N

N

J2 bm BM; " bB+ 2T Q/m+iBQM LmK#2"  iQ

1z2+ib Q7 LQMT? 'K +2miB+ H AMi2 p2Mi

LObQ+QKB Ha a@*Qo@k h™ MbKBbbE

:2Q ;2 a?B '2z-C2 M@_ HT?w ? - aBKQM * m+?2K2x
PT iQrbFB

hQ +Bi2 i?Bb p2 ' bBQM,

:2Q°;2 a?B "2z- C2 M@_ HT? w ? - aBKQM * m+?2K2x- G m  h2KBK2
BM; " bB+ _ 2T Q/m+iBQM LmK#2  iQ bb2bb 1z2+ib Q7 LQMT? "K +2n
+QKB H a _a@*Qo@k h® MbKBbbBQMX 1K2';BM; AM72+iBQmb .Bb2
RyXjkyRf2B/k3ydXkRkjjN X ? H@yjdeR93]j

> G A/, ? H@yjdeR93j
2iiTh,ff? H@+M KX "+?Bp2b@Qmp2 i2bX7 f? H@\
am#KBii2/ QM kN m; kykk

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X

.Bbi'B#mi2/ mM/2  * 2 iBpR *EMOKIBRM% 9Xy AMi2 M iBQM H GB+2M


https://hal-cnam.archives-ouvertes.fr/hal-03761483
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Measuring Basic Reproduction
1XPEHU WR $VVHVV (NHFW
Nonpharmaceutical Interventions
on Nosocomial SARS-CoV-2
Transmission
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$W WKH EHIJLQQLQJ RI WKH SDQ@RGHO"HVYRVWSWRRQWULHYV
had no standard strategy or recommendationonhow :H PRGHOHG WKH VSUHDG RI LQIHFWLEF
surveillance should be carried out and tests distrib- SRSXODWLRQ E\ XVLQJ D PRGLAHG VW
XWHG 7HVWLQJ ZDV PRVWO\ FRQEHWHRWG L\@ISHWRMHG UHFRYHUHG P
atic patients, and surveillance consisted of possible SHQGL[ $SSHQGL[ 7DEOH ‘H GHAQH
FRQWDFW WUDFLQJ DURXQG GH-W itfieatiod @t &@\)Erh-lﬁme&‘RtZHMMLNV&(PQ SHU FDSLV
reported asymptomatic cases could represent a sub at which susceptible persons become infected, which
stantial fraction of transmissions, and little data on we determined by the transmission rate, A and the
the testing policy are available to estimate howmany SURSRUWLRQ RI LQIHFWLRXV SDWLHQYV
cases fell through the gaps. GL[ 2Q WKH GDWH WKH HSEZEHPRE® EH
+HUH ZH SURSRVH D QHZ IUDPHZGRHWH VR QBB AFRQISHEHRQV LQIHF
detailed hospital test data by using a stochastc :H DVVXPHG SHUVRQV LQ LQIHFWLRX\
transmission model explicitly accounting for test - reduced infectiousness by a factor of Acompared
LQJ SROLF\ :H HwWnWeé cobexitofa large ZLWK VIPSWRPDWLF LQIHFWHG SHUVRC
6$56 &R9 RXWEUHDN LQ D /7&) BHedRazywHEONEID MfektD@ mersons had lower
KLJK L Q Landviz@constructed the unobserved infectiousness by a factor of E.

epidemic to assess effectiveness of nonpharmaceuti 7R IXO0O\ GHWHUPLQH WUDQVPLVVL

cal interventions. EUHDN SHULRG ZH FRPSDUHG GLVWL
primary model, we assumed a single transmission

Methods rate, A WKURXJKRXW WKH VWXG\ SHULRG
on knowledge of changing practices within the hos -

Hospital and Patient Information SLWDO ZH GHAQHG D PRUH FRPSOH]

$YDLODEOH GDWD FDPH IURP D /Which eagh piageLhad itswBQiRmsmission rate, A

7KH KRVSLWDO KDV EXLOGLQJVang A%D ®@® @D&/ GHMIMAKRLRVHG E\tRQ [ QAH
ZKLFK KDV ~ARRUV 2 WKDW ZHS3RRGNAVEHLMHEY, YPOMM BB U URP GD\ Z\
DUDWH ZDUGV 7KH UHVXOWV RI EO® WHEHS L&D Web RV WKWV AUV WH SRVLWLY
DYDLODEOH IRU HDFK SDWLHQW L GHDKLIFAFBWY RQ ZFMP\E MUWAGHNIU WKH IDFI

LQJ ODUFK 2$SULO GD\VFRQOMWDIFMQ WUHGIIRRUWLRQV DQG )UDQFH
mation also included the ward to which they were HUDOL]JHG ORFNGRZQ
admitted or transferred, admission and discharge 'H GLUHFWO\ F RfBrSesaN Htége Sof in

GDWHV DQG DQ\ VI\PSWRPV W K H \fetibrGfromm\the Arangriss®IR réte vduratien of each
WHVW $00 GDWHV ZH SURYLGH DnieetiousHstapew and HhewpRobabikiyH infeCiett Hher |
WKH AUVW SRVLWLYH VDPSOH LQ WRKH IBRKXKOIGWEHFRPHQW\RSMARPDWLF
WKH GDWD IURP GD\ RQZDUG EWEKDB XVHK WKH KRFISQWDK FRPSEWHG W
began to change the containment policy after that ZHLJKWLQJ HDFK SKDVH E\ LWV GXUDW
SRLQW :H H[FOXGHG SDWLHQWYV IURP DQ\ ZDUG OHYHO
analysis because the ward in which they were tested Observation Model
ZDV XQNQRZQ $SSHQGL[ KWWSV HEDXN G IRWNPSWRPDWLF LQIHFWL
(," DUWLFOH $SS SGI :HemsOuy, xndHregular availability of tests, the
DQRQ\PL]HG DJJUHJDWHG SDWLHQWFGO Wb\ DKREX G GGQFRRW LIFRIOQW LIV DOO
lect additional patient data beyond those for clinical —account for the imperfect reporting, we added an
use. 7TKH &RPLWp /RFDO G:-(WKLTXH RBRWXHU © D WIHF® HARRFEKHO WR WKH- WUDQ
&OLQLTXH GHV +8366' $YLFHQQH SHING I9[H $SISHDR GHP pLIXUH 7KH REV
OXUHW DSSURYHG WKH VW XG\{$D \asssgds WIRErso0s apeRnitially untested, but upon

testing, the model moves them to an equivalent test-

HG VWDWH $Q\ SDWLHQW FDQ EH UH
Laboratory Testing but retesting occurs at a reduced relative rate, Q
7KH /7&) FROOHFWHG DOO QDYVRstiumatgd dirgeipfomuiieieEmbeDop tests and re -
SOHV IURP SDWLHQWY 5HDVRQWHRWVWH)NWKEBIDYODEORE®IK GDWD $S
KDYLQJ V\PSWRPV FKDUDFW H U Lseniniitre nRdel deyslépsesrrptoms, they lose their
having had contact with a positive case, or patent WHVWHG VWDWXV DQG UHMRLQ WKH
transfer between wards or into or out of the hospi- |, )LJXUH HQDEOLQJ WKH PRGHO W
WDO $SSHQGL] creased testing when symptoms appear in a patient.
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Figure 1. &RPSDUWPHQWDO
VXVFHSWLEOH H[SRVHG LQIHFWLF’LJ(rUeSted Tested

recovered model used to Admit) —»

estimate nosocomial SARS- Dis(t) <— S S; [ Dis(t)
CoV-2 transmission rates on

the basis of data for a long-term Init(t) l l Alt) Init(t) Ab)

care facility in France. Red Test(t) vy

boxes indicate SARS-CoV-2 ) )
LQIHFWLRXV FRPSDUWPHQWs(tbog E ; E, > Dis(t)

blue boxes indicate noninfectious

FRPSDUWPHQWYVY 7KH OHIVVa(YJ.@)H ay a(1-y ay
shows the trajectory of untested

SHUVRQV WKH ULIKW VLGHVKRZY pgp ,
WHVWHG SHUVRQV , IDis@) w-H\V W G Q- L Disth( £ [» Dis(t)

SHUVRQV DUH WHVWHG DW DQ\ SRLQW
in state X, they will enter the
HTXLYDOHQW WHVWHG FRPshYywpPHOQW ,,V Y |4
X; ULJKW SDQHO ZKLFK L Dis(tyu )
HSLGHPLRORJLFDOO\ g4 )w_'\/LF,DO < _>Dls(t)
H[FHSW IRU WKH WHVWLQJ UDWH
3SDWLHQWYV LQ WKH VXVFHSWEQH VWD WH
(S) can become infected by 5
FRQWDFW ZLWK LQIHFWLRXV SD
‘KHQ LQIHFWHG SDWLHQWYV PRYH
to the noninfectious incubation Dis(t) €—
(E FRPSDUWPHQW DIWHU ZKLFK
they can either enter an

DV\PSWRPDWLF RU D VIPSWRPDW|CF
SDWKZD\ RI LQIHFWLRXVQ Bis(ty €— R R
(DFK SDWKZD\ KDV DQ LQIHFWLRXV i
LQFXEDW L RQ E9 HdfdreR G
DVI\PSWRPDWUF\PSWRPDWLF
(, LQIHFWLRQ EHJLQV $IWHU IXOO LQIHFWLRQ SBWEZHE@WN WHKHAR DY MQWR @ QRNH O\ KR/
recovery (R ZKHQ WKH SUREDELOLW\ RI WHVWLQJ SRVLWLYH GLPLQLVKHV WR + WiglVW VSH
admission (Adm), discharge (Dis), and testing (Test WKDW RFFXU D VSHFL{HG QXPEHU RI WLPHV RQ D JLYH(
%ODFN DUURZV LQGLFDWH SURFHVVHV WKDW DUH QDWXUDO IRU LQIHFWA RHY IRMEHABGUH HC
E, DV\PSWRPDWLE, HEIBRPE®RPDWLF H[SREH\PQ®& RPHDWWHEGH [SFP\SH\GRPDWLF H[SRVHG DQG
E, H[SRVHG DQIGnfattbUSMH @D VI\PSWRPDWLFE LQ@NAPEWRPDWLF LQIHHAW IVRRSVWRRD WHN WEIGIFW L

