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1.0 Methods:  Fungal DNA 
The term “ERMI-like” is used instead of ERMI when describing the results of the analyses of air samples, because air sample results are in different units, i.e., SE/m3 air, rather than SE/mg dust which is used to determine the ERMI value.1
	In 21 homes, samples collected using co-located Button™ samplers were also analyzed for total DNA utilizing Qubit® 3.0 Fluorometer (Invitrogen, Thermo Fisher Scientific, Carlsbad, CA) and for total fungal DNA utilizing universal fungal primers in quantitative PCR (qPCR).2, 3  Qubit results were reported in ng/µl, multiplied by the amount of the elution extraction and divided by the volume of air per sample yielding results of total DNA (ng/m3).4  Total fungal concentration was measured using universal fungal primers 5.8F1/5.8R1 targeting the internal transcribed spacer (ITS) regions of nuclear ribosomal DNA (rDNA) (Step One Plus, Applied Biosystems, Life Technologies, Carlsbad CA).  The results were divided by the volume of air to yield results of total fungal DNA in spore equivalents per cubic meter (SE/m3).   
	Total fungal concentration was measured using universal fungal primers 5.8F1/5.8R1 targeting the internal transcribed spacer (ITS) regions of nuclear ribosomal DNA (rDNA)(Step One Plus, Applied Biosystems, Life Technologies, Carlsbad ,CA)3.  The assay contained 12.5 µl of “Universal Master Mix” (Applied Biosystems Inc., Foster City, CA), 0.04 µl of forward and reverse primers at 0.2 µM each, 2.5 µl of a 400 nM TaqMan probe (Applied Biosystems Inc., Foster City, CA), and 2.5 µl of 2 mg/ml fraction V bovine serum albumin (Sigma Chemical, St. Louis, MO).  This mix and 1 µl of the DNA extract from the sample were combined for a total volume of 25 µl.  Reactions were performed with thermal cycling conditions consisting of 2 min at 50 ᵒC, 10 minutes at 95ᵒC, followed by 40 cycles of 15 seconds at 95ᵒC for template denaturation and 1 minute at 60ᵒC for probe and primer annealing and primer extension. The cycle threshold determinations were automatically performed by the instrument using default parameters.  Samples were tested in triplicate with R2 > 0.9 and efficiency >90%.  Inhibition testing was conducted on all samples using qPCR by spiking the samples.  A known quantity of extracted Aspergillus fumigatus DNA was compared to samples spiked with the same quantity of extracted Aspergillus fumigatus DNA.  Standard curves of serial dilutions were produced with Aspergillus fumigatus (ATCC 34506) for spore equivalents.3, 5 
1.2 Results: Fungal 
In a subset of 21 homes, samples taken with co-located Button samplers were collected and analyzed for total fungal DNA with qPCR and total DNA with Qubit.  The levels of total DNA were below the detection limit of the Qubit instrument in 20 of the 42 samples.  When both pre- and post-HEPA values were too low, these 12 data points were removed.   For 8 samples, the estimate of half the method detection limit was assumed.  Seven homes had valid pre- and post-HEPA values, and an additional 8 homes were added when utilizing ½ the method detection limit (n=15).  The median qubit value pre-HEPA was 147 pg/m3 (with the range of 43 – 870 pg/m3), and the median post-HEPA value was 106 pg/m3 (42 – 1261 pg/m3) (Supplemental Figure 9A).  Total fungal DNA measured with qPCR universal primers for all 21 homes had a pre-HEPA median of 1432 SE/m3 and a post-HEPA median of 575 SE/m3 (Figure S9B).  When only evaluating this subset of 21 homes for the summed MSQPCR-fungi, the median pre-HEPA value was 196 SE/m3 and the co-located post-HEPA value was 128 SE/m3 (Figure S9C).  
	Wilcoxon signed rank test showed that the median values for pre- and post-HEPA treatment were reduced in all three of these measurements, however, the only borderline significant change was with summed MSQPCR-fungi pre- and post-HEPA treatment (p=0.019).  The Spearman correlation analysis showed that the total fungal DNA and summed MSQPCR-fungi pre-HEPA concentrations correlated significantly (r=0.57, p<0.01), as well as their post-HEPA concentrations (r=0.85, p<0.001).  Total fungal DNA and total DNA pre-HEPA values (r=0.85, p<0.001) and post-HEPA values (r=0.68, p<0.001) also correlated significantly.  
