
SARS-CoV-2 Infection



Coronavirus disease 2019 (covid-19)

❑ caused by SARS-CoV-2

❑ biphasic pattern 

i. Early viral response phase 

ii. inflammatory second phase

❖ Most clinical presentations are mild

❖ The typical pattern of covid-19 more resembles an influenza-like illness—which includes fever, cough, malaise, 
myalgia, headache, and taste and smell disturbance



Why is SARS-CoV-2 more infectious than SARS-CoV-1?

A. higher reproductive number (R0) than SARS-CoV-1, 

B. stronger binding to the ACE 2 receptor and greater efficiency at invading host cells.

C. greater affinity (or bonding) for the upper respiratory tract and conjunctiva

Viral load dynamics and duration of infectiousness

In the respiratory tract, peak SARS-CoV-2 load is observed at the time of symptom onset or in 
the first week of illness with subsequent decline thereafter



Fig 1 | (1) The virus binds to ACE 2 as the host target cell receptor in synergy with the host’s transmembrane serine protease 2
(cell surfacea protein), which is principally expressed in the airway epithelial cells and vascular endothelial cells. This leads to
membrane fusion and releases the viral genome into the host cytoplasm (2). Stages (3-7) show the remaining steps of viral
replication, leading to viral assembly, maturation, and virus release



Proposed Routes of SARS-CoV-2 Transmission 

Galbadage. Front Public Health. 2020;8:163. WHO. Scientific Brief. July 9, 2020. Slide credit: clinicaloptions.com
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SARS-CoV-2: Aerosol and Surface Viability

Doremalen. NEJM. 2020;382:1564.
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Rapid Inactivation of SARS-CoV-2 Aerosols 
in Sunlight

▪ In vitro simulations suggest a 90% loss of infectivity in 8-19 min for 
SARS-CoV-2 aerosols exposed to mid to high intensity sunlight

Schuit. J Infect Dis. 2020;222:564. Slide credit: clinicaloptions.com

Suspension Matrix 
at 20°C

Simulated Sunlight Tests, n
Mean kinfectivity, min-1

(SD)
Mean Decay Rate, 

%/min (SD)

Simulated saliva None 18 0.008 (0.011) 0.8 (1.1)

Mid intensity 3 0.121 (0.017) 11.4 (1.5) 

High intensity 8 0.306 (0.097) 26.1 (7.1)

Culture medium None 16 0.013 (0.012) 1.2 (1.2) 

Mid intensity 4 0.169 (0.062) 15.4 (5.3) 

High intensity 7 0.182 (0.041) 16.6 (3.3)

Results pooled across tests of varying relative humidity as this factor not found to significantly affect viral decay.
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Key Considerations on Modes of SARS-CoV-2 
Transmission

▪ Person-to-person considered predominant mode of transmission, likely via 
respiratory droplets from coughing, sneezing, or talking[1,2]

‒ High-level viral shedding evident in upper respiratory tract[3,4]

‒ Airborne transmission suggested by multiple studies, but frequency unclear in absence 
of aerosol-generating procedures in healthcare settings[2] 

▪ Virus rarely cultured in respiratory samples > 9 days after symptom onset, 
especially in patients with mild disease[5]

▪ Multiple studies describe a correlation between reduced infectivity with decreases 
in viral loads and rises in neutralizing antibodies[5]

▪ ACOG: “Data indicate that vertical transmission appears to be uncommon”[6]

1. https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/how-covid-spreads.html
2. WHO. Scientific Brief. July 9, 2020. 3. Wölfel. Nature. 2020;581:465. 4. Zou. NEJM. 2020;382:1177. 
5. WHO. Scientific Brief. June 17, 2020. 6. ACOG. COVID-19 FAQs for Obstetrician-Gynecologists, Obstetrics. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


qRT-PCR  technology 

can detect viral SARS-CoV-2RNAin the upper respiratory tract for a mean of 17 days              
(maximum 83 days) after symptom onset

viral culture from PCR positive 

has been rarely positive beyond nine days of illness

detection of viral RNA by qRT-PCR does not necessarily equate to infectiousness

transmission capacity is maximal in the first week of illness

Severely ill or immune-compromised patients may have relatively prolonged virus 
shedding, and some patients may have intermittent RNA shedding