IsTT VIPSWRPDWLF LQIHFW InfeetidvusiaqriGestédi R, WeebGered; R, recovered to noninfectious state; R recovered to

noninfectious state and tested; R, recovered and tested; S VXVFH§\WieE OHJDWH Rl SURJUHVVLRQ IURP QRQLQIH
SURSRUWLRQ RI SDWLHQWY HQWHULQJ V\PSWRPDWLF SDWKZD\ w IRUFH RI LQIHFWLR
/ UDWH RI SURJUHVVLRQ IURP VI\PSWRPDWLF LQIHFWLRQ UHODWLYH UDWH RI GLVFKD

SDWLHQW & UDWH DW ZKLFK YLUDO VKHGGLQJ FHDVHYV GXULQJ UHFRYHU\

Iss P Dis(tyu

R,r | Dis(t)

—> Dis(t)

+RZHYHU WHVWLQJ GRHV QRW-F Rtl@igichHnfetecel UDWHY RI LQIHF
tiousness or disease progression. ‘H FDOFXODWHG WKH OLNHOLKRRG
‘H XVHG KRVSLWDO GDWD RQ Wekved QunberHal pesitive @rriLng¢gative cases on
VLRQV GLVFKDUJHV DQG WHV-W ¥vach Hay wilDthe @xpect€dXrbers geserated by
SHQGL[ $SSHQGL[ )LIXUH 7 K khe PrieeGitd OnodeR giare. \GaHthievobservation pro-
admitted patients are in a susceptible untested state FHVYV DVVXPLQJ D ELQRPLDO GLVW
and are discharged at random from any state with :H XVHG LWHUDWLYH AOWHULQJ L«
arelative rate, i IRU V\PSWRPDWLF SDWIOLHIQVY 5SRIRPQGDWLRQ IRU 6WDW|I
GD\ WKDW WHVWY DUH SHUIRUPHGNVWSXWH PAZFZHO SWRMUEWLRHNM WR H
patients who have not been tested since becoming ,Q DGGLWLRQ WR HVWLPDWRBQJ WU
symptomatic and conducts any remaining tests at A and A, we also estimated the virus introduc-
UDQGRP RQ WKH UHVW RI WKH S®RSXODWLRQG $S[HGQ®IKH LQLWLDO
$SSHQGL[ )LIXUH 'H XVHG W HKektionsHB) Y LW/IRY LWYROLQGBDFK DQDO\VL
VSHFLAFLW\ RI WKH 3&5 WHVW DWWHKHN WD PREHOQIGIPWDROWRDQG

determine whether patients test positive or negatve = XHV ZH XVHG SURAOH OLNHOLKRF
IRU 6%$56 &R9 &, IRU WKH HVWLPDWHG SDUDPHW

(PHUJLQJ ,QIHFWLRXV 'LVHDVHV % ZZZ FGF JRY HLG f 9RO 1R - X«
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FRPSDUHG PRGHOV E\ FDOF X O-D \Behs@ivity Aviatysis spdNTne-Maring Q IR U

PDWLRQ FULWHULRQ $%$,& Reproduction Number
‘H FRQGXFWHG D VHQVLWLYLW\ bQDO\V
Model Inference Validation eters with variations that most affected our estimated

$V D SUHOLPLQDU\ VWHS ZH W-HWDHGPMKH PRGHSBSBHDQYWXUGEHG WKH LQS)
IHUHQFH PHWKRGRORJ\ RQ VIQWKWWHFORZWD D:QIGXX¥B8&SHWKHRXQG RI WKH
test to ensure that known simulated transmission OLWHUDWXUH DQG UHSOLFDWHG WKH L
UDWAHY JAand A D QGcould be recovered by we used incident cases to calculate the time-varying
VWDWLVWLFDO LQIHUHQFH $SSHQBAJURGXFWLRQ RRKBPEWVVY WoKH HQWLUH K
XVLQJ WKH (SL(VWLP SDFNDJH KWWSV
Hospital- and Ward-Level Analyses RUJ SDFNDJH (SL(VWLP $SSHQGL]
‘H AUVW DQDO\]JHG GDWD DW WKH KRVSLWDO OHYHO DVVXPLQJ
homogeneous mixing across all buildings and wards.  Results
‘H WKHQ DQDO\]HG WKH GDWD DQG WM\RWIPPOWHG STDUMPHWHW YHUH LQ WK
IRU HDFK ZDUG VHSDUDWHO\ $SIWHWXDBUBSPHWRG I—B\&WLWBWWRQJ EHIJDQ F
we conducted simulations of the visible and unde- VLGHU GD\ DV WKH AUVW SRVLWLYH \
tected parts of the epidemic at both the hospital and %\ WKH HQG RI GD\ SDWLHQWYV
ZDUG OHYHOV $SSHQGL] SRVLWLYH )LJXUH SDQHOV $ % 7K

Figure2. +RVSLWDO GDWD IURP D ORQJ WHUP FDUH
used to estimate nosocomial SARS-CoV-2 transmission rates. A)

1XPEHU RI 6$56 &R9 3&5 WHVWV SHUIRUPHG HD
ZKROH KRVSLWDO % 1XPEHU RI 6$56 &R9 3&5 )
in each ward each week. C) Secondary attack rates in the whole

KRVSLWDO 5DWHV ZHUH FDOFXODWHG DV WKH L
SDWLHQWYV ZLWK SRVLWLYH UHVXOWVY WR WKH W
KRVSLWDO DW DQ\ WLPH GXULQJ WKH VWXG\ SHL
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UDWH GLIIHUHG VXEVWDQWLDOO\ FIHWPBHHQ 2DQBY® %LIXHHDOVR FRQG

SDQHO & UDQJLQJ IURP WR - DQBGOMKH RMWHWDOWKWHHFSKDVH P-RGHC
RQGDU\ DWWDFN UDWH ZDV SURYH WKH AW $SSHQGL[ $SSHQGL]

3RLQW HVWLFPOWVHM GRIWRP W F
Model Inference Validation Results DFURVV WKH VWXGLHG ZDUGV -H ZH

7KH UHVXOWYVY Rl WKH YDOLGDWLREQOOWHD DRQPHMS\SGHU IHRHQEQRK WKH V
RQ VIQWKHWLF GDWD VXJJHVW WEDWGVXARPMKBW HRZHWLDDOVUDQJIH H\
available at the hospital level to recover parameters LQIHFWLRQV SDWLHQW GDY FRUU
ZLWK UHODWLYHO\ JRRG DFFXUDF\ $SSHQGL[+REEMBGBLZH FRXOG HVW
JLIXUHV +RZHYHU SRZHU -ZDBERRR®W IROUZBDWRK/ XIDUG WKH KLEJKHV
AFLHQW DW WKH ZDUG OHYHO -DQ\GLREAVUSHNVWIHEW HD \RXQY MXEG $ FRI
sequent analysis of wards to only those where the P XP 5RI

recovered estimates did not deviate excessively in the

estimatesof A $SSHQGL[ J)LIXUHV Sensitivity Analysis Results
JRU PRVW SDUDPHWHUV SHUWXUELC
Whole-Hospital Analysis nor effects on the estimated transmission rates for the

‘H FDOFXODWHG HVWLPDWLRQV RISWDDRVRRWEBRE QBRWHSS DMOQGL[ )L
WKH ZKROH KRVSLWDO OHYHO 7D/EKMHWUBQSHADWGUIR Q Q@ DWKHA,W@s tNeKH VI
SKDVH PRGHO XV LtQ gqy@ the bdstv most sensitive, and most markedly sensitive to the
PRGHO AW $SSHQGL[ 7TDEOH ZB XK WY RQGRNW\PSWRPBAWLF LQIHFWL
WKH IDFLOLW\ RIAFLDOO\ LQWURGXFHG DQ REOLJDWRU\ PDVN
wearing policy and cancellation of all group activities R, Results
EHWZHHQ SDWLHQWYV 7KLV PRGHQI—BLFFD‘OI—F(XG))DE/\HM/\H&DLWRW W\RXWKRBJ (Sl
GDWD WKDQ WKH SKDVH PRGHO ®NWQREHDV XS SIGQELV KIHI X |L8H 7KH YD
7TDEOH 6LPXODWHG FXUYHV-IURPWKHKRB REO/IUWRHG HFHURUH D VHFRC
GHPLF SURGXFHG E\ WKH PRGHOV VKRZ WKDW WKH SKDVH
model captured the early peak in cases better thanthe 'LVFXVVLRQ
SKDVH PRGHO )LJXUH SDQHOV: @HYHORSHG D VSHFLAF IUDPHZ
,Q WKH SKDVH RRGHO ZKHREVHB¥HE &R 9 GDWD IURP D KRVSLWDC
a notable difference between the transmission rates a transmission model of patient-to-patient infec -
estimated before and aftert _ , which we assumeto WLRQ :H HVWLPDWHG WUDQVPLVVL
EH DWWULEXWDEOH WR WKH QHZGPRQWDIFWD BEBHFEFPSKWILARQV 7RHURVYV
WUDQVPLVVLRQ UDWH IHOO IURP SLWD®@,DQG LQVRQGLYLGXDO ZDUG\
&, 2 LQIHFWLRQV SDWLHQW GD\ LQ V\PS

WRPDWLF LQIHFWLRQ FRUUHMS‘RQréﬁlelY%HVW H’VVVL"#BWH'V%Q'_’G UDQJHV IRI
&, 2 WR &, ~  DsEBLAG WR KRVSLW-RG @b ditylit REcBtO R Q J

