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Localization of SARS-
CoV-2 RNA in the lung 
 

• Hyaline membranes 
• Pneumocytes 
• Alveolar 

macrophages 



Localization of SARS-CoV-2 RNA  
 

• Endothelial cells with and 
without associated with 
thrombus 
• Tunica media of a cerebellar 

leptomeningeal vessel (A1) 
• Vascular endothelium brain 

stem parenchyma (A2) 



Transmission 

Aerosol Droplet Fomite 

6 feet 



Turbulent gas cloud model  

• False dichotomy of “droplet” vs “aerosol” 
• 5 to 10 m dividing line 
• Larger droplets settle faster than evaporate; smaller = vice versa 

 

• Many factors influence “contagion from the cloud” 
• Force of forward momentum of expelled air 
• Moisture  &  temperature of the cloud 
• Ambient temperature  &  humidity 
• Airflow (wind, interior air exchange rate) 
• Settling out of larger droplets onto surfaces 
• Residue nuclei (droplet to aerosol size) 

• May desiccate or remain suspended with “viable payload” 

 

• Evaporation of complex biological liquids poorly understood 
• Lab tests may or may not reflect reality (CW) 

 

 

Bourouiba L. JAMA 2020;323:1837 



Fine P et al. Clin Infect Dis 2011;52:911 

SARS-CoV-2 



DISEASE 

     True            False                 

Positives        Positives 

        

    False           True    

Negatives       Negatives 

TEST POS 

TEST NEG 

  Present       Absent 

TP 

TP + FN 

TN 

FP + TN 

Sensitivity  Specificity 

Reference Test Results 

Results of Test 

Compared to 

Reference Test 

The 2 x 2 Table: Sensitivity & Specificity 

EBM  
“Torture” 



The Intrinsic Test Properties 

Persons with Disease Persons w/o Disease 

90% Sensitivity 90% Specificity 



DISEASE 

      True    False 

   Positives       Positives 

      False          True 

  Negatives      Negatives 

TEST POS 

TEST NEG 

  Present      Absent 

TP 

TP + FP 

TN 

FN + TN 

TP 

TP + FN 

TN 

FP + TN 

Sensitivity  Specificity 

Negative 

Predictive 

Value 

Positive 

Predictive 

Value 

Reference Test Results 

The 2 x 2 Table: Predictive Values 

Results of Test 

Compared to 

Reference Test 



Sensitivity = 90% 

10 patients 

with disease   

9 TP, 1 FN test  

90 patients 

without disease 

81 TN, 9 FP tests 

Positive Predictive Value = 50% 
Negative Predictive Value = 99% 

Specificity = 90% 

Sample of 100 persons, 10% disease prevalence 



“Pre-test 
Probability” 
is an estimate of 
Prevalence… 
 
In patients who 
look like the one 
in front of you 



Laboratory Validation Clinical Validation 
Additional Factors in 

Practice 

Sensitivity Specificity Sensitivity Specificity Test-Related 
Results 

Interpretation 
Artificial samples 
spiked with varying 
concentrations of 
SARS-CoV-2 

Artificial samples 
spiked with varying 
concentrations of 
other coronaviruses  
  
Artificial samples 
spiked with varying 
concentrations of 
other common 
viruses 

Samples from patients 
confirmed SARS-CoV-2 
infection 
1) Asymptomatic 

persons 
2) Symptomatic 

persons within the 
first 7 days of 
symptoms 

3) Symptomatic 
persons on the 8th 
to 14th day after 
onset of 
symptoms 

4) Symptomatic 
persons on the 
15th to 21st day 
after onset of 
symptoms 

  
Confirmed by  
1) Positive viral cx 

OR 
2) Positive PCR tests 

against other 
molecular targets 
for SARS-CoV-2 
(two or more, 
preferably) 

Samples from patients 
1) Positive tests for 

acute infection 
with other human 
coronaviruses 

2) Positive tests for 
acute infection 
with other 
common viruses 

3) Selected clinical 
syndromes 
compatible with 
SARS-CoV-2 
infection (e.g., 
ARDS, pneumonia) 

