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Abstract (212 words)

Our understanding of the fomite transmissioute of diseases remains at an empirical
level. There are no data on how surface contanoinad propagated by human touching. We
designed a novel and effective benchtop experin@emivestigate the dynamic transmission of
contaminants on multiple environmental surfaces ttu¢ouching. The benchtop experiment
setting design was based on an inflight norovirugbieeak. Hundreds of representative
environmental surfaces in the plane were scaledhdawd fluorescent particles were used as
surrogate indicators of virus-laden aerosols. Theréscent particles were initially carried by six
index “patients” and then transmitted to other ates through the touching behavior of one
hundred and twenty-four “passengers.” The distiidmg of fluorescent particles were
photographed by cameras when exposed to UV ligtitthe acquired photos were processed
using fluorescence imaging techniques to quantifgréscent particles on each surfadée
temporal diffusion of contaminated surfaces wasitbto follow anS-shaped logistic curve. The
aisle seats were found to be more contaminated;hamlias consistent with the reported higher
attack rates in passengers seating along the iaidlee outbreak. This study confirmed the
findings of the logistic growth from the multi-agesimulations, and provided a possible

mechanism for the role played by environmentalasig$ in the fomite route of diseases.

Keywords: Benchtop experiments; Fomite transmission route; Quantitative measurement;

Fluorescence imaging techniques; Logistic growth.

1. Introduction

People in modern society live, study, ammakan indoor environments [1] most of the time,
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and inevitably touch numerous surfaces in theilydagtivities. The surfaces around us may not
be microscopically clean, and many studies havectlsd viruses [2-4], bacteria [5, 6], and fungi
[7, 8] on indoor surfaces. Some of these microdeyas are pathogenic and could survive for
several days or even months [9, 10], which provigessibilities for the fomite transmission of
related gastrointestinal, skin, and respiratoryeetibns [11]. Although once thought to be
negligible [12, 13], the role of the fomite route disease transmission is supported by many
studies [14], including observational epidemiologtadies [15, 16], intervention studies [17,
18], and outbreak reports [19, 20].

Our understanding of the fomite route remaat an empirical level [18, 21Although it
appears straightforward, information on the profiagaprocess of contaminations on multiple
surfaces is very limited. In indoor environmentss multiple surfaces are not independent but
are linked by hands through human touching behathas constructing a surface touch network
[22]. Once one or some surfaces are contaminatéitismetwork, contaminants can be passed
by hands to a large number of surfaces, as lorigeasource of contamination is strong enough.
Due to the diversity of network structures, thdwdifon of contaminants on the surface network

presents different temporal and spatial charatiesis

There have not been any studies of theaserhetwork except Lei et al. [22]. Several
mathematical models have been used to study hotarmamants diffuse across multiple surfaces,
such as the discrete-time Markov chain model [#8],differential equation model [24], and the
multi-agent model [25], but few experiments haveerbeconducted because the sequential
detection of surface contaminations is a challemgask. Common techniques used to quantify
microorganisms on multiple surfaces such as hytattin-based [26] and polymerase-chain-
reaction-based techniques [27] have their limitegio Small samples wiped from an
environmental surface do not reflect the overaljrde of contaminations [28], while large
samples or the original surfaces only allow onestimeasurements. In this study, fluorescent
particles were used as surrogate indicators. Tagsevisible light when exposed to UV light,
and the luminance of emitted light monotonicallgreases with the quantities of particles [29],
which enables multiple quantification measuremeRtaorescent particles have been used in
several studies to measure the transfer of contnsrj30, 31] but usually on a small scale, such

as on human hands, which cannot provide enoughnmafiton about how contaminants are
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transferred on a surface touch network.

Here, we describe a novel and effective benchtop experiment. Chips of different materials
present in an environment of interest are placed on a large table in a temperature- and humidity-
controlled room. Participants are instructed to touch the chips in a specific sequence, defined
based on the observation data in the environment of interest. To demonstrate our new method, an
inflight norovirus outbreak [20] was chosen as the scenario for the experiment, as shown in Fig.
1. Six passengers from the same tour group were considered as possible index patients. Since the
first-class rows were screened off from the others, we only considered the transmission between
passengers in economy class. During the 2.5-hour flight, 6 of 71 non-tour group passengers in
economy class who were interviewed after the flight [20] developed the same kind of gastric
illness. Statistics showed that sitting in an aisle seat was associated with the development of
illness (P = 0.022, 1-sided Chi-square test). The modeling results in Lei et al. [22] also showed
that the contamination conditions on surfaces of aisle seats were worse than others, and

correspondingly passengers sitting there had higher infection risks.

Case of illness

‘ Toilet
&

&/ Index patient

@4 No illness (not interviewed)

t‘ﬂ No illness (interviewed) V

Fig. 1. The seating plan on the plane with the norovirus outbreak in October 2008, adapted from



82
83
84
85
86
87
88

89
90
91
92
93

94

95

96

97

98

99

100

101
102

103
104
105
106
107

108

109
110
111
112

113

Kirking et al. [20]. The index patients, infectedssengers, and uninfected passengers (including
both those interviewed and not interviewed) arekexrwith different colored symbols. Row
numbers are marked, with Rows 1-3 representing fitass and Rows 6-26 representing
economy class.

In the benchtop experiment setting, hunslreirepresentative environmental surfaces in
the economy class of the plane were scaled dowrflameescent particles on each surface were
guantified using fluorescence imaging techniqué® quantification results were compared with
the multi-agent modeling results in Lei et al. [22|d the attack rate distribution in Kirking et al.
[20]. The results reported present the dynamic epmd transmission of contaminants on

multiple environmental surfaces, and confirm tmeliings from multi-agent simulations.

2. Methods
2.1 Materials

With low pigment residues and significamtensity changes to exposures [31], fluorescent
particles from GloGerfY! were selected in the experiments. The diametethef chosen
fluorescent particles is of the order of magnitofl@00 nm to 1Gum (Fig. S1), similar to that of
human-exhaled droplets [24, 32]. The peak excitatiavelength of the fluorescent particles is
about 375 nm (Fig. S2) in the range of UV light,tBe particles are invisible without the UV
light and thus do not interfere with the experinsefithe peak emitted light is about 433 nm and

can be recorded by cameras as it is in the ranggsibfe light.

Fingerstalls were used to represent theldhah 124 passengers in the economy class of the
plane [20]. The environmental surfaces considerethe study were porous (126 seatbacks,
made of Dacron) and non-porous (126 tray table8,atfrests, and 2 toilets made of modified
propylene polymer). Due to space limitations, h#de surfaces were shrunken from that in the
real plane at a specific proportion (5.17:1), whigtabout the ratio of hand length to fingertip

length.