Fig 2 | After the initial exposure, patients typically develop symptoms within 5-6 days (incubation period). SARS-CoV-2 generates a diverse range of clinical 
manifestations,
ranging from mild infection to severe disease accompanied by high mortality. In patients with mild infection, initial host immune response is capable of controlling the
infection. In severe disease, excessive immune response leads to organ damage, intensive care admission, or death. The viral load peaks in the first week of infection, 
declines
thereafter gradually, while the antibody response gradually increases and is often detectable by day 14 (figure adapted with permission from 
doi:10.1016/j.cell.2020.04.013;
doi:10.1016/S2213-2600(20)30230-7)



▪ 3 families (A, B, and C) ate lunch at a 
restaurant on January 24, 2020 at 3 
neighboring tables

‒ 10 of those sitting at these tables (including 
the index case) were later found to have 
been infected with sARS-CoV-2 at the 
restaurant 

‒ None of the waiters or 68 patrons at the 
remaining 15 tables became infected

‒ Authors note that these results do not show 
that long-range aerosol transmission can 
occur in any indoor space, but that 
transmission may occur in crowded/poorly 
ventilated spaces

SARS-CoV-2 Transmission: Recirculated Air 
and Poor Ventilation

Li. medRxiv;[Preprint]. Note: this study has not been peer reviewed. Slide credit: clinicaloptions.com
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Summary of SARS-CoV-2 Transmission in Various 
Settings

▪ Crowded enclosed spaces facilitate SARS-CoV-2 transmission

▪ Transmission rates in enclosed spaces appear to be correlated with 
duration of exposure

‒ Longer duration → greater risk of transmission

▪ Airborne transmission hypothesized 

‒ Biologically plausible → aerosol generated with greater than normal force 
or if air current moves aerosol > 1 meter and droplets remain intact

▪ Continued observational study and sentinel animal study required to 
better understand airborne transmission potential

Slide credit: clinicaloptions.com
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Physical Distance and Transmission

▪ Systematic review and meta-analysis of data from 172 studies 
investigating the spread of SARS-CoV-2, SARS, and MERS (n = 10,736)

Slide credit: clinicaloptions.comChu. Lancet. 2020;395:1973.
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Efficacy of Face Coverings in Prevention 
of SARS-CoV-2 Transmission

▪ Systematic review and meta-analysis 
of data from 172 studies investigating 
the spread of SARS-CoV-2, SARS, and 
MERS (n = 2647)[1]

‒ Face mask use (surgical, N95, or 
cotton mask) resulted in large 
reduction in infection (OR: 0.15; 95% 
CI: 0.07-0.34)

‒ Association was stronger for N95 or 
respirators vs disposable or 12-16 
layer cotton masks (Pinteraction = 0.090)

▪ Study of human coronaviruses in 
exhaled breath of children and adults 
with acute respiratory illnesses 
wearing surgical face masks vs no 
mask (N = 246)[2]

‒ Virus detected in respiratory 
droplets in 3 of 10 samples collected 
without face masks vs 0 of 11 
samples with a mask (P = .07)

‒ Virus detected in aerosols in 4 of 10 
samples collected without face masks 
vs 0 of 11 samples with a mask (P = 
.02)

1. Chu. Lancet. 2020;395:1973. 2. Leung. Nature Medicine. 2020;26:676. Slide credit: clinicaloptions.com
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Nonpharmacologic Preventative Interventions

▪ Inactivation of SARS-CoV, MERS-
CoV, and other endemic human 
coronaviruses readily 
accomplished with 62% to 71% 
ethanol, 0.5% hydrogen 
peroxide, or 0.1% sodium 
hypochlorite (in 1 min)[5]

‒ 0.05% to 0.2% benzalkonium 
chloride, 0.02% chlorhexidine 
digluconate less effective