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Figure S1. Map showing the location of the study in relation to major roadways
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Figure S2. A.  Indoor/Outdoor ratios of black carbon (BC) (HEPA n=40, Dummy n=36).  Dashed line is threshold where indoor exceeds outdoor.  B. Outdoor concentrations of BC (µg/m3) (HEPA n=41 homes, Dummy n=36 homes).   Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation and HEPA or Dummy indicates the last 48 hours during the treatment.  Horizontal lines in the box plots represent the 10%, 25%, 50%, 75% and 90% percentiles. Due to Bonferroni correction, p-value <0.0125 was considered significant. ***p<0.001
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Figure S3. A. Indoor/Outdoor ratios of PM2.5 (HEPA n=40 homes, Dummy n=35 homes). Dashed line is threshold where indoor exceeds outdoor.  B. Outdoor concentrations of PM2.5 (µg/m3) (HEPA n=41 homes, Dummy n=35 homes).  Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation and HEPA or Dummy indicates the last 48 hours during the treatment.  Horizontal lines in the box plots represent the 10%, 25%, 50%, 75% and 90% percentiles. Due to Bonferroni correction, p-value <0.0125 was considered significant. ***p<0.001
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Figure S4. A.  Indoor/Outdoor ratios of ultraviolet light absorbing particulate matter (UVPM) (HEPA n=40, Dummy n=35).  Dashed line is threshold where indoor exceeds outdoor.  B. Outdoor concentrations of UVPM (µg/m3) (HEPA n=41 homes, Dummy n=36 homes).   Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation and HEPA or Dummy indicates the last 48 hours during the treatment.  Horizontal lines in the box plots represent the 10%, 25%, 50%, 75% and 90% percentiles. Due to Bonferroni correction, p-value <0.0125 was considered significant. ***p<0.001
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Figure S5. A. Indoor/Outdoor ratios of summed Mold Specific Quantitative PCR (MSQPCR) fungi (HEPA n=38, Dummy n=40).  Dashed line is threshold where indoor exceeds outdoor.  B. Outdoor concentrations of summed MSQPCR-fungi (SE/m3)(HEPA n=39 homes, Dummy n=40 homes Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation and HEPA or Dummy indicates the last 48 hours during the treatment.  Horizontal lines in the box plots represent the 10%, 25%, 50%, 75% and 90% percentiles. Due to Bonferroni correction, p-value <0.0125 was considered significant. ***p<0.001, SE = Spore Equivalents
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Figure S6. A. Indoor concentrations of ultrafine particles (pt/cm3) (HEPA n=40, Dummy n=39).   B. Indoor/Outdoor ratios of ultrafine particles (UFP) (HEPA n=34, Dummy n=30).  Dashed line is threshold where indoor exceeds outdoor.  C. Outdoor concentrations of UFP (pt/cm3) (HEPA n=36 homes, Dummy n=31 homes).   Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation and HEPA or Dummy indicates the last 48 hours during the treatment.  Horizontal lines in the box plot represent the 10%, 25%, 50%, 75% and 90% percentiles. Due to Bonferroni correction, p-value <0.0125 was considered significant.   
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Figure S7. Indoor ERMI-like values (HEPA n=41 homes, Dummy n=40 homes).  Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation and HEPA or Dummy indicates the last 48 hours during the treatment.  Horizontal lines in the box plots represent the 10%, 25%, 50%, 75% and 90% percentiles. Due to Bonferroni correction, p-value <0.0125 was considered significant. 
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Figure S8. A.  Indoor concentration of total DNA (n=15 homes), B. Indoor concentration of total fungal DNA (n=21 homes) and C. Indoor concentration of summed MSQPCR-fungi (n=21 homes, co-located).  Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation and HEPA or Dummy indicates the last 48 hours during the treatment.  Horizontal lines in the box plot represent the 15%, 25%, 50%, 75% and 85% percentiles. Due to Bonferroni correction, p-value <0.0125 was considered significant. SE = Spore Equivalents



