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Figure 1| lllustration of the five stages through which pathogens of process, ranging from rabies (still acquired only from animals) to HIV-1
animals evolve to cause diseases confined to humans. (See Box 1 for (now acquired only from humans).

details.) The four agents depicted have reached different stages in the
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HEE TR
- Variety of transmission pathway evolution

* Direct, person-to-person (communicable,
contagious): measles (host is only human) viable
only for 2-3 hours in droplets

* Via transmitting animal (vector): malaria (from
infected human with 5 types Plasmodium
gametocytes to Anopheles mosquitoes, then
sporozoites in salivary gland moves to another
human by the next biting). Most vectors are
arthropods

* Zoonoses can spread animal reservoirs to
humans

- Vector-borne: Equine encephalitis, plague

- Directly from animal to human: Toxoplasmosis
(from cat), ebola virus (from bat), flu (hosts are
human, birds, and pigs), rabies (hosts are all
warm-blooded animals)

* CFR (Number of death due to that disease
divided by the number of diagnosed
patients) of rabies is 100% if untreated
(human is dead-end host), but the virus can
survive within other animals than humans
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Examples

Anthrax (ZKJB) , chicken
pox, common cold,
influenza, measles, mumps,
rubella, tuberculosis,
whooping cough

Athlete’s foot (ZKHR) ,
impetigo (& U0) , warts (L)
1X)

Cholera, hepatitis A,
rotavirus, salmonella
(=typhoid fever)

Hepatitis B, syphilis

Chlamydia, gonorrhea,
hepatitis B, herpes, syphilis,
HPV

Tapeworm (from eating
inadequately cooked pork)

Bubonic plague (by fleas),
malaria (by Anopheles
mosquitoes), typhus (by
lice), West Nile encephalitis
(by Culex mosquitoes),
yellow fever (by Culex
mosquitoes), dengue fever
(by Aedes mosquitoes)
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Source: Ewald (1994) [pp.38, Figure 3.1]



The evolution of optimal virulence

Box 1. Genetic Correlations can Maintain Virulence

Consider a case in which parasites that kill their host quite quickly by reproducing rapidly within the host have an
increased capacity to transmit to new hosts, relative to parasite strains that reproduce (and kill) more slowly. In the Fig.,
(a) gives an example from a microsporidian parasite in the planktonic crustacean Daphnia magna. The sporeload, which
correlates well with transmission rate, of different strains of Pleistophora intestinalis is positively correlated with host mor-
tality. The plot shows residuals after correcting for host clone effects. (Line fitted by eye; data from Ref. 9.) Part (b) shows
a rate maximizing approach to find the level of virulence which would maximize R, of the parasite. The approach refers
to the mathematical model discussed in the text (Eqn 1). The thick line shows the relationship between transmission rate,
B and virulence, a. Using the marginal value theorem, the level of parasite-induced host mortality which maximizes par-
asite fitness is the point the tangent touches the functional constraint?!. Box 2 discusses some limitations to this approach.
Note that (a) does not give parameter estimates as rates, as they are used for the marginal value approach. Nevertheless,
the estimates in part (a) correlate with transmission rate and parasite-induced host mortality rate.

a b

sporeload
o
o
I

Residuals of
Transmission
rate [ B(N)]

Optimal virulence

|
'024 0_'0 , 0'4_' Natural Parasite-induced mortality (&)
Residuals of parasite-induced mortality mortality

Source: Ebert & Herre (1996)
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R/ N4~ 2 & Basic Reproduction

. Number
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PORTULAOAD SIR ET LD fitting

http.//mlnato.S|p21 c.org/tiid/sirmode

e dS/dt=-3SI+6R
o dl/dt =BSI-vyI
 dR/dt=vyI-06R

763 ADVENRNSLEEFHIDHF

B

1978 F 1 A2 B2 B4 HZE

TDAVIILIUYRT

J0=1, S0=762, t=1(2BAB)IZ
%75\2 ANEZ-DT

dS/dt =-2 >B=2/(762x 1)

=0.0026

92 HT/A
— v=0.5

infected

J‘ i
/1553

0 1 2 3 4
5/26/20 1 3 8 28 75

2018.R
5. 1978 EIZEE D EEFHEFE
I CTRE ;’JT"f./7)l/I./"j'uu.

