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Table 2: Estimated Risk for Being in the Lowest Quartile of Adjusted Ct Values (adjusted 570 

Ct <2.47, n = 84) or Highest Quartile of Estimated Viral Loads (Copies/mL >= 1.700E+05, 571 

n = 86) in the Asymptomatic Population  572 
 573 
Explanatory factors (n) OR (95% CI) 

Adjusted Ct Value 

P OR (95% CI) 

Estimated Viral Load 

P 

Sex (339)  

male (178) vs female (161) 

1.218 (0.743, 1.995) 0.4342 1.075 (0.659, 1.754)  0.7726 

Race (339)  0.5816  0.4142 

Asian (16) vs White or 

Caucasian (135) 

1.855 (0.626, 5.4920 0.2643 2.503 (0.864, 7.258) 0.0911 

Black or African American (58) 

vs  

White or Caucasian (135) 

0.893 (0.430, 1.855) 0.7615 1.123 (0.553, 2.282) 0.7488 

Othera (112) vs White or 

Caucasian (135) 

1.080 (0.607, 1.923) 0.7938 1.125 (0.630, 2.008)  0.6913 

Ethnicity (339) 

Hispanic/Latino (169) vs Non-

Hispanic/Latino (132) 

1.272 (0.749, 2.159) 0.3740 1.218 (0.720, 2.062)  0.4616 

Immunocompromise (339) 

yes (35) vs no (304)  

0.737 (0.310, 1.755) 0.4908 0.712 (0.299, 1.695) 0.4428 

Diabetes (339) 

yes (9) vs no (330) 

6.459 (1.579, 26.427) 0.0095 6.248 (1.528, 25.556) 0.0108 

Known contact with COVID-

19 Case (235)  

yes (64) vs no (171) 

1.968 (1.035, 3.743) 0.0390 2.190 (1.154, 4.157) 0.0164 

Timing of known COVID-19 

contact (57)  

< 2 weeks (48), > 2 weeks (9) 

2.015 (0.993, 4.089) 0.0525 4.387 (0.505, 38.093) 0.1800 

Recent contact (≤ 2 weeks) 

(48) vs. no known contact 

(171) 

2.293 (1.135, 4.632) 0.0207 2.293 (1.135, 4.632)  0.0207 

Reason for testing (339)  0.0104  0.0046 

Surveillance (39) vs  

Pre-op/AGP (245)   

2.702 (1.349, 5.411)  0.0050 2.702 (1.349, 5.411)  0.0050 

Surveillance (39) vs. Pre-

admission (55)  

3.949 (1.521, 10.257)  0.0024 4.381 (1.691, 11.353)  0.0024 

Pre-admission (55) vs Pre-

op/AGP (245) 

1.585 (0.732, 3.433) 0.2200 1.621 (0.749, 3.509)  0.2200 

Surveillance (39) vs. Pre-

op/AGP or Pre-admission (300) 

2.687 (1.350, 5.351) 0.0049  

 

2.925 (1.474, 5.804) 0.0021 

Symptoms in 5D after test 

Yes (14) vs. no (172) 

2.396 (0.786, 7.309) 0.1245 2.558 (0.837, 7.816)  0.0994 

a. “Other” reflects the response of patients that did not wish to select one of the other race categories, based 574 
on chart review.   575 

Abbreviations:  Ct, cycle threshold; OR, odds ratio; Pre-op/AGP, pre-operative/aerosol-generating 576 
procedure; D, days 577 
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Figure 1  579 

A. 580 
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B.  582 

 583 
Ct, cycle threshold value 584 
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Figure 2 587 

A. 588 
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B. 590 
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Figure 3 594 
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Supplementary Tables 
 
Table S1: Assays used, symptomatic medians, conversion of cycle threshold (Ct) 
to estimated viral load (VL), and study period at each institution 
 

Hospital Assays Symptomatic median 
(IQR) 

Data used to generate 
equation for conversion of 
Ct to estimated VL  

Study period 

BCH Hologic Panther Fusion 27.2 (19.3-36) Manufacturer data (linearity 
experiment) 

4/9/20-7/30/20 

CHLA CDC RT-PCR 23.68 (17.69-25.88) 
 

Internal data (standard 
curve) 

3/12/20-7/28/20 

 Thermo Fisher TaqPath 
COVID-19 RT-PCR 

24.01 (16.74-24.14) Internal data (standard 
curve) 

6/1/20-7/28/20 

 Diasorin Simplexa COVID-
19 

17.98 (13.91-21.11) Internal data (standard 
curve) 

