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S ARS-CoV-2, the cause of COVID-19, has spread  
 quickly worldwide and resulted in more than 630  million 

cases confirmed worldwide and more than 6.6  million 
deaths as of November 11, 2022 (1). Early  detection and 
management of COVID-19 are challenging because symp-
toms are nonspecific and the disease spread is quite rapid.

Nucleic acid amplification testing (NAAT) has been 
the reference standard for detecting COVID-19 due to its 
near-perfect specificity. However, false-negative results may 
occur with specimen inadequacy, type, handling, and inap-
propriate stage of infection when the specimen is acquired 
(2–4). In this situation, imaging is indicated in patients 
with COVID-19 with worsening respiratory status or in 
patients with suspected COVID-19 who present with 
moderate to severe clinical features (2). With comprehen-
sive insight, imaging, especially chest CT, has played vari-
ous roles in the pandemic according to the different coun-
tries, including diagnosis, triage, and prognosis assessment 
of patients with COVID-19 pneumonia (5–7).

Vaccination is safe and effective for the prevention of 
COVID-19 (8). However, inconsistent efficacy for each 
vaccine platform, waning immunity from the vaccine 
over time, delayed vaccination in underdeveloped coun-
tries, and immune escape by variants (ie, viral mutation 
that helps the virus evade the human immune system) 
have resulted in breakthrough infection. Moreover, such a 
vaccination condition has led to the occurrence of and an 
increase in highly contagious variants of concern (9–11). 
Despite effective treatment, some patients can experience 
long-term effects from their infection, known as post– 
COVID-19 condition (PCC), or long COVID. Studies 

are in progress to better understand PCC in terms of risk 
factors or the role of vaccination to prevent it (12).

This review on the current and emerging knowledge 
on COVID-19 pneumonia will (a) provide a brief over-
view of the pandemic and the contribution of imaging 
to the public health crisis, (b) inform the advances of 
knowledge in COVID-19 pneumonia imaging through 
multiple waves worldwide, and (c) summarize the emerg-
ing knowledge of PCC.

Pathogenesis with Imaging Correlation
SARS-CoV-2 is an enveloped single positive-strand RNA 
virus, and its structural proteins serve a crucial role in the 
pathogenesis of COVID-19 (13). The spike protein has 
been confirmed as the primary protein that mediates the 
binding of SARS-CoV-2 to the angiotensin-converting 
enzyme 2 receptor of the host cells and causes membrane 
fusion with the assistance of transmembrane protease 
serine 2. This process serves a key role in viral entry into 
cells (14,15) (Fig 1). The angiotensin-converting enzyme 
2 receptor is highly expressed on the epithelial cells of the 
oral mucosa and lungs but also in the heart, blood vessels, 
intestine, kidney, bladder, and brain. Expression of angio-
tensin-converting enzyme 2 and its affinity are observed to 
increase with age, which may explain the low severity of 
COVID-19 in children (16). SARS-CoV-2 is transmitted 
primarily through close contact with respiratory droplets 
(17,18). To a lesser extent, it can also be transmitted via 
aerosols over longer distances (19,20). Unlike severe acute 
respiratory syndrome coronavirus, which spreads after the 
onset of symptoms and the contagiousness of which cor-
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A rapid decline of natural- and vaccine-induced immunity 
and low neutralizing activity with existing vaccines against 
new variants has been observed (24–27). A predictive model 
of immune protection from COVID-19 estimated that the 
waning of neutralization titer over time has nonlinear effects 
on the level of protection, depending on initial vaccine effi-
cacy (28,29). Although a substantial waning of neutralization 
after 250 days will occur, it slows linearly over 2 years, which 
seems to reduce the risk of hospitalization or severe disease 
(30,31). In general, it is assumed that the viral evolution 
proceeds in the direction of decreasing mortality to increase 
transmissibility. However, the Delta variant has higher mor-
tality than previous emerging variants but effectively trans-
mits during the early periods of disease progression (32). The 
Omicron (B.1.1.529) variant and its sublineages have become 
the globally dominant variants as of October 2022 (33,34). 
The Omicron variant and its sublineages are more transmis-
sible than the Delta variant and are associated with a higher 
risk of repeat infection (Fig 3A, 3B) in individuals previ-
ously infected with wild-type or other variants that have been 
previously circulating variants of concern (eg, Alpha, Beta, 
Gamma, and Delta) and breakthrough infection (26,27,35–
37) (Fig 3C). These may be related to higher angiotensin-
converting enzyme 2 binding affinity and immune escape 
phenomenon due to more mutations in the spike protein of 
the Omicron variant. However, the adjusted protection rates 
of the fourth dose of mRNA vaccination were 34%, 67%, 
and 72% against overall infection, hospitalizations for severe 
illness, and related deaths during the Omicron surge (38). A 
close monitoring for new variant emergence of SARS-CoV-2 
should be emphasized, despite the prevailing optimism based 
on assumptions of the viral evolution and immunity acquired 
through natural infection and vaccination.

Imaging of COVID-19 Pneumonia

At Diagnosis and during Disease Stages
According to the World Health Organization (WHO), one of 
the following two conditions must be satisfied for the definition 
of confirmed SARS-CoV-2 infection: (a) the patient receives a 
positive finding at NAAT regardless of clinical or epidemiologic 
criteria or (b) the patient meets clinical and/or epidemiologic 
criteria with a positive SARS-CoV-2 antigen test (39). NAAT 
is a viral diagnostic test that helps detect viral RNA with high 
sensitivity and specificity; however, a long turnaround time 
(up to 2 days) is needed. Chest imaging has an auxiliary role in 
 diagnosing COVID-19. However, the WHO suggests that chest 
imaging may be considered in specific cases, as follows: (a) when 
NAAT is not available, (b) when the NAAT result is delayed, 
and (c) in a patient with a negative result at NAAT in whom 
COVID-19 is highly suspicious (40).

Imaging is not routinely indicated as a screening test for 
 COVID-19 in asymptomatic individuals or for patients with 
mild features unless they are at risk for disease progression 
(2). Although less sensitive than chest CT, chest radiography 
is  typically the first-line imaging modality used for patients 
with COVID-19 (2).

responds to the disease severity, viral shedding of SARS-CoV-2 
begins before the onset of symptoms and peaks in the 1st week 
of symptoms before the infected host becomes seriously ill (21). 
These unique virologic characteristics have made SARS-CoV-2 
an unprecedented virus, causing a pandemic.

