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Abstract

Environmental surveillance for SARS-CoV-2 contamination is a crucial strategy for preventing and
controlling nosocomial infections. This study aimed to evaluate the effectiveness of two sampling techniques for
detecting SARS-CoV-2 contamination: The Dual-Swab Pooled Sampling technique and the Individual Swab
Sampling technique. Samples were collected frequently on high-touch surfaces such as door handles, handrails,
faucets, and medical equipment within urban healthcare units. Samples were collected between August and October
2022. The samples were then examined in the laboratory for the Orflab, N, and E genes, detected by using
Real-time RT-PCR combined with the Cycle Threshold (Ct) value.

The results found a total of 79 samples; the genetic sequence of the SARS-CoV-2 virus was detected
in 4 samples (5.06% ). The highest levels of viral contamination were found in the male’s restroom on the 1* floor,
specifically on the door lock (Ct 32.82-34.50) and the spray handle (Ct 30.51-31.17). Additionally, genetic
material of the SARS-CoV-2 virus was found on the female’s restroom sink faucet on floor 4, and the entrance
door handle on floor 5. The efficiency of the Dual-Swab Pooled Sampling technique for high-touch surfaces
achieved a sensitivity of 100% compared to the Individual Swab Sampling technique. The average difference in
Ct values (ACt) between the two methods was 0.8 = 0.3, with a p—value > 0.05, indicating no statistically
significant difference. The study results indicate that the Dual-Swab Pooled Sampling technique is effective,
preventing sample dilution even at low viral loads. Furthermore, it reduces laboratory workload by approximately
50% and can be applied to implement measures to prevent the spread of SARS-CoV-2 in the environment of

healthcare units.

Keywords: SARS-CoV-2, Dual-Swab Pooled Sampling, High-touch surfaces, Cycle threshold
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luu3nuiureduEEINASIT 1 (n=32) 4asAsan 2 (n=47)

Mt danuiiiu it HaASaT 1 HaASaT 2
1 @n 3 %y'u 1 @394 scan fjl”J %,:u 1 (Bio20) Not detected Not detected
2 fn3ful 1399 scan T Fu 1 (ZKTECO) Not detected Not detected
3 @n 3 %‘u 1 ﬂuﬂﬂ%ﬁ”ﬁﬂﬁ i?u 1 Not detected Not detected
4 fnsdul ﬂaauﬂszgﬁmﬁwmﬁq Hu1 nnvies () Not detected Not detected
5 Pooled sample: é’aasiw?; 1-4 Not detected Not detected
6 fnstul ﬂaauﬂs:@ﬁmﬁwmﬂ 1 nnvias () Orflab Ct 34.50,  Not detected

N gene Ct 32.82,
E gene Ct 33.91

7 fnsdul  @NAUNBNUIENNEINNE WiBahzne du 1 (5) Not detected Not detected
8 Gn3du 1 @ederipvgN (MuTU TINNNYBY) Not detected Not detected
9 fn3au 1 aedevipnhme (NTU TINNNWBY) OrflabCt 31.17,  Not detected

N gene Ct 30.51,
E gene Ct 30.52

10 Pooled sample: 9798799 6-9 Orflab Ct 32.98, Not detected
N gene Ct 32.44,
E gene Ct 31.91

11 fnsdul  ehasufeninensasile ﬁ'mﬁmajq 1 (53) Not detected Not detected
12 Gnsdul  Ussgmadhediindimil Not detected Not detected
13 @n 3 %v'u 1 ﬂsz@ﬁ'm lab ABUNRINI Not detected Not detected
14 @n 3 ﬁzu 2 ﬂiz@ﬁm T™C Not detected Not detected
15 Pooled sample: é’haziw?i 11-14 Not detected Not detected
16 fnsduz  duduRemheednile ﬁmﬁymtﬁq 2 (5) Not detected Not detected
17 @in 3 i?u 2 ﬂaauﬂszgﬁaqﬁgwmﬂ %v'u 2 (57%) Not detected Not detected
18 @n 3 “g’u 2 ﬂNﬂﬂ‘WfﬁﬁWﬁ %y'u 2 Not detected Not detected
19 U Yunamhand enulu (aae) Not detected Not detected
20 Pooled sample: éﬁaii’N“?; 16-19 Not detected Not detected
21 U Yunamhand enulu (dran) Not detected Not detected
22 fn3us ﬁ%’uﬂsz@muﬁw #u 3 Not detected Not detected
23 fnssus eudufemhendaile ﬁ'aqﬁmtﬁq 13 () Not detected Not detected
24 @n 3 %y'u 3 ﬂNﬂﬂWﬁWaWﬁ i'iy'u 3 Not detected Not detected