2.2 Measurements of transfer efficiencies

The transfer efficiencies of the fluoredcparticles were measured as the input parameters
for the simulations to avoid errors caused by tifeer@nt transfer properties of fluorescent
particles and virus-laden aerosols. As the trarmonsprocess could be highly influenced by

finger touching force [33], the transfer efficieesiwere investigated with different touching



114

115
116
117
118

119
120
121
122
123
124
125

126

127
128
129
130

forces.

As the first step, the range of touchingés was determined. An ordinary balance (SF-400,
SIQI, Jinan, China, capacity: 7000 g, readabillty) was touched by fingers 1,000 times and the
reading for each was recorded. The balance caectdfie pressure, enabling the touching force

to be estimated.

The transfer efficiencies were measuredguai homemade touching machine, as shown in
Fig. 2. The device can specify the touching foreeemuired and control the contacting duration.
Three kinds of surface materials are typically usethe benchtop experiments. As such, four
kinds of transfer efficiencies, i.e., from plastmeces (modified propylene polymer) to
fingerstalls, from fingerstalls to plastic piecdsgm Dacron pieces to fingerstalls, and from

fingerstalls to Dacron pieces, were respectivelpsoeed.

Fig. 2. The in-house developed touching machthat can specify both the touching force and
contact duration as required.

The measurements of transfer efficienaiemfplastic pieces to fingerstalls can be used as
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an example of the process. First, weigh a clearepith the analytical balance (Secural25-1S,
Sartorius, Goettingen, Germany, capacity: 120 gdability: 0.01 mg) and record the reading
denoted asy. Second, apply fluorescent particles onto thegiedformly with a spray and then
weigh the piece with the analytical balance aguaiithh the reading denoted a%. Third, fix a
clean fingerstall onto the touching machine analotlne contaminated piece with a given force

denoted a$. Fourth, weigh the touched piece on the analybeddnce, and record the reading

denoted as. After collecting the data, the transfer efficigriftE was calculated asi L [33,

ms3
my;—mq

34] when the touching force wéasOther than the touching force, factors influending transfer

process such as relative humidity, contacting t&né moisture [33] were kept the same during

the measurements. The other three types of traeBfelencies were measured in a similar way.

2.3 Benchtop experiment setting

The benchtop experiment setting and itspmments are shown in Fig. 3A. The sketch of
the economy class of the plane (Fig. 3B) was pdirttie a piece of waterproof paper (3000 by
900 mm) on the experiment table, and the heighh@®fexperiment chamber was designed to be
1000 mm to guarantee that the four photos takerthbyfour cameras could cover all the
environmental surfaces. The environmental surfaatenals, namely Dacron and plastic pieces,
were applied onto acrylic blocks of different hdgylon the waterproof paper, so when the
participants touched one surface the others wooldea accidentally contaminated. Pairs of soft
magnetic sheets were used to connect the surfagiaimand the acrylic blocks, which kept the
surface materials still when the participants taetkthe surfaces and allowed them to be taken

away from the table during the calibration work.
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Cameras

Ceiling
(80% transparent)

J

UVA lamps

1.0 m

20m *

Curtains

Support (80% transparent)

(A)

Tray table (material: modified propylene polymer) Armrest (material: modified propylene polymer)

Seatback (material: Dacron)  Toilet (material: modified propylene polymer)

B)

Fig. 3. (A) The physical layout of the benchtop experiment setting and its components. The
ceilings and curtains were processed to be 80% transparent to show the internal settings. (B) The
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plan of the airplane adapted from Kirking et alO][2The four kinds of surfaces were in fact
black in color to contrast the emitted light ofdhescent particles, but different colors are used
here to differentiate them.

In addition to the experiment table, selvapparatuses were combined into the experiment
chamber, as shown in Fig. 3A. Twenty-four PhiligsKr40W (R) UV lamps were fixed on the
inner side of the ceiling to make the UV light oube experiment table as homogeneous as
possible. For safety, the UV lamps also emittec bight to indicate whether they were open or
closed. Four cameras (Sony DSC-WX350, 8-bit) tockupes through four holes on the ceiling.
The cameras were responsible for four areas otatie and were controlled remotely via Wi-Fi
to avoid shake when taking photos. The experimkeammber was surrounded by wood supports
and black curtains. The curtains had reflectivetingaon the inside surface to reflect UV light

onto the experiment table and prevent any injuyéoparticipants.

2.4 Calibration

The experiment required calibration, asdistance between the surfaces and UV lamps or
cameras could affect the luminance of fluoresceamtigges in the photos, and the thickness of
fluorescent particles on the surfaces also inflednthe intensities of the emitted light [29].
Moreover, since almost all digital cameras perfgamma correction (tone curve correction) to
adjust pictures, the pixel values are not propogido the number of photons that struck the
image sensor during the exposure [35]. Thereftre,calibration was necessary to acquire the
complex relationships between the intensities oftteth light and the amount of fluorescent

particles for different surface positions.

In this study, the weighting factd(, defined as the mass of fluorescent particlesopei
in the photo, was used to represent the amountthendet pixel signal strengkydefined as the
pixel value (grey level) on a surface in the phafter the removal of the background, was used
to represent the light intensity. The calibratiosogess is as follows. First, prepare a clean serfac
and take the background photos with the UV lampsSacond, apply fluorescent particles onto
the clean surface uniformly with a spray and measihe total mass of particles on the surface
with the analytical balance and then take resutit@iraphs with the UV lamps on. Finally,
acquire the total pixel number and pixel valueshef surface in both the background and result

photos with the software MATLAB R2014a. The weiglgtifactorWW was calculated as the mass
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of fluorescent particles divided by the total pireimber of the surface, while the net pixel signal
strengthk was calculated as the pixel value in the resutitphminus that of the background

photo.