It is hypothesized that SARS-CoV-2 infection goes through 
the following three stages: (a) early infection (viral invasion and 
replication), (b) pulmonary phase (host inflammatory response), 
and (c) hyperinflammatory phase (dysregulated immune re-
sponse) (22) (Fig 1). Clinical features, imaging features, and 
management are different according to each phase. After the virus 
enters the cells, the viral RNA genome is released and replicated. 
Its antigen is then presented to dendritic cells or macrophages 
that stimulate the body’s humoral and cellular immunity by 
virus-specific B and T cells (23). Virus-specific B and T cells pro-
duce antibodies and release numerous cytokines, which induce 
and amplify the inflammatory response (Fig 1). An uncontrolled 
systemic inflammatory response resulting from the release of a 
large amount of proinflammatory cytokines, called a cytokine 
storm, causes acute respiratory distress syndrome (ARDS) and 
multiorgan failure in a minority of infections (Fig 2).

Abbreviations
ARDS = acute respiratory distress syndrome, CO-RADS =  
COVID-19 Reporting and Data System, GGO = ground-glass opacity,  
NAAT = nucleic acid amplification testing, PCC = post–COVID-19 
condition

Summary
Advanced insights into the pathophysiology and imaging features of 
COVID-19 along with vaccine benefits have improved patient care, 
but emerging knowledge of post–COVID-19 condition (long  
COVID) also presents radiology with new challenges.

Essentials
■	 The evolution of COVID-19 can be divided pathophysiologically 

into three phases: (a) early infectious, (b) pulmonary, and (c) hy-
perinflammatory; clinical and imaging features and management 
are different according to each phase.

■	 The adjusted protection rates of the fourth dose of mRNA vac-
cination were 34%, 67%, and 72% against overall infection, 
hospitalizations for severe illness, and related deaths during the 
Omicron surge.

■	 The most common CT findings of COVID-19 pneumonia are 
ground-glass opacity with or without interlobular septal thicken-
ing, consolidation, or a combination of both, usually located in 
the peripheral lung and often in peribronchial areas, which pro-
gressively evolve toward organizing pneumonia pattern; the imag-
ing findings of breakthrough infections seem to be similar to those 
in unvaccinated patients, albeit generally less severe, and immu-
nized patients seem to be at lower risk of requiring supplemental 
oxygen or intensive care unit admission.

■	 Clinical symptoms and disease severity of COVID-19 can vary 
depending on the type of variant, and the Omicron variant had a 
lower risk of CT pneumonia severity and clinical severity than the 
Delta variant.

■	 Although only a small portion of patients with post–COVID-19 
condition (ie, long COVID) have radiologic abnormalities, CT 
features seen at 1-year follow-up studies are fibrotic-like linear or 
multifocal reticular or cystic lesions admixed with ground-glass 
opacity, and the extent of lesions is correlated with lung diffusion 
abnormality.
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Figure 1: Diagram shows how pathogenetic evolution of COVID-19 pneumonia correlates with clinical and imaging features and manage-
ment. The early infection stage occurs at the time of inoculation. During this stage, SARS-CoV-2 binds to its target using the angiotensin-converting 
enzyme 2 (ACE2) receptor and transmembrane protease serine 2 (TMPRRS2) and multiplies in the host cells. In the second stage, the pulmonary 
phase, viral multiplication and localized inflammation in the lungs occur and viral pneumonia is developed. In a minority of patients with CO-
VID-19, the disease may progress to the most severe stage, the hyperinflammatory phase. An uncontrolled systemic inflammatory response result-
ing from the cytokine storm occurs at this stage. Pink triangle indicates inflammatory response, blue triangle indicates viral response, and black line 
indicates clinical severity. Areas under trigon represent chronological changes in the intensity of responses. Ag = antigen, ARDS = acute respira-
tory distress syndrome, CRP = C-reactive protein, DIC = disseminated intravascular coagulation, IL-6 = interleukin-6, NT-proBNP = N-terminal 
prohormone of brain natriuretic peptide.

Figure 2: COVID-19 pneumonia with diffuse alveolar damage pattern in a 64-year-old unvaccinated man with no underlying disease at Delta 
variant–dominant period. (A, B) Follow-up transverse nonenhanced CT scans (lung window) obtained at levels of right main bronchus (A) and right 
middle lobar bronchus (B) 1 day after positive nucleic acid amplification test for COVID-19 demonstrate extensive areas of ground-glass opacity 
involving bilateral lungs.
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Clinical and imaging manifestations usually depend on the 
disease stage (22) (Fig 1). The disease progression rate among 
patients with COVID-19 differs by age, underlying medical 
conditions, immune status, variant type, and vaccination sta-
tus (22). Systemic manifestations can be present because of an 
autoimmunity against angiotensin-converting enzyme 2 widely 
distributed (29,41) in human cells and the initiation of proin-
flammatory cytokines release (42). During early infection, chest 
radiographs may be normal (Fig 4A, 4B). In unvaccinated pa-
tients with COVID-19 requiring hospitalization, 37% (279 of 
761) had an abnormal chest radiograph at the initial time of 
admission and 46% (298 of 653) had radiographic abnormali-
ties during hospitalization (43).

In the pulmonary phase, viral pneumonia appears. The 
most frequent chest radiographic findings of COVID-19 
pneumonia are multifocal consolidation or ground-glass 
opacity (GGO),  usually with bilateral, peripheral, and 
lower zone predominance (44) (Fig 4C, 4D). Pleural effu-
sion is rare (6%) (44).

In the hyperinflammatory phase, a minority of patients 
with COVID-19 can show progressive disease to ARDS 
and multiorgan failure. A prospective cohort study reported 
that 24% of hospitalized patients with COVID-19 required 
mechanical ventilation in the prevaccine era (45). In the 
hyperinflammatory phase, parenchymal abnormalities un-
dergo spread to both sides of the lungs with a greater extent 
of involvement (Fig 4E, 4F). Greater extent of parenchymal 
lesions or higher radiographic scores are strongly associated 
with admission to the intensive care unit or death (Figs 2, 
4E, 4F). In particular, when the extent of the parenchymal 
lesion is greater than 75%, the risk of intensive care unit ad-
mission or death is three to four times higher than when ex-
tent is less than 25% (46). Systemic steroid therapy targeting 
COVID-19–induced hyperinflammatory response improves 
prognosis and reduces mortality in hospitalized patients re-
quiring supplemental oxygen (47,48) (Table S1).