4/2/20-7/28/20 

 Cepheid Xpert Xpress 
SARS-CoV-2 

29.65 (18.03-27.75) Internal data (standard 
curve) 

4/16/20-7/28/20 

 BioGX SARS-CoV-2 
BDMAX 

19.45 (10.85-20.70) Internal data (standard 
curve) 

4/25/20-7/28/20 

CHWI LDT 28.2 (18.35-38.05) Internal data (standard 
curve) 

4/1/20-7/26/20 

 Diasorin Simplexa COVID-
19 

21.45 (12.45-30.45) Internal data (standard 
curve) 

4/1/20-7/26/20 

Lurie Abbott RealTime SARS-
CoV-2 

11.08 (4.86-17.30) Internal data (quantified run 
control Ct vs sample Ct) 

3/23/20-7/10/20 

Toronto Altona RealStar SARS-
CoV-2 RT-PCR 

33.62 (25.12-42.12) Internal data (standard 
curve) 

3/13/20-7/13/20 

 Seegene 27.40 (17.17-37.63) Internal data (standard 
curve) 

3/13/20-7/13/20 

WU Cepheid Xpert Xpress 
SARS-CoV-2 

19.18 (14.53-23.83) Back calculate from LOD 
stated in IFU  

4/14/20-7/5/20 

 Roche Cobas SARS-CoV-
2 

23.02 (17.10-28.95) Back calculate from LOD 
stated in IFU  

5/1/20-7/7/20 

 Quidel Lyra SARS-CoV-2 
(after Ct adjustment) 

21.99 (21.07-22.92) Back calculate from LOD 
stated in IFU  

4/6/20-6/22/20 

CHCO CDC RT-PCR 24.75 (16.65-32.85) CHLA CDC equation 3/24/20-7/11/20 
 Cepheid Xpert Xpress 

SARS-CoV-2 
25.27 (17.07-33.47) Back calculate from LOD 

stated in IFU 
3/24/20-7/11/20 

TCH Altona RealStar SARS-
CoV-2 RT-PCR 

18.29 (13.18-23.40) Internal data (standard 
curve) 

4/17/20-7/16/20 

 Cepheid Xpert Xpress 
SARS-CoV-2 

29.7 (24.3-35.1) CHLA Xpert equation 6/17/20-7/20/20 

CHOA Diasorin Simplexa COVID-
19 

21.65 (16.5-26.7) CHLA Diasorin equation 4/27/20-7/14/20 

Abbreviations: IQR, interquartile range; Ct, cycle threshold; VL, viral load; LDT, Laboratory-Developed Test; LOD, limit of detection; 
IFU, instructions for use (package insert); BCH, Boston Children’s Hospital; CHLA, Children’s Hospital Los Angeles; CHWI, 
Children’s Hospital of Wisconsin: Lurie, Ann & Robert H. Lurie Children’s Hospital of Chicago; Toronto, Hospital for Sick Kids; WU, 
Washington University School of Medicine; CHCO, Children’s Hospital Colorado; TCH, Texas Children’s Hospital; CHOA, Children’s 
Healthcare of Atlanta  

 on N
ovem

ber 27, 2020 by guest
http://jcm

.asm
.org/

D
ow

nloaded from
 

http://jcm.asm.org/


 
Table S2: Median adjusted Ct values and estimated viral loads for asymptomatic 
vs symptomatic populations, by institution 
 