VXOW WUDQVODWHYV WR DQ eglimate ndsocomialGrandmissiphDatgsf SARS-CoV-
RI WKH WUDQVPLVVLRQ ULVN DWHU JHQHUDOLIHG IDMWEHDHS
WDWLRQ RI FROWDEW SUHFDXWL ete S0 AT
t oahag a substantial effect on the absolute values

Rl WKH WUDQVPLVVLRQ UDWHYV WKH VLIH RI WKIﬂ GHELJIQE@EQQ_Q

transmission rate was relatively stable, ranging from ~ Re

>  $SSHQGL[ 7DEOH  $W SHDNR°§§Q°I§YDOHQFHN§| -
infectious patients, we estimated the proportion of Ro combined -8.70)
XQGHWHFWHG LQIHFWLRQV| DWRI 'nteW@@eﬁRawHUDoo'A =
cases were undetected over the entire study period Emtc WR I 1 WRI
) LIXUH SD Q HO $ 7KH Y D @EXwaRfixed at day 1 and the value of tinfiect at day 12. The

Ro YDOXHV ZHUH FDOFXODWHG E\ XVLQJ HTXDWLRQV
) $NDLNH LQIRUPDWLRQ FULWHULEQVLE UHSW DGSOWE
Ward-Level Analysis number; FXUUHQW WUDQVPLVYLWQ DUDWWPH \SHR G D\

f legt RAQJ VAR LV YV, HU GD\ DIWH
:H FDOFXODWHG HVWLPDWHYV DQQeoﬁqugglnltlgn%cnon %q'l(?‘] AEvg?\yl:l vlﬁ:li?URGXFWLRQ<
HDFK LQGLYLGXDO ZDUG IRU ZKLEH.JQaté/%I&Hdhtheu shidkid2 oo
ERXOG EH YDOLGDWHG 7DEOH p?hw\g%a(guﬁtedbeforsqgi t n@ectl%datem 2-SKDVH PRGHO

. . e intervention efficacy was Calculated as 1 — 2/ 1. Days for tinit are
reconstructed the undetected parts of the epidemic  UHODWLYH WR WKH ILUVW SRVLWLYH VDPSOH
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Figure3. 5HVXOWV Rl VLPXODWHG HSLGHPLFV LQ D PRGBQVRILQRVRE XAMLIA 358 LEMIWHG SDUD
RQ WKH EDVLV RI GDWD IURP D ORQJ WHUP FDUH IDFLOLW\ LQ )UDQFH $ SKDVH PRGHO |
KRVSLWDO &%) SKDVH PRGHO IRU LQGLYLGXDO ZDUGV $ & & & ( DQG & ) G5HC
WHVWYV LQ WKH GDWD EODFN GDVKHG OLQHV LQGLFDWH WKH PHGLDQ DFURVV WKDW GDWE
UDQJH RI WKH VLPXODWHG YDOXHV ,QSXW SDUDPHWHU VHWYVY ZHUH LQFOXGHG LI WKHLU O
OLNHOLKRRG IRU DQG SKDVH PRGHOV IRU WKH ZKROH KRVSLWDO7DRGHIMQ G LY I [GAXLDQCF WD |
HSLGHPLFVY L H WKRVH KDYLQJ FXPXODWLYH FDVHV ZHUH H[FOXGHG IURP WKH GLVWU|

SKDVHV RI WUDQVPLVVLRQ GH @HagelsWgde& ankekpldsivewostbtéak ér Buperspread
FKDQIJHIGRWFRUUHVSRQGLQJ WR infPesedtwhidhQs\woDsistenRvith the high secondary

of contact precautions, including obligatory mask- DWWDFN UDWH 7KH HVWLPDWHV L
wearing for patients and staff, and the cessation of after the updated policy, might be more representa-
group activities. tive of current transmission rates in hospitals, which

:H IRXQG WKDW WKH SKDVH -P R& kiOvideDavid Emtdvinage the\u¥eSof personal pro
ported by the data aggregated across the entire hospt tective equipment.
tal than a model with a single transmission rate, and Little research is available for the effect of con
W KH SKDVH PRGHO EHWWHU FD SWDXRW G WHED XD URQ VS BDDNLIQYW 6$56 &F
FDVHV ORGHO YDOLGDWLRQ VXJJHHDWOHGK FXUAF VHQWW ISRIAHU$S PHWD DQD
WR HVWLPDWH WUDQVPLVVLRQ U IndsK ¥elLdainsSrioEowdmial trakshhiskidn lbDdore
SKDVH UDWH WUDQVPLVVLRQYDYDWXKMBW IRBQGFRUSBWRWHFWLYH HI/
VSRQGHG WR DR) HDD@Q\G5WKH ODWH)SKDVHIAPDW RI 1 UH V EXWD WKWV
WUDQVPLVVLRQV SDWLHQW GDODWXGERUQWRORDQGHG$SBMRER9 RQO\ H[D
D ODWH 5 7KLY FKDQJH LQ WUD@NLFIHVMN LIRIG W DRMH KHDOWKFDUH ZRUNH
largely be explained by the initial absence of preven- XQTXDQWLADEOH EHFDXVH QR LQIHFW
tive measures after the policy recommendation on LQ WKH PDVNHG BHRXSIDO PRGHOLQJ
GD\ DQG LWV JUDGXDO LPSOHPH®WBWLXD® WY AHGCWKKHQMHHWHO RI PDVN
ZHHN B8QGHU WKLV DVVXPSWLRQSWKHHH@WDHSUEGHP LR WEBRHDG RI-6%$56 &
GXFHG ZHUH &, 2 HIH{HPWOQYHMATGW' UDL HW DO XQSXE -GDWD
GXFLQJ WUDQVPLVVLRQ 7KH KLIKHWHWRWILMPEWHY LQ WKHXAUWYWXGLHV RI
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Figure4. 6WDFNHG SUHYDOHQFH RI
DQG XQGHWHFWHG V\PSWRPDWLF
DV\PSWRPDWLF LQIHFWLRQV LQ V
HSLGHPLFV XVLQJ D PRGHO RI QR
SARS-CoV-2 transmission determined on

the basis of data from a long-term care

facility in France. A) Prevalence estimated

E\ XVLQJ WKH SKDVH PRGHO IRU
KRVSLWDO %+( 3UHYDOHQFH HV\
XVLQJ WKH SKDVH PRGHO IRU LC
ZDUGV $ % & & & ' DQG &
After excluding extinct simulations (i.e.,

those having <3 cumulative cases), we
FDOFXODWHG WKH PHGLDQ RI HDF
measure for each date.

for prevention of patient-to-patient transmission in  between different wards was also demonstrated in a
healthcare environments are lacking. previous review and meta-analysis in which the au -
JHZ RWKHU VWXGLHV KDYH SXHhad vakiiatedHN Averade Whsarver Ireproduction
5 LQ KHDOWKFDUH VHWWLQJV %\QX@EEYLRIJ WKHFIURMWLDGLH[HUHQW
ponential growth phase of a hospital epidemic, one 18 EXW VKRZHG PXFK KHWHURJHQH
VWXG\ FRPSXWHG DQ H[SHGfarlb@W VHVQUIVPDVEBVRI 5 DQG ZHUH - $ IR
WLHQWYV DQG KRUGLWRE® WKDIW\VWGEXEHYHUDO KRVSLWDOV LQ &DQI
did not account for asymptomatic infections and did FDVHVY DQG HVWRPDWHQG@KILGK UDQJIHC
QRW SURYLGH D UDIQVUW LRRDWWMEHDR WR LQ LQGLYLI®X DR ZBHFYLIHIL WA
RWKHU VWXG\ WKH DXWKRUV HVWaltRdesVoHtieat BtQdysdid not model asymptomatic
&, 2 DFURVYV QXUVLQJ K RfBaton d Rédld f& @Qedative test results or the
VLQJOH LOQWURGXFWLRQ SHU ARRBRXW HDFKVLRNVWHWWWQ R Q@ W GEIMDH U H Q
VHFRQGDU\ DWWDFN UDWH RI DPRRIDVVUBINVLERD WVWWWAPDWHY YDU\
5H\Qp HW DO XQSXE GDWD KWWSYD@GRHLURVAIESRSXODWLRQV ZH VHES
7KH KHWHURJHQHLWP RG M WRVEDWDLRWQRP HDFK ZDUG 8V

Table 2. CKDUDFWHULVWLFV DQG 8 KXRNBHW BihabbBoidR Ea fadility in France used to estimate nosocomial
transmission rates of SARS-CoV-

Total no. Day of first

Ward No. beds SDWLH( SRV LAASEY I No. cases Rot Tinit
A2 11 30 1.29 —NE) —NE) i to29)
Cco 37 22 (0.22-NE) 3.79 —NE) i to9)
C2 37 7 2.13 (0.29-NE) (1.97-NE) i i to-—
C3 37 7 (0.11-1.30) 2.87 — i t021)