CT Findings and Classification Systems and Structured 
Report Proposals for COVID-19 Pneumonia
CT can be used in the diagnosis of COVID-19 and is an 
important complement to NAAT (7). During the early pe-
riod of the outbreak, the reported sensitivity of chest CT 
was 97% based on positive NAAT (49) and 98% of patients 
had evidence of abnormal CT compatible with viral pneu-
monia at baseline, while the sensitivity of NAAT was 71% 
(50). In another study (51), when using predefined criteria 
(positive or negative for COVID-19), CT interpretation 
performance was not influenced by reader experience and 
enabled a correct diagnosis of COVID-19 pneumonia with 
an overall accuracy of 80%.

The most common CT findings of COVID-19 pneumonia 
are GGO with or without interlobular septal thickening, con-
solidation, or a combination of both (Figs 4D, 4F, 5A–5D), 
usually located in the peripheral lung (Figs 4D, 5A–5C) and 
often in peribronchial areas, which progressively evolve toward 
organizing pneumonia pattern (subpleural and/or peribronchial 
distributed consolidation and GGO) (52,53) (Fig 5A, 5B). 

Figure 3: Cases of SARS-CoV-2 reinfection and breakthrough infec-
tion during an Omicron BA.5 subvariant–predominant period.  
(A, B) CT scans (lung window) in an 82-year-old man with  
COVID-19 reinfection during an Omicron BA.5 subvariant predominant 
period. The patient had a history of prior Omicron BA.1 subvariant infec-
tion and cerebrovascular accident. (A) Transverse nonenhanced CT 
scan obtained at bronchus intermedius level at the time of Omicron BA.1 
subvariant (his first infection) shows focal area of ground-glass opacity 
(GGO) in superior segment of right lower lobe (arrows). CT findings were 
classified as “indeterminate” according to the RSNA chest CT classifica-
tion system. (B) Transverse nonenhanced CT scan obtained at the level of 
basal trunks at the time of reinfection of Omicron BA.5 subvariant 4 months 
after the first infection shows poorly defined centrilobular nodules in the 
dependent portions of bilateral lower lobes (squares). CT findings were 
classified as “atypical” according to the RSNA chest CT classification sys-
tem. (C) CT scan (lung window) of breakthrough infection of SARS-CoV-2 
during an Omicron BA.1 subvariant–dominant period in a 76-year-old 
man with a history of hypertension and pulmonary tuberculosis who had 
received his COVID-19 booster. Transverse nonenhanced CT scan 
obtained at level of inferior pulmonary vein shows focal area of poorly 
defined GGO (square) in the right lower lobe. CT findings were classified 
as “indeterminate” according to the RSNA chest CT classification system.
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Figure 4: Chest radiographic and CT findings of COVID-19 pneumonia according to disease stage and lesion extent.  
(A, B) COVID-19 pneumonia at the time of “early infection phase” in a 42-year-old woman who received a booster dose during 
Omicron variant–dominant period. (A) Chest radiograph obtained 3 days after the positive nucleic acid amplification test shows no 
abnormal opacification in either lung. (B) Transverse nonenhanced CT scan (lung window) obtained at level of basal trunk and on 
the same day shows an ill-defined ground-glass opacity (GGO) nodule (arrow) in the superior segment of the right lower lobe.  
(C, D) COVID-19 pneumonia at the time of “pulmonary phase” in an 80-year-old fully vaccinated woman during Delta variant–
dominant period. (C) Chest radiograph obtained 5 days after positive nucleic acid amplification test shows multifocal patchy con-
solidation and GGO (arrows) in both lungs with a peripheral predominance. (D) Transverse nonenhanced CT scan (lung window) 
obtained at the level of the inferior pulmonary vein and on the same day demonstrates patchy areas of mixed GGO and consolida-
tion with subpleural distribution (arrows). (E, F) COVID-19 pneumonia at the time of “hyperinflammatory phase” in a 69-year-
old unvaccinated woman with no underlying disease during Delta variant–dominant period. (E) Chest radiograph obtained 2 
weeks after positive nucleic acid amplification test shows diffuse and extensive parenchymal opacity involving bilateral lungs. (F) 
Transverse nonenhanced CT scan (lung window) obtained at the level of carina and on the same day demonstrates diffuse and 
extensive areas of GGO with visible intralobular lines involving bilateral lungs. Also note pneumomediastinum at left paraaortic 
area (arrow). Even though the patient was treated with mechanical ventilation and extracorporeal membrane oxygenation, she 
succumbed to the disease.
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Cavity, centrilobular small nodules (Fig 5E), segmental or lo-
bar consolidation (Fig 5F), and mediastinal or hilar lymph node 
enlargement are rarely seen in COVID-19. Pulmonary vascular 
enlargements in areas of lung opacity can be seen (54). As the 
disease progresses, parenchymal abnormalities eventually spread 

to involve both lungs and appear as a diffuse alveolar damage 
pattern (bilateral diffuse GGO and consolidation) (Figs 2, 4F).

To facilitate accurate imaging diagnosis and reduce radiologists’ 
variability in the reporting of chest CT findings, various structured 
reports for COVID-19 have been proposed (54–57) (Table 1).

Figure 5: CT findings of COVID-19 pneumonia according to RSNA CT classification schemes. (A, B) “Typical” COVID-19 pneumonia accord-
ing to the RSNA chest CT classification system. (A) Transverse nonenhanced CT scan (lung window) obtained in a 48-year-old unvaccinated man 
with a history of hypertension and diabetes seen at the wild type–dominant period shows bilateral areas of consolidation with peripheral distribution 
(arrows). (B) Transverse nonenhanced CT scan (lung window) obtained in a 40-year-old unvaccinated man with no underlying disease seen at the 
wild type–dominant period shows patchy areas of mixed ground-glass opacity (GGO) and consolidation with subpleural distribution (arrows).  
(C, D) “Indeterminate” COVID-19 pneumonia according to the RSNA chest CT classification system. (C) Transverse nonenhanced CT scan (lung 
window) obtained in a 61-year-old unvaccinated woman with no underlying disease seen at the wild type–dominant period shows focal area of 
GGO (arrow) in left lower lobe. (D) Transverse nonenhanced CT scan (lung window) obtained in a 65-year-old fully vaccinated man with  
hypertension, diabetes, and a history of renal transplant seen at the Delta variant–dominant period shows extensive areas of mixed GGO and con-
solidation without zonal predominance. (E, F) “Atypical” COVID-19 pneumonia according to the RSNA chest CT classification system.  
(E) Transverse nonenhanced CT scan (lung window) obtained in a 42-year-old woman who received a booster dose with no underlying disease 
seen at Omicron variant–dominant period shows poorly defined small nodules (box) with peribronchial distribution in the right lower lobe.  
(F) Transverse nonenhanced CT scan (lung window) obtained in a 68-year-old unvaccinated man with history of cerebrovascular accident  
seen at Omicron variant–dominant period shows segmental area of consolidation (arrows) with air bronchogram in the right upper lobe.
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RSNA chest CT classification system for reporting COVID-19 
pneumonia.—The RSNA published an expert consensus state-
ment on chest CT reporting of COVID-19 (56). The statement 
proposes four categories for the suggested standardized CT report-
ing language of COVID-19, as follows: typical (Fig 5A, 5B), in-
determinate (Fig 5C, 5D), atypical appearance (Fig 5E, 5F), and 
negative for pneumonia (Table S2). This classification provided 
radiologists and referring providers guidance and confidence in 
reporting these findings and a more consistent framework to im-
prove clarity.