TT—E2~DEHTIEOH

. — 2HBE®OFE2A (B=0.0026)
HEL1IA/RS (B=0.0013)
HEL3AR5 (B=0.0039)

Tt BT —HINADHTIED

800

5 6 7 8 9 0 11 12 13 14
221 291 255 235 190 125 70 28 12 5


http://minato.sip21c.org/tiid/sirmodel2018.R

e

=

s

The relative proportions of

A

immune and susceptible persons
in a population can determine

whether the infection will take hold
in the community or die out quickly

When substantial proportion is
immune (herd immunity

situation), an infected person will
be less likely to spread the
pathogen

R, (basic reproduction number) is
the average number of secondary

cases that occur from a single
index case in a susceptible
population
- If R, < 1, the outbreak will die
out unless fueled by external
re-infections

is the value of reproduction
number that takes into account the | | Susceptble

mix of immunity and social

interaction at any point in time as
an outbreak progresses

5/26/20

TIME 1t
1

1
R=4 1[0

R, (effective reproduction number)

00 )
[ | Immune
\\ //’

Note: If average R, is same, control efficacy may largely differ by

variance.

t+1

t+2

——» Transmission

» No transmission

=\
|

|
|
LI

Disease

Measles

Pertussis
(whoopin
g cough)

Diphtheri
a

Smallpox
Polio
Rubella
Mumps
HIV/AIDS
SARS
Ebola
1918 flu
2009 flu
COVID-19

Primary mode of
transmission

Airborne

Airborne droplet

Saliva

Social contact
Fecal-oral
Airborne droplet
Airborne droplet
Sexual contact
Airborne droplet
Bodily fluids
Airborne droplet
Airborne droplet

Airborne droplet

FEZ (R)

R

15
15

N WO W 0o o0 o O

1.5
1.4-37
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» The reproduction number reflects the
biologic potential of the infectious agent
and the social intercourse that leads to
situations in which transmission might
occur

- If directly transmitted disease patient is
too sick to move, there will be few
contact with susceptible host, results in
low reproductive number

* R, varies by population (due to behavioral
difference by age and so on)

 Evenif R, is low, some social networks
within a population may form a subset
with rapid spread of infection. (eg. a few
“superspreaders” such as needle-
sharers transmitting a blood-borne
infection can suffice to spark an outbreak)

« Superspreading is not always an attribute
of person, sometimes a condition of the
field setting (in the case of COVID-19).

5/26/20

While R>1, epidemic continues

Eventually R, becomes 1 or below, because the

proportion of susceptible people decreases or

control measures are implemented

If R=1 (endemic equilibrium), the prevalence of

infection remains level over time as new

susceptibles are added to the population to

balance those who acquire immunity

- R,=1=R, x p,, where p; is the proportion of
the population susceptible to infection at
equilibrium, thus R, = 1/p,

Basic strategy to reduce transmission is isolation

of infected persons.

Related strategy is quarantine to restrict contacts

among people who are not yet ill but already

contacted with infected persons

(For bioterrorism by smallpox, ring-vaccination is
to be conducted to reduce R)

In Japan, restriction of behavior to fill the
conditions for superspreading events was taken to
reduce R, as a countermeasure against COVID-19

outbreak.
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T—IMNB R EH

SIRETFILT, FmtICHIFBDA0% S(1), |(t),
R(t) EB < LRI (1 BDEAY 2L DfR
[RINRRER(CLEPIT DHED B, BIEEZIX
fRRERZEy&ETDE,

- dS(t)/dt = —-BS(H)I(t)

— dI(t)/dt = BSH)I(t) — yI(t)

- dR(t) = vI(t)

FEt ICHBITDHALONG)=S(t)+(t)+R(t) &

% & dN(t)/dt=0 &Y N(t) [FTRZE

#HB{EIL S(0)+R(0)=N

dl(t )/dt—(BS( ) = Y)I(t)

Kb, FIHARR )\l:lli?aé&zﬂﬁimﬂn

U, 1(t)=1(0)exp{(BS(0)-y)t}

FBEUEMDRED S BS(O)/V =R,&EFTDDON

ROEM(RO/NY—I"EG")

B (BERL TH S 2 RBEEE TO

1HBEE, FEEPR CGELTER & D

2)TEHL<E, RO=1+(BS(0)-y)T

- AR FRIERRRO BRI CH DNV S
MDIREZH\WTROSNNIZE, FILE
TR,NMEBS5NS(RO/NY—I"ML")
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EJ DAL

o BER—FA I RI—VDAVINII TR

T7—5I2DVTHD, RO/NYIT—IEEDE
RO #EH! http://minato.sip21c.org/tiid/RO.R

. AL "EG", "ML" DAth, "AR", "TD", "SB" I\

j: EE—.I-HI:;O
"AR" [X Dietz (2013) DX TEEIN TS, 14

AOICKNTHEELEARET DL,

RO=-In((1-AR)/S(0))/(AR-(1-S(0)))