1. https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html 2. WHO. Scientific Brief. July 9, 2020. 
3. Leung. Nat Med. 2020;26:676. 4. Chu. Lancet. 2020;395:1973. 5. Kampf. J Hosp Infect. 2020;104:246. Slide credit: clinicaloptions.com

Recommended Prevention Strategies[1,2]

Identify and quickly test suspect cases with 
subsequent isolation of infected individuals

Quarantine close contacts of infected individuals

Wash hands often with soap and water

Maintain social distance (~ 6 feet)

Wear cloth face cover in public[3,4]

Practice respiratory etiquette

Disinfect frequent-touch surfaces regularly

Avoid crowds, close-contact settings, and poorly 
ventilated spaces

http://www.clinicaloptions.com/


IDSA: SARS-CoV-2 Infection Prevention

IDSA. COVID-19 Guideline, Part 2: Infection Prevention. Version 1.0.1. Slide credit: clinicaloptions.com

Healthcare personnel caring for patients with suspected or known COVID-19

Use appropriate PPE* with proper donning/doffing (ie, gowns, gloves, eye protection)

Routine 
Patient Care

Aerosol-Generating 
Procedures

Surgical mask 
or 

N95 (N99/PAPR)

N95 (N99/PAPR)

Conventional 
Settings

*IDSA makes no recommendation regarding double vs single glove or shoe cover vs no shoe cover use.

Routine 
Patient Care

Aerosol-Generating 
Procedures

Surgical mask 
or 

Reprocessed N95

Face shield or surgical 
mask covering N95 to 

allow extended use/reuse
or

Reprocessed N95

Contingency or Crisis 
Settings

http://www.clinicaloptions.com/


Primary Symptoms of COVID-19

Li. J Med Virol. 2020;92:577.
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html Slide credit: clinicaloptions.com

Headache

Congestion or runny nose, 
new loss of taste or smell

Fatigue, muscle 
or body aches, 

fever or chills

Nausea or 
vomiting, diarrhea

Cough, sore throat

Shortness of breath 
or difficulty breathing

“Symptoms may 
appear 2-14 days 
after exposure to 

the virus”

http://www.clinicaloptions.com/


Endocrine
▪ Hyperglycemia
▪ Diabetic ketoacidosis

Extrapulmonary Manifestations of COVID-19: 
Which of These Return or Last?

Gupta. Nat Med. 2020;26:1017. Slide credit: clinicaloptions.com

Neurologic
▪ Headaches
▪ Dizziness
▪ Encephalopathy
▪ Guillain-Barré

Renal
▪ Acute kidney injury
▪ Proteinuria
▪ Hematuria

Hepatic
▪ Elevated ALT/AST
▪ Elevated bilirubin

Cardiac
▪ Takotsubo cardiomyopathy
▪ Myocardial injury/myocarditis
▪ Cardiac arrhythmias

▪ Ageusia
▪ Myalgia
▪ Anosmia
▪ Stroke

▪ Cardiogenic shock
▪ Myocardial ischemia
▪ Acute cor pulmonale

Dermatologic
▪ Petechaie
▪ Livedo reticularis
▪ Erythematous rash

▪ Urticaria
▪ Vesicles
▪ Pernio-like lesions

Thromboembolism
▪ Deep vein thrombosis
▪ Pulmonary embolism
▪ Catheter-related thrombosis

Gastrointestinal
▪ Diarrhea
▪ Nausea/vomiting

▪ Abdominal pain
▪ Anorexia

http://www.clinicaloptions.com/


A Proposed Model for Viral-Induced Susceptibility 
to Secondary Bacterial Pneumonia

Hanada. Front Immunol. 2018;9:2640. Slide credit: clinicaloptions.com

Local and systemic immune 
response
▪ ↑ IFNs (type I, II, III)
▪ ↑ Mucus responses
▪ Loss of ciliary function
▪ Epithelial cell death
▪ Cytokines (↑ IL-10, IL-27)