(VWLPDWHV DQG, Ro, afd thRakk from the fittingthe -SKDVH PRGHO WR GDWEnYRBP PPPIQVZDQGWDQFHV WKH
WKH &, , BRdUn the most likely value of for some wards, could not be estimated due to a flat likelihood surface, in which case the value is given

as NE. NE, not estimated; FXUUHQW WUDQV P L\EMlriiQbdy &f Witidl BfddtiorG Bt\date tini; Ro EDVLF UHSURG X EWdaR@QnQ XPEHU
which the initial infection occurs.
1The Ro YDOXHV ZHUH FDOFXODWHSSXWGEI HTXDWLRQ
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could not always estimate upper bounds of thetrans- VLPSOHU DSSURDFK FDSWXU#@& WKH |
mission rates, probably because of strong stochasticity subsequent fall but also showed a second peak that
and scarcity of observed cases, an inherent feature of likely resulted from increased testing rather than an
6356 &R9 LQ ZKLFK D ODUJH S U R&kUntredRéin RaAndn(FsidrFrated G
SHUVRQV UHPDLQ DV\PSWRPDWLF +@®U Halysdls MRX sevErBl Qibi@iions resulting
tion analyses suggested that point estimates fortrans IURP VLPSOLI\LQJ DVVXPSWLRQ@V )LU\
mission rates across the wards could be consistently count for the possibility of imported infections other
HVWLPDWHG $SSOLHG WR RXU- GthaW & iHdEx chis¥ \Of LcBdedl iHsBeadly W £Z30med
PLVVLRQ UDWHV UDQJHG IURP hark the foréeRobibfeéttioS RAh@Ih€) patiéis would
DQ RI 2 7KLV KHWHURJH Q H L ¥ibskhtihhyWoukneiyrHthatHfidi@ the community.
driven by differences in the timing of and compliance 6HFRQG EHFDXVH ZH KDG QR GDWD R
with preventive measures or by differencesincontact IRU +&:V GXULQJ WKH VWXG\ SHULRG
patterns between staff and patients. patients and did not explicitly model acquisition by
&DOLEUDWLQJ PRGHOV WR UHD @ KB WsUW QWP R X WIERJH DWW PDQS&S VY D OWK
estimating transmission rates provides more realistic  implicitly considered potential vectors of patient-to-
transmission models to evaluate scenarios with alter- SDWLHQW WUDQVPLVVLRQ 5DWHV RI
QDWLYH VXUYHLOODQFH RU FR®WIHFEW PRPDW XSIDAMM. H:GIWHWV W RPDB&0O21DUH UH
ed the response to introducing barrier interventions DV DUH WUDQVPLVVLRQ UDWH22 I[URP +
DW WKH EHJLQQLQJ RI WKH &209, altho®&b h&&el Ries mighk ih@ been higher in the
SRSXODWLRQ LPPXQLW\ ZDV PLQ LRyGtagel BbHMVYANIENICL @dsieéng low lev-
ternative scenarios involving contemporary levels of HOV RI KDQG2XK\J/HRULQJ WKH FRQW
population immunity or other viral variants could be Rl +&:V WR QHZ LQIHFWLRQV LQ WKH
easily achieved by updating the model parameters, that we might have overestimated the transmission
such as the initial level of immunity or transmission  risk from infectious patients, but our estimates can
UDWHYVY 8SGDWLQJ SDUDPHWHUYV &iR MeQrEerpteded BOVEIidSebsGred-diVthdri@soco
Rl WKH SUREDELOLW\ DQG VL]H RPKRY SUWMNO VRXVE BWHBIQW B QBKL-UG WK
HYDOXDWLRQ RI WHVWLQJ VWU D WainEteks tak#rR frant they' litePaiMirey &iudd Dnay eV
PHQWLRQHG D PDMRU FKDOOHQJHQRFPFRDDWHQJ+RXWEHHDNW FRQGXFW
in hospitals or other small, closed environments lies analysis to measure the sensitivity of transmission
in the consideration of imperfect testing practice, rates to appropriate variation in these parameters,
which we addressed through the observation model. DQG RXU PDLQ UHVXOWY UHPDLQHG >
J)LUVW D VXEVWDQWLDO SURSRUWHR®@R R/IHLW KHDRAW MRKKH GHEMR@QRWYQ WR D
were not symptomatic; therefore, they were less like- KRVSLWDO LV SDUWO\ GXH WR WKH VL
ly to be tested, and we accounted for this difference in  plying a selection bias toward a higher transmission
WKH PRGHO WHVWLQJ SROLF\ 6HRRIQ/GH 3IGSDWHARK V8 BH- WLSLMWD G DFUR\
is imperfect and depends on the time from infection, HYHU ! QRVRFRPLDO LQIHFWLRQ'
ZKLFK LV ZH DOVR UHAHFWHG LQ RXU UDY/QRRHY EQ J) MEHNE W\HPRWIW R1 ZKLF|
WLYLW\ IRU GLITHUHQW VWDJHYV RdorisiQtét ¢f Wiister® of $as@sDtiud, \ourebLits/tan®é
procedures were not regular and might have been interpreted as plausible for a hospital at risk for an
affected by many factors not directly related to the RXWEUHDN ,Q DGGLWLRQ WKH-PRGHC
epidemiologic situation, such as the day of the week, pose is suitable for estimating transmission rates in
the available testing capacity, or changing strategies any healthcare environment, and we provide some
DW WKH ORFDO VFDOH :H DGGUHVXHGODQRHIRODMGHHWIWQRSURSSHQGIL
cedures by using the number of tests per day directly ,Q FRQFOXVLRQ WKH QRYHO G\QI
described in the data rather than determining the framework we propose realistically simulates evolv -
number of tests performed from the number of infect -  ing testing policies and could easily be used on simi-
HG SHUVRQV 7KH PRGHO DOVR WODBNG@RKYVWHRMNLDQ &20D'W X\GWRDVHWYV
include realistic probabilities for testing and retesting FRXOG EH DGDSWHG IRU VSHFLAF HSL(
of patients. such as patient isolation. Overall, our results under -
‘H FRPSDUHG RXU U HrunX heAcdimZ LIivekboh the substantial potential effect of protective
PRQO\ XVHG (SL(VWLP SDFNDJH hktvErkions Hhedl@rsadwrUzdihiddBe settings and
WKH DGGLWLRQDO YDOXH RI RXU thbec8ridiBetabl& hefdrQoRrigityQnitranhshid3ion rates
tive tests and the complexity of testing policies, this between hospital wards.
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$GGLWLRQDO PHPEHUV RI (0($ 0(6X56 :RUNHGW ’&LRR'DXVSURO KWWSV GRL RU.

RQ WKH 1RVRFRPLDO ORGHOOLQJ RI 6356/ &R9  GRSK

&KHUYHW $XGUH\ 'XYDO .pYLQ -HDQ GRaE@Ob“’Mw@X%%JS@o”e”é(f&&GG‘{”*ZUVRiszi

2RGDOO\ 'DYLG 50 6PLWK DQG &\QWKLYDFEPRHQERNBY¥DIH LQ KHDOWK FDUH ZRUN
HITHFWLYHQHVV RI %17 E P51$ YDFFLQH I
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HYROYLQJ &29,' HSLGHPLF - ,QIHFW FDUH ZRUNHUV LQ :XKDQ GXULQJ &29,' RXW
KWWSV GRL RUJ M MLQI ,QADPP 'LV 2 KWWSV GRL RUJ
$FFRUVL ( 4LX ; 5XPSOHU ( .HQQHG\ 6KDIPkHDWHU.DEQ)BEXPDUD . 5KHH & :LOOLDPV 6% 7

-RVKL . HW DO +RZ WR GHWHFW DQG UHGXFNGRWBQWWDDOVRRDAHWN RI FRURQDYLUX\
RI ELDVHV LQ VWXGLHV Rl 6$56 &R9 DQG BRPRQJ SDXMILHQWYV H[SRVHG WR LQIHFWHG KH

(SLGHPLRO 2 KWWSV GRL RUJ ,QIHFW 'LV H 2 KWWSV GRL RUJ

\% FLDD

7TKRPSVRQ +$ ORXVD $ 'LJKH $ )X + $UQHXDQRBQDSVPDQGR 0 'XIDX 6 )ORUHD 2 %URX>
%DUUHWW 3 HW DO 6HYHUH DFXWH UHVS IARYGRMHPD GG &RPH RXWEUHDN DQG KHDOW|

FRURQDYLUXV 6$56 &R9 VHWWLQJ VS Hiehadvibuial char@e/tBviavt\harRi Qygiene practices.

UDWHV D VA\VWHPDWLF UHYLHZ DQG PHWD-D¥RD/G\VQVHRWLQ ,QIHFW 'LKWW WSV GRL RUJ
H 2 KWW SV GRL RUJ FLG FL@EMKLQ
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Rl 6$56 &R9 DQG LPSDFW RI LOWHUYHQWLR® WISWKLRZA RMPIQWHBXEOLTXHIUDQFH IU PDO

KHDOWKFDUH IDFLOLWLHV 5 6RF 2SHQ 6FL WUDXPDWLVPHY PDODGLHV HW LQIHFWLRQV

KWWSV GRL RUJ UVRV LQIHFWLRQ D FRURQDYLUXV GRFXPHQWYV EXO

%DVVR 7 1RUGE; 6% 6XQGTYLVW ( ODUWLBRR¥YIQG7& SRLQW HSLGHPLRORJLTXH GX IHY L

LWV ( :LN 76 7UDQVPLVVLRQ RI LQIHFWLRQ IURP QRQ LVRODWHG

SDWLHQWV ZLWK &29," WR KHDOWKF A R Ay
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etymologia revisited

Mycobacterium chimaera
SPLYNR EDN WKUYH SP NL PKUYS@

ormerly an unnamed O\F R E D F WdeéduevaP within the
)0 DYEBRP LQWUDFHO DKORIXKIDRIOSP 0%$,6
0 FKLPIiB&heDerging opportunistic pathogen that can cause
infections of heart valve prostheses, vascular grafts, and disseminat
HG LQIHFWLRQV DIWHU RSHQ KHDUW VXUJHU\ +HDW
regulate blood temperature during cardiopulmonary bypass have
EHHQ LPSOLFDWHG DOWKRXJK PRVW LVRODWHYV D
7RUWROL HW DO SURSRVHG WKH QDPH 0 FKLPDHUD
K\EULGL]DWLRQ2EDVHG OLQH SUREH DVVD\ VIXJIJHVW
butweredifferentfrom 0 DYLXP 0 L QWUD  AWHORXOMDHA X P
7KH QHZ VSHFLHVY QDPH FRPHV IURP WKH FKLPHUD
LQJ PDGH XS RI SDUWV RI GLIIHUHQW DQLPDOV

Sources:
6FKUHLEHU 3: .XVWHU 63 +DVVH % %D\DUG & 5¢HJJ
HW DO 5HHP HUBRBFFHWR U L XrPhdatéi-oblét Urds

Originally published despite X
i March 2017 LQWHQVLAHG FOHDQLQJ DQG GLVLQIHFWLRQ SURWRFRO |