COVID-19 Reporting and Data System.—The COVID-19 
Reporting and Data System (CO-RADS) also provides a stan-
dardized assessment scheme with a five-point scale of suspicion 
for reporting nonenhanced chest CT scans from patients under 
investigation for COVID-19 (55). The main strengths of CO-
RADS are its interobserver agreement (moderate to substantial 
agreement) and its ability to distinguish between the low and 
high probability of COVID-19. The use of CO-RADS and CT 
severity scores is useful for the triage, diagnosis, and management 
decisions of patients presenting with possible COVID-19 at the 
emergency department (58).

European classification systems for the structured report of 
 COVID-19 pneumonia.—The COVID-19 Imaging Reporting 
and Data System (COVID-RADS) is a relatively simplified re-
porting system based on a combination of findings with different 

levels of suspicion (54). This system classified the CT findings of 
COVID-19 pneumonia into five categories: typical findings, the 
combination of atypical findings with typical and/or fairly typical 
findings, fairly typical findings, atypical findings, and normal. It 
also suggested a common lexicon. The British Society of Thoracic 
Imaging proposed a similar initiative while also adding a descrip-
tor for disease severity, making the distinction between mild and 
moderate and/or severe disease, although this effort is not based on 
evidence regarding patient outcome (57).

Which of the above-mentioned structured reporting systems to 
use or how to integrate them for patients care depends on the re-
producibility, reliability, and simplicity of these reporting systems. 
The more widely used of these reporting systems, RSNA classi-
fication system and CO-RADS, are comparable in diagnosis of 
COVID-19 pneumonia with similar sensitivity (overall sensitivity, 
72.7%; sensitivity for patients with severe disease, approximately 
94.7%–97.8%) and reliability (59). However, the CO-RADS has 
a better interobserver agreement (κ = 0.801 vs 0.781) that may be 
attributed to greater familiarity with the CO-RADS among radi-
ologists due to its resemblance to other reporting and data systems.

Special Considerations

Breakthrough Infections
The reported incidences of COVID-19 breakthrough infec-
tion, the development of active COVID-19 in previously vac-
cinated individuals, range from 0.4% to 9.5%, depending on 

Table 1: Comparison between Different Chest CT Classification Systems in COVID-19

COVID-19 Level  
of Suspicion RSNA CO-RADS COVID-RADS BSTI
Not interpretable Not categorized CO-RADS 0 Not categorized Not categorized
Very low Negative for pneumonia CO-RADS 1: normal COVID-RADS 0: normal Normal (correlates with 

RT-PCR)
Low Atypical appearance 

(uncommon and/or not 
reported features for 
COVID-19)

CO-RADS 2: typical for 
other infections

COVID-RADS 1: atypical 
findings (inconsistent with 
COVID-19)

Non–COVID-19 (level 
of confidence for 
alternative: 70%)

Unsure or equivocal Indeterminate appearance 
(nonspecific features of 
COVID-19)

CO-RADS 3: features 
compatible with COVID 
but present in other 
diseases

COVID-RADS 2A: fairly 
typical findings

Indeterminate (level 
of confidence for 
COVID-19: <70%)

High Indeterminate appearance 
(nonspecific features of 
COVID-19)

CO-RADS 4: suspicious COVID-RADS 2B: 
combination of atypical 
findings with typical and/or 
fairly typical findings

Probable COVID-19 
(level of confidence  
for COVID-19: 
71%–99%)

Very high Typical appearance 
(commonly reported 
imaging findings; highly 
specific for COVID-19)

CO-RADS 5: typical COVID-RADS 3: typical 
findings

Classic COVID-19 (level 
of confidence for 
COVID-19: 100%)

Proven Not categorized CO-RADS 6: confirmed 
diagnosis: RT-PCR for 
SARS-CoV-2

Not categorized Not categorized

Note.—BSTI =British Society of Thoracic Imaging statement guideline, CO-RADS = COVID-19 Reporting and Data System,  
COVID-RADS = COVID-19 Imaging Reporting and Data System, RSNA = RSNA expert consensus statement category,  
RT-PCR = reverse-transcription polymerase chain reaction. Table modified, under a CC BY license, from reference 118.
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the vaccine type, the time elapsed after vaccination, the per-
centage of vaccinated people, and viral variants (43,60–63). 
The imaging findings of breakthrough infections seem to be 
similar to those in unvaccinated patients, albeit generally less 
severe (Fig 3C). In hospitalized patients with COVID-19, a 
higher percentage of fully vaccinated patients had no pneu-
monia on CT scans (unvaccinated patients vs fully vaccinated 
patients, 22% vs 59%) (43). In addition, immunized patients 
seem to be at lower risk of requiring supplemental oxygen or 
intensive care unit admission.

Differences in Imaging Findings between Variants of 
SARS-CoV-2
Clinical symptoms and disease severity of COVID-19 can vary 
depending on the type of variant (Table 2). Loss of smell is 
more common with the Delta variant, while a sore throat is 
more common with the Omicron variant (64). Although the 
Omicron variant has a high replication and immune evasion 
ability (65), the rates of hospitalization, mortality, and persis-
tent COVID-19 symptoms were lower than those of the Delta 
variant in observational studies (64,66).

In 2180 hospitalized patients with COVID-19, CT was more 
likely to be negative for pneumonia during periods of Omicron 
versus Delta variant prevalence (71% vs 35%, respectively;  
P < .001), and the Omicron variant had a lower risk of CT 
pneumonia severity (odds ratio, 0.71; P = .04) and clinical sever-
ity (odds ratio, 0.43; P = .004) than the Delta variant (67) (Fig 

6). The proportion of patients with an atypical CT pattern was 
higher in the Omicron variant group than in the Delta variant 
group (67,68) (Table 2) (Fig 6D).