2.5 Experiment procedures

According to the initial report of this dueak [20] and the modelling study [22], we
assumed that all the environmental surfaces weangprior to the flight and did not consider the
role of cabin staff on the contamination transnaissiSince the cabin air was clean at cruising
altitude [36], we ignored the deposition of virumtaining airborne droplets on most surfaces
except for those around the index patients, angl oohsidered the contamination caused by
human surface touching behaviors. The surface togatequences were kept the same for the
experiments and simulations so the results could¢dmepared. The touching sequences were
generated based on assumptions in Table S1. Alththegpassengers shared the same rules of
behavior, they did not act synchronously and ditl toach the same surfaces for a specific
behavior. Therefore, the generated sequences vaitadeach other. Five touching sequences
were chosen for five sets of experiments and ea&athwss repeated three times. In each
experiment, 50 normal passengers were randomlgtedido use the toilets during the flight,
together with 6 index patients. They were assunosedpend the same time lengths using the
toilets, so the flight cruise period (150 minutesyld be divided equally into 56 rounds. In each
round, following the sequence, one passenger repies by the corresponding fingerstall went
to the toilets and touched aisle seatbacks on theamd back due to the plane’s instability. In
addition, some of the seated passengers, reprdsbegtehe corresponding fingerstalls, were
assumed to touch some surrounding surfaces. Afielh eound, the UV lamps were turned on

and photos were taken with the four cameras.

With the relationships acquired in the lwadtion, the photos could be processed. The signal
strength of every pixel on the surfaces in the pfiovas acquired with MATLAB R2014a.
According to the acquired relationship, the masuairescent particles per pixel was calculated.
Finally, the total mass of particles on a surfacs vacquired according to Equation 2 from

Ivancic et al. [29].

3. Resultsand discussion

3.1 Transfer efficiencies of fluorescent particles between surfaces
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Fig. S3 shows the frequency distributionhaf finger touching forces. The ordinary balance
(7000 gx1g) used to measure the touching force thadmaximum relative error of 0.15%.
According to the one-sample Kolmogorov-Smirnov tg8] (P = 0.09), at a 5% level of
significance, finger touching forces could be assdno follow a normal distributiori\(11.80,
1.97), consistent with the measurement results fromngH&8]. Fig. S3 shows that the finger
touching forces ranged from 6 to 17 N, so the feansfficiencies were measured within this

range.

Fig. 4 shows the measured transfer effaesnof fluorescent particles between surfaces
with different touching forces. The analytical bata (120 gx0.01 mg) to measure the weight of
fluorescent particles on fingerstalls and plasteces had the maximum relative error of 0.07%.
The direction of transfer was found to have ancatfte the transfer efficiencies. For example,
the transfer efficiency from fingerstalls to Dacnoieces was always higher than for the reverse.
Similar findings were reported in measurementsbiaeteria [39] and viruses [40]. The type of
surface material was found to greatly influencegdfar efficiencies. For example, higher values
were found in the transfer efficiency from nonp@auaterials (plastic pieces) to fingerstalls
than from porous materials (Dacron pieces) to fisigdls. Several studies have observed similar
phenomena for microorganisms with nonporous mdsefguch as faucet handles and phone

receivers) and porous materials (such as dishchottsponges) [34, 41].

10
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0.9 -

0.7
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0.6

0.3F

Transfer efficiencies 7E
(=]
N
T

0.2

0 l' ll l ll /l i Il\ \ l‘ 1 1 1 1 1 1
s 6 7 8 9 10 11 12 13 14 15 16 17 18

Finger touching forces f(N)

Measured transfer efficiencies from fingerstalls to Dacron pieces
#  Measured transfer efficiencies from Dacron pieces to fingerstalls
® Measured transfer efficiencies from fingerstalls to plastic pieces

®  Measured transfer efficiencies from plastic pieces to fingerstalls

Fig. 4. The relationships between finger touching forces and measured transfer efficiencies from
fingerstalls to Dacron pieces, from Dacron pieces to fingerstalls, from fingerstalls to plastic
pieces, and from plastic pieces to fingerstalls. Different kinds of transfer efficiencies are marked
with different symbols in different colors. The fitted curves are in black, and their fitting function

was TE = ¢, (1 — c{ ) (c; and ¢, denote the underdetermined coefficients) as shown in Table 1

In general, the measured transfer efficiencies increased with the touching forces, consistent
with similar studies of microorganisms such as hepatitis A virus (HAV) [42]. No model was

available to describe the roles of touching forces, so the measured data were fitted with a

common function TE = ¢;(1 — céﬁ ) (¢; and ¢, denote the underdetermined coefficients, and c¢;
was no more than 1) via least squares regression, as shown in Table 1. The function satisfies
features of the relationship, in that the transfer efficiency is 0 when the touching force equals 0,
and it is always in the range of 0-1. The standard errors of the regression S were all less than 0.03
and the coefficients of determination R’ were all larger than 90%, indicating good agreement

between the fitting curves and sample data [43, 44].

11
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Table 1 The functions for the fitted curves in Figs. 4aBd 6.

Figures

Descriptions

Functions

Sa

R2b

Fig. 4

The relationship between finger touching foré€kl) and
measured transfer efficiencieBE from fingerstalls tq
Dacron pieces

TE = 0.5405 x (1 — 0.9903/)

0.0018

0.9878

The relationship between finger touching foré€Nl) and
measured transfer efficienci@& from Dacron pieces t
fingerstalls

[®)

TE = 0.8729 x (1 — 0.7948)

0.0122

0.9644

The relationship between finger touching for€€kl) and
measured transfer efficiencieBE from fingerstalls tq
plastic pieces

TE =1-09724f

0.0218

0.9350

The relationship between finger touching for€€kl) and

measured transfer efficiencidg from plastic pieces tp TE = 0.9922 x (1 — 09258/)

fingerstalls

0.0281

0.9425

Fig. 5

The relationship between pixel signal strenigdmd mass$

of fluorescence particles per pixél (ug/pixel) for Seat
6A

W= | 229332 1g54
C 1220664 —k

0.1076

0.9623

The relationship between pixel signal strenigdmd mass

of fluorescence particles per pixél (ug/pixel) for Seat
7A

W 16.2856 01292
T 1260449 -k

0.1031

0.9654

The relationship between pixel signal strenigdmnd mass

of fluorescence particles per pixél (ug/pixel) for Seat
8A

W= 12.4171 0.0963
© 1289467 -k

0.1096

0.9609

12
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The relationship between pixel signal strenigdmd mass

of fluorescence particles per piXal (ug/pixel) for Seat = \/ﬂ_ 0.1348 0.0948| 0.9708
126.8107 — k

9A

The relationship between pixel signal strenigdmd mass

of fluorescence particles per pixél (ug/pixel) for Seat = jﬂ_ 0.1854 0.1062| 0.9633
123.5858 — k

10A

The relationship between tintgRound) and the number 3.0978

of contaminated aisle seatback surfades N=42% 0'4767(1 + 00857407408 1) | 1.0038) 0.9949

Fig. 6
The relationship between timgRound) and the number 6.5218 3.0984| 09971

of contaminated surfacés

N =422 x0.1811¢(
1+e

—0.0319t+1.7088 D

a Srefers to the standard errors of the regression;

b R? refers to the coefficients of determination.