6WUXHOHQV 0- 30\FREMEXWOHW LaXifedtighs BD H U
VRFLDWHG ZLWK KHDWHU FRROHU XQLWV +&8 HKFORVLQJ
SDWLHQW VDIHW\ (XUR 6XUYHLOO 2
7TRUWROL ( 5LQGL / *DUFLD 0- &KLDUDGRQQD| 3 'HL
3URSRVDO WR HOHYDWH WKH JHQHWLFOYRULDQW| 0$& $ L
EDF W H U L XdmplkeX,ltospecies rank asO\FRE D FW H U L %p. FKLPEHUD

QRY ,QW - 6\VW (YRO OLFURELRO

https://wwwnc.cdc.gov/eid/article/23/3/et-2303_article
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Measuring Basic Reproduction Number to
Assess Effects of Nonpharmaceutical
Interventions on Nosocomial SARS-CoV-2
Transmission

Appendix

Additional Methods

Data Input and Parameter E stimation

SARSCoV-2 RNA extraction was performed on a NUcliSENS easyMAG (bioMérieux,
https://www.biomerieux.cojndevice, strictly following the manufacturer's recommendations.
Reverse transcription PCRT-PCR) was performed on an ABI QuantStudio 7 (Thermo Fisher
Scientific, https://www.thermofisher.com) device, using the commercial RealStar-SARZ
RT-PCR Kit 1.0 (Altona Diagnostics, https://www.altedimgnostics.com) test. Briefly, 10 pL
of RNA is added to the 20 pL RT-PCR mix. Two targets are detected, one specific for
betacoronavirus, and one specific for the SARIV-2 strains. Internal control was added in the

lysis buffer to validate both extraction and amplification steps.

All patients were included in the study if they were in the hospital during the study period
IURP GD\'i WR GD\ 'DLO\ G bhaniRi@rgashivérd/inputDiez&lioviV LR Q V
the model from the hospital data (Appendix Figure 2). In most cpagsents were recorded as
being in a particular ward, and these were used to createspactic datasets. In case of a gap
in the patient record between recorded stays in different wards the transfer was assumed to occur
at the midpoint of the gap. All data analyzed for this study at the whole hospital and ward levels,
along with the R scripts used to conduct the analysis, are available at
github.com/georgeshirreff/Hospital_R0O_C109.
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Parameters Estimated Directly from Longitudinal Hospital Data

The parameter X, the duration of the fstage during which perse who have
recovered from infectious disease but continue to frequently test positive through PCR, was
selected by calculating the likelihood of each duration according to the results of repeat tests.
The data used were repeat tests taken after a pasidran earlier positive tegffpendix Figure
3, panel A. We assumed that the Bage began 7 days after the first positive tegj,(the
probability of testing positive during this stage was 3@%g)(and the probability of testing
positive in the recovenR) stage afterwardaas 1% (1~ ) (Table 3. The likelihood reached a
plateau where 18&= 23, so a value of 25 days was subsequently used as consistent with this

result Appendix Figure 3, panel)B

The parameter, the relative rate of retesting, Hasen crudely estimated from the data
by counting the number of repeat tesis., on persons who have been tested again without
having symptoms develop € 211) divided by the sum of the number of first tests 814)
plus the number who were retested upon developing symptom34), giving a retesting rate
of E=60%. A bootstrap analysis was conducted on the dataset to estimate Gf 508670%
Cl.

Hospital Prevention and Contact Policy

At the beginning of the study period, hospital policy did not specify the use of any masks
during contact between healthcare workét€\Vs) and patients. Patients normally participated
in group activities including leisure activities, mealad joint phymtherapy sessions. Gloves
and gowns were required by staff during any contact with bodily fluids. After Mar@020,
the policy changed to require the wearing of surgical masks during proximity contact between
HCWs and patients, and between staff masles well as cancellation of all visits and group

activities.

PCR testing, where capacity was available, was conducted on any patients with typical
COVID-19 symptoms, namely persistent cough, fever, angsmdiarrhea. PCR was also
conducted on any pants after suspected infectious contact with other patients, as well as on any
patients being admitted to the hospital or moved between wards. Where capacity was lacking,
patients displaying new symptoms were tested with priority. This testing proceddireued

throughout the study period.
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Mathematical Model

Observation Model and Differential Equations

We show he observational model that defines how testing and retesting is conducted for
each stage of infectioppendix Figure 1). We also show thiwcture of the transmission
model Eigure 1. The observation model can be represented using differential equations that
describe the change in state of each compartment in each timegstafiopn 1), in which (t) is
the force of infectiongquation 2)The bold terms in equation 1 above refer to flows that are

determined in part by the available data from a given day.

Equation 1
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Force of Infection and Basic Reproduction Number Calculation
The force of infection acting on susceptible patients (equation 2) is defined by the

infectious populations, the transmission rategnd the total population size(Blquation 3).

Equation 2
gpo Ukt 8+ Vot "0+ &lor 4)+ Yot "a)O
0
Equation 3

0= 5+ 5+ "+ "{+ "o+ 'g+ ‘& '+ BF Bt - Ht 45t b+ 4+ 4

The basic reproduction numbergfRalue of can be calculated directly from the
parameters according to equation 4, which takes into account the full-blown symptomatic
transmission rat¢ ), the probability of enténg the symptomatic ¥por asymptomatic pathway
(1 — 9% the relative transmission rate of each stage of infecon)( and the rate of leaving
each stage (and ). In the 2-phase model, 2)Ralues, Rbeforeand R atte; Were calculated

independently for each phase based on the different transmission rated, >, using equation

4; a combined Rvalue was calculated as an average weighted by the duration of each phase

using equation 5, with the final date being the end of the study period, day 50.
Equation 4

4—UF6—Y+1 (1|263)A|Y+1 G
4= oo g
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Equation 5

AspetordMaXKR) 4 g FoR 400t Aaaner @final_date max kR 4 y .ty g G&
final_date Fmin kR 4 ¢ r. 5 O

4 4combined=

Deterministic Processes

The bold terms in equation 1 above refer to flows that are determined in part by the
available data from a given d&y), including number of admissiongd, discharges (@), and
of tests Td), as shown in weekly aggregdfgppendix Figure 2) or by specific parameter values
such as SAR&0V-2 introduction datetiit) and size Einit), which together determine the
number of daily new infecteeqd), in the case of epidemic initiation. Thualculation ensuse
that admissions, dischargesid number of tests each occur with the same frequency in the
model as they do in the data, and that the timing and size of the start of the epidemic is

determined by parameter values.

Admission

Admissions only occur into the susceptible untesgdy(oup, and so on a given day (
the number of admissions into this group is exactly determined by the number of admissions on
that day, Ad):

Equation 6

c@<>5
+ Admission( P @P # @
¢@x

Initiation

The expectation of the number of initial infectees from each suscegtdlpe S, S) is
determined by equations 7 and 8, whe(d)@ equal to kit on day iit, and otherwise 0, with
the total in both groups being equal t@C(equation 10)

Equation 7

" Knitiation ( @9 o= %@5+—55
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Equation 8

S
5+ 5

' Kknitiation ( @5) o= % @

For simplification, we denote the number of infections initiated on day d in compartment
X by equation 9, which is equal to the integral of all initiations in all (both) compartments across
the whole of the day. The total initiations acrossathpartments is equal tqd} (equation 10).

Equation 9
c@<>5
Initiation ( @:) = + Initiation (P:) @ P
c@x
Equation 10
i Initiation ( @:) = % @
NDI, T A
Discharge

The expectation of the number of discharges for a compartmame&ch daygguation
11) has different values for symptomatically infected patidntn@ k1), who have a discharge
rate modified by the parameterThe denominator of the expectation, igthe total

dischargeable population, adjusting for these differences ineg@tjon 12).

Equation 11
a:
5 L@ for @ D, 1
' IDischargd @:) o= " *
5 &@ for : Ny,
Equation 12

9= 5 5+ 4 it ot ot Tt et bF bt A BRI dat dait 44 4
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As with initiations above, we denote the number of patients discharged on day d in
compartment Xy equation 13, which is equal to the integral of all discharges in that
compartment across the whole of the day. The tosghdrges on day d across all compartments
U is equal to [d) (equation 14).

Equation 13

c@<>5
Dischargd @:) = + Dischargd P:) @ P
c@x

Equation 14
| Dischargd @:) = & @
\[3]
Testing Model

The expectation of the number of tests to occur in a compartne@ntAyd is given as
follows, with T(d) referring to the number of tests occurring on day d in the eatatjonl5).

The untested symptomatic patients are tested as a priority and so the number of tests they
receive is determined as the minimum of their sigeaid the number of tests availabl¢d)),

so the expected number of these (in equation 15)far the same as their totaquation 18).

The remaining tests are distributeddamly throughout the remaining compartments.
Expectations are shown in equation 15, derived from the number of tests left over after first
symptomatic tests, the size of the compartment, the paramieteth® already tested
compartments, and a denominatof@duation 16) which represents the total testable population
(including the adjustment for retesting).

Equation 15
min( & @ +) for : D+
' West @:) o= Amin(G(@F-ho)/—' for : D', '6 ' 'ab 4s 4
A T1:
Nin(A @F +,0)—= for : D5, ", 01 i bi tei 4ai, 4i
Equation 16

/= KB ot ot dat 40K T(HH T ot el bt it dait 4)
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As with initiations above, we denote the number of patients tested onilay d
compartment Xy equation 17, which is equal to the integral of all tests in that compartment
across the whole of the day. The total tests across all compartments otheatbagual to the

number of remaining testequation 19).

Equation 17
c@<>5
Test( @:) = + Test( P:) @ P
c@x
Equation 18
Test{ @4) = min( 6 @ 1
Equation 19

i Tes{ @)= min(§ @F +,0)

NRA

When simulating the observed tests on a given day using the function rmeasonep
(https://CRAN.Rproject.org/package=pomp) for R (R Foundation for Statistical Computing,
https://www.rproject.org, the number of positive and negative tests for a given day is drawn
from the number of tests occurring in each compartneguiation 15) according to the
probability that a sample taken from a patienthat compartment would test positive, which is
governed by specificity, for virusfree compartments, drsensitivity z for each compartment
X (equations 20 and 21). These expected distributions are also used for evaluating the likelihood

of observed data using dmeasurgomp.

