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HOSTS AND CONSEQUENCES OF HUMAN CoV
INFECTIONS

Tang D, Comish P, Kang R (2020) The hallmarks of COVID-19 disease. PLOS Pathogens 16(5): e1008536. https://doi.org/10.1371/journal.ppat.1008536
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1008536

• Coronaviruses are divided into 4 
genera: alpha, beta, delta, and 
gamma.

• alpha and beta CoVs are known to 
infect humans.

• Four HCoVs (HCoV 229E, NL63, OC43, 
and HKU1) are endemic globally and 
account for 10% to 30% of upper 
respiratory tract infections in adults.

https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1008536


PHYLOGENY OF SARS-CoV2

• Previously SARS and MERS associated with 
novel coronaviruses and outbreaks

• Coronaviruses are ecologically diverse with 
the greatest variety seen in bats, suggesting 
that they are the reservoirs for many of 
these viruses.



THE EMERGENCE OF COVID-19

• Outbreak originated in Wuhan, China.  May have be related to the 
Huanan Seafood Market

• First case of COVID-19 currently known: 17 November 2019

• Rapid spread of the virus in Wuhan and the Hubei province

• January 7 2020: SARS-CoV-2 was identified by the Chinese Center for 
Disease Control and Prevention (CDC) from the throat swab sample 
of a patient

• The virus subsequently spread to all provinces of China and to more 
than 180 other countries in Asia, Europe, North America, South 
America, Africa, and Oceania

• March 11 2020: WHO declared COVID-19 a pandemic

Chen N, The Lancet. 395 (10223): 507–513. 
Zhou P, Nature. 579 (7798): 270–273
https://www.who.int/blueprint/priority-diseases/key-action/novel-coronavirus/en

https://en.wikipedia.org/wiki/The_Lancet
https://en.wikipedia.org/wiki/Nature_(journal)






The VIRUS: SARS-CoV-2

• SARS-CoV-2

• + sense single-stranded RNA 
(+ssRNA) virus

• Coronavirus name comes from  the 
crown like shape: ‘Coronum’ means 
Crown in Latin

• 50–200 nanometres in diameter

• 4 structural proteins:

• the S (spike), E (envelope), M 
(membrane), and N (nucleocapsid) 
protein 

Asghari A, Naseri M, Safari H, Saboory E, Parsamanesh N. DNA Cell Biol. 2020 Oct;39(10):1741-1753. 



CORONAVIRUS BIOLOGY AND REPLICATION

V’kovski, P., Kratzel, A., Steiner, S. et al. Nat Rev Microbiol (2020). https://doi.org/10.1038/s41579-020-00468-6

Key steps inhibited by compounds that are currently being validated and which represent attractive antiviral 
targets are highlighted in red. 



TRANSMISSION OF SARS-CoV2

• Primary mean of transmission: direct person-to-person
• Droplet spread/respiratory 

• Environmental contamination

?aerosol transmission 

• Detection in non-respiratory specimens
?role in transmission 

McMichael TM, Clark S, Pogosjans S, et al. MMWR Morb Mortal Wkly Rep. 2020;69(12):339‐342.
Guo ZD, Wang ZY, Zhang SF, et al. Emerg Infect Dis. 2020;26(7):10.3201/eid2607.200885.
Wang W, Xu Y, Gao R, et al. JAMA. 2020;323(18):1843–1844.
He, X., Lau, E.H.Y., Wu, P. et al. Nat Med 26, 672–675 (2020).
Cheng H, Jian S, Liu D, et al. JAMA Intern Med. Published online May 01, 2020. doi:10.1001/jamainternmed.2020.2020



• detailed virological analysis of 9 cases of COVID-19 
• proof of active virus replication in tissues of the upper respiratory tract
• Pharyngeal virus shedding was very high during the first week of 

symptoms, with a peak on day 4. 
• Infectious virus was readily isolated from samples derived from the 

throat or lung, but not from stool samples—in spite of high 
concentrations of virus RNA. 

• Blood and urine samples never yielded virus.
• The shedding of viral RNA from sputum outlasted the end of 

symptoms. 
• Seroconversion occurred after 7 days in 50% of patients (and by 

day 14 in all patients), but was not followed by a rapid decline in viral 
load. 

COVID-19 can present as a mild illness of the upper respiratory tract. 
The confirmation of active virus replication in the upper respiratory 
tract has implications for the containment of COVID-19.

Viral shedding and period of infectivity
• Prior to symptoms (around 3-4 days) 
• Ends around 7 days of symptom onset



SARS-CoV-2 DETECTION BY RT-PCR 
ACROSS DIFFERENT CLINICAL SPECIMENS

Among 1070 specimens from 20 COVID-19 patients in China, highest SARS-CoV-2 
positivity rates observed with BAL fluid (93%), sputum (72%), nasal swab (63%)



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



TEMPORAL CONSIDERATIONS FOR DIAGNOSIS

Sethuraman. JAMA. 2020;323:2249. 