13



260
261
262
263
264
265
266
267

268

269

270
271
272
273

274

275

276
277

3.2 Relationships between the emitted light intensities and fluorescent particle amounts

Fig. 5 shows the calibration curves used to convert the net pixel signal strength £ to
weighting factor W of fluorescent particles for the surfaces of Seats 6A, 7A, 8A, 9A, and 10A.
For the same position, the maximum net pixel signal strength was about 130, much less than
almost 250 found by Ivanic et al. [29]. This was induced by blue light emitted from the UV
lamps. As shown in original photos such as Fig. S4a, uncontaminated surfaces were also visible,
indicating that the pixel values in the background photo were not low. Thus, after the removal of

the background, as shown in Fig. S4b, the net pixel signal strength was not very high.

35 T T T T T
3k <4 Measured data for Seat 6A |
——— The fitted curve for Seat 6A
® Measured data for Seat 7A
2317 The fitted curve for Seat 7A )
A Measured data for Seat 8A

The fitted curve for Seat 8A
®  Measured data for Seat 9A

1.5F The fitted curve for Seat 9A
» Measured data for Seat 10A
The fitted curve for Seat 10A T

Weighting factor W (pg/pixel)

0.5 * .

T

O 1 1 1 1 1 1
0 20 40 60 80 100 120 140

Pixel signal strength &

Fig. 5. Calibration curves to convert net pixel signal strength to the mass of fluorescent particles
per pixel of surfaces for Seats 6A, 7A, 8A, 9A, and 10A, shown in Fig. 3B and S4. Measured
data for different positions are marked with different symbols in different colors. The fitted
curves share the same colors with the corresponding data, and their fitting function is W =

C3

T 2—3 (c3 and ¢, denote the underdetermined coefficients) as shown in Table 1
4= 4

The relationship between the net pixel signal strength & and the weighting factor W was

influenced by the layering effects of fluorescent particles and camera nonlinearity. On one hand,

14
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more than one layer of fluorescent particles isallgypresent on a surface, and less photons
which struck the image sensors during the exposere emitted from the lower layers due to
the less available excitation energy and increasattering of emitted light. Thus, the number of
photons increased with the quantities of fluoresgeanmticles at a gradually decreasing growth
rate [29]. On the other hand, due to the gammaection performed by digital cameras, the
pixel values also increased with the number of ph®{35] at a gradually decreasing growth rate.
As a joint result of layering effects and cameralimearity, the net pixel signal strengkh
increased monotonically with the weighting facidf but the growth rate gradually slowed

down, which was consistent with the findings ofrlee et al. [29].

To describe the relationship between thegnel signal strengtk and the weighting factor
W, Ivancic et al. [29] used a six-order polynomiahdtion to fit the measured data and achieved
a high coefficient of determinatid® of 99.94%, but this function is not monotonic witte net

pixel signal strengttk ranging from a minimum of 0 to the maximum of 259%erefore, the
functionW = /CC—3k — = (c3 andc, denote the underdetermined coefficients) was isetis
4~ 4

study to fit data via least squares regressiorshasvn in Table 1. This function satisfies the
features of the relationship, in that when the Wwerg factorW increases, the net pixel signal
strengthk grows at a gradually slower rate. The standarmrgof the regressio were all less

than 0.11 and the coefficients of determinatRnwere all larger than 95%, indicating good

agreements between the fitting curves and sampée[43, 44].

For different positions, such as Seats BA, 8A, 9A, and 10A in Figs. 3B and S5, the
acquired relationships differ slightly. As the S8at position was closest to the UV lamps and
cameras (Fig. Sb), the fluorescent particles reckithe most excitation energy from the UV
lamps and more of the emitted light could reachddrmera, so the same amount of fluorescent
particles showed the most brightness on it. Sihyjlas the positions of Seats 7A and 9A and
those of Seats 6A and 10A were symmetrical (Fig, 88 same amount of fluorescent particles

showed similar brightness on each pair, respegtivel

3.3 Logistic growth of the number of contaminated surfaces
Fig. S6 shows the processed photos shoWirmgescent particles on surfaces with the

background removed in one experiment at differené tpoints. Fig. 6 shows the growth of the

15
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number of contaminated surfaces. The large scatter between individual experiment results was
caused by the randomness of human behaviors rather than measuring errors. Passengers
randomly touch the surrounding surfaces and randomly go to the toilets, which are inevitable and
unpredictable, so experiment results varied with each other. Thereby, the strategy to control the
diffusion of surface contaminations should be developed based on average results rather than an

individual one.
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Fig. 6. Growth of the number of contaminated surfaces: (a) 42 aisle seatback surfaces; (b) the
total 422 surfaces. Each graph shows 15 experiment results (gray lines), the average of 15

experiment results (the black line), and the fitted logistic curve (the red line). The fitting function
1+e6

iSN = Nmaxe_cé(m —1) (Npax = 42 for Fig. 6aand N, = 422 for Fig. 6h respectively;
¢s and ¢g denote the underdetermined coefficients) as shown in Table 1

As shown in Figs. S6 and 6a, for aisle seatback surfaces, the diffusion of contaminated
surfaces followed an S-shaped logistic curve in time, consistent with the multi-agent simulation
results [22]. In the first stage, the number of contaminated aisle seatback surfaces was small and
thus the possibility for clean fingerstalls to be contaminated by dirty surfaces was small. Most
transmissions then occurred between clean fingerstalls and clean surfaces. A growth of
contaminated surfaces increased the conversion from clean fingerstalls to dirty fingerstalls,
which in turn accelerated the growth of contaminated surfaces. Therefore, in the first stage, the
growth of the number of contaminated aisle seatback surfaces became rapid. In the latter stage,
the number became high and thus clean fingerstalls could easily be contaminated. Most
transmissions at this point occurred between dirty fingerstalls and dirty surfaces. The increase of
contaminated surfaces decreased the possibility of transmissions from dirty fingerstalls to clean

surfaces, which in turn slowed down the spread of contaminated surfaces. Therefore, in the latter
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stage, the growth of the number of contaminatete asatback surfaces slowed down until

reaching saturation.