25 Pooled sample: et 21-24 Not detected Not detected
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M7 1w seneNzmsluiauamsnugnssneeain 5d SARS-CoV-2 Mnmsguiiuaiadi
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Tuu3nuiuieduEasINesIN 1 (n=32) uasAsan 2 (n=47) (1d)

v

fagin  aanuiiiu WUk HaAsah 1 HaASIN 2
26 @n 3 %y'u 4 ﬁ%ﬂﬂi:ﬁ@%’lﬂt‘fﬁ %y'u 4 Not detected Not detected
27 fn3dua  duduRemheednile ﬁ'mfmajq #u 4 (53) N gene Ct 38.80 Not detected
28 @n 3 %y'u 4 ﬂuﬂﬂ%ﬁﬂﬁﬂﬁ %y'u 4 Not detected Not detected
29 @n3wus nIuUssgmah du 5 Ngene Ct39.11  Not detected
30 Pooled sample: ﬁ]aihﬁﬁ 26-29 N gene Ct 38.49, Not detected

E gene Ct 38.69
31 fnsdus  ehwdufamhendiile + fsulatlaan: Wauh Not detected Not detected
bl “i?u 5 (934)
32 fn3tua Yunanihand #u 4 Not detected Not detected
33 @nstue #aulszgmaintue Not detected Not detected
34 Gnaue szgressvm 601 Not detected Not detected
35 Pooled sample: ﬁ]aihﬁ“?i 31-34 Not detected Not detected
36 fn3du1l  finalailaams voshme 5u 1 (59%) Not detected Not detected
37 fnsdue ehwdufamhenaniia+finalatisan: wanh Not detected Not detected
bk %v'u 6 (57%)
38 Lab. express ﬁ'ﬁnﬁuﬂizgﬁ'ﬂ\uﬁu swabl lab express Not detected Not detected
39 Gnadul  Uszgiuvpeinmiinendio lab du 1 Not detected Not detected
40 @n 3 %gu 1 Pooled sample: éhaﬁiwﬁ 36-39 Not detected Not detected
41 dnsduz fnalailaame voshme % 2 (59W) NA Not detected
42 fnstue nesnlasn ﬁ'aqutﬁq 2 (53) NA Not detected
43 @nsduz sniutule gu 2 NA Not detected
44 @n3u2  Pooled sample: 10 41-43 NA Not detected
45 fnsdus dinaloilaans vonhme % 3 (5) NA Not detected
46 fnsdus dinasnlasn ﬁ'm*tfmtﬁq 3 (53) NA Not detected
47 dnsdus snsuiule 4us NA Not detected
48 an 3 “f?'u 3 Pooled sample: (?T’JE]E]N‘;?; 45-47 NA Not detected
49 fnsdua  finalailaame voshme % 4 (57) NA Not detected
50 fn3dua Hinesnlasn ﬁ'aqﬁwqu 4 (590) NA Not detected
51 fnsdua sniuule su4 NA Not detected
52 @n3%u4 Pooled sample: 10N 49-51 NA Not detected
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M7 1 KM seneNzEmsluiaumsnugnssnyeain15d SARS-CoV-2 Mnmsgutiuaiadi

Tuu3nuiuiyeduiasInesan 1 (n=32) uasa3an 2 (n=47) (i)

v

Mt danuiiiu Wuiia HaASIH 1 HaAsIN 2
53 fnssus wnalailasn: Weuhme #a 5 (5) NA Not detected
54 fnsdus dinasnlasn ﬁ'aq‘fwmﬁq #u5 (591) NA Not detected
55 dnsdus snsuiuledus NA Not detected
56 @n 3 %y'u 5 Pooled sample: ﬁ’JE]EiN‘ﬁ 53-55 NA Not detected
57 fnsdue winalailaame vosthme % 6 (53) NA Not detected
58 dn3due wnesnlasn ﬁmﬁmﬁjﬂ U6 (57%) NA Not detected
59  @n3due sniuviulatue NA Not detected
60 @n 3 %-;u 6 Pooled sample: (;haihﬁ“?; 57-59 NA Not detected

3. Mmadsztiulszansmwaaamalinninia
31AT12%210 Dual-Swab Pooled Sampling technique
wWSsuLtiauny Individual Swab Sampling technique

Nnaramsnagauluaiad 1 91w 32 freths
WaAsaR 2 I 47 atha aqulanenules
1#a® Pooled swab (Sensitivity) t¥AU 100% (#513

