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Abstract

In this Supplementary Material, we discuss about how systems of equations in Ref. [1] can be represented in matrix
form and iteratively solved. Moreover, we report here parameter values considered in case studies 1-5 in Ref. [1],

obtained from Refs. [2, 3, 4, 5, 6], and summarise in Table S6 the function rates A;(i1,. ..

0(i1,...,ip) for these case studies.

. 1 Matrix-oriented solutions

. 1.1 Number of infections caused by an in-
3 dividual at compartment j until he/she
. is removed or the outbreak is detected

s The objective here is to compute probabilities

()
Viiy,oing)

(n) = P(RY =n),

(G15eemsing)

n >0,

s by solving the systems of equations given by [1, Eq. (2.3)].
7 We can rewrite this system into a matrix equation of the
s form

DWW () = eW(n), (1)

where matrix DY) is independent of the value n > 0, while
column vectors ) (n) and e) (n) depend on this value. In
particular,

(D(j))(il,wiM),(h,m,ik*lwwiM) =

+(ik — Dlg=y),

) 1
(D(J))(i1 ,,,,, ing), (i1 seenyin 41, ing) = 0'<Ak
(41,58 01)
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1=1, 1]

1 M
= — (1n>0 D (Ni — i) A

i, ine) =
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o Dimensionality of system in Eq. (1) is not #C =
M M . .
w0 [Timy (Nk +1), but Nj [T—; 4;(Nk + 1), since probabili-

Ginon. iM)(n) are only defined for states (ig,...

u tiesv
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aiM)v Nj(ila"'7iM) and

with ¢; > 0. Moreover, we are storing in Eq. (1) probabili-
()

ties v .
(215000001)

(n) in the column vector

. v (n)
V(])(n) — S)("?)"“,O’NIW()”) ,
((q,)o, ,1,0)
V((é,)o, ,1,1)(”)
V((JJ,O 1,2)(”)

so that each row in this matrix system represents a state
(t1,...,im) € C, with 4 > 0. Due to the lexico-
graphic order followed above when ordering these states
by rows, each state (i1,...,ia) with 4; > 0 corresponds

M . . M
to the 3y (Texyin + Lro=j (4 — 1)) T Tz g1 (1prtj (Np +1) +
1p=;Np)™" row (i.e., equation) in Eq. (1). Finally, since
matrix D) is significantly sparse, for numerical results in
[1, Section 3] we solve this system of linear equations by
using the scipy.sparse.linalg Python package. This involves
solving Eq. (1) for n = 0, and then iteratively solving it for
)
i (41500 ynr)
stored in column vector v)(n — 1) previously computed.

values n > 1 using probabilities v (n—1), which are
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1.2 Number of infections caused by an
individual at compartment j, among
individuals at compartment £k, until
he/she is removed or the outbreak is
detected

The objective here is to compute probabilities

(31,-.-y80r1)

vl o) = PR (k) =n),

by solving the systems of equations given by [1, Eq. (2.2)].
Again, we can construct and iteratively solve matrix sys-
tems of the form

DD (kD (kin) = eV (k;n),

where
G 1 .
(DR i1,-ine), (i it—1socing) = g1 (ki
(1yeeeying)
+(i = Dli=y), 1<1<M,
j 1
(D(])(k))(il,...,iM),(il,...,il+1,...,i1\4) =5 (1l;£k: (N
(31,--y80r)
M o
+ Z)‘plip)(Nl — i) + L= (N + Z Aplip
p=1 p=1, p#j

+Aj(i; — 1)) (Vi il))v 1<I< M,

(€D (k3 1) iy, ing) = 7 <1,L>0(Nk — k) Ajk

x V((Zl),...,ik+1,...,iwj)(k; n— 1) + 17L=0(Uj + 5(i1a R 7ZM))>3

and where probabilities y9) ,M)(k;n) are stored in the

(31,51
column vectors v) (k;n), as in subsection 1.1 of this Sup-
plementary Material.