Analogously, the diffusion of the total taminated surfaces should have also followed an
Sshaped curve in time, but as the flight cruisaquisr (56 rounds, 150 minutes) were too short
for contamination of the total surfaces, the numdfezontaminated surfaces was relatively small
throughout compared with the total surface numi2g). Therefore, the diffusion was limited to
the first stage of th&shaped curve and the growth rate kept acceleratitijthe end, as shown
in Fig. 6b. At the end of the cruise period (Ro&@&), the number of contaminated surfaces was
about 178, which was small compared with the ptadidrom simulation results of about 300
[22]. There are two possible reasons to accountherdifference between the simulations and
experiments. First, in the simulations it was asstinthat the fluorescent particles were
uniformly distributed on the entire areas of thefates, so a clean fingerstall touching a dirty
surface always resulted in the transmission ofamoirtation. However, in the experiments, only
some regions of a surface could be contaminatetevaliners might not have been, so when a
clean fingerstall touched the clean region of commated surfaces, no transmission occurred.
Second, in the simulations a surface was countem@sminated even with only a tiny amount
of contaminant on it, while in the experiments lilgat emitted from a tiny amount of fluorescent
particles was undetectable, so the amount couldbaotmeasured until it accumulated to the

minimum dose.

3.4 Severe contamination conditions on aisle surfaces

The pixel values in the photos in Fig. Sérevconverted into the amounts of fluorescent
particles on surfaces according to the calibratmnves in Fig. 5. Degrees of surface
contamination were divided into three classes, tycaf 1 pg/cnf), moderate (>1-20 pg/én
and heavy contaminations (>20 pgfinfrig. 7 shows the average percentages of aisle and non-
aisle surfaces from 15 experiments, with scantyjenate, and heavy contaminations at different
time points. Aisle surfaces refer to surfaces gsteaseats, including 42 seatback surfaces, 42 tray
table surfaces, and 42 armrest surfaces of sed®ws C and D. Non-aisle surfaces refer to
surfaces in non-aisle seats, including 84 seatbadkces, 84 tray table surfaces, and 84 armrest
surfaces of seats in Rows A, B, E, and F. Notelieat the 42 armrests between Rows B and C

and between Rows D and E are not counted as aigleneaisle surfaces.
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Fig. 7. Percentage of aisle (A) and non-aisle (NA) surfaces with scanty, moderate, and heavy
contaminations at different time points. The result was the average of 15 experiments. Different
levels of contamination are marked in different colors.

As shown in Fig. 7, the fluorescent particles kept spreading to clean surfaces on both the
aisle and non-aisle surfaces over time, so the percentage of surfaces with scanty contaminations
decreased while the other two percentages increased, respectively. However, the aisle surfaces
became moderately or heavily contaminated faster than the non-aisle surfaces. At the end of the
cruise period (Round 56), greater proportions of aisle surfaces were found with moderate
(P=0.050, Chi-square test) and heavy contaminations (P=0.000, Chi-square test), respectively,
indicating more severe contamination conditions on the aisle surfaces. Passengers seated on the
aisle seats were more likely to get sick, as they were surrounded by more severe contaminated
surfaces [45]. This was consistent with the higher infection risks predicted by simulations [22]

and the higher attack rates found in this outbreak [20] for the passengers seated in the aisle seats.
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Aisle seatbacks play an important role he transmission of contaminations in the air
cabins, which probably led to the more severe comation condition on aisle surfaces. Normal
passengers and index patients were all very lik@ljouch aisle seatbacks on their way to the
toilet and back. Therefore, aisle seatbacks weuehied at a higher frequency than other
seatbacks and became the medium transmitting cordate from index patients to normal
passengers. According to Fig. 4, the transferieficy from fingerstalls to porous materials is
much higher than that from porous materials todmstplls, so a large amount of contaminants
remained on the aisle seatbacks rather than spiggéaliother surfaces. Seated passengers were
likely to touch the surfaces around them, so thedbaof passengers sitting on the aisle seats
were likely to more contaminated, and thus brougbte contaminants to the aisle armrests and
tray tables. Thus, aisle surfaces, including se&thaarmrests, and tray tables, were more likely
to be severely contaminated than non-aisle surfég8esilar phenomena were also found in
hospitals, where the surfaces around patientsatbisg touched frequently by healthcare workers
and patients were more likely to be contaminateith wathogens than other sites [13, 46, 47].
The environmental infection control measures incabins and hospitals should be informed by
these observations, and more attention should leketpdrequently touched surfaces, which is

consistent with the recommendations from Centar®isease Control and Prevention [48].

3.5 Comparison of the benchtop experiment results with multi-agent simulation results

Figs. 8a and 8b show distributions of fesment particles on 422 surfaces from 15
experiments and 15 simulations using a multi-agewdel [22], respectively. Comparing the two
distributions with that of the actual cases ofaln in the outbreak, it was noticeable that the
environmental surfaces around the infected passeegding in Seat 7A were clean. It's because
the actual touching sequences in the outbreak ugteown and might differ from the assumed
the assumed five touching sequences in the expetsnaed simulations. Due to the randomness
of human behaviors, the distribution of infectionghe outbreak was merely one of numerous
possible situations, so the position of an indieidafected passenger did not have the statistical
significance. In contrast, the characteristic @& tverall distribution in the outbreak, that sitin
in an aisle seat was associated with the developofeliness, was statistically significar® &
0.022, Chi-square test), which is consistent Withexperiment and simulation results shown in
Figs. 8a and 8b.
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Fig. 8. Distributions of fluorescent particles on 422 environmental surfaces. (a) Average of 15
experiments results. (b) Average of 15 multi-agent simulations. The actual cases of illness in the
outbreak were marked with red symbols. Different levels of concentrations on surfaces of
fluorescent particles are represented by the intensity of the red shading. The concentrations over
40 pg/cm? are the same color as those of 40 pg/cm®.

The two distributions shown in Figs. 8a and 8b were broadly similar, but the contaminations
on many surfaces in the simulation results were less severe than those in the experiment results.
Assuming that the fluorescent particles were uniformly distributed over the entire surface areas
led to underestimation in the simulation results. Therefore, in the simulations, when a clean
fingerstall touched a contaminated surface, the concentration on the contact area of the surface
was the average concentration on the entire surface, which was usually low, so the transmission

from contaminated surfaces to clean fingerstalls was limited.