 Adjusted Ct values Estimated viral loads (copies/mL) 
Hospital ASx 

(IQR) n 
Sx (IQR) n P ASx (IQR) n Sx (IQR) n P 

BCH 10.9 (3.3, 
11.0) 25 

n/a n/a 1.87E+02 
(1.75E+02,3.59E+04) 25 

n/a n/a 

CHLA 6.6 (1.6, 
11.8) 67 

-4.4 (-7.1, -0.2) 
114 

<.0001 2.63E+04 
(7.47E+02,1.07E+06) 67 

4.40E+08 
(1.32E+07,2.15E+09) 
114 

<.0001 

CHWI 7.0 (1.0, 
9.9) 60 

2.3 (-9.4, 10.0) 
14 

0.1404 1.10E+03 
(1.29E+02,2.10E+05) 60 

2.75E+05 
(9.66E+02,1.30E+10) 
14 

0.0208 

Lurie 11.7 (5.5, 
15.0) 63 

-0.8 (-5.0, 7.0) 
126 

<.0001 1.03E+03  
(1.02E+02, 7.46E+04) 
63 

6.77E+06 
(2.77E+04,1.72E+08) 
126 

<.0001 

Toronto 3.5 (1.4, 
4.5) 7 

-11.9 (-16.1, -2.5) 
13 

0.0030 1.30E+02 (1.70E+01, 
1.40E+03) 7 

1.60E+06 
(1.000E+04,1.300E+08
) 13 

0.0071 

WU 11.6 (4.4, 
18.7) 16 

-1.0 (-4.0, 6.4) 31 0.0009 2.62E+03 
(4.74E+02,9.53E+05) 16 

1.2E+07 
(9.18E+04,2.07E+08) 
31 

0.0016 

CHCO 8.7 (5.1, 
12.9) 34 

-0.3 (-7.6, 9.2) 63 0.0001 5.25E+03 
(2.31E+02,5.17E+04) 34 

1.84E+06 
(6.17E+03,1.16E+08)  
 63 

0.0002 

TCH 7.8 (-0.9, 
13.3) 37 

-0.5 (-4.6, 3.8) 57 0.0013 8.73E+02 
(1.78E+01,7.36E+05) 37 

4.41E+06  
(1.81E+04, 3.7E+08) 
57 

<.0001 

CHOA 10.0 (3.7, 
11.7) 30 

0.0 (-5.2, 5.3) 60 0.0003 7.89E+02  
(1.92E+02, 1.70E+05) 
30 

3.89E+06  
(4.850E+04, 3.4E+08) 
60 

0.0003 

Abbreviations: Ct, cycle threshold; IQR, interquartile range; ASx, asymptomatic; Sx, symptomatic; BCH, Boston Children’s Hospital; 
CHLA, Children’s Hospital Los Angeles; CHWI, Children’s Hospital of Wisconsin: Lurie, Ann & Robert H. Lurie Children’s Hospital of 
Chicago; Toronto, Hospital for Sick Kids; WU, Washington University School of Medicine; CHCO, Children’s Hospital Colorado; 
TCH, Texas Children’s Hospital; CHOA, Children’s Healthcare of Atlanta  
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Table S3: Distribution of symptoms for symptomatic population, by age bracket 
 

 Ages 0-4 
(n=197) 

Ages 5-9 
(n= 97) 

Ages 10-13 
(n=75) 

Ages 14-17 
(n=109) 

 

Symptom n % n % n % n % P 
cough 113 57.4 49 50.5 38 50.7 72 66.1 0.086 
Fever or chills 168 85.3 70 72.2 59 78.7 75 68.8 0.004 
Shortness of 
breath 

17 8.6 10 10.3 13 17.3 39 35.8 <0.0001 

Sore throat 11 5.6 29 29.9 21 28.0 31 28.4 <0.0001 
Abdominal 
pain 

11 5.6 21 21.6 16 21.3 12 11.0 <0.0001 

Diarrhea 34 17.3 15 15.5 10 13.3 26 23.9 0.265 
Fatigue 18 9.1 11 11.3 10 13.3 26 23.9 0.006 
Myalgias 4 2.0 6 6.2 15 20.0 31 28.4 <0.0001 
New loss of 
taste or smell 

1 0.5 4 4.1 11 14.7 29 26.6 <0.0001 

Headache 4 2.0 20 20.6 24 32.0 44 40.4 <0.0001 
Congestion or 
rhinorrhea 

103 52.3 27 27.8 15 20.0 30 27.5 <0.0001 

Nausea or 
vomiting 

26 13.2 21 21.6 21 28.0 30 27.5 0.005 

Rash 25 12.7 5 5.2 2 2.7 4 3.7 0.006 
Conjunctivitis 8 4.1 2 2.1 0 0 4 3.7 0.301 

 
  

 on N
ovem

ber 27, 2020 by guest
http://jcm

.asm
.org/

D
ow

nloaded from
 

http://jcm.asm.org/


Table S4: Comparison of median adjusted Ct and estimated viral load for 
asymptomatic vs. symptomatic patients for selected demographic variables 
 

Adjusted Ct Value 

 Asymptomatic Symptomatic  
 Median (IQR)  n Median (IQR) n P 

Sex 
     

male 8.64 (3.25, 11.75)  178 -1.12066 (-5.98, 5.18) 248 <0.0001 
female 8.63 (1.74, 12.65)  161 -2.525 (-6.07, 4.67) 230 <0.0001 