Estimated time intervals and rates of viral detection are based on data from several published reports. Because of 
variability in values among studies, estimated time intervals should be considered approximations and the 
probability of detection of SARS-CoV-2 infection is presented qualitatively.

Estimated Variation Over Time in Diagnostic Tests for Detection 
of SARS-CoV-2 Infection Relative to Symptom Onset



Bi et al. Lancet Infect Dis 2020

391 cases of COVID-19 
1286 of their close contacts 
attack rate did not differ by age

• 7% of close contacts became infected
• 80% of these contacts showing any symptoms
• 3% of infections manifested severe disease at initial 

assessment
• Household contacts and those travelling with a case were at 

higher risk of infection (OR= 6·27 for household contacts and 
OR=7·06 for those travelling with a case)

• household secondary attack rate was 11·2% 
• children as likely to be infected as adults (infection rate 7·4% 

in children <10 years vs population average of 6·6%).



Kasper MR, Geibe JR, Sears CL et al. N Engl J Med. 2020 Nov 11. doi: 10.1056/NEJMoa2019375. Epub ahead of print. PMID: 33176077.



CLINICAL COURSE of COVID-19



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/


CLASSIFICATION OF COVID-19 CASES

https://www.covid19treatmentguidelines.nih.gov/overview/clinical-presentation/



ASYMPTOMATIC INFECTIONS

• Asymptomatic infections have been well documented but not systematically and 
prospectively studied

• Up to 30-40% in some cohort studies

• DIAMOND PRINCESS
• all passengers and staff were screened for SARS-CoV-2

• approximately 19 % of passengers tested positive 
• 58% of the 712 confirmed COVID-19 cases were asymptomatic at the time of diagnosis 
• In studies of subsets of those asymptomatic individuals, who were hospitalized and monitored, approximately 

77 - 89 % remained asymptomatic over time 

• NURSING HOME
• 27 of the 48 residents (56%) who had a positive screening test were asymptomatic at the time of 

diagnosis, but 24 of them ultimately developed symptoms over the next seven days

• pregnant women in NYC
• 210 asymptomatic women were screened:  14 % had a positive SARS-CoV-2 PCR and no 

symptoms
• 33 women +SARS-CoV-2 PCR: 88 % were asymptomatic on presentation

Oran DP, Topol EJ. Ann Intern Med. 2020;173(5):362-367. doi:10.7326/M20-3012
Tabata S, Imai K, Kawano S, et al. Lancet Infect Dis. 2020
Arons MM, Hatfield KM, Reddy SC, et al. N Engl J Med. 2020;382(22):2081-2090. doi:10.1056/NEJMoa2008457
Sutton D, Fuchs K, D'Alton M, Goffman D. N Engl J Med. 2020;382(22):2163-2164. doi:10.1056/NEJMc2009316



A total of 1848 recruits volunteered to participate in the study; within 2 days 
after arrival on campus
16 (0.9%) tested positive for SARS-CoV-2, 15 of whom were asymptomatic. 

An additional 35 participants (1.9%) tested positive on day 7 or on day 14.
Five of the 51 participants (9.8%) who tested positive at any time had symptoms 
in the week before a positive qPCR test. 

Of the recruits who declined to participate in the study, 26 (1.7%) of the 1554 
recruits with available qPCR results tested positive on day 14. 

Analysis of 36 SARS-CoV-2 genomes obtained from 32 participants revealed six 
transmission clusters among 18 participants. 
Epidemiologic analysis supported multiple local transmission events, including 
transmission between roommates and among recruits within the same platoon.

Letizia AG, Ramos I, Obla A, et al. N Engl J Med. 2020 Nov 11. doi: 10.1056/NEJMoa2029717. Epub ahead of print. PMID: 33176093.



ASYMPTOMATIC INFECTIONS
PROSPECTIVE FOLLOW UP

• 50% of 24 patients with asymptomatic infection who all underwent CT chest 

• typical ground-glass opacities or patchy shadowing

• 5 patients developed low-grade fever, with or without other typical symptoms, a few days after diagnosis. 

• 67% of 55 patients with asymptomatic infection identified through contact tracing

• CT evidence of pneumonia on admission

• two patients developed hypoxia, and all recovered

• Meta-analysis: 7 studies with 231 asymptomatic cases
• 63% asymptomatic with abnormal CT chest

• 155/231 cases that were followed up for later symptom development
• 90/155 remained asymptomatic 

• 65/155 developed symptoms during the study period (7-30 days of follow-up)

Hu Z, Song C, Xu C, et al. Sci China Life Sci. 2020;63(5):706-711. doi:10.1007/s11427-020-1661-4
Wang Y, Liu Y, Liu L, Wang X, Luo N, Li L. J Infect Dis. 2020;221(11):1770-1774.
Tsikala Vafea M, Atalla E, Kalligeros M et al. Clin Radiol. 2020;S0009-9260(20)30313-5.