As mentioned, the distribution on most surfaces was not uniform in reality. Passengers were
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more likely to touch a specific region of the soga in some situations. For examples, when
touching the aisle seatbacks on their way to thlettand back, they tended to touch regions
close to the aisle, and when seated passengettsgauhands on the armrests they rarely touched
the regions that adjoined the backs of the sedtsis,Twhen a clean fingerstall touched a

contaminated surface, the contact areas were dgndwa frequently touched regions, where the

concentration of contaminants was much higher tharaverage concentration. Therefore, in the
experiments, the transmission from contaminatethees to clean fingerstalls was enhanced in
the experiments, which improved the overall effemtiess of transmission from the source to

other surfaces.

3.6 Limitations

Our benchtop experiments have four limitasi First, errors may be introduced by the
measuring instruments. For example, the bit levelaoneras can influence the precision of the
calibration curves. Cameras with higher bit lewedsl more grey levels, and could significantly
reduce the relative error during measurements @ptkel signal strengtk in Fig. 5. The 8-bit
cameras used in the experiments had merely 256lgvels, with the maximum relative error to
measure the pixel signal strength of about 7.00%60htrast, the 10-bit cameras have 1024 grey
levels with the maximum relative error of about5E4, and 12-bit cameras have 4096 grey
levels with the maximum relative error of about @& In future studies, more accurate

instruments could be used in the measurements.

Second, quantification cannot be conducetben there is a large amount of fluorescent
particles on surfaces. As shown in the calibratarve (Fig. 5), when the fluorescent particles
accumulated to a certain amount, the intensityhef émitted light hardly changes, due to the
layering effects [29]. However, this does not nrafta proper scale of the amount of fluorescent
particles is chosen in the experiments. Accordmghe exponential dose-response relationship
described by the Wells-Riley model [49], when scefaare already very severely contaminated,
the infection risk caused kpuching them is very high and does not changayogaeat extent.
Therefore, it is far more important to distingug#verely contaminated surfaces from others than
to quantify how many fluorescent particles are loent. However, if the scale is too low it may
cause the fluorescent particles on most surfacé® tondetectable, and if it is too high it may

mean moderate and heavy contaminations are inglissinable.
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Third, unlike microorganisms, fluoresceattles do not naturally die on surfaces, which
can lead to an overestimation of surface contamoinsit The inactivation of noroviruses was
relatively low during the 2.5-hour flight [51], sthe overestimation was not serious.
Nevertheless, it may not be proper to use fluorgsparticles as surrogate indicators to model
the spread of pathogens that are rapidly inactivatesurfaces, such as influenza viruses [52], or

to model a long-period transmission, such as tday@SARS nosocomial outbreak [53].

Finally, our benchtop experiments cannotged to study human touching behavior, which
is assumed to be known in our experiments. Moresrsional studies of human touching

behavior are required.

4. Conclusions

In this study, a novel benchtop experimevds designed to explore the dynamic
transmission of contaminants on multiple environtakrsurfaces due to touching. This
experimental study provided mechanism-based evaldoc the important role played by
environmental surfaces in the transmission of aoimants, and confirmed the findings from
multi-agent simulations. The diffusion of contametasurfaces was found to follow &shaped
logistic curve in time. In addition, aisle seatse/®und to be more contaminated than non-aisle
seats with our assumed passenger touch behavi@seThesults could help to develop
appropriate surface hygiene measures in indoor@mvients such as air cabins. Our benchtop
experiments and associated approaches could bedppl studies of fomite transmission in

other short-period outbreaks of pathogens withikedly high persistence on surfaces.
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Sl A. Supplemental tables

Table S1 Parameter values for the passenger behavior iexjperiments.

Parameters Descriptions Values®
p Probability that an individual touches certain aiséatback 1/6
tasb surfaces on the way to toilets and back
fst Frequency for susceptible individuals to use tsil@thr)° | 1/6
isb Frequency for individual to touch the immediate front 3
Ju seatback surfaces (1/fr)
ias Frequency for individual to touch the armrest surfaces
fu' d S
h (1/hr)
i tt Frequency for individual to touch the tray table surfaces
T’ (1/hn)® 4

a The source of parameter values is Lei et al. [1]

b During the cruise period of 2.5 hours, there wessumed to be 50 susceptible individuals
going to toilets. According to Kirking et al. [2Q)I six infectors in this outbreak had used toilets
Therefore 56 passengers in total used the toilets;

¢ During the cruise period of 2.5 hours, every pagsemas assumed to touch the immediate
front seatback surfaces 8 (=3x2.5) times;

d During the cruise period of 2.5 hours, every pagsemwas assumed to touch the armrest
surfaces 1345X2.5) times

e During the cruise period of 2.5 hours, every pageemas assumed to touch the tray table
surfaces 10 (=X 2.5) times.
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Table S2 The sequences for passengers to touch aisle skatindaces on the way to toilets and
back in Fig. S6.

Rounds? | Passengers® | Sequences to touch surfaces®

S-7B —» S-7C— S-8C— S-11D— S-14D— S-15D— S-
16D — S-17D— S-20C— S-21C— S-22D— S-24D— TS-
2 — S-24C— S-22C— S-19D— S-18C— S-16C— S-14C
— S-12C— S-10D— S-9D— S-7C— S-7B

S-10D— S-12D— S-13D— S-14D— S-16C— S-18C—
S-19C— S-21D— S-24D— S-26C— TS-1— S-24D—
S-22C— S-21C— S-20C— S-19C— S-17D— S-14D—
S-13C— S-10D

3 P-25C S-24G> TS-2— S-25D— S-24C

S-16E— S-16D— S-18D— S-20D— S-21D— S-24D—
4 P-17E TS-2— S-24D— S-22C— S-20D— S-17D— S-16D—
S-16E

S-14A— S-14B— S-14C— S-17D— S-19D— S-22D—
S-25D— TS-1— S-26C— S-25C— S-23D— S-21D—
S-20C— S-18D— S-17D— S-15D— S-14C— S-14B—
S-14A

S-11F— S-11E— S-11D— S-13D— S-16D— S-17D—
S-18C— S-20D— S-23D— S-24D— S-26C— TS-1—
S-26D— S-23D— S-22D— S-19D— S-18C— S-17C—
S-16C— S-15D— S-13D— S-11D— S-11E— S-11F
S-18E— S-18D— S-21D— S-22D— S-23D— S-26D—
7 P-19E TS-1— S-24C— S-23D— S-22C— S-21C— S-18D—
S-18E

S-8E— S-8D— S-11D— S-12C— S-13C— S-16D—
S-18D— S-20C— S-23C— S-26C— TS-2— S-25D—
S-22C— S-20D— S-17D— S-16D— S-15D— S-12D—
S-9C— S-8D— S-8E