"TD" [IBEENNEEREFET D E U THET
%, Cauchemez et al. AJE (2006) DA%

"SB" [IBEEHNREHKEF T S E U TR XHE
E9 D, Bettencourt & Ribeiro (2008) DA%

* Reproduction number estimate using

Exponential Growth method.
R: 8.914649[ 7.571172 , 10.51632 ]

* Reproduction number estimate using

Maximum Likelihood method.
R: 6.831492[ 6.100653 , 7.618425 ]

* Reproduction number estimate using

Sequential Bayesian method.
3.96 4.57 415 4.22 2.87 ...
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SARS OBl EUIDIOFUHDMEZ =25 7?

* The strategy of isolation and quarantine worked well against SARS

— SARS nearly became pandemic in 2003, rapidly spread from China to 37 countries (infected
more than 8000 people, CFR was almost 10%).

— Canadian officials quarantined more than 23000 people who had been in contact with SARS
cases, about 100 persons for every identified case of SARS. Movement of those under
quarantine was restricted until 10 days after the last contact

- SARS was emerging disease in 2003 and thus no vaccine existed
« If vaccine would be available, R, depends on vaccine efficacy (V,) and coverage (V,)
- R=R,(1-V.xV,) > R/R,=1-V,xV, < V,=(1-R/R,)/V,
- R<1 & V. >(1-1/R,)/V,
- When R, is large, to succeed in curtailing the epidemic, high efficacy and coverage are

needed (If R, is 10 and V, is 95%, V, has to be larger than 95% needed to reduce R, below 1;
(1-1/10)/0.95=0.947... =0.95)

- In the case of measles, R, is 15. Even if V. is 100%, V. has to be larger than 93% to reduce
R, below 1; (1 —1/15)/1 = 0.933... = 0.93

- IfRyis 2 and V, is 95%, V, needs to be larger than 53% to reduce R, below 1; (1 -1/2) /0.95 =
0.526... = 0.53.

* The same relationship may stand for not only vaccination but also naturally acquired immunity
after infection. Vaccine efficacy corresponds to the proportion of immunized by single infection
and coverage corresponds to the proportion of people ever infected and recovered (herd
immunity threshold)
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REED-FROST 7 )b

* Assumptions
Reed-Frost projection of epidemic curve where p=0.04

- There is random mixing, with contact between
infected people and susceptible people within the 100 |34 seeeveeeresverseveverererereeverees

population during each time period § g0 - * :.-"
~- There is a uniform, fixed probability that a contact S 60 1 \ o Suscepto
between an infected person and a susceptible person 3 404 ~+ Immune
would result in transmission 5 20+ :\
- An infection is always followed by immunity eI L AL
- The population is isolated from other populations 0 10 20 30 40
- These conditions remain constant with time Time period
* C(t+1) =S() {1 - (1 — p)ew}
- C(t): the number of newly infected people at time t Reed-Frost projection of epidemic curve where p=0.015
- S(t): the number of susceptible people at time t 100 o
~ p: the probability that within one time period an S o4 te, T puscepo!
infected person will transmit the infection to a :‘?_i &0 - e, Lseeeserrsscssssaaalite, R,
susceptible person with whom there is contact o 40 - e rrreerrrtesrsresserrrerrree
* Reed-Frost projection of epidemic curve for infected, E 2 ’."
susceptible, and immune sub-populations among 100 0 SRILLAAMARAed 1T P YOIV PPV PP VY PPV PP TP PPRT:
people with one initial infected person and an effective 0 10 20 20 10
contact probability of 4% (high R, in upper panel) and | |
1.5% (low R, in lower panel). The time scale is fime perog
measured in generation times
« If R, is small, susceptible people remain after the http://minato.sip21c.org/tiid/ReedFrost.R

epidemic.
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COVID-19 DEZHE

« Lipsitch M, Swerdlow DL, Finelli L (2020) Defining the epidemiology of
Covid-19 — Studies Needed. New England Journal of Medicine, 382:
1194-6, 26 Mar. https://www.nejm.org/doi/full/10.1056/NEJMp2002125

Types of Evidence Needed for Controlling an Epidemic.