NUHALINATINU 4 N 4 aee) wazliwurauIn
Uaay (False Positive) laglinauaunseinuis
Individual swab 14 28 UV F9TANNIUWIE
(Specificity) (AU 100% WFANDNANNUNUEVD
masiamsiiudiads aeudaslumsed 2

MINN 2 MstSauigudseansnwees Individual Swab Sampling technique (8% Dual-Swab Pooled Sampling

technique MNHAMINTININATIENATIN 1 (n=32) WaL AN 2 (n=47)

59 1 Asan 2
an < (% [
AWBLNUMIBEN Individual Individual Individual Individual
FRLY N
Swab UIN Swab au Swab UIN Swab au
“iaa®m Swab Pooled 1IN 4 0 4 0 0 0
“iaa® Swab Pooled au 0 28 28 0 47 47
LY 4 28 32 0 47 47

mnﬁgmﬁmmwumsﬂuﬁjaumiﬁuqﬂﬁmm
\#ala§d SARS-CoV-2 911 4 90 luased 1
Winw3suidiud Cycle threshold (Ct) 521319 Waan
Individual Swab Sampling technique Was¥aan
Dual-Swab Pooled Sampling technique WU1A1 mean
ACt AU 0.8 + 0.3 cycles LamyIlaiwu Dilution

effect UaztiioIAT pair t-test Tien p > 0.05 34
1933181 Ct 5:1319057951e5 e dae819uu
Individual swab LazUU Pooled swab LilANNUANG
aeitlya AN aadi M30533WgaY Dilution Effect
Wunstiuguiinmsly Swab 2 suthawsaunuzae

Snwenudndurasansugnssulaanimsiinem
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SnEndmw (UTM) 1uaunumenad’” iadesei
MIBENUULRINZAN WU lugalwuaUTugs
@3N 3 B (Orflab, N, E) luwaziigandiuznm
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@aMATATIANUINENEULAETY (N gene) HIVNEDNID
TiualunamadeIny 9915199 3

@sNn 3 Massudisue Cycle threshold Toamsiiuaiadn Individual Swab Sampling technique LLae

Dual-Swab Pooled Sampling technique

2 Gene Individual-Swab  Pooled-Swab
msduilou > ” t p-value 95% CI
detected wmag  S.D. @way  S.D.
&1 Orflab, N, E
naaudsEaviaanme Orflab  32.84 2.35 32.98 0.00 -0.087 0.945 -21.30to-21.01
Fu 1 nnwas (suly
Lo (., ) Ngene  31.67 1.63 32.44 0.00 -0.671 0.624 -15.45t0-13.90
MuIUSBRAN T
Wouhme (nnvias) Egene  32.22 2.40 31.91 0.00 0.180 0.887 -21.23t0-21.84
fuN gene
mudufanineaNiia Ngene  38.96 0.22 38.49 0.00 3.021 0.203 -1.507to — 2.447

v H A &
NOIUIVIN 24U 4 (3IN)
udseau 9u 5

anilsama

maaniensiiaeiuineduiady
TuFannday 2 Ass 1Y 79 9819 ATIINY
matuilaumaiugnssmasdalia SARS-Cov-2
Mﬁuﬁaﬁgﬂﬁuﬁaémﬁwmu 4 madrpadusaeas
5.06 udansnugnIsnzasdehiafinanuds
adla Real time RT-PCR wuluuSinaiiasann
FegannaanuramsAnsIINUIEUsEINATENY
sas1nsasranudaluszduiiuandieiy iy
nsdnwluusidanunisduiiiouvasiio
Saway 5.5"° Junuseear 13.59? wazlumuale
WUSBEAE 26.9” ANNUANENTDIDNTINTATIANY
msﬂuﬁ'ﬁauwmL°‘§aawﬁuagiﬁuanwuﬂwsdn15ssU1ﬂ
Tuudaziud anudaturesnasmsilasiy uas
maiiadilFlumsesiiened msdnmnimumsiu
Lﬁauwauﬁagqqﬂﬁﬁmfwm (napudszguazans