Repeat Infection
After recovering from COVID-19, most individuals will have 
some protection from repeat infections. However, repeat infec-
tions do occur after COVID-19. In retrospective cohort studies, 
the incidence of repeat infection is approximately 0.2%–0.3% 
and has increased from the pre-Delta period to the Omicron 
period (6.0 per  100 000 persons vs 355 per 100 000 persons) 
(69,70). Repeat infections are more likely in women, adults, 
immunocompromised patients, and those previously hospital-
ized for  COVID-19 (71). Full vaccination provides additional 
protection against repeat infection (72). It has been reported 
that breakthrough infections with the Omicron BA.5 subvariant 
were less likely among persons with prior SARS-CoV-2 infec-
tion, especially for previous BA.1 or BA.2 infection, with a pro-
tective efficacy of 75%, compared with uninfected persons (73).

Although imaging findings of repeat infections with SARS-
CoV-2 have not been fully reported, reinfection or relapse of 
COVID-19 may have imaging findings similar to the pneumo-
nia when the variants were prevalent at the time (Fig 3A, 3B). 
According to a 2021 report (74), CT showed a resolution of 
pulmonary involvement between the two episodes with new and 
progressive changes during reinfection. Therefore, it is important 
to obtain new baseline images in patients with COVID-19 at the 

Table 2: Differences in Phenotypic Characteristics and Clinical and Imaging Findings between SARS-Cov-2 Delta and  
Omicron Variants

Characteristic Delta Variant (B.1.617.2) Omicron Variant (B.1.1.529)
Phenotypic characteristics
 Transmissibility Increased transmissibility  

compared with wild-type  
virus (34)

Sublineages BA.1 and BA.2: increased transmissibility 
compared with Delta (34)

Sublineages BA.4 and BA.5: uncertain impact on 
transmissibility compared with other Omicron  
sublineages (35)

 Immune escape Reduced neutralization by  
convalescent and postvaccination  
sera compared with wild-type  
virus (24)

Sublineages BA.1 and BA.2: more reduction in neutralization 
by convalescent and postvaccination sera than Delta (27,38)

Sublineages BA.4 and BA.5: more reduction in neutralization 
by convalescent and postvaccination sera than BA.1 and 
BA.2 (37,116)

Clinical and imaging findings
 Prevalence of symptoms (64) Reference Less common classic COVID-19 symptoms* (OR, 0.56; 95% 

CI: 0.51, 0.61), more common sore throat (OR, 1.55; 95% 
CI: 1.43, 1.69)

 Risk of hospitalization (64) Reference Reduced risk of hospitalization (OR, 0.75; 95% CI: 0.57, 
0.98)

 Risk of PCC (99) Reference Reduced risk of PCC (OR, 0.24–0.50 depending on age and 
time since vaccination)

 Severity of CT pneumonia (67) Reference Lower severity of pneumonia (OR, 0.71; 95% CI: 0.51, 0.99)
 Rates of CT pneumonia  

patterns (67,68,117)
Reference Lower rates of RSNA typical chest CT findings (32%–40% 

vs 57%–83%), higher rates of RSNA atypical chest CT 
findings (13%–28% vs 1.5%–3%)

Note.—OR = odds ratio, PCC = post–COVID-19 condition (long COVID), RSNA = RSNA expert consensus statement category.
* Fever, loss of smell, and persistent cough.
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time of hospital discharge or clinical recovery. This new reference 
can help determine whether readmissions are from relapse or re-
infection of COVID-19 or a different viral infection and also aid 
in understanding the long-term sequelae of COVID-19 (75).

Immunocompromised Patients
The clinical features and outcomes of COVID-19 among im-
munocompromised patients related to risk factors for severe 
disease or reduced detrimental inflammatory responses are not 
well characterized. Patients with hematologic malignancy do 
show prolonged viral shedding and higher mortality compared 
with the general population or patients with solid tumors (76). 
A national cohort study from the United Kingdom suggests 
that people living with HIV have 2.9-fold higher mortality than 
those without HIV (77). The available data suggest that solid or-
gan recipients or patients with rheumatic disease also have higher 
mortality, but these results may be primarily driven by a higher 
comorbidity burden (78,79). In 51 consecutive lung transplant 
recipients hospitalized with COVID-19, lung transplant recipi-
ents had a significantly higher proportion of indeterminate CT 

pattern (0.31 vs 0.11; P = .014) and more severe parenchymal 
disease (0.372 vs 0.148, P < .001) than nontransplanted controls 
(80) (Fig 7).

Twindemic: COVID-19 and Influenza
Although nonpharmaceutical interventions (eg, social distanc-
ing and respiratory etiquette) suppressed the burden of influenza 
during the COVID-19 pandemic (81), concerns of a “twin-
demic” (COVID-19 and influenza) have increased. From April 
to July 2022, Australia experienced a bad flu season, exceeding 
the 5-year average of laboratory-confirmed influenza (82). Co-
infection could affect disease severity. Observational data suggest 
that patients co-infected with SARS-CoV-2 and influenza have 
higher odds ratios (4.14 and 2.35, respectively) for invasive me-
chanical ventilation and in-hospital mortality than those infected 
with SARS-CoV-2 only. The identification of influenza infection 
in the background of COVID-19 pneumonia is difficult, as both 
can manifest with bilateral peripheral GGO and consolidation at 
CT. However, bronchiectasis and pleural effusion are more often 
associated with influenza, whereas crazy-paving appearance, lin-

Figure 6: COVID-19 pneumonia during Delta variant– and Omicron variant–dominant periods. (A, B) Images of COVID-19 pneumonia at 
Delta variant–dominant period. (A) Transverse nonenhanced CT scan (lung window) obtained in a 34-year-old unvaccinated man with no underly-
ing disease shows multifocal areas of mixed ground-glass opacity (GGO) and consolidation with subpleural (arrows) and peribronchial (arrow-
heads) distribution. CT findings were classified as “typical” according to the RSNA chest CT classification system. (B) Transverse nonenhanced CT 
scan (lung window) obtained in a 58-year-old fully vaccinated man with no underlying disease seen at Delta variant–dominant period shows a focal 
subpleural area of consolidation (arrows) in superior segment of right lower lobe. This case was classified as “indeterminate” according to the RSNA 
chest CT classification system. (C, D) COVID-19 pneumonia at Omicron variant–dominant period. (C) Transverse nonenhanced CT scan (lung win-
dow) obtained in 56-year-old unvaccinated woman with no underlying disease shows subpleural areas of mixed GGO and consolidation (arrows) 
in both lower lobes. CT findings were classified as “typical” according to the RSNA chest CT classification system. (D) Transverse nonenhanced CT 
scan (lung window) obtained in a 20-year-old man with no underlying disease who received a booster dose shows poorly defined centrilobular 
nodules in the right upper lobe (arrows). This case was considered “atypical” according to the RSNA chest CT classification system.
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ear opacification, and vascular enlargement are more common in 
COVID-19 pneumonia (83).