Age bracket 
     

0-4 years 9.02 (2.47, 12.61) 118 -2.93 (-7.02, 4.85)  197 <0.0001 
5-9 years 8.57 (2.11, 11.4) 79 -1.75 (-5.96, 3.05) 97 <0.0001 

10-13 years 8.68 (3.4, 12.45)  69 -1.10 (-5.35, 5.52) 75 <0.0001 
14-17 years 8.25 (2.3, 12.9) 73 -0.24 (-4.67, 5.63) 109 <0.0001 

Ethnicity 
     

Hispanic/Latino 8.78 (3.35, 12.53)  132 -0.67 (-5.59, 6.39) 131 <0.0001 
Non-Hispanic/Latino 8.05 (1.74, 12.11) 169 -1.95 (-6.12, 3.8) 285 <0.0001 

Immunocompromise 
     

yes 11 (3.3, 13.31)  35 -3.64316 (-9.4, 1.25) 16 0.0012 
no 8.04 (2.0, 12.12) 304 -1.675 (-6.0, 4.85) 462 <0.0001 

Diabetes 
     

yes -0.53 (-3.65, 6.77)  9 0.95 (-3.42, 8.05) 10 0.548 
no 8.82 (3.25, 12.2) 330 -1.75 (-6.08, 4.71) 468 <0.0001 

Estimated Viral Load (Copies/mL) 
 

Asymptomatic Symptomatic 
 

 Median (IQR) n Median (IQR) n P 

Sex 
     

male 1.67E+03 (1.75E+02, 
1.66E+05) 

178 8.06E+06 (3.22E+04, 
3.51E+08) 

248 <0.0001 

female 2.21E+03 (1.42E+02, 
2.50E+05) 

161 2.58E+07 (6.80E+04, 
4.38E+08) 

230 <0.0001 

Age bracket 
     

0-4 years 1.28E+03 (1.75E+02, 
1.70E+05) 

118 5.33E+07 (6.80E+04, 
5.68E+08) 

197 <0.0001 

5-9 years 1.74E+03 (1.87E+02, 
1.70E+05) 

79 1.36E+07 (1.95E+05, 
2.27E+08) 

97 <0.0001 

10-13 years 4.26E+03 (2.00E+02, 
8.10E+04) 

69 5.58E+06 (2.77E+04, 
2.36E+08) 

75 <0.0001 
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14-17 years 2.43E+03 (1.00E+02, 
5.49E+05) 

73 2.52E+06 (2.97E+04, 
2.58E+08) 

109 <0.0001 

Ethnicity 
     

Hispanic/Latino 3.36E+04 (2.09E+02, 
2.47E+05) 

169 1.96E+07 (1.19E+05, 
4.68E+08) 

285 <0.0001 

Non-Hispanic/Latino 1.27E+03 (1.18E+02, 
7.65E+04) 

132 3.72E+06 (1.25E+04, 
1.87E+08) 

131 <0.0001 

Immunocompromise 
     

yes 6.90E+02 (1.63E+02, 
4.76E+04) 

35 1.55E+08 (1.21E+06, 
4.63E+08) 

16 <0.0001 

no 2.34E+03 (1.57E+02, 
1.95E+05) 

304 1.33E+07 (4.14E+04, 
3.80E+08) 

462 <0.0001 

Diabetes 
     

yes 1.64E+07 (2.60E+04, 
8.70E+07) 

9 2.94E+05 (4.11E+03, 
1.88E+07) 

10 0.4025 

no 1.67E+03 (1.47E+02, 
1.57E+05) 

330 1.44E+07 (6.30E+04, 
4.24E+08) 

468 <0.0001 

Abbreviations:  Ct, cycle threshold; IQR, Interquartile range 
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Table S5 
Comparison of median adjusted Ct and estimated viral load for asymptomatic 
patients with and without selected risk factors  
 

 Median 
(IQR) 

Adjusted Ct 
Value 

n P Median (IQR) 
Estimated Viral 

Load (copies/mL) 

n P 

Contact with COVID-19 
case 

 
     

yes 8.3 
(1.5,11.8) 

64 0.2653 6140 (366,1200000) 64 0.0062 

no 9.2 
(4.3,12.7) 

171  1030 (102,35900) 171  

Timing of contact 
  

    

£ 2 weeks prior to test 
8.3 

(1.2,10.9) 
48 0.1063 6650 (366,1760000) 48 0.1542 

>2 weeks prior to test 
11.8 

(5.6,13.7) 
9  885 (187,1480) 9  

Reason for testing 
  

    

