant cohort the degree of severity of radiographic changes was roughly associated with the clinical severity of 
the disease (table3). The appearance of GGO without consolidations was associated with moderate clinical severity 
(requiring oxygen supplement), while the appearance of consolidations was associated with marked disease severity 
(requiring ICU admission).  Fine beaded appearance (Fig 1), GGO (Fig 2) and peripheral lung consolidations (figures 3 
and 4) appear to be relatively specific radiological manifestations of Covid 19 I newborns and young infants.  

The radiological manifestations of COVID-19 pneumonia had its pathophysiological basis.  Since the diameter of SARS-
CoV-2 is about 60–140 nm, and the size of the alveolar pores is about 10–15 μm, after inhaled through the respiratory 
tract, SARS-CoV-2 invades the bronchioles, mainly involving the interstitium around bronchioles at the end of lobular 
bronchioles, causing bronchiolitis and peri-bronchitis, and spreads to the distal end. Therefore, the lesion originates 
from a round-like nodule in the core of the secondary lung lobule, which are usually shown as round ground-glass 
opacity at first, and then extends to the whole secondary pulmonary lobules, forming lobular patchy imaging. SARS-
CoV-2 mainly invades the interlobular interstitium, resulting in the appearance of prominent linear interstitial 
shadowing. Inflammatory stimulation leads to thickening of blood vessels in the lesion, which results in a corresponding 
alteration on imaging. (17,18,19) 

4. Conclusion 

We reported high frequency of radiological changes in symptomatic COVID19 -positive newborns and young infants 
and the association between the severity of these changes with the clinical severity of the disease. 



World Journal of Advanced Research and Reviews, 2023, 18(02), 1149–1157 

1156 

Compliance with ethical standards 

Acknowledgments 

We are grateful to all of those who worked hard during the epidemic of COVID-19 in our department of Pediatrics, HGH.  

Disclosure of conflict of interest 

There is no conflict of interest among all the authors of this manuscript.  

Statement of ethical approval 

The ethical committee of Hamad Medical Corporation approved the protocol of the study (MRC-01-20-566). 

Statement of informed consent 

This retrospective study did not involve information about any individual, survey, or interview, and did not require 
informed consent. A waiver form was obtained from the ethical committee of Hamad Medical Corporation to obtain the 
clinical and radiological data retrospectively and the ethical committee approved the protocol of the study (MRC-01-
20-566). 

Authorship contributions 

 Conceptualization: Elsaid M A Bediar , Ashraf T Soliman,  
 Data collection and analysis: Manasik Hassan, Ahmed Khalil, Samar Magboul, Ohood Alomari, Tasneim Abdalla, 

Hafez Alsliman, 
 Writing original draft preparation: Elsaid M A Bediar ,  Manasik Hassan, Ahmed Khalil 
 Revision of manuscript for important intellectual content and editing: Ashraf Soliman, Talaat Youssef, 

Mohamed Elamri 

References 

[1] Chen H., Guo J., Wang C., Luo F., Yu X., Zhang W. Clinical characteristics and intrauterine vertical transmission 
potential of COVID-19 infection in nine pregnant women: a retrospective review of medical records. Lancet. 2020; 
395:809–815. 

[2] Juan J, Gil MM, Rong Z, Zhang Y, Yang H, Poon LC. Effect of coronavirus disease 2019 (COVID-19) on maternal, 
perinatal and neonatal outcome: systematic review. Ultrasound Obstet Gynecol. 2020;56(1):15-27. 

[3] Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, Zhang W, Wang Y, Bao S, Li Y, Wu C, Liu H, Liu D, Shao J, Peng X, Yang Y, 
Liu Z, Xiang Y, Zhang F, Silva RM, Pinkerton KE, Shen K, Xiao H, Xu S, Wong GWK; Chinese Pediatric Novel 
Coronavirus Study Team. SARS-CoV-2 Infection in Children. N Engl J Med. 2020 Apr 23;382(17):1663-1665. doi: 
10.1056/NEJMc2005073 

[4] Wei M., Yuan J., Liu Y., Fu T., Yu X., Zhang Z.J. Novel coronavirus infection in hospitalized infants under 1 year of 
age in China. JAMA. 2020 doi: 10.1001/jama.2020.2131. 