Complications and Their Clinical and Imaging 
Features

Intensive Care and Ventilation Therapy
Patients showing a diffuse alveolar damage pattern at CT have 
clinically severe disease, thus requiring oxygen or mechanical 
ventilation therapy (5) (Fig 8). The consequent patterns of oxy-
gen toxicity and ventilation therapy include areas of reticular and 
GGO in addition to pulmonary cysts of varying sizes and bullae, 
particularly in the anterior parts of the lungs in some patients 
(84). These findings are similar to the fibrosing stage of diffuse 
alveolar damage (Fig 8C).

Patients with COVID-19 with diffuse alveolar damage are 
thought to be more vulnerable to barotrauma compared with 
patients with ARDS due to other than COVID-19 causes 
(85). Pneumothorax and pneumomediastinum are represen-
tative complications caused mainly by barotrauma, especially 
in  patients with other lung abnormalities (Fig 8). A higher-
than- expected incidence of pneumothorax or pneumomedias-
tinum has also been observed in patients with COVID-19 not 

requiring invasive mechanical ventilation (86). These findings 
may be related to the existence of virus-induced frailty of lung 
 parenchyma, possibly triggered by microvascular thrombo-
sis, interstitial inflammation, and endothelial barrier disrup-
tion. Paternoster and colleagues (87) evaluated the role of the 
Macklin effect, which is a perceptible crescent collection of air 
contiguous to the bronchovascular sheath, on chest CT images 
in  predicting the subsequent occurrence of pneumomediasti-
num and/or pneumothorax in patients with COVID-19 (Fig 
8C). The Macklin effect was observed in 5% of patients who 
had diffuse alveolar damage patterns at CT. The Macklin effect 
yielded a sensitivity of 100%, a specificity of 99.9%, a positive 
predictive value of 96.7%, a negative predictive value of 100%, 
and an accuracy of 99.8% in predicting pneumomediastinum 
and/or pneumothorax. Moreover, all patients with observed 
Macklin effect developed ARDS necessitating intensive care 
unit admission, and 90% of these patients required invasive 
mechanical ventilation.

Superinfection
In patients with a diffuse alveolar damage pattern at CT, a 
 condition of prolonged stay in the intensive care unit, early 
and  inappropriate use of corticosteroids, virus-induced im-
mune dysregulation, and concurrent use of immunomodula-

Figure 7: COVID-19 pneumonia during an Omicron BA.5 subvariant–predominant period in a 58-year-old man with a history of lung transplant for idio-
pathic pulmonary fibrosis who had received a booster dose of vaccine. (A) Chest radiograph obtained 7 days after positive nucleic acid amplification test for 
COVID-19 shows parenchymal opacity involving peripheral portion of both lower lungs. (B) Follow-up chest radiograph obtained 2 days after the initial chest 
radiograph demonstrates increased parenchymal opacity and extensive consolidation in the lungs. (C) Transverse nonenhanced CT scan (lung window) obtained 
at the level of segmental bronchi of both lower lobes 9 days after SARS-CoV-2 infection demonstrates extensive areas of mixed ground-glass opacity (GGO) and 
consolidation, with a peripheral predominance. (D, E) Follow-up transverse nonenhanced CT scans (lung window) obtained at levels of inferior pulmonary veins 
(D) and segmental bronchi of both lower lobes (E) 3 weeks after SARS-CoV-2 infection demonstrate decreased extent of GGO and consolidation, but multiple 
nodules (arrows) with or without cavity are scattered in bilateral lungs. Galactomannan antigen test for Aspergillus was positive at this time. The patient died with 
acute respiratory distress syndrome.
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tory drugs may lead to pulmonary fungal infections. These 
include  COVID-19–associated pulmonary aspergillosis 
(CAPA) (88) (Fig 7D, 7E) and COVID-19–associated pul-
monary mucormycosis (89). CAPA is defined as invasive pul-
monary or tracheobronchial aspergillosis in temporal prox-
imity to a preceding SARS-CoV-2 infection (90). Imaging 
diagnosis alone is not  sufficient to define patients with CAPA 
because lesions suggestive of CAPA can be hidden or mim-
icked by lung involvement in patients with  severe COVID-19 
(Fig 7D, 7E). The most common findings of  COVID-19–
associated pulmonary mucormycosis are consolidation and 
cavitation (89). However, these findings are based on a small 
number of cases or case series. Ongoing or healing pulmo-
nary fungal infections may overlap or obscure CT features of 
COVID-19 pneumonia.

Pulmonary Thromboembolism
Systemic inflammation, predisposing factors for venous 
thromboembolism, and endothelial cell damage by SARS-
CoV-2 likely predispose to venous and arterial thrombo-
embolism in patients with severe COVID-19. Proinflam-
matory cytokines such as interleukin 1 and interleukin 6 
promote thrombosis by activating platelets and inhibiting 
fibrinolysis (42). A meta-analysis of 64 503 hospitalized pa-
tients with COVID-19 from 102 studies reported that the 
rate of overall venous thromboembolism and pulmonary 
thromboembolism was 15% and 8%, respectively (91). The 
prevalence of venous thromboembolism was significantly 
higher in patients in the intensive care unit (23% vs 9%). 
The increase in pulmonary thromboembolism risk was 
highly dependent on severe COVID-19 (25% vs 15%) in 

