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Human respiratory viral infections such as COVID-19 are highly contagious, so continuous management of airborne

viruses is essential. In particular, indoor air monitoring is necessary because the risk of infection increases in poorly

ventilated indoors. However, the current method of detecting airborne viruses requires a lot of time from sample collection

to confirmation of results. In this study, we proposed a system that can monitor airborne viruses in real time to solve the

deficiency of the present method. Air samples were collected in liquid form through a bio sampler, in which case the

virus is present in low concentrations. To detect viruses from low-concentration samples, viral RNA was concentrated

and extracted using silica-magnetic beads. RNA binds to silica under certain conditions, and by repeating this binding

reaction, bulk samples collected from the air can be concentrated. After concentration and extraction, viral RNA is

specifically detected through real-time qPCR (quantitative polymerase chain reaction). In addition, based on liquid

handling technology, we have developed an automatic machine that automatically performs the entire testing process

and can be easily used even by non-experts. To evaluate the system, we performed air sample collection and automated

testing using bacteriophage MS2 as a model virus. As a result, the air-collected samples concentrated by 45 times then

initial volume, and the detection sensitivity of PCR also confirmed a corresponding improvement.
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One-step RT-gPCR

RNAS] 5% 9 5% &8> AccuPower” Dual-HotStart™
RT-qPCR Master Mix (Bioneer, Korea)E ©]-83}0] one-step
reverse transcription-quantitative PCR (RT-qPCR)S -3l &
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Air-collected sample

Biosampler connected with / \

negative pressure pump

Liquid handler pipette

Results displayed on LCD monitor

Fig. 1. The automatic system for detecting airborne viruses. The air-collected samples through a bio sampler are transferred to an
automatic machine and then undergo sequential process from RNA concentration and extraction to PCR analysis. Finally, the results are

displayed on the LCD monitor.
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Fig. 2. RNA concentration using silica-magnetic bead. In case
of performing silica-RNA binding 5 times, the Ct values decreased
by more than 2.5 cycles compared to the control protocol.
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Table 1. Lysis of bacteriophage MS2 according to application
conditions of VB buffer and heating temperature

Sample : VB buffer Heating

No. (ul) 60C) pfu/mL
C - - 5102
v 200:100 X 5107
@ ' 0 1.5 10°
@ 200:200 X 5710°
@ e} -

gelek 4= USlek olet B2 AIE F3) heating®] #-&
o] MS29] lysisoll Ag S vFl Ao = ARFHIS
o2 I3} 918l proteinase K= &5 48314 &
471 VB buffer M0l heating -8 o5& F7F H
sty HIAEE 2133131t} Plaque assayS -3 7—](
Aol gk MS29] &S Elgh Ay, gz Als
107 pfumLe] HE= 2eld Aol Hls] VB buffer:MS2
njeFel = 1:1 2710 heatingS 483+ AR A= F2]0]
golw#] ergtrk A, VB buffere] ARgFo] o]
heating®] Z|- &% %] &2 FHol| A& 5 10° pfmL, VB
buffer®] ARg-&Fo] Hutolu} heatingo] -8 F719] Al
HE 15x10° pfu/mL91 FEo 2 ASE A Table 1 &
Fig. 3). 9 2g2 T3l vhelg] o394+ MS29) 71 &
FekS M= AL heating®|™, I U2 TQ3% o
A% VB buffer®] %8 ddolghe= 3S gRlIsk}ith. VB
buffere] AH&3S 2o Z2EIZ A5} U5
28 Al 37] 2 AR &5l ulg- AR FE &
gk 514" 27} ik weEbA 3 Aol A= VB buffer
£ bio sampler?] collection vesselol] %8 & o]ol] H}Z ¥
712 ¥15hs WAe HAEHon Aesielth wek VB
bufferd] Hl2 T7)E ¥3E A DAE 4 9= buffer
o] M=% S WAskaA} 1o SR 3]Aste] ALE-S}

e,

e ME2 55

ok

571 2 A5 NEe t8F N Ao, o]
IER AL HHE sSHAT]E *4 | gk A+
Ed c Edvtolgl 2w 285 vhE 2] Q9]
MS2 HjFlS FUE FEE 3] 200 uL, 2 mL, 4 mLe]

= AEsiglon, ojuf Hejrl-=}
guizet Alme] B3 whA 2 2 Y TS BT

W2 (method 1)7 ZF SAAA] 28

_l

Control
(Lysis X)

- &

\10-7 108 109 1010

-

Fig. 3. Lysis of bacteriophage MS2 according to application
conditions of VB buffer and heating temperature. The lytic
efficiency of bacteriophage MS2 was confirmed by plaque assay.
When applying heating to the sample(@, @), lytic efficiency is
increased. Table 1 shows the concentration of live bacteriophage
MS?2 for each condition.