Equation 20
" Positiveg @o

Kes{ @3 + Tes( @5) ¢1 F R+ Kes( @') + Tes( @' 1) 0\,
Kes( @ 9+ Tes{ @ o) O, Kes{ @' 2+ Tes{ @' ») OV, =
Kes{ @ + Tes{ @b ) oMo+ Kes( @4 + Tes{ @+) OVae
@Tek@4; o+ Testk@45; 0A: 5+ Kes( @4) + Tes{ @4i) ¢1 F R

+

+

+
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Equation 21

' Negative§ @o

Kes{ @9 + Tes({ @5) oR+ Kes{ @') + Tes( @' ;) ¢1 F \4)

+ Hes{ @' 9+ Tes{ @' o) €1 F 4, p

+ Kes( @' 2+ Tes( @ =) 41 F )+ Kes{ @b + Tes{ @b ) ¢1 F Vo
+ Kes{ @4 + Tes{ @+) 41 F i

@Tek@4;5 0+ Testk@45; 0AKL F \: so0+ Kes{ @4) + Tes{ @4) oR

+

Implementation of the Stochastic Model

The hybrid stochastic model was implementgdising the rprocess function in pomp
using the Gillespie algorithm because the number of events on a given day is relatively small
(around 15-30) given the population @00 patients. The algorithm calculates a rate for each
possible type of event to occur, determines the time and type of the next event accordingly, and
then recalculates the rates after each event. To ensure that deterministic transitions (i.e., events
determined by model input) occur with certainty within the framework of the Gillespie
algorithm, tle rate of such events was set to an arbitrarily large numbet(®, if further
instances of that event are still to occur on day d. Once all required instances have occurred, the

rate is set to zero.

Statistical Inference

Likelihood Calculation

The infection model was linked to observed data (number of positive and negative tests
per day) using the framework of a partially observed Markov process (POMP) in which the
modified susceptiblexposeenfectedrecovered $EIR) model governs the underlying infem
dynamics, and each day the observation process provides a likelihood of observing the data

given the internal state.

The likelihood for the observation of several negative and positive tests on a particular
day d is given in equation 22. The set ofgpaeters is represented byand normally only and
tinit would vary within thel-phase model, but in theghrasemodel 1, 2, and kit are estimated.

The expected numbers of positives and negatives according to the modelrargiven by
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equations 20 and 21. The total likelihood is the product of the likelihood values across all time

points d.

Equation 22
Likelihood 4
= I(testing negative@model, )Negatve¢ ¥ |(testing positivé @model, )Positvet>)

Negative$ ») Positiveg »)
' khegative o] " lpositive 0
@ kegatives @o+ ' lpositiveg @oA @ kegative§ @ot+ ' lpositiveg @0A

Parameter Estimation through Stochastic Model Fitting

The inference of parameters (transmission rates 1 and 2, and fortinit or Enit) was
conducted according to the methodology proposed by King &)al lfe first step was an initial
search for the values of all parameters to be estimated, using 500 iterations of 500 particles, and
a cooling fraction of 50% every 50 steps. This was repeated 10 times for each of 1,000 different

starting points of the parameters to be estimated.

Subsequently a likelihood profile was estimated f@in the 1phasemodel) or 1 (in the
2-phasemodel) by repeating the analysis above but using starting points for the parameter to be
profiled across its relevant range (e.g., 0.1-10 in steps of 0.1), and holding this parameter
constant while estimating the other(s) using the same inference methodology.

In all iterative filtering analyses, transmission rates were allowed to vary during an
iteration, while &i (or Enit) was only varied at the beginning of an iteration as an initial value
parameter. During inference of thgpRaseP R G H O -udlDeRwéas only allowed to vary during
the phase in which it took direct effect, meaningvould only vary beforenkect and 2 would

only vary afterwards.

Both the initial search and likelihood profiling were conducted using 500 iterations of
500 patrticles in each analysis, each of which was repeated 10 times for e@f0dfifferent

starting points of the parameters to be estimated.
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The likelihood of the final parameter combination in each analysis (whether initial search
or profiling) was then estimated by performing 10 repetitions of particle filtering with 100,000

particles, from which a lineaverage of the 10 likelihoods was taken.

Confidence Intervals for Estimated Parameters

Confidence intervals for estimated parameters were established by identifying sets of
parameters values with a likelihood above a threshold relative to the highest likelihood for each
analysis. The threshold was the maximum value of the likelihood mittfusf tlae 95% quantile
R Wdghars distribution with degrees of freedom corresponding to the number of parameters
to be estimated, typically 2 for thephase model (and i) and 3 for the-phasemodel (1, 2,
and tit).

Model Inference Validation

We conducted validatioby using synthetic data to test the effectiveness of the model
and statistical inference to recover known values of the parameters. Several datasets,
representing numbers of “observed” positive cases, were generated from model simulations to
represent the transmission within the whole hospital and the individual wards using known
parameter values. The parameter values estimated from these datasets were then compared with
the known values used to create them. Values of the parameters of interest were varied

simultaneously, while all other parameters were fixed as defispgaendix Table L

Datasets were generated using rmeasupompfor each set of known parameter values
overa3PRQWK REVHUYDWLRQ SHULRG GD\ i WR GD\50). Multiple (n =
generated for each ward, or the whole hospital, and each set of known parameter values. In each
case, the real data on numbers of daily tests, admissions, discladjesmber of patients were
used. Iterative filtering to estimate the relevant parameters was then conducted on each dataset.

The 1phasemodel was validatedy using data at the scale of both the whadepital and

individual ward leved, while the 2shasemodel was validated only at the whdiespital level.

Unlike in the analysis on the true data, the value@f 1 was only estimated by iterative
filtering directly, without the systematic likelihood profile for a range of values. For each

parameter seah, 500 iterations of 500 particles were used. For each known set of parameter
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values, the median value of the estimated parameters was identified and compared with their

known values.

To systematically identify wards with sufficient power to be analyzed using our inference
methodology, the resulting estimated values were compared with true values. For each dataset, a
deviation was estimated as the ratio of the estimated to the true value. If the median value of this
deviation across all analyses for the ward was <1.15, it was considered that the ward had

sufficient power to be analyzed.

Simulated Epidemic Curves

After identification of sets of parameter values with likelihoods within the 95% CI
relative to maximum likelihood, these sets of parameter valees sampled with replacement
1,000 times, and each time an epidemic was simulated. Those parameters that went to extinction
(having <3 cumulative infections) were excluded, and the remaining epidemics were used to
calculate the median and 95% CI for relevant epidemic variables (number of positive tests,

detected and undetected symptomatic and asymptomatic prevalence) for each date.

Due to repeat testing is not possible to calculate exactly the number of infections that
were detected and undetected in simulated data, but equation 23 provides an approximation,
where undetected includes both untested patients as well as false ne§ativesis are

described in Appendix Table 1.

Equation 23

Prevalence of undetected asymptomatics = K g+ o+ '6(1 F <9+ (1 F 9 o0
Prevalence of undetected symptomatics = K g+ s+ '#(1 F <@+ (1 F @0

Prevalence of detected asymptomatics = (' g <5+ 6 <0

Prevalence of detected symptomatics = (' g4 <yt 4 <t

Calculating T ime-Varying Reprodu ction Number
We calculated the time-varying reproduction numberagross the entire hospital and
from the date of the first positive test until thetb@ay, using the EpiEstim package
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(https://CRAN.Rproject.org/package=EpiEst)mrhe number of tests per day that were the first
positive test for each patient was used as the daily incidence. We assumed a serial interval of 5.8
(range 4.8-6.8) dayS)
Considerations in Adapting to Alternative Scenarios

The model code is available on Githugfitliub.com/georgeshirreff/Hospital RO _C19)
with the intention that this model can be applied to other healthcare environments. With minimal
adjustmentthecould be directly adapted to a dataset aggregating positive and negative tests for
active infection, admission&nd discharges each day. It could easily be adapted to different
types of SARSCoV-2 tests by adjusting the sensitivity and specificity for different stages of
infection. Testing for both active infection and serology could alsodbeded with
consideration of the outcomes from testing at each stage of infection and adjustment to the

likelihood function to account for both testing streams.

Our model rests on an assumption of free mixing between pesonardievel analysis
might be more appropriate where this is unrealistic. Simultaneous modeling of different
subpopulationssuch as HCWand patients in different wardsould be straightforwardly
achieved, requiring consideration of the relative contact rates between these groups. The number
of iterations and particles used for the statistical inference, as well as the number of repetitions of
the analysis, myht need to be adjusted to the size of the dataset and the desired level of

precision.

Supplementary Results

Validation of Statistical Inference of Model Parameters

Simultaneous estimation of known parameter values was conducted for botlaitiae2t -
phasemodels on data at the scale of the whole hospital. We describe the relationship between
known and estimated values oénd tnit for the Xphasemodel(Appendix Figure 4)The value
of was well estimated throughout the range,thatestimate ofq: was slightly oveestimated
IURP GD\V i WR i EXW QRW DIWHU WKLV SRLQW

We also describe the relationship for thpifasemodel between known values af »,
and it and their estimatgg@\ppendix Figure 5). The first phase transmission rateyas

reliably estimated up to 1.0 with a slight overestimation after that point. The second phase
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transmission rate 2, was correctly estimated, except f@ues wrongly estimated to be close to

zero. However, in thabsence of estimates close to zero in the analysis of true data, the estimates
could be considered reliable. As with theHasemodel, the estimate akit deviated slightly

ZKHQ LW IHOO LQ WKH ILUVW ZHHNV EXW ZDV PRUH UHOLDEO

The ability of our framework to correctly estimate parameter values at the ward level was
limited due to much smaller population sizes and specific distributions of tests. We illustrate the
ability to estimate values ofand kit sSimultaneously using thedhasemodel on individual
wards Appendix Figure 6,7). Our results suggest that only data corresponding to wards A2, CO,
C1, C2, and C3 provided sufficient power to be analyzed through our framework, and C1 was

also excluded due to the lack of visible relationship between true and estimated values.