Figure 8: Images of COVID-19 pneumonia with oxygen toxicity and barotrauma at the time of Delta variant–dominant period in a 
71-year-old unvaccinated man with diabetes. (A) Chest radiograph obtained 10 days after positive nucleic acid amplification test for 
COVID-19 shows extensive parenchymal opacity involving bilateral lungs. He was transferred to the intensive care unit due to worsening of 
hypoxemia and was given mechanical ventilation with prolonged oxygen supply. (B) Follow-up chest radiograph obtained 25 days after 
initial diagnosis of COVID-19 demonstrates identifiable pneumomediastinum (black arrows) and subcutaneous emphysema (white arrows) 
with parenchymal opacities. (C) Transverse and (D) coronal reformatted images of nonenhanced CT scans depict mixed ground-glass 
opacity, consolidation, and reticulation in the peripheral areas of both lungs associated with interstitial emphysema (small arrows in C) caus-
ing Macklin effect, pneumothorax (arrowhead), pneumomediastinum (black arrows) and subcutaneous emphysema (white arrows in D). 
Note air cysts in the anterior left lung (box in C). One month after receiving mechanical ventilation with corticosteroid treatment, the patient 
recovered and was discharged.
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Table 3: Summary of Current Studies on CT Features in Lung Disease after COVID-19

Study Patient Cohort CT Features Up to 3 Months CT Features at 6 Months CT Features at 1 Year
Wu et al (101) 83 hospitalized  

patients with  
severe  
COVID-19

Any residual  
abnormality: 78%  
(65/83)

GGO: 78% (65/83)
Reticular lesions: 33%  

(27/83)
Bronchial dilatation: 1% (1/83)

Any residual abnormality:  
48% (40/83)

GGO: 46% (38/83)
Reticular lesions: 16%  

(13/83)
Bronchial dilatation: 1% (1/83)

Any residual abnormality: 24% 
(20/83)

GGO: 23% (19/83)
Reticular lesions: 4% (3/83)
Bronchial dilatation: 1% (1/83)

Huang et al (98) 1276 hospitalized  
patients with  
COVID-19

Not reported Any residual abnormality:  
52% (186/353)

Any residual abnormality: 
50% (65/128) of residual 
abnormality at 6-mo follow-up

Han et al (119) 62 hospitalized  
patients with  
severe  
COVID-19

Not reported Any residual abnormality:  
100% (62/62)

GGO: 32% (20/62)
Reticular lesions: 58%  

(36/62)
Bronchial dilatation: 44% 

(27/62)

Any residual abnormality: 73% 
(45/62)

GGO: 11% (7/62)
Reticular lesions: 52% (32/62)
Bronchial dilatation: 44% 

(27/62)

Pan et al (102) 209 hospitalized  
patients with  
COVID-19

Any residual abnormality:  
39% (81/209)

GGO: 37% (78/209)
Reticular lesions: 15%  

(31/209)
Bronchial dilatation:  

12% (25/209)

Any residual abnormality:  
26% (56/209)

GGO: 25% (53/209)
Reticular lesions: 13% 

(28/209)
Bronchial dilatation:  

11% (24/209)

Any residual abnormality: 25% 
(53/209)

GGO: 24% (50/209)
Reticular lesions: 13% (28/209)
Bronchial dilatation: 11% 

(24/209)

Vijayakumar  
et al (106)

73 hospitalized  
patients with  
COVID-19

Any residual abnormality:  
56% (41/73)

GGO: 48% (35/73)
Reticular lesions: 13%  

(10/73)
Bronchial dilatation: 7%  

(5/73)

Not reported Any residual abnormality: 
84% (27/32) of residual 
abnormality at 3-mo  
follow-up CT

Luger et al (103) 142 hospitalized  
patients with  
COVID-19

Any residual abnormality:  
63% (54/86)

GGO: 58% (50/86)
Reticulation: 52%  

(45/86)
Bronchial dilatation: 7%  

(6/86)

Any residual abnormality:  
67% (47/70)

GGO: 56% (39/70)
Reticular lesions: 56%  

(39/70)
Bronchial dilatation: 9% 

(6/70)

Any residual abnormality: 54% 
(49/91)

GGO: 44% (40/91)
Reticular lesions: 43% (39/91)
Bronchial dilatation: 9% (8/91)

Note.—Numbers in parentheses are raw data. GGO = ground-glass opacity.

Figure 9: Pulmonary embolisms in a 47-year-old unvaccinated diabetic man with COVID-19 seen at Omicron variant–dominant period.  
(A) Transverse nonenhanced CT scan (lung window) obtained at the level of basal trunks shows bilateral mixed areas of ground-glass opacity and 
consolidation distributed along bronchovascular bundles or subpleural lungs. (B) Contrast-enhanced CT scan (mediastinal window) obtained at a 
similar level to A demonstrates nonocclusive clots in bilateral basal trunk arteries (arrows) along with lung parenchymal lesions.
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another meta-analysis (92) (Fig 9). In addition, in an inter-
national cohort study of 3358 patients who underwent CT 
pulmonary angiography, patients with COVID-19 had sim-
ilar rates of pulmonary thromboembolism compared to pa-
tients without COVID-19 (15% in both groups), leading to 
the recommendation that for patients with COVID-19 and 
suspected pulmonary thromboembolism, no adjustment to 
a standard pulmonary thromboembolism diagnostic strat-
egy is required and the same threshold of the d-dimer in the 
general population could be applied (92–95).

PCC (Long COVID)
Persistent viral infection, delayed resolution of inflam-
mation, and autoimmunity are associated with prolonged 
symptoms of COVID-19 (96). A report incorporating 10 
longitudinal studies found that the proportions of pre-
sumed COVID-19 cases ranged from 8% to 17% in pa-
tients with suspected or laboratory-confirmed COVID-19 
who reported persisting symptoms for more than 12 weeks 
(97). A cohort study from Wuhan, China, reported that 
68% and 49% of survivors of COVID-19 discharged from 
hospitals reported sequelae symptoms at 6 and 12 months 
after symptom onset, respectively (98).

In a study comparing the incidence of PCC in patients 
infected with Omicron and Delta variants (99), 5% and 
11% of patients with Omicron and Delta variants infection, 
respectively, experienced PCC. A lower risk of PCC in the 
Omicron variant (odds ratio, 0.24–0.50) was consistently ob-
served, regardless of the timing of vaccination (99). Because 
PCC includes numerous nonrespiratory symptoms, it has 

been known that only a small portion of patients with PCC 
have radiologic abnormalities in the chest (100).

Table 3 summarizes the current studies on CT features 
in lung disease after COVID-19. In a study by Wu and col-
leagues (101), 48% of patients had residual changes on CT 
scans at 6 months (Fig 10), 27% at 9 months (Fig 11), and 
24% at 12 months (Fig 12). In a study by Huang and col-
leagues (98), the lung diffusion impairment and radiologic 
abnormalities  persisted for up to 12 months in 36% and 55% 
of patients, respectively. At 1 year, GGO (76% vs 39%) and 
interlobular septal thickening (11% vs 0%) were more com-
mon in patients who required oxygenation than in those who 
did not require oxygenation, suggesting that GGO and ir-
regular lines were associated with lung diffusion impairment.