32

0200 pL(Control) B2 mL(10x) &4 mL(20x)
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Method 1 Method 2
Fig. 4. Concentration efficiency depending on the methods.
Method 1: RNA-silica binding and magnetic separation in one-step,
Method 2: Perform RNA-silica binding and magnetic separation

with multiple split volumes. Method 2 is more effective for RNA
concentration due to less magnetic bead loss.
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7o Sk9lS W, 2 mL AlE20] 5 1862 cycle, 4
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T AU ¥, Fxo] mEA o A= 200 pL A= thH]
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38 & o Non-p""f ication
3

34 +
a2 L e
30 + '
28 +
26 +

- Extraction only

Concentration
+ Extraction

Ct value

y = -3.389x + 40.709
24 + | R2=0.999
22 + | E=0973

20 4

1,500 bp

1,000 bp

500 bp
400 bp
300 bp

200 bp

100 bp

Fig. 5. Detection of bacteriophage MS2 in aerosols. Non-
purification: Sample without any treatment after air collection,
Extraction only: Sample with RNA extraction only, Concentration
+ Extraction: Sample extracted after concentrating RNA 45 times.
(A) As a result of one-step RT-qPCR for each sample, the RNA
copy of the concentration + extraction sample was approximately
45 times more than that of non-purification sample. (B) Each ampli-
fication product was confirmed to be specific for mat gene of
bacteriophage MS2 through agarose gel electrophoresis.

o) Ct @t 9ol AE RAAtFig 4). ol FAe WA
o| A X858} wheal= Au|g-Adu| =] FEr) A A
o aEkER Aol A afo] i, Adwe] 3}
AollA Apgul=e] &4 -7 dApel] Hls vho} vl
the @om Az uebA, RNAS 85 o] 4

dAo S5 FAe) WA 5 e AE A
[€)

este] A5 sk A2we] A gaalr.
27| 2y AROIMe| Wel2lomtx| Ms2 2E Y M2

71 3 ABe] MS2E A#3H7] 218 MS2 RNA
10~10 copies/reaction &= 7t thdk PCR < 41
= 2Hdstlom, ool 72+ AL Al Ct #hs tiYdste]
copy 75 HlusIALE 1 7:‘4 5 0] X*iialé a4 o
< 37 2R AR Gk 5 A S SE 22 AR
Ct #t& 22t 36384, 33.144% SAHJ o, 5F 34
o] % AAlE Alge] A4 Ct 7k 307219 AFE BTk
T AdE BT FAS T3l AE A A7 19, 171, 885

‘E}(Flg 5(A)). 5% 34 484 4
T AA7F HA G2 AR o] 04 46M), 71 RNA
Z 2 e ok 5E)e] RNA 55 a2 99 5 U9l
t}. 3712 one-step RTLqPCRY] FFAHE2 TagMan L2
H
3

copies® FA 4=

o 93] MAEE FHPAFE W olrfrzA A7 S
ol Ad HolHown FEHASS RIS ThFg 5B)).

WY = Qv T AlRE WS e 2aE
Folel= AL m|AEo|L) Hlo]g]2~9] AEFo] o} A
A &7 LAEE Fa By 2 9271 AthHinds,
1999). E}EW npole] o] AEIF #Aglo] Helow
A%o] /s REQPCR $42 2 AFo| 9] FE.o
2 ALgsksit). d3ehH A (Point-of-care, POCT) A=
Al WhE B ARl - ko] WMol A
o] freEld = glout Awiel ARdlM= e 23
g 2@ & gom, PAe) Solug Aus 2@
Aol Slepae] Anrh wAE 4 2lkCassedy ot al,

2021). F7] ZFollA COVID-199] 31 Hlo]#{ 229l SARS-

CoV-2 (Severe acute respiratory syndrome coronavirus 2)& 7
257] 98] SR AT AFEIME YRE PCR ¥
A& A3k Aoz FR1HATHLiu et al., 2020; Moreno et
al., 2021; Lednicky et al., 2020; Maestre et al., 2021). ©]<} 2
< ARS s Rgks o, el 7] F nbolE
AE37] 918 WA O % one-step RT-qPCRS A B5h=

o] HAsltta ALRE UL Bio samplerE E3l ZHE

P NIFU F
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List of abbreviations

PCR: Polymerase chain reaction

qPCR: Quantitative polymerase chain reaction
RT: Reverse transcription

DEPC: Diethyl pyrocarbonate

Ct: Cycle threshold
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