Gut dysbiosis
▪ ↑ Proteobacteria (H influenza, 

M catarrharis, Klebsiella) and 
Bacteroidetes

▪ ↓ Firmicutes (SFB, Lactobacillus)
▪ ↓ Anaerobic bacteria

Respiratory tract dysbiosis
▪ ↑ Firmicutes (S pneumoniae, 

S aureus)
▪ ↑ Probacteria (H influenzae, 

M catarrharis, Pseudomonas)
▪ ↑ Actinobacteria

Alterations in pulmonary 
immune response
▪ ↓ Macrophage/neutrophil 

function 
▪ Decreased inflammatory 

cell recruitment

Secondary 
bacterial 

pneumonia

http://www.clinicaloptions.com/


NIH Guidelines: Defining a COVID-19 
Severity Spectrum

NIH COVID-19 Treatment Guidelines. Management of persons with COVID-19. Last updated October 9, 2020. Slide credit: clinicaloptions.com

Stage Characteristics

Asymptomatic or 
presymptomatic infection

▪ Positive test for SARS-CoV-2 but no symptoms

Mild illness
▪ Varied symptoms (eg, fever, cough, sore throat, malaise, headache, 

muscle pain) but no shortness of breath, dyspnea, abnormal imaging

Moderate illness
▪ SpO2 ≥ 94% and lower respiratory disease evidenced by clinical 

assessment or imaging

Severe illness
▪ SpO2 < 94%, PaO2/FiO2 < 300, respiratory rate > 30 breaths/min, or 

lung infiltrates > 50%

Critical illness ▪ Respiratory failure, septic shock, and/or multiorgan dysfunction

http://www.clinicaloptions.com/


Residing or 
working in an 
area with high 

risk of 
transmission*

WHO: Suspect Case Definition

Acute onset of fever and cough OR ≥ 3 of the 
following: fever, cough, general 

weakness/fatigue, headache, myalgia, sore 
throat, coryza, dyspnea, 

anorexia/nausea/vomiting, diarrhea, altered 
mental status

And 1 of the following within 14 days of symptom onset:

Residing or 
travel to an 
area with 

community 
transmission

Working in 
a 

healthcare 
setting 

WHO COVID-19 Case Definition. Updated August 7, 2020. https://www.who.int/publications/i/item/WHO-2019-nCoV-
Surveillance_Case_Definition-2020.1 Slide credit: clinicaloptions.com

*Closed residential settings, humanitarian settings such as camp and camp-like settings for displaced persons.

OR:

Patient with severe 
acute respiratory illness 

(acute respiratory 
infection with history of 
fever or measured fever 

≥ 38°C and a cough; 
onset within last 
20 days; requires 
hospitalization)

http://www.clinicaloptions.com/


Contact of probable or confirmed 
case or epidemiologically linked 

to a cluster with at least 1 
confirmed case

WHO: Probable Case Definition

Acute onset of fever and cough OR ≥ 3 of the 
following: fever, cough, general weakness/fatigue, 
headache, myalgia, sore throat, coryza, dyspnea, 

anorexia/nausea/vomiting, diarrhea, altered 
mental status

AND:

WHO COVID-19 Case Definition. Updated August 7, 2020. https://www.who.int/publications/i/item/WHO-2019-nCoV-
Surveillance_Case_Definition-2020.1 Slide credit: clinicaloptions.com

*Hazy opacities with peripheral and lower lung distribution on chest radiography; multiple bilateral ground glass opacities with peripheral and 
lower lung distribution on chest CT; or thickened pleural lines, B lines, or consolidative patterns on lung ultrasound.

OR:

Suspect case with chest imaging showing findings suggestive of COVID-19 disease*

OR:

Recent onset of loss of smell or taste in the absence of any other identified cause

OR:

Unexplained death in an adult with respiratory distress who was a contact of a probable or 
confirmed case or epidemiologically linked to a cluster with at least 1 confirmed case

http://www.clinicaloptions.com/












19-واجدین شرایط آزمایش کووید 

سرپایی 

و زنان باردار) گروه های پرخطر از نظر عوارض کووید ( سال ، یا وجود بیماری زمینه ای 60افرادسرپایی علامتدار با سن بالای . 1