1. Surveillance 

5.4  
(-0.9,10.5) 

39 0.0270 (1 
vs 2); 

0.0006 (1 
vs 3) 

41000 
(748,12300000) 

39 0.0032 (1 
vs 2); 

0.0003 (1 
vs 3) 

2. Pre-op/aerosol-
generating procedure 

8.6 
(3.3,11.8) 

245 0.0058 (2 
vs 3) 

2040 (163,132000) 245 0.0091 (2 
vs 3) 

3. Pre-admission 11.4 
(4.2,15.3) 

55  347 (28,16000) 55  

Recent contact 
compared to no 
contact 

  
    

contact < 2 weeks prior 
to test 

8.3 
(1.2,10.9) 

48 0.2211 6650 (366,1760000) 48 0.0069 

no contact 9.2 
(4.3,12.7) 

171  1030 (102,35900) 171  

Symptoms post-test 
  

    

yes 3.5  
(-0.9,10.9) 

14 0.0745 76500 
(106,2440000) 

14 0.3008 

no 9.1 
(3.3,13.2) 

172  1410 (125,73300) 172  

Abbreviations:  Ct, cycle threshold; IQR, Interquartile range 
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Figure S1 
 
Adjusted Ct value distributions, by hospital. Data from BCH were from asymptomatic patients only because asymptomatic patients 
were tested by OP swab and symptomatic patients by NP swab, precluding direct comparison.  
 

 
Abbreviations: Ct, cycle threshold; BCH, Boston Children’s Hospital; CHLA, Children’s Hospital Los Angeles; CHWI, Children’s 
Hospital of Wisconsin: Lurie, Ann & Robert H. Lurie Children’s Hospital of Chicago; Toronto, Hospital for Sick Kids; WU, Washington 
University School of Medicine; CHCO, Children’s Hospital Colorado; TCH, Texas Children’s Hospital; CHOA, Children’s Healthcare 
of Atlanta 
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Figure S2 
 
Estimated viral load distributions in asymptomatic vs symptomatic patients, by hospital.  Data from BCH were from asymptomatic 
patients only because asymptomatic patients were tested by OP swab and symptomatic patients by NP swab, precluding direct 
comparison.  
 

 
Abbreviations: Ct, cycle threshold; BCH, Boston Children’s Hospital; CHLA, Children’s Hospital Los Angeles; CHWI, Children’s 
Hospital of Wisconsin: Lurie, Ann & Robert H. Lurie Children’s Hospital of Chicago; Toronto, Hospital for Sick Kids; WU, Washington 
University School of Medicine; CHCO, Children’s Hospital Colorado; TCH, Texas Children’s Hospital; CHOA, Children’s Healthcare 
of Atlanta  
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Figure S3 
 
Distribution of adjusted Ct values for patients with immunocompromise (n = 35 asymptomatic, n= 16 symptomatic) within the full 
asymptomatic and symptomatic populations.  Adjusted Ct values from patients with immunocompromise are indicated as black 
circles; Ct values from patients without immunocompromise are indicated as open diamonds. 
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Figure S4 
 
Distribution of adjusted Ct values for patients with diabetes (n = 9 asymptomatic, n = 10 symptomatic) within the full asymptomatic 
and symptomatic populations.  Adjusted Ct values from patients with diabetes are indicated as black circles; Ct values from patients 
without diabetes are indicated as open diamonds. 
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Figure S5 
 
Distribution of adjusted Ct values for patients with known COVID-19 contact (n=64) within the full asymptomatic population, 
compared to the symptomatic population.  Adjusted Ct values from asymptomatic patients with known COVID-19 contact are 
indicated as black circles; Ct values from asymptomatic patients without known contact and symptomatic patients are indicated as 
open diamonds.  
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Figure S6 
 
Distribution of adjusted Ct values for patients with known recent COVID-19 contact (</= 2 weeks prior to test) (n = 48) within the full 
asymptomatic population, compared to the symptomatic population. Adjusted Ct values from asymptomatic patients with known 
recent contact are indicated as black circles; Ct values from asymptomatic patients without known recent contact and symptomatic 
patients are indicated as open diamonds. 
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Figure S7 
 
Distribution of adjusted Ct values for patients tested for surveillance within the full asymptomatic population, compared to the 
symptomatic population. Adjusted Ct values from asymptomatic patients tested for surveillance are indicated as black circles; Ct 
values from asymptomatic patients tested for other reasons and symptomatic patients are indicated as open diamonds. 
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