Results of Whole -Hospital A nalysis

We show esults for all analyses of thephrase modelXppendix Table 2) antbr
Einit = 1 only (Table 1). We show results for all analyses of thha@se model withntect = day
12 (Appendix Table Band those for &: = 1 only (Table 1). We also shownalyses exploring
the effect of changinghiect (Appendix Table 4).

Results of Ward-Level Analysis
We comparedesults from each ward\ppendix Table 5). These resuttemonstrate that

the Akaike information criterionXIC) for the 1phase model is lower or equal for 3 of 4 wards.

Sensitivity Analysis

We calculated ést estimates and 95% Cl far, 2, and it (Appendix Figure 8)Many
parameters affect the upper ranges:pfnost markedly Which also affects the best estimate.
However, the relative effects oa are much greatgr/ and the sensitivity parameters of form Z
hawe a large effect on both the mean estimate and range. An early inflectionigeintsérves
to suggest the possibility of an earlier epidemic initiation paiat,dut the biggestfiect on tait
comes from perturbing the number of index caBgs, with a larger number of indices pointing

to a later introduction.

Time-Varying Reproduction Number

The estimated timegarying reproduction numbé€R;) had an initially high value, 10
(1.8-23.7) which is consistent with our own estimate efifiRthe first phas€Appendix Figure
9). R drops to a low of 2.8 (0.7-5.8), which reflects the fall in our own estimate in the second
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phase of the analysis, representing a decrease of 72%. A similar magnitude is observed by
calculating the mean:Refore, 8.0 (1.5-18.9), and after, 2.1 (1.3-3.1), our estimated change
point, tnfiect. The analysis also displays a second peak after the first fall BeBause this

method only accoustforincident cases and ignores the evolving testing rate, it is likely that this
peak reflects that substantial increase in testing rate rather than a true increase in transmission

rate.
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Appendix Table 1. Symbols, parameters, values, and state variables used in a model of basic reproduction number of nosocomial
SARS-CoV-2 transmission

Symbol Parameter Value (95% CI) Source
tinit Date on which the initial infection occurs Estimated from the modeling analysis NA
tinflect 'DWH RQ ZKLFK WEhdndeBi® > Estimated within range 1-16 (relative to NA
the 2-phase model date of first positive sample)
Einit The number of initial infections at date tn 1 (default), 3 or 10 cases NA
1 Transmission rate per day before the Estimated from the modeling analysis
inflection date
2 Transmission rate per day after the Estimated from the modeling analysis NA
inflection date
The current transmission rate per day, or  Estimated from the modeling analysis
the single transmission rate in the 1-
phase model
0 Relative transmission rate from during 0.63 (0.18-2.26) 1)
pre-symptomatic infection compared with
symptomatic infection
1/. Mean duration of non-infectious 3.4 (3.3-4.0) (2) Latent period
incubation in days
1/ Mean duration of infectious incubation 2.3(0.8-3.0) (3) Duration of pre-symptomatic
stage in days infection
1/1/ Mean duration of full-blown infection in 7 (2.4-9.1) (3) with uncertainty proportional
days to that of duration of infectious
incubation
1/ & Mean duration of viral shedding following 20 (0-60) Hospital data; see Appendix
recovery from infectious stage in days Methods; Appendix Figure 3
Proportion entering symptomatic 0.69 (0.62-0.76) 1)
pathway
1 Relative infectivity of asymptomatics in 0.35 (0.1-1.27) Q)
full infection relative to full symptomatic
infection
2 3 Relative rates of progression to full 1 Assumption
infection (E, to l,) and recovery in
asymptomatic pathway, relative to
symptomatic pathway
Relative rate of discharge for 1 Assumption
symptomatic patients relative to any non-
symptomatic patient
Ze, Zga, PCR test sensitivity for E, E,, Eg, |4, Is, Or 0.1 (0-0.5), (4) with (5) confirming that viral
Zes, Zia, R, states 0.7, 0.7 (0.25-0.85), loads in symptomatic and
Zis, Zrp 0.8, 0.8 (0.65-0.9), asymptomatic infection are
0.3 (0.2-0.5) similar
\Y PCR test specificity 0.99 (0.96-0.992) Assumption (lower bound of
range comes from A.N. Cohen
et al., unpub. data,
http://medrxiv.org/lookup/doi/10.
1101/2020.04.26.20080911)
3 Relative rate of retesting compared to 0.6 (0.5-0.7) Hospital data; see Appendix
testing for the first time Methods
A(d) The number of admissions in the data on Hospital data
day d
D(d) The number of discharges in the data on Hospital data
day d
T(d) The number of tests in the data on day d Hospital data
C(d) The number of infections initiated tinit @and Einit
(moved from S to E or St to Er on day d)
9] Force of infection at time t State variable
State variable
w The total rate adjusted number of State variable
dischargeable individuals across all
compartments at a given time
M The total rate adjusted number of State variable
testable individuals across all
compartments including those eligible for
retesting, but excluding untested I, at a
given time
N The total population size at a given time State variable
U The universal set of compartments State variable
Admissio  Admissions occurring into compartment State variable

n(t)

Sattimet
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Initiation(
X,t)
Discharg
e(X,t)
Test(X,t)

S
E

Ea

Es

Infection initiations occurring from

compartment X at time t
Discharges occurring from compartment
Xattime t

Tests occurring from compartment X at

time t

Susceptible untested at a given time
Infected uninfectious untested at a given

time

Early infectious infection on

asymptomatic pathway, untested at a

given time

Pre-symptomatic infectious infection on
symptomatic pathway, untested at a

given time

Full-blown infection on asymptomatic

pathway, untested at a given time
Full-blown symptomatic infection,

untested at a given time

Recovered but still shedding virus,

untested at a given time
Recovered and no longer shedding virus,
untested at a given time

Susceptible tested at a given time

Infected uninfectious tested at a given

time
Early infectious infection on
asymptomatic pathway, tested at a given
time
Pre-symptomatic infectious infection on
symptomatic pathway, tested at a given
time
Full-blown infection on asymptomatic
pathway, tested at a given time
Full-blown symptomatic infection, tested
at a given time
Recovered but still shedding virus, tested
at a given time
Recovered and no longer shedding virus,
tested at a given time

Appendix Table 2. Best estimates and the ranges for
SARS-CoV-2 transmission*

State variable

State variable

State variable

State variable
State variable

State variable

State variable

State variable

State variable

State variable

State variable

State variable
State variable

State variable

State variable

State variable

State variable

State variable

State variable

in the 1-phase model and corresponding R, values to assess nosocomial

Estimate Ro Einit tinitT AIC
it 0.38 (0.30-0.60) 2.6 (2.0-4.1) 1 i i tof 657.3257
0.40 (0.29-0.62) 2.7 (2.0- 4.2) 3 i i tof 656.5639
0.38 (0.26-0.60) 2.6 (1.8- 4.1) 10 i i to0) 653.7993
, Ein 0.37 (0.27-0.61) 2.5 (1.8 4.1) 2.7 (1.5-19.9) -6 654.4575
0.37 (0.26-0.61) 2.5 (1.8- 4.1) 2.5 (0.5-11.3) _13 656.2111
0.40 (0.29-0.57) 2.7 (2.0- 3.9) 1.8 (0.5- 7.8) —20 655.3993

*Ro values are calculated using equation 4. Bold text indicates fixed values. AIC, Akaike information criterion; NE, not estimated,;

Appendix Table 3. Best estimates and their ranges for 4,
nosocomial SARS-CoV-2 transmission*

1, transmission rate
per day before the inflection date; », transmission rate per day after the inflection date; Eint, number of initial infections at date initial infection occurs;
Ro, basic reproduction number; tinir, date initial infection occurs.

TValues for tint are relative to the day of the first positive sample.

2 from the 2-phase model and corresponding R, values to assess

Estimate Einit 1 2 RO before R0 after Linit AIC
L 2 ot 1 1.28 (0.76-2.40) 0.19 (0.10-0.30) 8.72 (5.14-16.32) 1.33(0.68-2.04) i | t00) 628.85
3 1.23 (0.68-2.20) 0.19 (0.10-0.28) 8.37 (4.65-14.96) 1.31 (0.66-1.89) i i to4) 628.4

10 1.03 (0.59-2.80) 0.20 (0.10-0.27) 7.03 (4.00-19.04) 1.39 (0.67-1.85) 0 i to6) 631.21

L 2 0.70 (0.50-2.49) 1.10 (0.63-2.00) 0.20 (0.11-0.30) 7.48 (4.26-13.60) 1.39 (0.76—2.02) - 634.51
Eini 0.63 (0.50-2.43) 1.14 (0.69-2.10) 0.20 (0.10-0.29) 7.78 (4.68-14.28) 1.36 (0.69—1.96) -13 631.74
1.12 (0.50-7.47) 1.24 (0.70-2.20) 0.19 (0.10-0.29) 8.42 (4.73-14.96) 1.32 (0.67—1.95) -20 629.24

*Ro values were calculated using equation 4, substituting the corresponding value. Bold text indicates fixed values. AIC, Akaike information
criterion; NE, not estimated; 1, transmission rate per day before the inflection date; 2, transmission rate per day after the inflection date; Ein,
number of initial infections at date initial infection occurs; Ro, basic reproduction number; tint, date initial infection occurs.
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Appe ndix Table 4. Effect of changing tiiect ON estimated parameter values in the 2-phase model to assess nosocomial SARS-CoV-
2 transmission*