و زنان ) گروه های پرخطر از نظر عوارض کووید ( سال و یا وجود بیماری زمینه ای 60افراد در تماس با فرد مبتلا به شرط با سن بالای . 2
باردار

ورت در قرنطینه ورودی توصیه می شود در صورت دسترسی به تست همه افراد تست شوند ، در غیر اینصورت در ص(زندانیان علامت دار . 3
)با وی تست شوند تشخیص یک فرد مبتلا همه افراد در تماس

کارکنان زندان در تماس مستقیم با زندانی مبتلا. 4

ر در قرنطینه ورودی توصیه می شود در صورت دسترسی به تست همه افراد تست شوند ، در غی16معتادین متجاهر علامتدار در مراکز ماده . 5
اینصورت در صورت تشخیص یک فرد مبتلا همه افراد در تماس با وی تست شوند

در تماس مستقیم با معتادین متجاهرمبتلا16کارکنان مراکز ماده 



مددجویان علامتدار در سامانسراها، مراکز نگهداری معلولین و سالمندان و سایر مراکز تجمعی. 7. 

کارکنان سامانسرا، مراکز نگهداری معلولین و سالمندان علامتدار و سایر مراکز تجمعی در تماس مستقیم با مددجویان مبتلا. 8

اتباع خارجی علامتدار ساکن در مهمانشهرها. 9

اتباع داخلی وارد شده از کشورهای با شیوع بالا. 10

در واحدهای بهداشتی19و کارکنان ارائه خدمات برای کووید  COVID-19پرسنل شاغل در بخشهای ویژه . 11

د روزانه یباکارگران و کارکنان ادارات و یا کارخانجات که در یک مکان بسته به صورت تجمعی حضور دارند یا با تعداد زیاد ارباب رجوع سروکار دارند،* . 12
غربالگری علامتی شوند و در

صورت علامتدار بودن شرایط انجام تست تشخیصی توسط کارفرما برایشان مهیا شود















Common COVID-19 Diagnostic Methods: RNA

Udugama. ACS Nano. 2020;14:3822. Lee. Front Immunol. 2020;11:879. Slide credit: clinicaloptions.com

Viral Nucleic Acid Assays

Typically indicate ▪ Current infection

Specimen sources
▪ Upper (eg, nasopharyngeal swabs or washes, oropharyngeal swabs, nasal 

aspirates) or lower (eg, sputum, bronchoalveolar lavage fluid, tracheal 
aspirates) respiratory tract

Considerations

▪ Primary method for COVID-19 diagnosis with multiple RT-PCR kits available
▪ False negatives may result from improper sampling or handling, low viral 

load, or viral mutations
▪ SARS-CoV-2 RNA undetectable by ~ Day 14 following onset of illness in 

some cases/samples

http://www.clinicaloptions.com/


Common COVID-19 Diagnostic Methods: Antibodies

Deeks. Cochrane Database Syst Rev. 2020;6:CD013652. Lee. Front Immunol. 2020;11:879. Carter. ACS Cent Sci. 2020;6:591. Slide credit: clinicaloptions.com

Updated

Serologic Assays

Typically indicate
▪ Past infection, but may have some utility in diagnosis of current infection 

among those presenting late or when RT-PCR negative/unavailable

Specimen sources
▪ Most often blood serum or plasma, but may include saliva, sputum, or 

other biological fluids

Considerations

▪ Provides a delayed but wider window of time for detection
▪ May be useful for COVID-19 surveillance and identification of convalescent 

plasma donors
▪ False negatives: Low sensitivity in first wk after symptoms with subsequent 

rises during second/third wks and scant data thereafter; unclear if low-
level antibody detectable in cases of mild/asymptomatic disease

▪ False positives: Due to cross-reactivity
▪ Uncertain if positive read = immune protection if re-exposed

http://www.clinicaloptions.com/


WHO: Interim Guidance on Diagnostic Testing 
for SARS-CoV-2 

▪ Routine confirmation of SARS-CoV-2 infection is based on the detection 
of unique sequences of RNA by nucleic acid amplification tests such as 
RT-PCR

▪ 1 or more negative results do not rule out the possibility of SARS-CoV-2 
infection

Factors Potentially Leading to 
Negative Result in an Infected Individual

Poor specimen quality

Timing or location of specimen collection 
(late in infection or in compartment without virus)

Specimen was not handled appropriately

Technical reasons inherent in test 
(virus mutation or PCR inhibition)

https://www.who.int/publications/i/item/diagnostic-testing-for-sars-cov-2 Slide credit: clinicaloptions.com

Updated
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CDC: Testing Recommendations for SARS-CoV-2

▪ “Viral [nucleic acid or antigen] tests are recommended to diagnose acute infection.”