Evidence Needed

No. of cases, including milder ones

Risk factors and timing of transmission
Severity and attack rate

Severity “pyramid”

Risk factors for infection and severe
outcomes, including death

Infectiousness timing and intensity

Study Type

Syndromic surveillance plus targeted
viral testing

Household studies
Community studies

Integration of multiple sources and
data types

Case—control studies

Viral shedding studies
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RIEIRICDULT

(Lai C-C et al.
https://doi.org/10.1016/J.|Jant|m|cag.2020.105924)

« COVID-19MDfRERIIENEBEET D 7HEEHMOIOFTI1)VX SARS-CoV-2

- 4 D[FEARDTAIVR

- 5%l) 3 DA SARS-CoV, MERS-CoV &, L\ERITHOD SARS-CoV-2 (H#]13 2019-
nCoV EMEENTLVE) . SARS-CoV & SARS-CoV-2 D4/ Ll 80 BRI, AJED
CoV [CIF SARS-CoV-2 & FIFRIUT / LZEEDTIAIVAHY)

« SARS-CoV [dOTE)>DEMW)>E~—>EL
« MERS-CoV [ TZ5945 >k
« SARS-CoV-2 [ZOJEY (-ftDEW) ?)>kr>EK

« SARS-CoV-2 D4

- BRENRRES HEKL

- FIEREFRD P RIEE 4 B>BREICERREENN G S > BGE B ELL

- RE DO SELEAE RN EE, 28IHEE{L

- EEECRHRTDURIFFRICL O TERD, BlrE PERN D AFFETUR TN S
WA, EE CTHRRA RS TEERELULRZUETT D AIEDR<AR (1 B 24 HD Lancet
DR TR HEZ<DEESHRELRST AV E—IDNXT 1P ZERNE)

- ABtBOZFBEEREENFETETIC20 B DD

- DOFUERBEELRVODT, BEE T E ATV AT CIEGRU D DO HE
EHRNE->ZDENHADEFKEPEREHIICEI O THETDIRINKELERD
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HWERMEICDLT

« H@ZE|S (CFR: Case Fatality Ratio /= |X Risk ) :FEEZEIM DLW EEBEDSS, D
BEANGEE E D THICEDEIS,

- SARSI[£10%, MERS 135 %, ARAUME3%, 7I7PHHI1L05%

- BERRINTLANREEEA VIV IO OEESZHA D\ EEHMGEEE) IFBA
TIZER 1000 A A, BEDOIEE 2000-3000 ARD T, CFRI1£0.02-0.03 % (9F
RS OERL CHELREBBRRTTAATELS 0.1 %1358 A VT II Y
[CHEDT7=5 1000 AIC1 ATLBR2EULES, E2&EER|IERUTLDIET)

- COVID-19 (% 1-10 % (ZEMEA 2V TJIVI T LY 2 HTRKEL)

s IBHHDDIIRERT & EEATH EREEEDFHMDHNAEICE > TED 26,
« BENCRYDLDICHEHEICREL CBREDREE CEEIMN DIF TR
DFEEDOIDIC20 KDREENZ L E, LUEKSRZD)
« AFITRITSIZADED ICEBRBHINEHEINTVGWATREZEBA51FE
BEDNZMSIBFAD(CNEA—/N—21—~EN) EE<BRED(ATIUTIES
R DREENZ IO T=DTHREHI)
e COVID-19 (X EiRDIBAT CFRMREBEMKIZTHY, BIEINCTCERENNHDI &N
5, BEARFINEERSHRE DT —4 T, CFRMN3-6 %ol EEMRBTRON DIz
SENERBELEED1ZENRBEEEZEZoN2ENS, BREEEEE X2 (IFR: Infection
Fatality Risk )H'0.3-0.6 % & #£7E ( Nishiura 2020 ),
- PESZEHEEAVITIVIHFDIFRIE0.005-0.01 BIZE
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BIERM (CFR) DEHD