[image: ]

[image: ]

[image: ] 

[image: ]

 [image: ]


[image: ]
Figure S9. Indoor concentrations of elemental carbon and black carbon (µg/m3)(n=18).


References
1.	Méheust D, Gangneux J-P, Reponen T, et al. Correlation between Environmental Relative Moldiness Index (ERMI) values in French dwellings and other measures of fungal contamination. Sci Total Environ. 2012; 438: 319-324.
2.	Dannemiller KC, Lang-Yona N, Yamamoto N, et al. Combining real-time PCR and next-generation DNA sequencing to provide quantitative comparisons of fungal aerosol populations. Atmos Environ. 2014; 84: 113-121.
3.	Haugland R, Vesper S. Method of identifying and quantifying specific fungi and bacteria. US. Environmental Protection Agency, Washington, DC (US).  US Patent 6,387,652 B1.  2002.
4.	Luhung I, Wu Y, Ng CK, et al. Protocol improvements for low concentration DNA-based bioaerosol sampling and analysis. PLOS ONE. 2015; 10: e0141158.
5.	Dannemiller KC, Gent JF, Leaderer BP, et al. Influence of housing characteristics on bacterial and fungal communities in homes of asthmatic children. Indoor Air. 2016; 26: 179-192.

image5.png
5 e

sasssssaaiss
sasssssaaiss
sasssssaaiss
casiissiiiss

isseasisss

S, S
B
B
B
3 i B

S

215

19.5

17.5

wn
=

b=
(sw/8r)
SUOIRIIUIUO) SYNd JoopInO

wn wn
S ~

15.
13.5

5.5

35

HEPA Baseline-D Dummy

Baseline-H




image6.png
UVPM
Indoor/Outdoor Ratio

16

14

12

10

Baseline-H

HEPA

Baseline-D

Dummy





image7.png
(gw/3M)
SUOI3BIIUSIUO) AN J00PINO

HEPA Baseline-D Dummy

Baseline-H




image8.png
Summed MSQPCR Fungi
Indoor/Outdoor Ratio

Baseline-H HEPA Baseline-D Dummy




image9.png
10150

9150

8150

7150

6150

Outdoor Summed MSQPCR Fungi

(SE/m?)

5150

4150

3150

2150

1150

150

Baseline-H

HEPA

Baseline-D

Dummy





image10.png
Indoor Ultrafine Particle Concentrations

(pt/cm?)

4.5E+04

4.0E+04

3.5E+04

3.0E+04

2.5E+04

2.0E+04

1.5E+04

1.0E+04

5.0E+03

0.0E+00

Baseline-H

HEPA

Baseline-D  Dummy





image11.png
Ultrafine Particles
Indoor/Outdoor Ratio

Baseline-H HEPA Baseline-D Dummy




image12.png
a
o
[}

S
jud

5
o
o
o
c
I}

O

9

Outdoor Ultrafine Part

2.E+04

2.E+04

1.E+04

(pt/cm?)

8.E+03

3.E+03

Baseline-H

HEPA

Baseline-D Dummy





image13.png
san|ep a1|-|IAY3 Joopu|




image14.png
Indoor Total DNA Values

(pg/m?)

1.E+03

8.E+02

6.E+02

4.E+02

2.E+02

0.E+00

Total DNA
Baseline-H

Total DNA
HEPA

@

Indoor Total Fungal DNA

(SE/m?)

1.E+04

8.E+03

6.E+03

4.E+03

2.E+03

0.E+00

)

T
Total Fungal DNA  Total Fungal DNA

Baseline-H

HEPA

o

Indoor Summed MSQPCR Fungi

(SE/m?)