Intervention

tirlflec't 1 2 R0 before R0 after RO combinedT Efﬁcacy tinit AIC

1 3.44 (0.29-49.50) 0.36 (0.23- 23.38 (2.00- 2.47 (1.60—- 13.59 (2.41- 0.89 i to i 1 tol) 654.27
0.57) 336.67) 3.88) 180.07) 0.99)

6 2.68 (0.99-49.50) 0.29 (0.17—  18.21 (6.71— 1.98 (1.16— 10.61(450- 0.89(0.64— i i t0o6) 639.97
0.40) 336.67) 2.70) 179.87) 1.00)

8 2.24(0.99-12.10) 0.25(0.16—  15.22 (6.73— 1.68 (1.07—  8.87 (4.39- 0.89(0.68- { | to3) 63356
0.34) 82.30) 2.35) 44.43) 0.98)

10  1.62(0.91-4.00) 0.22(0.14—  11.01 (6.18— 1.49 (0.96—  6.55 (4.14— 0.86(0.67- i | tol) 629.89
0.32) 27.21) 2.14) 15.12) 0.95)

12 1.28(0.76-2.00) 0.19(0.10-  8.72(5.14— 1.33(0.68—  5.26 (3.38- 0.85(0.66- i i tol) 628.85
0.30) 13.60) 2.04) 7.94) 0.94)

14  1.02(0.70-1.50)  0.17(0.08—  6.91(4.73— 1.15(0.56—  4.22 (3.06- 0.83(0.63- | | to2) 630.19
0.26) 10.20) 1.77) 6.09) 0.94)

16 0.84(0.54-1.08)  0.16 (0.07—  5.69 (3.65— 1.07 (0.48—  3.53 (2.61- 0.81(061- | | to2) 634.83
0.26) 7.31) 1.78) 4.29) 0.93)

*Best estimates and ranges for 1, 2, corresponding Ro values, and tiit. Ro values are calculated using equation 4, substituting the corresponding
value. The risk ratio is calculated for each point estimate as 1/ 2. AIC, Akaike information criterion; 1, transmission rate per day before the inflection
date; 2, transmission rate per day after the inflection date; Ro, basic reproduction number; tnlec GDWH RQ ZKLFK WKH YD O X HhBRde
model; tint, date initial infection occurs.

TThe combined Ro is an average Ro in each phase weighted by phase duration as in equation 5.

Appendix Table 5. Best estimates and ranges for 1, », and R, in each phase, combined, and ti,; for each hospital ward in a 2-
phase model to assess nosocomial SARS-CoV-2 transmission*

2-phase, value (95% CI)t 1-phase
Ward 1 2 Risk ratiot Ro combined8 tinit AIC AlC
A2 2.16 (0.30-NE) 0.70 (0.31-4.42) 0.33(0.04-11.39) 10.41 (4.77-49.01) i WR 139.4 138.25
Co NE 0.35 (0.26-4.89) 0.04 (0.03-7.20)  39.44 (1.75-50.23) i WR 89.91 91.59
Cc2 NE 0.00 (0.00-0.08) 0.00 (0.00-0.06) 37.25(1.16-38.52) i i WR i 57.62 57.92
c3 6.50 (0.00-NE)  0.41 (0.23-0.64) 0.06 (0.03-NE)  26.43 (1.03-39.82) i WR 4725 45.25

*The values of Einit was fixed at day 1 and tinfect was fixed at day 11. AIC, Akaike information criterion; NE, not estimated; 1, transmission rate per
day before the inflection date; 2, transmission rate per day after the inflection date; Eint, number of initial infections at date initial infection occurs; Ro,
basic reproduction number; tntet GDWH RQ ZKLFK WKH YD O X HphRde mé&de|Di, Hbite initi@) iiestidn occurs.

tIn many instances, the upper bound of the 95% CI for 1, and in some also the most likely value of 1, could not be estimated due to a flat likelihood
surface, in which case the value is given as NE.

FThe risk ratio is calculated for each point estimate as 1/ ».

8Ro values were calculated using equations 4 and 5.
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Appendix Figure 1. lllustration of the observation process for a model of nosocomial SARS-CoV-2
transmission. X1 represents any compartment of untested persons who are shedding virus (E, E,, Es, la,
Rp) who test positive at their compartment-specific sensitivity rate (zx1), and Xz represents any
compartment of persons not recently tested who are not shedding virus (S, R) who test negative at rate v.
X, lst, @and Xzt represent tested counterparts. The symptomatic persons (Is and Ist) are shown
separately because testing is conducted first on the non-recently tested symptomatic group, but retesting
is equally likely for symptomatic persons as for asymptomatic persons. Upon testing or retesting, the
dotted arrows indicate the probabilities of the possible observed outcomes, positive and negative. E,
exposed; E,, asymptomatic exposed; Es, symptomatic exposed; I, asymptomatic infected; s,
symptomatic infected; Ist, symptomatic infected and tested; R, recovered; Ry, recovered but shedding

virus; S, susceptible; +, positive; — negative.
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Appendix Figure 2. Weekly aggregated number of admissions, discharges, and PCR tests reported over
the study periodin a hospital used for developing a model of basic reproduction number of nosocomial
SARS-CoV-2 transmission. The daily disaggregated data are used in the model as A(d), admissions/day;
D(d), discharges/day; and T(d), tests/day.

Appendix Figure 3. Results from repeat tests taken after a first PCR—positive test among patients in a
hospital used to develop a model of basic reproduction number of nosocomial SARS-CoV-2 transmission.
A) Number of positive (pos) and negative (neg) PCR tests reported. The duration of the full-blown
infection stage was 7 days (Table 1). B) Likelihood for each potential duration (in days) of the R, stage
according to the sensitivity of the subsequent stages and the number of tests from each. dur_I, duration

of infectiousness; dur_Ryp, duration of viral shedding after recovered; Ry, recovered but shedding virus.
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Appendix Figure 4 . Validation of simultaneous estimation of transmission rate and initial infection date
using the 1-phase model of nosocomial SARS-CoV-2 transmission on datasets at the whole-hospital
level. A) Estimation of . B) Estimation of tint. Each point represents a true value of the parameter on its x-
axis, with the value on the y-axis being the median across 10 attempts to estimate the true value using
particle filtering. The solid black line indicates where the true and estimated values are equal. The value
of Einit was fixed at 1. Eini, number of initial infections at date initial infection occurs; tini, date initial

infection occurs; , current transmission rate per day.

Appendix Figure 5. Validation of simultaneous estimations of transmission rates and initial infection date
using a 2-phase model of nosocomial SARS-CoV-2 transmission on the datasets at the scale of the
whole hospital. A) Validation for 1. B) Validation for . C) Validation for ti,:. Each point represents a true
value of the parameter on its x-axis; the value on the y-axis is the median across 10 attempts to estimate
the true value using patrticle filtering. Values for Eini: were fixed at day 1 and values for tinect Were fixed at
day 12. Solid black line indicates where the true and estimated values are equal. Eixit, number of initial
infections on the date initial infection occurs; tinfiect, date on which the value of changes in the 2-phase
model; tint, date initial infection occurs; 1, transmission rate per day before the inflection date; »,

transmission rate per day after the inflection date.
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Appendix Figure 6. Validation of the estimation of using the 1-phase model of nosocomial SARS-CoV-
2 transmission on datasets at the ward level in a hospital used for developing a model to measure basic
reproduction number. Columns represent the hospital buildings A—C (left—right); rows 0-3 represent the
floors in each building. The black dashed line represents the median estimate on the y-axis for each true
value of the parameter on the x-axis. The gray area represents the 95% range of estimates for each value
of the true parameter. The solid black line indicates where the true and estimated values are equal. The
value of Eit was fixed at 1. The numerical value given in the corner is the median ratio between the
estimated and true values. Einir, number of initial infections at date initial infection occurs; , current

transmission rate per day.
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Appendix Figure 7. Validation of the estimation of initial infection date (tini) using the 1-phase model of
nosocomial SARS-CoV-2 transmission on datasets at the ward level. Columns A—C represent the hospital
buildings; rows 0-3 represent the floors in each building. The black dashed line represents the median
estimate on the y-axis for each true value of the parameter on the x-axis. The gray area represents the
95% range of estimates for each value of the true parameter. The solid black line indicates where the true
and estimated values are equal. The value of Eini was fixed at 1. Einit, number of initial infections at date

initial infection occurs.
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Appendix Figure 8. Results of sensitivity analysis of a 2-phase model of nosocomial SARS-CoV-2
transmission. Analysis shows betal ( 1), beta2 ( 2), and their corresponding Ro values Robefore
(corresponds to 1), and Roatter (COrresponds to »); and tint under parameter values perturbed according to
their uncertainty ranges (Table 1; Appendix Methods), with all other parameters held at baseline values.
Error bars indicate 95% ClI, the corresponding dot shows the values of the parameter values that had the
highest likelihood. In the scenario modifying Zy, all Z, parameters were modified simultaneously, to their
lower or upper bounds, or to 0.6. In the scenario kappa23, both », the relative rates of progression from
stage Ea, and 3, the relative rate of progression from stage 1., compared to the equivalent symptomatic
stage, were modified by the same factor. Ro, basic reproduction number; E,, asymptomatic exposed; Eini,
number of initial infections at date initial infection occurs; la, asymptomatic infected; tiniect, date on which
the value of changes in the 2-phase model; tini, date initial infection occurs; 1, transmission rate per
day before the inflection date; », transmission rate per day after the inflection date, Zy, PCR test

sensitivity.
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Appendix Figure 9. Time-varying reproduction number of nosocomial SARS-CoV-2 transmission.
Estimation performed by using the EpiEstim package (https://CRAN.R-project.org/package=EpiEstim),
and on the basis of incident cases, using a serial interval mean of 5.8 days and standard deviation of
0.51. The solid black line indicates the median estimate. The gray area indicates the 95% credibility
interval. The red arrow indicates our best estimate for the transmission rate change point in our 2-phase

model analysis. tinfiect, date on which the value of changes in the 2-phase model; , current transmission
rate per day.
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