2020 %2 B 11 BHETOHREARTD « 2009 FAVITIIFIC LD FH#AICFR
COVID-19 IC & 2 5F#5E!I CFR - BARDEHSET—3 (https://
http://weekly.chinacdc.cn/en/article/id/ www.mhlw.go.jp/bunya/kenkou/
e53946e2-c6¢c4-41e9-9a9b-fea8db1a8f51 kekkakL)J-kansenshouO4/dI/ infu100608-
. ” o 03.pdf
EELE XTI  CFR(%) 042 0.0007%
0-9 &% 416 0 0 5-9m%  0.0003%
10-19 549 1 0.2 10-14% 0.0001%
15-197% 0.0001%
20-29 ik Hei U Yz 20-29% 0.0005%
30-39 i 7600 18 0.2 30-397#% 0.0009%
40-49%% 8571 38 0.4 40-497% 0.0031%
50-59 7% 0.0066%
50-59 J-:TJ'_E 10008 130 1.3 60-69 l-:TJ'E 0.0147%
60-69 % 8583 309 3.6 707 L 0.0282%
) - Za—3—2mH1IN1pdm (https:/
70-79 =% 3918 312 8.0 $01.0rg/10.1371) P P
80 ik A 1408 208 14.8 journal.pone.0011677)
i 0-17#%  0.0008-0.0012%
LE 44672 1023 23 18-64 %% 0.0081-0.0132%

65mLL_E 0.0094-0.0147%
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FipLI N DERE{LEF

(Zhou F et al. 2020, Lancet, 2020Mar11)

. —b,;m 2 DDIRKE%E 2020 &
1=, 18 UL LEDE

Mo ABEERTODY

— ST (EFIXTER 7 )
s OJRT4YIMEIEDDER, FEC) X 0% LIFERIILLT
- E:I’il'lj( 1 Fftb\ﬁg_é:lu_ 1.1 ﬁ%)
- ABEERF®D SOFA X7 (lg2sfEEDIEE 2/~ d 181x ¢, BUINLE

JLWoN3)MRELCE (Y XLE5.65, 95 % Cl
[2.61, 12.23])

- d-dimer M 1pug/mL 28X 22 &(0.5ug/mL LLTFZU 7L
ATIN—TEULTAHY XL 18.42, 95 % CI [2.64, 128.55] )

DEZRTIC

« £51D0%

F 1831 BETISERRULEDFETL
8 191 A (137 AILBfRE, 54 AIFFET, KIiE
IHIEESSE 11 B)ICDOWLWTORBEIO

REUT, EBRRUTZATZSIZDWTI, %Wt‘b@ﬁj

(VR BRI sk @A 20 B (P4 ATEEERA: 17-24 B) T, &

78 H, &k 37 HIZ 72D, T UIZ ATZBIETLR DX TIA

LZD L
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o BeERHDIEEIZBEEL(R: Reproduction Number ) o —ADEEN, ARG
BDETOR, EHEHU TRIAICTIRRRET E AN EVSEHF
- T8, HEREBRZTZE O CLWRLER(ZENRZE)DECAIC1 ABE
MASTEESOBEEREZERBEER(RO)ELD

- TMIDEATRENDW\WZERMERZY, DOF V& o12U UIERDE
FESRZERMBEER(RL) &L 9

¢ R<1IZBNIEHRITIZBEAICKRET

* SARS (D RO [&# 3 7ZhYRBE O RS *&W‘C@%l % < (EBHLAS X [super-
spreading] IR &2 T) BN AT L\ MERS @D RO (LR ZEFRE 1
i ( https://www.who.int/csr/disease/coronavirus_infections/risk-
assessment-august-2018.pdf ).

o ARMUNEDRO FTKETMHEEIENHDN 212E, ZEIEATIVIY
X0 2009 FH AV TILTIHIE 1.1-1.5 (eg.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC6670001/ )

« COVID-19MROIE1.4-25 EVVDDHREDT—FICE DS WHO DHHHERE
(1B 23H). ETILOHXICELDT6.47 (Tang B etal. 2020 ) &L\ D EEL &
2, 21U BN ENSH TRELV( Voltz E et al. 2020; Grantz K, Metcalf CJE
2020: Nishiura H et al. 2020 ),
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HARTREZD FUR K Y DR D (KRR
ENVDIRRDDTZH5

BB BN ARE TRV & (BEELTVLTE
B2 RNARZ T TRV EEMEICRB),
Eﬂﬁ%ﬁb‘(%éﬁb&bﬁtﬁﬁétmwi
HBABENARWC &

)77 )L914 L RT-PCR CHEEZHZT D320
BR(AIXNE U ODEWELEZTLIN

IEBDANC LYUER.