1.E+03

8.E+02

6.E+02

4.E+02

2.E+02

0.E+00

p=0.019

)

Summed MSQPCR Summed MSQPCR

Fungi Baseline-H

Fungi HEPA





image15.png
Table S1. Percentage of homes with a specific building condition (n=46)

Variable Percentage of Homes
Single Family Home 65%
5 People or more in home 39%
Built in or before 1956 50%
Child's Room Flooring as Carpet 61%
Central Air available 83%
Gas Heat available 63%
Dogs or Cats in home 57%
Smoker in home 22%
TRAP Score below 0.414 50%
Distance to highway less than 440 m 50%
Distance to interstate less than 920 m 50%
Less than 440 trucks on nearby major 50%

History of moisture damage
observations/Visible damage/Visible 59%
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Table S2. Percentage of homes reporting variables for all sampling events (n=46)

Variable Percentage of Homes
Baseline-H HEPA Baseline-D Dummy

Running Air Conditioning 37% 47% 47% 37%
Open windows 40% 44% 42% 51%
Kitchen Fan 40% 35% 37% 35%
Clothes dryer 70% 60% 60% 63%
Gas Heat 30% 14% 16% 19%
Electric Heat 16% 14% 13% 12%
Other Heat 0% 5% 2% 2%
Space Heater 5% 2% 9% 12%
Humidifer 5% 9% 2% 5%
Dehumidifier 12% 7% 12% 9%
Frying Food 23% 30% 40% 33%
Fireplace 2% 7% 2% 5%
Burning Candles 14% 16% 19% 19%
Cleaning 70% 72% 67% 72%

Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation
and HEPA or Dummy indicates the last 48 hours during the treatment.
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Table S3. Average concentrations and standard deviations (in parentheses) for simple comparison of two types of either building variables or conditions during sampling of pre-HEPA and post-HEPA testing