(R
Aaa v @

fatse) saduinunninmsdudanuguaziissuy

= =2

MITLVEIMEN NG HaM AN LFanAaaINUMS

ﬁﬂHﬂuﬁ'uﬁqwuLLaW%ﬂﬂﬁ'ﬁwumsﬂuL?Jyau?lm
doluanihamsnsge Sasas 54-69 Tasiams
VinafiadnTasnuasisue® wannniiisedui
ihauladamsasnbinudaluiuiinainlasasiud
ﬂé'uwﬂuﬁuﬁaﬂuaquu%mi (Back office) anawiiu
Iﬂlﬁdwqﬂmnﬂuﬁuﬁﬂaﬁn Janueaszuiinuasy
Uftammnasmstlasfumsinidesadudy
Lﬁmmmﬂumiﬁwmﬁmjﬂm‘[mmq Tuwouedi
YAaINs luauaiuayuaI8zLe8NAINTUNBEN
mznash il adudaauldflumuiiienudsem

tnAUA Dual-Swab Pooled Sampling ﬁﬁwm
UssgndlFlumafudadslduanddiiiudedodi
Farunaralszms Ussmsusnfdemsansunuuas
ninenns TaBaans50anIUAsIlUNSATIA Real
time RT-PCR 846 509% (1nmM50573 32 A%
WiaaLies 16 asslumseansassaunsn) deilamnu
saetheidlugnmsfindwennsiiie Ussmafiaas
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Fesdgandanstlastutlyminisiiensves
Ghagha (Dilution effect) Fuflugasiandnyadiams
PUMBENLUUTIN (Pooled Swab) LLUULﬁuﬁ'azﬁw
915LA89Ee (UTM) 3nnuangwanninsIndy
msaanuuulyly Swab 2 duthudiahansaniuwa
wonsuniel3dniuasiafuiummizaiunis
(Individual Swab) LazBNAUFINIUNMTATIALUUTIN
(Pooled Swab) telvulaladadeiilansia
gugulailagnidaas FeBufumenamsIaNzima
§86 (paired t-test, p > 0.05) Aguguhe ct lifanw
UONGNNUIENINBE AN NEDA

mMsanmanuly (Sensitivity) 28935 s5iAu
§1E9UUUTIN Pooled Swab A3a# 1 Whity 1009
waesIaanTensiieny hifsawe e
fusinamstuiauesdaluiiufinqedudaiias
WAITMINTINATLAEITINTONTINNATILH LS oy
é’hathﬁmﬂmsmwumiﬂuLﬁauaﬁﬁuqﬂﬁmaq
ial3ania 4 9alumsnnaiansiagail 1 udasn
lﬁwuaﬁﬁuqnﬁmaqn,%yala%aiuﬂ%gqﬁ 2 UFANIINS
Thinasmsmuauuasilasiumsaaderlimsiy
dowmeadalsaludandananas

agﬂﬂamﬁé’ﬂ

madnmillaszandannnmaiamaiiv
MBENMNBIANMSBINNE LN NANAN AN EUEY
MAEMsRuGeieluFadanwuy Dual-Swab
Pooled Sampling ﬁﬂsx?{w%mwﬁga aansoh Ul
amsussiiustuumsithseTimsuudiauuasde
SARS-CoV-2 ludaunedansanuusmsle snse
a(ﬂﬁ'unuuazﬁv'umaums‘v‘hqm‘[ﬂﬂé’fqm%'ﬂmqmauﬂ'a
duanullumsasadiiaseidalawihdiu 1009
waziloenutdammisidaasuesaiadgelaadiedl
UsAnBua uanNniiHamM AN eEugy
hiimatuidaumswugnssumandalifa SARs-
CoV-2 uuiufingaduiasinludniuneruia
Tosmmzluiuiidunasuasipnndmhenudas
Tienuaaaamsaiiuanasmsithseis daenu
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datauanuzainnisiag

1. msﬁwmﬁﬂﬂquﬂmnﬂﬁ'mﬁumﬂﬁﬂ
M5tAUAIBE19ULUY Dual-Swab Pooled Sampling
technique TuAfinmuaumsiadalulasmenna
(ICN) LLazqﬂmniﬁLﬁmi}'aq LeENBHENI 51
wailalulglumsufidanudszan

2. MINANANIMNYANINTNNVBIUHUR
msi3aanafinmstiusioeeuuy Dual-Swab Pooled
Sampling technique MIATINLONERUBEMIUUIHED
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whazia tlasnu muqumsam%ya UAZMIUNINTZAE
L%ﬂluanwuu%n15ttaz§ammé’aulﬁaﬂwgnﬁm
uaiue UazsaLsn

fiadinuaan1sivg

1. M3@579 RNA luaSeiinanuualdiiosh
wumstuilaumaiugnssuidalh¥a SARS-Cov-2
windaamsasagaun hisisinatisawaiias
Mnsounsnsznedaldiudauiudigieie
Uudlouuuituiifinedudahuiinduiumsana
LD (Viral culture)

2. snumeatheilglumsanmilusinanias
waztiudmaeeluamuusmsgumwuviaien days
hanieneianaluiiiiesws asudu uazasoungu

'
=

mziludiunurasdayaluasdnsnivwnalvaid
anugudauraslasaimsmiisny

naanssailsenia
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