Overview of Testing for SARS-CoV-2 (COVID-19). Updated September 18, 2020. 
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html Slide credit: clinicaloptions.com

Considerations for Who Should Get Tested

Persons with mild COVID-19 symptoms: test if advised by HCP, or self-isolate for ≥ 10 days after symptom onset 
and ≥ 24 hrs after fever resolution without antipyretics, improvement of other symptoms

Close contacts (within 6 ft) of known case for ≥ 15 min: test and self-isolate for 14 days after results

No COVID-19 symptoms and no close contact with known case: no test needed unless recommended/required 
by HCP or public health official

Persons in high transmission area who attended a gathering of ≥ 10 people without widespread mask wearing 
or physical distancing: test if advised by HCP or public health official

Work in a nursing home: test if symptomatic, as part of facility plans to open/re-open, if an outbreak occurs 
within the facility, and based on your county positivity rate

Live in or receive care in a nursing home: test if symptomatic, as part of facility plans to open/re-open, if an 
outbreak occurs within the facility, and if leaving the facility on a regular basis (eg, for dialysis)

Critical infrastructure worker, health care worker, or first responder: may be tested per employer’s guidelines

http://www.clinicaloptions.com/


IDSA: SARS-CoV-2 Nucleic Acid Testing of Symptomatic 
Individuals

IDSA. COVID-19 Guideline, Part 3: Diagnostics. Version 1.0.1. Slide credit: clinicaloptions.com

Direct SARS-CoV-2 Nucleic Acid Amplification Testing
Collect nasopharyngeal, nasal, or mid-turbinate rather than oropharyngeal or saliva specimens

Provider-collected or self-collected specimens acceptable except nasopharyngeal

Non-hospitalized Hospitalized

Lower 
respiratory tract 

symptoms

High Suspicion for COVID-19 Low Suspicion for 
COVID-19

Known exposure 
or high prevalence 

area

If negative, 
repeat testing

If negative, repeat 
testing (from lower 

tract if possible)

If negative, 
repeat testing

If negative, do not 
repeat testing

Prioritize testing for symptomatic patients. If resources adequate, consider testing select asymptomatic individuals 
(eg, exposed, immunosuppressive procedure, major time-sensitive surgery, aerosol-generating procedure with limited PPE).

http://www.clinicaloptions.com/


Temporal Considerations for Diagnosis

Sethuraman. JAMA. 2020;323:2249. Reproduced with permission from JAMA. 2020. doi:10.1001/jama.2020.8259. 
Copyright©(2020) American Medical Association. All rights reserved. Slide credit: clinicaloptions.com
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SARS-CoV-2 Serology for Diagnosis: 
Current Recommendations
▪ CDC: “Serologic testing by itself should not be used to establish the presence or absence of 

SARS-CoV-2 infection or reinfection.”[1]

▪ Royal College of Pathologists of Australasia[2]: 

‒ “Molecular testing on a single throat with deep nasal swab is the current test of choice for the 
diagnosis of acute COVID-19 infection”

‒ “COVID-19 IgG/IgM rapid tests have no role to play in the acute diagnosis of COVID-19 virus 
infection . . . ” 

‒ “COVID-19 IgG/IgM rapid tests will miss patients in early stages of disease when they are 
infectious to other people”

▪ WHO: “At present, based on current evidence, WHO recommends the use of these new 
point-of-care immunodiagnostic tests only in research settings”[3]