PM, 5 (pg/m3) BC (pg/m’) UVPM (pg/m?) Summed MSQPCR-fungi (SE/m’)
Building Conditions n Baseline-H HEPA Baseline-H HEPA Baseline-H HEPA Baseline-H HEPA
X/Y. X/Y. X/Y. X/Y. X/Y. X/Y. X/Y. X/Y. X/Y. X/Y.
Carpet/Harwood 27/14[113(x11.0)/25.4(x28.1) 37(x2.1)/5.5(+4.7) | 07(x0.8)/0.9(:0.5)  0.2(:0.4)/02 (:0.3) |4.8(x10.5)/152(:20.3)  13(:2.8)/2.7(x2.8) | 271(+300)/487(:385) 125(133)/155(+125)
Single Family/Apartment or Condo 30/16|10.5(£10.6)/27.5(:28.3)  3.2(:2.1)/6.0(x43) | 08(1.1)/11(x11)  01(:02)/0.4(:0.7) | 39(:57)/17.1(:24.0)  09(x16)/3.3(x4.0) | 342(:343)/318(+320) 127(+126)/138(+131)
Central Air Available/No Central Air 39/7 |11.3(+10.1)/39.7(£37.0)  3.7(:3.2)/5.6(:22) | 08(+1.2)/13(x0.4)  02(:0.4)/0.2(:03) | 5.1(:9.8)/233(x27.4)  1.4(x2.8)/2.9(+2.4) | 298(:321)/525(x347) 121(+126)/180(x120)
Gas Heat/Electric Heat 29/14|14.8(x17.3)/12.7(x14.3)  41(:37)/40(+1.9) | 0.8(x12)/10(11)  02(x02)/03(x0.7) | 67(x12.4)/7.1(x15.6)  15(2.0)/1.9(x4.1) | 347(+323)/270(+303)  148(+136)/91(+109)
Number of people: <5/25 27/19|159(+21.6)/14.9(:155)  4.0(:23)/4.0(x4.1) | 10(14)/07(:05)  01(:02)/03(:0.5) | 67(+16.1)/9.0(+132)  L1(x17)/23(3.6) | 332(:333)/338(+341) 124(+129)/140(+125)
Built: <1957/21957 23/20|12.9(x12.1)/15.0(19.6)  4.7(3.7)/32(:2.5) | 1.1(x13)/0.7(+10)  02(x02)/02(:05) | S56(:7.1)/7.6(x17.1)  16(:2.1)/1.4(x3.3) | 366(x313)/264(:312) 155(x127)/104(+128)
Cats or Dogs: Yes/No 27/19| 8.4(:6.4)/27.6(266)  38(:35)/4.4(:24) | 07(:08)/12(+15)  01(:0.1)/03(:0.6) | 3.9(:56)/143(x22.2)  L1(x19)/2.6(:3.6) | 283(+310)/414(x359) 118(+121)/150(+134)
Reported mold: Yes/No 27/19|13.3(£16.0)/18.4(x22.7)  4.4(x3.6)/3.6(:2.4) | 09(x12)/0.8(x1.0)  02(:0.2)/0.2(:0.5) | 65(x12.8)/9.4(x17.4)  14(:2.1)/1.9(x3.5) | 290(x274)/402(+405) 125(+114)/139(+146)
Smoker in home: Yes/No 10/36| 36.9(:30.8)/9.4(x6.9)  47(x29)/38(:32) | 09(x06)/0.9(12)  05(x0.7)/0.1(x02) | 25.6(:24.0)/2.7(:3.5)  4.6(:4.2)/0.8(x1.3) | 452(+418)/304(:306) 179.2(+121)/118(+126)
Number of people with asthma: 1/>1 19/27|13.4(+16.0)/169(:21.0)  3.7(:23)/42(:37) | 06(:0.4)/10(14)  02(:05)/02(:02) | 6.6(+13.0)/85(x16.1)  18(+3.4)/15(:2.2) | 372(:351)/310(+324) 134(x116)/128(+134)
ECAT: <0.415/>0.415 23/23|13.0(+18.9)/18.3(19.1)  33(x2.0)/4.9(+40) | 05(:0.4)/12(+15)  0.1(x0.1)/03(x0.5) |51(x11.7)/10.7(17.5) 0.9(:1.4)/2.5(+3.6) | 372(+391)/292(£252) ~108(+391)/157(+125)
Distance to Highway:<456m/>456m 23/23|17.0(14.7)/14.2(:22.0)  4.8(:3.9)/3.4(x23) | 08(:0.4)/09(x15)  02(:05)/0.1(:02) | 83(x12.6)/7.3(165)  22(:33)/1.1(:2.1) | 316(+308)/353(+360) 146(+115)/116(+137)
Distance to Interstate:<924m/>924m 23/23|20.4(x24.0)/107(x11.2)  4.6(x4.0)/34(:2.0) | 12(+15)/0.6(:04)  0.2(:0.3)/02(x05) |10.4(+17.5)/5.2(11.4)  19(+2.5)/1.4(x3.0) | 359(x354)/ 309(£314) 150(+149)/110.0(95)
Number of trucks:<440/>440 23/23|13.7(x18.7)/17.5(19.6) 35(x2.0)/4.7(+40) | 07(:0.4)/11(+16)  02(:0.5)/02(:03) | 7.8(+15.1)/7.6(x14.7)  17(:3.1)/1.5(x2.3) | 369(+385)/298(+271) ~111(x117)/152(+134)
Conditions During Sampling