In a study by Pan and colleagues (102), 25% of partici-
pants showed abnormal CT findings at 1-year follow-up CT. 
 However, in a study by Luger and colleagues (103), 54% of 
patients showed CT abnormalities at 1 year after the onset 
of COVID-19 symptoms, demonstrating extensive GGO, 
reticulations, bronchial dilation, microcystic changes, or, in 
20% of patients, a combination of these (Fig 12). Factors as-
sociated with persistent CT abnormalities at 1-year follow-up 
include older age, male sex, peripheral blood lymphopenia, 
critical COVID-19 severity, and severe pneumonia and/or 
ARDS (104).

To summarize the serial follow-up CT studies to date, 
most residual CT abnormalities are mainly consistent with 
prior organizing pneumonia and gradually decreased in ex-
tent within 3 or 6 months after acute COVID-19 pneumo-
nia, but the residual CT abnormalities showed a tendency of 

Figure 10: Serial images in a 72-year-old man with COVID-19 
pneumonia. (A) Transverse nonenhanced CT scan (lung window) 
obtained at inferior pulmonary vein level 1 week after SARS-CoV-2 
infection shows lower lobe–predominant patchy areas of ground-glass 
opacity (GGO) in bilateral lungs (arrows). (B) Transverse nonen-
hanced CT scan (lung window) obtained at inferior pulmonary vein 
level 1 month after SARS-CoV-2 infection shows lower lobe–predomi-
nant patchy areas of consolidation (solid arrows) in bilateral lungs. 
Note bronchial dilatation (open arrow) within the consolidation.  
(C) Transverse nonenhanced CT scan (lung window) obtained 6 
months after infection demonstrates residual reticulations (arrows) and 
GGOs.
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not greatly decreasing after 6 months (98,101–106) (Table 
3). Lung abnormality evaluation for at least 6 months might 
be appropriate to estimate residual lesions of COVID-19 
pneumonia, particularly in those having initially severe pneu-
monia and/or ARDS. At present, because the longest series of 
follow-up examinations reported does not exceed 12 months, 
the development of persistent or progressive fibrosis in some 
individuals cannot yet be excluded (107).

Future Directions
Many deep learning methods have been successfully developed 
to analyze chest images for various clinical tasks of COVID-19 
classification, grading, triage, and survival analysis (Appendix 
S1) (108–111). In a 2020 study with a data set comprising 4352 
chest CT scans (112), the per-scan sensitivity and specificity 
for detecting COVID-19 were 90% and 96%, respectively (P 
< .001). These results show that deep learning models can aid 

Figure 12: Serial images in a 64-year-old woman with COVID-19 pneumonia. (A) Transverse nonenhanced CT scan (lung window)  obtained 
at ventricular level 1 month after SARS-CoV-2 infection shows lower lobe–predominant patchy and wide areas of mixed consolidation and 
 ground-glass opacity (GGO) in bilateral lungs. Note areas of bronchial dilatation (boxes) within parenchymal lesions. Pneumomediastinum (arrows) 
is also present anteriorly. (B) Transverse nonenhanced CT scan (lung window) obtained 12 months after infection demonstrates dilated bronchi 
(boxes) within remaining GGO lesions. Linear parenchymal bands (arrow) are also noted.

Figure 11: Serial images in a 55-year-old man with COVID-19 
pneumonia. (A) Transverse nonenhanced CT scan (lung window) ob-
tained at levels of basal segmental bronchi 4 weeks after SARS-CoV-2 
infection shows extensive and patchy areas of mixed ground-glass 
opacity (GGO) and consolidation in bilateral lungs. (B) Transverse 
nonenhanced CT scan (lung window) obtained 5 weeks after infection 
demonstrates increased density of GGO lesions with consolidation.  
(C) Transverse nonenhanced CT scan (lung window) obtained 9 
months after infection demonstrates residual faint GGO and reticulations.
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the accurate detection of COVID-19 pneumonia and differenti-
ate the disease from community-acquired pneumonia and other 
lung conditions. In the earlier course of the epidemic when CT 
was used for triage of febrile patients, artificial intelligence–aided 
triage achieved an area under the receiver operating characteris-
tic curve of 0.95, with a sensitivity of 92%, specificity of 85%, 
positive predictive value of 79%, and negative predictive value of 
95%. As for the identification of increases in lesion burden, the 
artificial intelligence method achieved a sensitivity of 96% and a 
specificity of 87.5% (113). Lassau and colleagues (114) showed 
that deep learning analysis provided unique prognostic informa-
tion for COVID-19 and correlated well with other markers of 
severity (oxygenation, lactate dehydrogenase level, and C-reac-
tive protein level). Deep learning methods such as artificial intel-
ligence–driven quantification or severity scoring in patients with 
COVID-19 will be increasingly relevant in COVID-19 manage-
ment, serving as a noninvasive predictive marker for the clinical 
course of COVID-19. Artificial intelligence techniques and pa-
tient management are described in Appendix S1.

The ongoing COVID-19 pandemic has dramatically changed 
in the past 3 years as a result of a combination of significant 
mutations, variable immunity acquired from both infection and 
vaccination, and improved patient management. Consequently, 
imaging appearance, severity, and outcomes of COVID-19 
pneumonia have changed significantly. Previously described 
“typical” appearance of COVID-19 pneumonia or COVID-19–
associated disease elsewhere in the body may not be relevant in 
the face of ongoing mutations in SARS-CoV-2 and differences 
in host immunity. In addition, we are not well aware of the inci-
dence, pathogenesis, or imaging changes over time of PCC and 
repeat infection. Additional studies of dominant SARS-CoV-2 
variants in increasingly vaccinated and previously infected popu-
lations of a globally collected clinical and imaging cohort are 
required, and these could help radiologists contribute to the un-
derstanding of interactions between changing viral variants and 
host immunity (115).

Conclusion
After almost 3 years into the COVID-19 pandemic, we have 
witnessed the contribution of imaging to this public health cri-
sis. We now have advanced insight into the pathophysiology of 
COVID-19, vaccines and their usefulness, and imaging features 
of original, breakthrough, and repeat infections. These insights 
have led to improved patient management. Much emphasis is 
given to the continued genetic monitoring of new SARS-CoV-2 
variants of concern. Despite advances in knowledge, we encoun-
ter patients with PCC who will need long-term follow-up and 
care. The emerging knowledge of PCC also presents radiology 
with new motivations and challenges.
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