4) Asymptomatic   
         
WITH* 
Negative viral culture for 
SARS-CoV-2  
 

         AND* 
 

Two or more negative 
PCR tests for other 
molecular targets for 
SARS-CoV-2 
  

*Unless samples are pre-
pandemic 

 Timing within 
course of 
illness or time-
lapsed since 
exposure if 
known 
 

 Adequacy of 
collected 
specimen  
 

 Specimen 
handling and 
processing 
 

 Function of 
test 
kit/cartridge 
 

 Function of 
machine/test 
platform 
 

 Communicatio
n of test result 
to provider 

 Role of infection 
prevalence  

 
 Role of cycle 

threshold, if any 
 

 Provider 
understanding 
of test 
limitations and 
communication 
of test result in 
proper context 
to patient 
 

 Patient/family 
understanding 
of test 
limitations and 
subsequent 
behaviors based 
on 
understanding 
of test results 

  



Sensitivity 

(%) 

Specificity 

(%) 
LR + LR - 

Disease 

Prevalence* 

(%) 

PPV 

(%) 

False Pos. 

One in X 

NPV 

(%) 

False Neg.  

One in X 

Risk of 

infection, 

neg x2 

70 99.8 350 0.30 1 78.0 4.5 99.7 333 <.001% 

        10 97.5 40 96.8 31 0.1% 

        25 99.2 118 90.9 11 0.8% 

        50 99.7 357 76.9 4.3 5.4% 

70 98 35 0.31 10 79.5 4.9 96.7 30 0.1% 

        50 97.2 36 76.6 4.3 5.4% 

50 99.8 250 0.50 10 96.5 29 94.7 19 0.3% 

        50 99.6 251 66.6 3 11% 

*Best measure is weekly period prevalence: new cases + previous “still contagious” cases 



Test interpretation “paradox” 

• At very low period prevalence (<1%) in a community… 
• Many positive results = false positives 
• NPV is >99% (may add little value if asymptomatic) 

 

• Among ill patients who have features suggestive of 
COVID-19, prevalence may be 40% to 60%... 
• PPV = good 
• NPV = less so – may need 2 or 3 negative tests to “exclude” 

 

• Prevalence = pretest probability 
• “Period prevalence” = number of infectious cases this week 

• Weekly incidence (new cases)  ~  weekly period prevalence 

 
 
 



Basics of Available Diagnostic Tests 

• PCR tests 
• We still do not really know sensitivity and specificity 
• Period prevalence – need more testing to understand locally 

 

• Lower respiratory > Nasopharyngeal/Pharyngeal > Saliva 
 

• Antigen tests – less accurate than PCR 
 

• Serologic tests 
• IgG serologies likely reliable  – 2 to 4 weeks after onset of illness 

• Need to ensure no cross-reaction with other human coronaviruses 
• Sensitivities may be  ???? 

• IgM or IgM+IgG 
• Higher false positive rate (poorer specificity in general) re IgM 

• Spike Ag vs other ‘non-vaccine’ components 
 

 
 



Conclusions: 
• MT specimens, compared to less-tolerated NP specimens in 

children, especially in the first week of illness, have  
• moderately reduced sensitivity 
• equivalent specificity  

 

• MT specimens may represent a viable alternative…  ??? 



Maternal IgG antibodies to SARS-CoV-2 are transferred across the 
placenta after asymptomatic and symptomatic infection 
 
Cord blood Ab correlates with 
• Maternal antibody concentration 
• Duration between onset of infection and delivery 

 
Maternally-derived Ab may provide neonatal protection… 

JAMA Pediatr 2021;175:594 



Pfizer-BioNTech  
mRNA vaccine 

2260 adolescents 12 to 15 yrs old 

• 1131 received vaccine 

Mild to moderate reactogenicity in 79% to 86% 

• Injection site pain 

• Fatigue 

• Headache 

No vaccine-related SAEs 

Post vaccine neutralizing titers 

met non-inferiority criteria 
 

Vaccine efficacy  

(case ≥ 7 d after dose 2) 

• 100%  

• 95% CI:  75.3%  – 100% 



As of June 1, 2021, 1226 reports, with age known for 1194 
• 923 male, 298 female 
• 687 cases < 30 yrs old 
• 76% after 2nd dose 
484 < 30 yrs old May 1 – June 11, median age 19 yrs (12-29) 
• 291 male, 32 female 
• 92% within 7 days of vaccination 
• 304 hospitalized, but generally mild clinical course 
• No deaths 
40.6 cases / million does of mRNA vaccine (both versions) 
• 62.5 per million 2nd doses – males 12 - 17 yrs old 
• 50.5 per million 2nd doses – males 18 - 24 yrs old 
• 4.2 per million 2nd doses – females 12-17 yrs old 