S-18D— S-19D— S-22D— S-24D— S-26D— TS-2—
S-24D— S-21D— S-19C— S-18D

S-15C— S-16C— S-18C— S-20D— S-23C— S-24C—
10 P-16C TS-1— S-25C— S-22D— S-21C— S-19D— S-16D—
S-15C

S-17F— S-17E— S-17D— S-18D— S-21C— S-23C—
11 P-18F S-25D— TS-2— S-24C— S-23C— S-20C— S-18D—
S-17D— S-17E— S-17F
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1 P-8B

2 P-11D

5 P-15A

6 P-12F

8 P-9E

9 P-19D




12

P-26F

S-25F— S-25E— S-25D— TS-1— S-25D— S-25E—
S-25F

13

P-23B

S-22B— S-22C— S-25D— S-26D— TS-1— S-26D—
S-25D— S-23D— S-22C— S-22B

14

P-17F

S-16F—~ S-16E— S-16D— S-17D— S-18C— S-19C—
S-22C — S-23D— S-25D— TS-2— S-25D— S-23D—
S-22D— S-19D— S-16D— S-16E— S-16F

15

P-23F

S-22F— S-22E— S-22D— S-23D— S-25D— TS-2—
S-24D— S-23D— S-22D— S-22E— S-22F

16

P-21F

S-20F— S-20E— S-20D— S-23D— S-25C— TS-2—
S-26C— S-24C— S-21C— S-20D— S-20E— S-20F

17

P-20E

S-19C— S-21D— S-24D— S-25C— TS-1— S-24D—
S-22C— S-21D— S-19C

18

P-16F

S-15F— S-15E— S-15D— S-17C— S-19D— S-20D—
S-23D — S-26C— TS-2— S-26D— S-24C— S-21C—
S-19C— S-16D— S-15D— S-15E— S-15F

19

P-15D

S-14D— S-16C— S-19C— S-22D— S-23D— S-25C—
TS-2— S-24C— S-22D— S-21D— S-18D— S-17D—
S-14D

20

P-23E

S-22E— S-22D— S-24C— S-26C— TS-2— S-24C—
S-22D— S-22E

21

P-12C

S-11C— S-14D— S-16D— S-17D— S-20C— S-21D—
S-24D — TS-1— S-26C— S-24C— S-22D— S-19D—
S-18C— S-17D— S-14D— S-12C—S-11C

22

P-23C

S-22C— S-24C— S-25D— TS-2— S-26D— S-24D—
S-23D— S-22C

23

P-16A

S-15A— S-15B— S-15C— S-18D— S-19D— S-20D—
S-23D— S-24C— S-25C— S-26D— TS-1— S-26D—
S-25D— S-24C— S-23C— S-20D— S-18C— S-17C—
S-15C— S-15B— S-15A

24

P-18E

S-17E— S-17D— S-20D— S-23D— S-24D— S-25C—
TS-2— §-26C— S-23D— S-21C— S-20C— S-17D—
S-17E

25

P-7D

S-6D— S-9D— S-12C— S-13D— S-16D— S-17C—
S-20C— S-22C— S-23D— S-25D— TS-1— S-25D—
S-23C— S-22C— S-20C— S-17D— S-15D— S-12C—
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S-9D— S-8C— S-6D

26

P-24B

S-23B— S-23C— S-24C— TS-2— S-26C— S-24C—
S-23C— S-23B

27

P-17B

S-16B— S-16C— S-17D— S-19C— S-21D— S-24D—
S-25D—~ S-26D— TS-1— S-24C— S-21D— S-19C—
S-17D— S-16C— S-16B

28

P-15E

S-14E— S-14D— S-15C— S-17C— S-18D— S-19D—
S-22D— S-25C— TS-2— S-25C— S-23D— S-22C—
S-21C— S-20D— S-17C— S-14D— S-14E

29

P-20F

S-19F— S-19E— S-19D— S-20D— S-22C— S-25C—
S-26C> TS-1— S-24D— S-23D— S-22C— S-19D—
S-19E— S-19F

30

P-13E

S-12E— S-12D— S-13C— S-16D— S-17D— S-18D—
S-19D— S-21C— S-22D— S-24C— S-26C— TS-2—
S-24C— S-22C— S-20C— S-17D— S-15C— S-13C—
S-12D— S-12E

31

P-13B

S-12B— S-12C— S-15D— S-16D— S-17D— S-19D—
S-22D— S-23D— S-26D— TS-1— S-24C— S-23D—
S-21C— S-20C— S-17C— S-14C— S-12C— S-12B

32

P-9C

S-8C— S-9D— S-10C— S-12D— S-15C— S-16D—
S-18D— S-21D— S-22C— S-25C— TS-1— S-25D—
S-23D— S-21D— S-18D— S-16C— S-14D— S-13D—
S-12D— S-11C— S-10C— S-8C

33

P-10E

S-9E - S-9D — S-12C— S-13C— S-15D— S-16C— S-
18C — S-20D— S-23C— S-25D— TS-2— S-24D— S-
23D — S-20b— S-18D— S-16C— S-13D— S-11C— S-
10C— S-9D— S-9E

34

P-19A

S-18A— S-18B— S-18C— S-21C— S-24C— TS-2—
S-25C— S-22D— S-19D— S-18C— S-18B— S-18A

35

P-11F

S-10F— S-10E— S-10D— S-11C— S-13D— S-14C—
S-15C— S-17D— S-19C— S-21D— S-22D— S-25D—
TS-1— S-24C— S-23D— S-22C— S-19C— S-18C—
S-17D— S-16C— S-13C— S-12D— S-11D— S-10D—
S-10E— S-10F

36

P-24C

S-23C> S-25C— TS-1— S-25C— S-23C

37

P-24D

S-23D— S-25D— TS-1— S-24D— S-23D
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38

P-15C

S-14C— S-15D— S-16D— S-18C— S-21D— S-22D—
S-24C~ S-25D— TS-2— S-25C— S-23D— S-21D—
S-19D— S-18C— S-15D— S-14C

39

P-19C

S-18C— S-20D— S-21D— S-24C— TS-1— S-25C—
S-24C— S-22C— S-20C— S-18C

40

P-6A

S-6C— S-9D— S-11C— S-12D— S-14C— S-17D—
S-20C— S-23D— S-24D— TS-2— S-25C— S-23D—
S-21D— S-20D— S-19D— S-17C— S-16C— S-15D—
S-13D— S-11D— S-9C— S-6C