Slide credit: clinicaloptions.com

1. https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
2. https://www.rcpa.edu.au/getattachment/bf9c7996-6467-44e6-81f2-e2e0cd71a4c7/COVID19-IgG-IgM-RAPID-POCT-TESTS.aspx
3. https://www.who.int/news-room/commentaries/detail/advice-on-the-use-of-point-of-care-immunodiagnostic-tests-for-covid-19

Updated

http://www.clinicaloptions.com/


CT presentation





Chest CT Abnormalities

▪ Most common hallmark features on chest CT images include bilateral peripheral ground-
glass opacities and consolidations of the lungs with peak lung involvement between 6 days 
and 11 days post-symptom onset[1-3]

▪ In a study in Wuhan, China, chest CT imaging demonstrated a sensitivity of 97% and 
specificity of 25% with RT-PCR as the reference (N = 1014)[4]

‒ 60% to 93% of patients had initial positive lung CT consistent with COVID-19 before the initial 
positive RT-PCR result

1. Bernheim. Radiology. 2020;295:685. 2. Pan. Radiology. 2020;295:715. 3. Wang. Radiology. 2020;296:E55. 4. Ai. Radiology. 2020;296:E32. Slide credit: clinicaloptions.com

29-Yr-Old Man Presenting With Fever for 6 Days[4]

Ground-glass 
opacities

Day 6 Day 9 Day 11 Day 17 Day 23

http://www.clinicaloptions.com/






Typical CT presentation
The most typical CT features of COVID-19 pneumonia are bilateral and 
multifocal ground-glass opacities
Lesions classically predominate in the peripheral, posterior and basal 
part of the lungs

Other signs 
❑ fine reticulations
❑ peribronchovascular thickening
❑ vascular dilatations within pneumonia areas
❑ architectural distortion  

❖ Usually, there are no micronodules, excavations, septal lines, mediastinal 
lymph node enlargement or pleural effusions





▪ Some infected but asymptomatic patients may have slight ground-glass 
opacities but these are generally not extensive 

Chest CT appearance of COVID-19 pneumonia may be quite similar to that of 
other viral pneumonitis

be more frequently found in COVID-19 pneumonitis

1) the peripheral location of the lesions

2) involvement of the five lobes

3) the presence of thin reticulations 

4) peribronchovascular thickening 

In influenza pneumonia, nodular or micronodular tree-in-bud pattern may be 
more common, as may pleural effusions 





Atypical CT presentation 
1. arciform or pseudonodular consolidation suggesting a pattern of organizing pneumonia (In approximately 10% 

of patients )
2. “reverse halo sign” 
3. Unilateral presentation (20–30%) usually at an early stage before bilateralization
4. Peribronchovascular
5. apical predominance 

previously abnormal lung 
CT presentation becomes less specific, making a careful comparison with previous CT 

examinations



Fig. 2. Unenhanced CT examination in a 26-year-old woman with COVID-19 pneumonia. Unenhanced CT image of the chest (lung 
window: W1600/L-500 HU) in the axial plane reveals apical and perihilar predominant pulmonary lesions (arrows) with a 
“reverse halo sign” (arrowhead). 



Fig. 3. 75-year-old man with history of chronic bronchiolitis recently diagnosed with COVID-19 pneumonia. (A, B, C) Chest CT images in the axial 
plane show multifocal, patchy, ground-glass opacities (arrows) as well as diffuse thickening of bronchial walls (arrowheads). (D, E, F) The diagnosis 
of COVID-19 pneumonia was facilitated by the comparison with chest CT images obtained 2 months earlier that already showed bronchitis and 
bronchiolitis (arrowheads) but no lung opacities. 