Adverse events 
prevented per million 
2nd doses, males < 30 
 

• 11,000 cases 

• 560 hospitalizations 

• 138 ICU admissions 

• 6 deaths 
 

Some will have cardiac 
involvement 

• Acute infection 

• Post-infectious  

…as prevalence falls, 
the math may change 



• Ethical frameworks 
• Political environments 
• Newness of products 
• Human nature  
• Unanswered questions 

Benefit vs risk calculation 
– with incomplete 
knowledge… 



N Engl J Med 385:1  July 1, 2021 

Natural infection + one 
dose of vaccine  
 

             >  
 

Two doses of vaccine 
without prior infection 



Normark J et al 
N Engl J Med July 14, 2021 

 
 
 

AstraZeneca-Oxford  +  Moderna 
 

B.1.351 variant 



Children and Spread 

• Milder illness overall – risk of severe/death ≠ 0 

 

• Early studies –  
• Less likely to transmit, less susceptible to infection 

• Bias re testing, design   vs   true – SEEMS TRUE 

• Physiologic rationale – less ACE2 in nasal epithelium 

 

• More virus in nose (lower PCR Ct) 
• Paradox – less volume of aerosol – less distance? 

 
 





With masking + distancing efforts…. 



• 5344 children, mean age 8.5 years 
• 1486 staff, mean age 22 years 
• 9 youth and 8 staff had primary infection 
• 2 secondary cases among 3030 contacts 

• Screening for symptoms 
• Hand hygiene 
• Masks for staff and attendees 
• Distancing and small cohorts 
• Training and cleaning 



Although COVID-19 does occur in school settings… 
• 60% of cases in school-aged children were not school related 
• <1% of registered students had school-related SARS-CoV-2 infection 
• <11% of K-12 schools reported outbreaks 

Despite high community incidence and an inability to space students’ 
classroom seats ≥6 ft apart, this investigation found low SARS-CoV-2 
transmission and no school-related outbreaks in 20 Salt Lake County 
elementary schools with high student mask use (86%) and implementation 
of multiple strategies to limit transmission. 



MIS-C … not KD … many questions 
MMWR August 7, 2020 

• Class 1 = 203 – likely true MIS-C – median age 9 yrs 
• abdominal pain, shock, myocarditis, lymphopenia, markedly 

elevated CRP, ferritin), troponin, BNP  
• Almost all positive SARS-CoV-2 serology ± RT-PCR test results. 
• No overlap with acute COVID-19 or KD 

• Class 2 = 169 – likely acute COVID-19 – median age 10 yrs 
• 76.3% had respiratory findings 
• 84% had +RT-PCR with neg. serology 
• Case fatality rate 5.3% 

• Class 3 =198 – ?? KD, other – median age 6 yrs 
• 63% had rash, 45% mucocutaneous lesions 
• 6.6% met full KD definition 
• 63% had positive SARS-CoV-2 serology only; 33.8% had both 

• Coronary artery dilatations or more in about 20% each… 

MIS-C = Multisystem Inflammatory Syndrome – Children       KD = Kawasaki Disease 



MIS-C 

Acute 
COVID 

Kawasaki 
Disease 

Lots of overlap…timing may help re Acute COVID 
Age 6 – 12 years higher risk MIS-C  ? 
 
Favors MIS-C 
• Cardiac involvement  
• Mucocutaneous findings 
• Absence of underlying conditions 
• Higher neutrophil to lymphocyte ratio 
• Thrombocytopenia 
• C-reactive protein >100 mg/L 
 





 



Other Issues 

• Masks for children in school this year 

• Vaccination of younger children once approved… 

• Long-haul COVID in children… 

• Delta variant…      the next variant… 

 

 



Once this virus reached humans… 

Suffering 
& Death 

Closed Economy Open Economy 

0 

HARM 
Socioeconomic, 

Mental Health 
Impacts 

SARS-CoV-2 
Impacts 

“not zero” 



2021 

Looming surge of the 
“other childhood 
viruses + influenza”  ?? 