2 Parameter values for case studies
1-5

In Tables S1-S5, we report parameter values considered
in case studies 1-5 in Ref. [1], directly obtained from

Refs. [2, 3, 4, 5, 6]. In Table S6, we summarise the
functional forms of rates \;j(i1,...,inr), p;(é1,...,in) and
§(i1,...,4pr) for case studies 1-5, according to the cor-

responding model assumptions and model parameters de-
scribed in Ref. [1].
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Meaning Value

N, Number of patients 20

Nygcw | Number of HCWs 3

;L Patient discharge rate 0.1

~ Patient detection rate 0.1

uw HCW hand-washing rate 14

I} HCW-to-patient colonization rate %

A Patient-to-HCW contamination rate %

o Fraction of admitted patients colonized | 0.01
Table S1: Parameter values from Artalejo (2014) [2], for the

spread of MRSA in an hypothetical intensive care unit. Time
units: days. Case study 1

Meaning RICU
Np Number of patients 7
Nygow | Number of HCWs 14
Ny Number of volunteers 2
%) Fraction of admitted patients colonized | 0.165
% Length of stay, non-colonized patients 7
% Length of stay, colonized patients 13
n Hygienic level, HCW-patient 0.46
13 Hygienic level, volunteer-patient 0.23
Bpu Patient-HCW contact rate 0.72
Bpv Patient-volunteer contact rate 0.20
YH HCW hand-washing rate 24
Vv Volunteer hand-washing rate 12

Table S2: Parameter values from Wang et al. (2011) [3], for the
spread of MRSA in the Respiratory Intensive Care Unit (RICU)
at Beijing Tongren Hospital. Time units: days. Case study 2

Meaning Value

N, | Number of patients 20
N, | Number of HCWs 5
N, | Number of surfaces 100
1) Fraction of admitted patients colonized | 0.1
5y Discharge rate, non-colonized patients | 0.1
~' Discharge rate, colonized patients 0.05
1 Staff decontamination rate 24
K Surfaces decontamination rate 1
Bsp | Staff-to-patient colonization rate 0.3
Bse | Staff-to-surface contamination rate 2
Bps | Patient-to-staff contamination rate 2
Bpe | Patient-to-surface contamination rate 2
Bes | Surface-to-staff contamination rate 2
Bep | Surface-to-patient colonization rate 0.3

Table S3: Parameter values from Wolkewitz et al. (2008) [4],
for an VRE outbreak in the onco-haematological unit at the
University Medical Center Freiburg in Germany. Time units:
days. Case study 3
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Rate function

M
CS| M uj(i17'~'7iM):ﬂjij )\j(il,...7iM):(Nj—ij) ()\j-l-kzl)\kjik) (5(i1,...7iM)
L2 [m=0=0)p p=p At=op, Ao =0 Mo =0 1 =8 (i1, 1) = i
2 | 3 |m=dc(l—9),p2=9m | M1 =0up, A2=0 M2 = T2Bpm, Mis = w=fpv 6(i1,i2,i3) =0
w3 = v Az =0 Aot = J2Bpu, Aas =0
A3 = %ﬂpv, Az2 =0
3|3 | m=710-9¢),p2=p AL =70, A2 =0 /\122%57)\132% d(i1,42,13) =0
H3 =K Az =0 A21=€Gf,>\23=§\7:
Az1 = ?\7:7 A3p = ?\;:
4 4 fpj=v(l-pc), 1<j<4 | Nj=vpc+A1<j<4| Np=0pr, 1<j#k<A4 6(i1,...,i4) =0
Njj=Psr, 1<j<4
5 11 ,Uj—’)/,l_j 4 )\Jzo,lgjgll )\512/\15:)\62=>\26=ﬂ,4p1 5(i1, .,in):O
pj=p,5<j<11 A73 = A37 = Aga = Mg = Bap1
Ao1 = A19 = Ag2 = Aag = Bapo
A10,3 = A3,10 = A104 = A4,10 = Bapr2
A1,1 = A1 = A2 = A211 = Bperi
A11,3 = A3,11 = AM11,4 = Ag11 = BPeri
For others (j,k): A\jx =0
Table S6: Functional forms for case studies 1-5 (CS 1-5)
Meaning Value workers as potential superspreaders. Proceedings of the
N, Number of patients 9 National Academy of Sciences, 106: 18420-18425.
v Discharge rate 0.1
PC Fraction of admitted patients colonized | 0.01
Bpr | Cross-colonization rate, different rooms | 0.0238
Bsr | Cross-colonization rate, same room 0.0366
A Spontaneous colonization rate 0.0037

Table S4: Parameter values from Lépez-Garcia (2016) [5], for
an MRSA outbreak in an intensive care unit with four rooms.
Parameter values v and pc from Artalejo et al. (2014) [2]. Time

units: days. Case study 4

Meaning Value
Bap1 | Patient-AP1 transmission rate 0.35
Bape | Patient-AP2 transmission rate 0.12
Bperi | Patient-peripatetic transmission rate | 0.07
L Hand-washing rate for all HCWs 1-24
1 Length of stay for all patients 10

Table S5: Parameter values from Temime et al. (2009) [6], for a
bacterial outbreak in an hypothetical intensive-care unit. Time

units: days. Case study 5
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