Evolution of CT findings 
progress over time(both in extent and attenuation value) 

evolve towards 
A. crazy paving areas (i.e., superimposition of ground-glass and intra-lobular reticulations)
B. linear and retractile consolidation areas 

Lung damage is maximal at around day 10 and then generally decreases 
progressively in size and attenuation value 

complete resolution seems to be common in patients with mild pneumonia
many patients, especially those with initial severe disease, still present reticular 
pattern of fibrotic streaks after more than one month of evolution 

According to a recent study, lung abnormalities could persist beyond one 
month in 98% of patients 



Severity signs
The total extent of lung involvement on the first CT examination 

correlates with clinical severity 

The French Society of Thoracic Imaging (SIT) grading 
I. absent or minimal (< 10%)
II. moderate (10–25%)
III. extensive (25–50%)
IV. severe (50–75%)
V. critical (> 75%) 



▪ The density of pulmonary lesions is also a marker of severity, since 
lung consolidation areas appear more extensive than ground-glass opacities in 
critically ill patients

▪ Pleural effusion and early architectural distortion with traction 
bronchiectasis on initial chest CT would also indicate a poor prognosis

▪ A Chinese series suggests that consolidation in upper lobes on initial CT 
is also associated with poor outcomes 



Complications
1------acute respiratory distress syndrome (ARDS)---Between 15 and 30% of hospitalized 

patients 
ARDS is characterized in CT by extensive bilateral lung consolidation with a predominance in dependent  

areas 

2-------Pulmonary bacterial superinfection 
3-------pulmonary aspergillosis 
4-------Pulmonary embolism 

clinical-radiological discordance (dyspnea and hypoxemia without lung abnormality) or respiratory worsening 
in a known COVID-19 patient should prompt the use of contrast medium injection

5-------exacerbated systemic inflammatory response (In critically ill patients) leading to a 

hypercoagulability state, reflected by the marked increase of D-dimer serum level in these patients 

✓ pulmonary infarction secondary to pulmonary embolism may be quite similar 
in appearance to COVID-19 pneumonia



Fig. 4. 78-year-old woman with COVID-19 pneumonia. (A, B) Initial unenhanced chest CT image in the axial plane (lung window: W1600/L-500 HU) 
shows bilateral and peripheral areas of ground-glass and consolidation. (C, D) Follow-up contrast-enhanced CT images performed 13 days later to 
rule out pulmonary embolism reveal progression in extent and in density of pulmonary lesions with a crazy paving pattern (white arrowheads) 
and consolidation areas (arrows). (E, F) Contrast-enhanced CT images obtained 28 days after the onset of symptoms show partial regression of 
consolidation areas but persistence of fibrotic streaks (black arrowheads) with architectural distortion.



Fig. 5. Various degrees of lung involvement in COVID-19 pneumonia in four different patients. Unenhanced CT 
images of the chest (lung window: W 1600/L–500 HU) in the axial (up) and coronal (down) planes show typical 
examples of moderate (< 25%), extensive (25–50%), severe (50–75%) and critical (> 75%) lung involvement (A, B, C, 
D, respectively). The latter images are (D) characteristic of acute respiratory distress syndrome with a gravitationally 
dependent gradient. 



Fig. 6. 59-year-old man with COVID-19 and a 3-fold positive endotracheal swab for aspergillus 
fumigatus. Unenhanced CT images of the chest in the axial (A) and coronal (B) planes (lung 
window: W 1600/L–500 HU) show subpleural ground-glass opacities presumed to correspond to 
COVID-19 lesions (arrowheads) as well as an extensive apical consolidation area presumed to 
correspond to invasive aspergillosis (arrow). 



Fig. 7. 36-year-old woman positive for COVID-19 and pulmonary embolism. CT pulmonary angiography images in 
the axial (A, B) and coronal (C, D) planes show typical peripheral ground-glass areas related to COVID-19 
pneumonia (arrows) and bilateral proximal pulmonary embolism (arrowheads).



Fig. 8. 74-year-old woman with COVID-19 pneumonia. (A, B) Baseline CT images obtained after intravenous administration of 
contrast material show peripheral ground-glass opacities (black arrowheads), bilateral proximal pulmonary embolism (white 
arrowheads) and a quadrangular well-demarcated subpleural consolidation containing central lucencies corresponding to a 
pulmonary infarction (arrow). (C, D) Follow-up CT images obtained 7 days later show progression of COVID-19 pulmonary lesions 
with reticulations, fibrotic streaks and architectural distortion (black arrowheads) and persisting thrombus (white arrowhead). 