Gas Heat: Used/Not used 6/39 | 10.0(+4.2)/16.4(x20.4)  2.3(£1.4)/43(x33) | 0.6(:0.5//09(x12)  01(:0.1)/0.2(x0.4) | 45(x32)/83(x159)  0.6(:0.5)/18(x2.9) | 341(:464)/334(x314)  54(:60)/143(+130)
Air Conditioning: Used/Not used 13/31] 95(+7.5)/17.9(:21.7)  4.5(:4.6)/3.8(:24) | 06(:0.4)/10(13)  01(:02)/02(:04) | 34(x49)/95(x17.0)  L1(19)/18(30) | 223(+186)/378(:367) 163(+136)/118(+122)
Windows: Opened/Not opened 13/31|18.8(+17.7)/14.1(+19.6)  55(:4.6)/3.4(:21) | 10(1.1)/0.8(x11)  03(:0.6)/0.1(:02) | 92(+155)/7.1(+14.7)  2.5(x4.1)/13(+19) | 264(+294)/365(x348) 138(+129)/128(+127)
Kitchen Fan: Used/Not used 11/33|113(£15.3)/16.6(x19.9)  33(x15)/4.2(:3.5) | 07(:04)/0.9(12)  03(x07)/02(:02) | 7.6(17.2)/7.7(x143)  2.0(:4.5)//1.5(x2.1) | 263(x274)/359(£351) 125(x107)/133(+133)
Clothes Dryer: Used/Not used 24/20| 7.8(:4.8)/253(:252)  29(:17)/55(x40) | 07(09)/11(x14)  01(:0.1)/03(:0.6) | 33(:50)/13.4(+20.4)  0.6(+15)/2.9(:34) | 296(+325)/379(+343) 101(+107)/165(+139)
Cleaned: Yes/No 24/21|17.6(x20.1)/12.9(17.8)  4.6(:3.7)/34(x2.3) | 1.1(x1.4)/0.6(:0.5  03(x0.5)/0.1(x02) | 9.9(+157)/52(x13.5)  2.3(:34)/0.8(x1.3) | 337(+346)/331(:323) 113(x118)/153(+134)
Dehumidifier or humidifier: Used/Not used | 4/42 | 4.0(+2.1)/16.7(x19.6)  19(:0.8)/4.2(:3.2) | 0.4(:0.4)/0.9(12)  00(x0.0)/0.2(:0.4) | 11(+1.0)/8.4(x154)  03(:03)/1.8(x2.8) | 111(:66)/358(:340)  102(:62)/134(+131)
Candle or fire burning: Used/Not used 3/43 | 9.6(:5.8)/159(:19.6)  19(+1.5)/4.2(:32) | 24(:32)/0.7(:0.8)  02(:04)/0.2(:0.4) | 2.8(:2.9)/8.1(:153)  09(:03)/17(:2.8) | 241(+193)/342(+341)  82(:67)/134(+129)
Fried Food: Yes/No 4/42 |25.6(19.2)/14.3(+18.9) _6.7(:7.6)/3.7(x2.3) | 0.8(:0.4)/0.9(+1.2) _ 0.8(+1.0)/0.1(x0.2) |20.2(+22.9)/6.4(+13.4) 57(:5.9)/1.2(x1.8) | 283(+409)/340(+329) _207(+165)/123(+121)

PM - Particulate matter; BC - Black carbon; UVPM - Ultraviolet light particulate matter; MSQPCR - Mold specific quantitative polymerase chain reaction; SE - Spore equivalent
Baseline-H or Baseline-D indicates 48 hours prior to HEPA or Dummy installation and HEPA or Dummy indicates the last 48 hours during the treatment.
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Talbe S4. Multiple linear regression model regression estimates (&) for HEPA (baseline and treatment) and Dummy [baseline and treatment) for building and sampling conditions for black
carbon (BC), particulate malter less than 2.6 um (PMy ), llraviclet absarbing particulate matter (LVPM), and sumrmed MSOPCRfung
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Table S5. Descriptive statistics of temperature and relative humidity

Treatment Indoor Temperature (°C)  Indoor Relative Humidity (%) Outdoor Temperature (°C) Outdoor Relative Humidity (%)
Average (Range) Average (Range) Average (Range) Average (Range)
HEPA 22.5(0.0,44.4) 47.1 (15.0,98.7) 16.7 (11.1,42.2) 62.7 (15.0, 100.0)

Dummy 22.9(8.4,36.1) 44.1(15.0,98.1) 16.5 (-14,42.2) 61.9(15.0, 100.0)
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