41

P-7E

S-6E — S-6D — S-9D — S-11C— S-12C— S-14C— S-
15D — S-17C— S-20C— S-22C— S-23C— S-25C— TS-
2 — S-26D— S-25D— S-23D— S-21C— S-20D— S-19D
— S-16D— S-15D— S-12C— S-11C— S-9C— S-8D—
S-7D— S-6D— S-6E

42

P-17A

S-16A— S-16B— S-16C— S-19C— S-21D— S-24C—
S-25C+ S-26D— TS-2— S-25C— S-23D— S-21D—
S-19C— S-16C— S-16B— S-16A

43

P-6D

S-7C— S-9C— S-10D— S-13D— S-16D— S-19D—
S-22C— S-24D— TS-2— S-24D— S-21D— S-20C—
S-18D— S-17D— S-15D— S-14C— S-12C— S-11D—
S-9D— S-8D— S-6C

44

P-8E

S-7TE— S-7D— S-8C— S-11C— S-13D— S-14C— S-15C
— S-17D— S-20C— S-21C— S-24D— S-25D— S-26D
— TS-1— S-25D— S-22C— S-19C— S-18C— S-16C—
S-13D— S-11D— S-9D— S-8C— S-7D— S-7E

45

P-17C

S-16C— S-18C— S-20D— S-21C— S-24D— S-25D—
S-26C> TS-2— S-24C— S-21D— S-20C— S-18C—
S-16C

46

P-16E

S-15E— S-15D— S-17C— S-18D— S-20C— S-21D—
S-22D— S-23C— S-26C— TS-2— S-24D— S-23D—
S-21D— S-19C— S-18D— S-17D— S-16C— S-15D—
S-15E

47

p-7C

S-6C— S-9D— S-12C— S-14C— S-16C— S-17D—
S-18C— S-20D— S-21C— S-23D— S-25D— TS-2—
S-25C— S-24D— S-22C— S-21C— S-19D— S-16D—
S-14C— S-12D— S-9D— S-8C— S-6C

48

P-22F

S-21F— S-21E— S-21D— S-24D— TS-2— S-25D—
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S-24D— S-21D— S-21E— S-21F

49

P-25D

S-24D~ S-25D— S-26C— TS-2— S-25C— S-24D

50

P-20D

S-19D— S-20D— S-22C— S-24C— S-26C— TS-2—
S-25D— S-22D— S-21D— S-19D

51

P-26E

S-25E> S-25D— TS-2— S-25D— S-25E

52

P-6F

S-8D— S-10D— S-12C— S-14C— S-17D— S-20C—
S-22C— S-24C— TS-2— S-24C— S-22D— S-21C—

S-19C— S-18D— S-15C— S-14C— S-12C— S-11D—
S-9C— S-8D— S-6D

53

P-18C

S-17C— S-19C— S-22C— S-24C— T1S-2— S-26D—
S-24C— S-21C— S-20C— S-19C— S-18D— S-17C

54

P-6C

S-6C— S-8C— S-9D — S-11C— S-13D— S-15C— S-
16C — S-18C— S-21D— S-23C— S-24D— S-26C— TS-
1— S-25D— S-22D— S-19D— S-16D— S-13C— S-12C
—- S-9D— S-7D

55

p-22C

S-21C> S-24D— TS-1— S-25D— S-24D— S-21C

56

P-17D

S-16D— S-19C— S-20D— S-21C— S-24C— S-25C—
TS-2— S-26D— S-24C— S-22D— S-19D— S-18D—
S-16D

a We assumed6 passengers spent the same time using toileise stivided the flight cruise

period into 56 rounds. One round represents about 2.68 minutes;

b P-XY represents the passenger seating in Row YCaotdmn X. The arrangement of seats in

economy class can be seen in Fig; 3B

¢ S-XY represents the seatback surfaces of seatswnYRand Column X. TS-X represents the

Xth toilets. The arrangement of seats and toileteconomy class can be seen in Fig. 3B.

Table S3 Parameter values for the simulation of fluoresceatticles transmission in the

benchtop experiments.

Parameter | Description Value

Initial amounts of fluorescent particles on index

Lo : Ve 0.6
patients’ fingerstalls (Q)

by, First-order inactivation rate on hands (1/hr) “0

b, First-order inactivation rate on porous surfaceébrjl | 0

b First-order inactivation rate on non-porous surface 0a

p (1/hr)
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b,, First-order inactivation rate on wet surfaces (1/hr) 0
f Finger touching forces (N) f~N(11.80, 1.9%9 °
Af Contact area of a fingerstall (cn¥) 2.0
Agp Surface area of a seatback (cnf) 19.3
Ay Surface area of an armrest (cnm’) 9.0
At Surface area of a tray table (cn) 37.4
Ags Surface area of a toilet (cn) 673.2

a Unlike microorganisms, fluorescent particles do not naturally die on surfaces.

b The source is Fig. S3

S| B. Supplemental figures

1pm EHT = 5.00 kv Signal A = InLens WD= 7mm
Photo No. = 3430 Date :22 Sep 2014

Mag = 50.00 K X
Fig. S1. The magnified image of fluorescent particles from GloGerm™ taken by scanning

33



electron microscopy (SEM).
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Fig. S2. (A) The relationship between excitation light wavelength and emitted light intensity; (B)
the relationship between emitted light wavelengtti emitted light intensity.
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70

Frequency

6 9 12 15 18

Finger touching forces f(N)

Fig. S3. The frequency distribution of finger touching forces for 1000 measurements. The

histogram was fitted with a normal distribution, N(11.80, 1.97%).

(B)
Fig. S4. (A) The combination of four original photos by the four cameras. (B) The processed

photo of fluorescent particles without the background.

35



Fig. SS. Positions of Seats 6A, 7A, 8A, 9A and 10A, UV lamps and cameras.

_ _
(A) B)
_ _
©) D)
_ _
(E) (F)
_ _
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©) (H)

Fig. S6. Processed photos showing fluorescent particles wfaces in one experiment at
different time points. (A) Round 0; (B) Round 8; (C) Round 16; (D) Round 24; (E) Round 32;
(F) Round 40; (G) Round 48; (H) Round 56.
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Characterizing dynamic transmission of contaminants on a surface touch
networ k

Highlights
* A novel benchtop experiment was designed to study surface contamination
« Thetempora diffusion of contaminated surfaces presents an S-shaped logistic curve
* Aidleseats are found to be more contaminated than non-aisle seatsin air cabins

* Reveded a possible mechanism for fomite route of disease transmission
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