[5] Yan-Ting Wu ,Jun Liu ,Jing-Jing Xu ,Yan-Fen Chen ,Wen Yang,Yang Chen,Cheng Li,Yu Wang,Han Liu,Chen 
Zhang,Ling Jiang,Zhao-Xia Qian,Andrew Kawai,Ben Willem Mol,Cindy-Lee Dennis,Guo-Ping Xiong ,Bi-Heng Cheng 
,Jing Yang ,He-Feng Huang . July 28, 2020https://doi.org/10.1371/journal.pmed.1003195 

[6] Duran P, Berman S, Niermeyer S, Jaenisch T, Forster T, Gomez Ponce de Leon R et al. COVID-19 and newborn 
health: systematic review. Rev Panam Salud Publica. 2020;44:e54. https://doi.org/10.26633/RPSP.2020.54 

[7] ACR Recommendations for the Use of Chest Radiography and Computed Tomography (CT) for Suspected COVID-
19 Infection.” American College of Radiology, 11 Mar. 2020, ACR [accessed 16 March 2020] 

[8] Buonsenso D, Parri N, De Rose C, Valentini P; Gemelli-pediatric COVID-19 team. Toward a clinically based 
classification of disease severity for paediatric COVID-19. Lancet Infect Dis. 2021 Jan;21(1):22. doi: 
10.1016/S1473-3099(20)30396-0. Epub 2020 May 15. PMID: 32422205; PMCID: PMC7228718. 

[9] "RCR position on the role of CT in patients suspected with COVID-19 infection | The Royal College of Radiologists". 
Rcr.ac.uk, 2020.  https://www.rcr.ac.uk/posts/role-ct-patients-suspected-covid-19-infection-12-march- 
2020#:~:text=As%20of%2012%20March%202020,the%20basis%20of%20CT%20information. 



World Journal of Advanced Research and Reviews, 2023, 18(02), 1149–1157 

1157 

[10] Rodrigues JCL, Hare SS, Edey A, Devaraj A, Jacob J, Johnstone A, McStay R, Nair A, Robinson G. An update on 
COVID-19 for the radiologist - A British society of Thoracic Imaging statement. Clin Radiol. 2020 May;75(5):323-
325. doi: 10.1016/j.crad.2020.03.003. Epub 2020 Mar 23. PMID: 32216962; PMCID: PMC7138157. 

[11] Constantine A. Raptis, Mark M. Hammer, Ryan G. Short, Amar Shah, Sanjeev Bhalla, Andrew J. Bierhals, Peter D. 
Filev, Michael D. Hope, Jean Jeudy, Seth J. Kligerman, Travis S. Henry. Chest CT and Coronavirus Disease (COVID-
19): A Critical Review of the Literature to Date. (2020) American Journal of Roentgenology. 
doi:10.2214/AJR.20.23202 - Pubmed 

[12] 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. 
(2020) Radiology. doi:10.1148/radiol.2020200432 – 

[13] Bedair EMA, De Sanctis V, Soliman AT, Nair AP, Al Masalamani MA, Yassin M. Proposed Scoring System for 
Evaluating Clinico-radiological Severity of COVID- 19 using Plain Chest X- ray (CXR) changes (CO X-RADS): 
Preliminary results. Acta Biomed. 2020 Nov 10;91(4):e2020172. doi: 10.23750/abm.v91i4.10664. PMID: 
33525220; PMCID: PMC7927462. 

[14] Wong HYF, Lam HYS, Fong AH, Leung ST, Chin TW, Lo CSY, Lui MM, Lee JCY, Chiu KW, Chung T, Lee EYP, Wan 
EYF, Hung FNI, Lam TPW, Kuo M, Ng MY. Frequency and Distribution of Chest Radiographic Findings in COVID-
19 Positive Patients. (2019) Radiology. doi:10.1148/radiol.2020201160 - Pubmed 

[15] Tahir AM, Chowdhury MEH, Khandakar A, Rahman T, Qiblawey Y, Khurshid U, Kiranyaz S, Ibtehaz N, Rahman MS, 
Al-Maadeed S, Mahmud S, Ezeddin M, Hameed K, Hamid T. COVID-19 infection localization and severity grading 
from chest X-ray images. Comput Biol Med. 2021 Dec; 139:105002. doi: 10.1016/j.compbiomed.2021.105002. 
Epub 2021 Oct 30. PMID: 34749094; PMCID: PMC8556687. 

[16] Duran P, Berman S, Niermeyer S, Jaenisch T, Forster T, Gomez Ponce de Leon R et al. COVID-19 and newborn 
health: systematic review. Rev Panam Salud Publica. 2020;44:e54. https://doi.org/10.26633/RPSP.2020.54 

[17] Nicholls J.M., Poon L.L., Lee K.C. Lung pathology of fatal severe acute respiratory syndrome. The Lancet. 
2003;361(9371):1773–1778.  

[18] Meng H, Xiong R, He R, et al. CT imaging and clinical course of asymptomatic cases with COVID-19 pneumonia at 
admission in Wuhan, China. J Infect. 2020;81(1):e33-e39. doi: 10.1016/j.jinf.2020.04.004  