CLINICAL FEATURES OF COVID-19



DISEASE COURSE AND PROGRESSION
Duration of symptoms

• Fever, median 4-12 days in survivors

• Dyspnea, median 13 days

• Cough, median 19 days in survivors. Still present in 45% of survivors on discharge and 72% of non-survivors on death

Timing of complications

• Sepsis, median 9 days 

• ARDS, median 12 days 

• RESPIRATORY STATUS CAN DECOMPENSATE VERY RAPIDLY

Duration between symptom onset and ventilation ranges from 3-12.5 days

• Acute cardiac injury, median 15 days 

• AKI, median 15 days 

• Secondary infection, median 17 days 

Time from initiation of invasive ventilation to VAP occurrence, median 8 days

Zhou et al, Lancet, 2020
Young et al, JAMA, 2020



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

• 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) 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. 4. Wang. Radiology. 2020;296:E55. 
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/


CLINICAL COURSE: worldwide

Clinical presentation

• Variable, but most common are non-specific flu-like symptoms. 

• Most have more than one sign/symptom on admission

Symptoms: 
• Fever 44-94%
• Cough 68-83%
• Anosmia and/or ageusia ~70%
• Upper respiratory symptoms 5-61%
• Shortness of breath 11-40%
• Fatigue 23-38%
• Muscle aches 11-15%
• Headache 8-14%
• Confusion 9%
• GI symptoms (nausea, vomiting, diarrhea) 3-17%

Chen et al, Lancet, 2020
Guan et al, N Engl J Med, 2020
Young et al, JAMA, 2020
Cohen PA, Hall LE, John JN, Rapoport AB. Mayo Clin Proc. 2020;S0025-6196(20)30379-7.



Features of 20 133 UK patients in hospital with covid-19 using the 
ISARIC WHO Clinical Characterization Protocol: prospective 
observational cohort study

BMJ 2020;369:m1985





MORTALITY AND PRE-EXISTING CONDITIONS: CHINA 



• Case series of patients with COVID-19 admitted to 12 
hospitals in New York City 

• March 1, 2020, and April 4, 2020

• 5700 patients (median age: 63 years ;  39.7% female). 

most common comorbidities: 

• hypertension (56.6%)

• obesity (41.7%) 

• diabetes (33.8%)
Symptoms on presentation:

• 30.7% fever

• 17.3% RR greater than 24/min

• 27.8% supplemental O2

Outcomes were assessed for 2634 patients 
(discharged or death) at the study end point

• 14.2% ICU (median age: 68 years and 33.5% female) 

• 12.2% invasive mechanical ventilation

• 3.2%: kidney replacement therapy

• 21% died

• A total of 45 patients (2.2%) were readmitted 
during the study period. 

• The median time to readmission was 3 days

Richardson S, Hirsch JS, Narasimhan M, et al. JAMA. 2020;323(20):2052–2059. 



Cause of death

• Respiratory failure 53%

• Circulatory failure 
(myocardial damage) 
7%

• Mixed respiratory and 
circulatory failure 33%

• Unknown cause 7%

Laboratory results 

significant differences 
between the two groups

CRP/IL6/Troponin/myoglobin

Ruan Q, Yang K, Wang W, Jiang L, Song J. Intensive Care Med. 2020;46(5):846‐848. 



OVERALL DISEASE DISTRIBUTION 

• Among individuals with symptomatic coronavirus disease 2019 
(COVID-19)

• Mild to moderate (mild symptoms up to mild pneumonia): 81%

• Severe (dyspnea, hypoxia, or more than 50% lung involvement on imaging): 14%

• Critical (respiratory failure, shock, or multiorgan system dysfunction): 5%

• Infection fatality rates are population and age dependent, with very low 
rates for children and young adults but mortality rates >25% for individuals 
over age 90.

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
WHO. Estimating mortality from COVID-19: Scientific brief, 4 August 2020. https://www.who.int/publications/i/item/WHO-2019-nCoV-Sci-Brief-
Mortality-2020.



https://ourworldindata.org/mortality-risk-covid#the-case-fatality-rate



ROLE OF THE INFLAMMATORY RESPONSE



COVID-19 CLINICAL AND IMMUNOLOGICAL SPECTRA

(A) Clinical stages of COVID-19. 
(B) Protective immunity and inflammatory spectra.

García LF. Front Immunol. 2020;11:1441. Published 2020 Jun 16. doi:10.3389/fimmu.2020.01441



Figure 1 

The Journal of Heart and Lung Transplantation 2020 39405-407DOI: (10.1016/j.healun.2020.03.012) 
Hasan K. Siddiqi, Mandeep R. Mehra. The Journal of Heart and Lung Transplantation,Volume 39, Issue 5,2020,Pages 405-407

PATHOPHYSIOLOGY AND STAGES OF ILLNESS
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