EHWELZ5 B I[EEE

T, REFAADEENKETED)
- (A)[EEMN 2R UTAER, fikFDERKRA

RN SERNNE S HE L ZISE > BEL
LD E R ERDBELEER C A
o ARCE R (WHO . HAE)

(B) B & H D DB LA LY B
BEME (T DO\ TR E BELE
RIS FUB ARG (WHO
RCKIEE S, T AR—)l, BB TS
7%3 HARESEXRTIEIETET TV UiEE
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=03V PR C KRR Z LTV =8
(B2E, 1Y, sEDOXKEE)
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- RBESNTULRVBEEREN—EDEIST
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ENEVDERNNS VO & EEERT D

- http: //mlnato S|p21c org/graphJ.R
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HADRSERLEHEEEETREIS

* https://www.uni-goettingen.de/en/606540.html 15! IEINTL\DERX (2020 F4 B 2 HHERXK) T,
TYF T IOKRFETAIVN—E4% (Prof. Sebastian Vollmer) BMEFRDOREREREZIRICDVLWTHEEL TLY

B

« AAEFLLFD®EY

BZENSEFHETN TS COVID-19ICKBIEEMIIELWLEIRE(3IA31HTCHAILS56 A)
AR )JU—TH Lancet Infectious Diseases [CHRERUHAICIBEH IN TV ERAIFRIZL
ZIN—IVICIELL\EIRE

ﬁ@fﬁ‘%’ﬁﬂ)&m EEEDT—IR—INSE T, FNTEMAMTTULEHEEIFRZETE(BA
[£1.60%

HEHZTNTEIS &, FED 2:BRERIOREBHNEE TCETSD(HARIZ3IA 17HIZ 3490 A)
/%%)%E%%i&( HARIZ3IB 17 HIC878 N) ZHERLE I TEID &, REEEHIER(MREER)N
=5 °

SORKEEZD, COAEEE, 3A17HRESTCORADEERITH 25 %705 (88FE 49 %, /
JUIT—38%ITRVWTRUW R1Y16 %, T IN—913% &< MFUT, TSR, ZHE, KER
EIELITANT5%EKE) o

BRERNZHDSRNELTI A3 HOEEREH(AARIZ 1953 M) ZEINIL, 3 A 31 HOHEER
REBHHEOND(AARIFT7762 N), TNE AOTEIDEFREIENED (BHAIFZ0.01 % T, =H&H
TIEW) e CORETCERIIEN3IAZMIHEETI0%EBZZDIFARAENVT R1YIE

0.6 %55,

« FYD1DDHT500 NDIMKRY 2 TIVERITUIZER, TURRZED I 14 %72 o72& W\ D MIT DED
R (https://www.technologyreview.com/2020/04/09/999015/blood-tests-show-15-of-people-are-now-
immune-to-covid-19-in-one-town-in-germany/) B\ 7z 0%, CHDT—INERIRT DDIE, REGE TR
DAN86 %FE D> TL\BHZETHY, MEDHREIGORER (LR TER,
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517 B DIRB Z#5lT D726 (C& Digital
Contact Tracing DG

« REEMBATZES, 17 BDIREANMHREECR DD, FER CRRIBINEFHREZ
U, BB DBEDTEIZ MO THRA, REEMEZ R DT TVLTHDEREFIFDYY
IND—DEYE<EDN 5,

- U, BRICEEEMENRONMNIL, ELXETEIIT CORELIVIITBDIREDA
DRI RBREERE T 50T, BEIRMIEEL .

o BERKIIAVKRTPT TURETIRELIZE YT T7—F%Z{FS & (https://www.cnbe.com/
2020/03/27/coronavirus-surveillance-used-by-governments-to-fight-pandemic-privacy-
concerns.html )

- PEIFIERAEDEDS GPS S YF VI VEBED I A ST —Y (L KD IEHRINEEE
{EUTEREENNTL\D, Baidu D GPS T —Y&E>1eBeig T —IMN1 IR T
IW—TENMHRTHEODNTNSD

- BEICIFEENRERN G YUREE DAV ROAEERGFZMELU7 T TRASD L
SCRFALTVS (49 DoO—XT7Y THRARTIATERNTIN L)

- 2 HMR—IVIZL Bluetooth Z{#> T TraceTogether ELNDYV MM U A R—JLE L TLY
B AVRELAAEUZ A VRMER S EFEORR (ERHRRL) Z 21 HEZX VRRIC
ELERL CHT, BEEHIBBULIZ AD AN RDEENSREIUY TR A N—=)ILENTER
NNFFED O EDREEMEZRDITECENTED

« Science |Z Oxford Univ @D Fraser Zd2 N7 )V —THFEFKUT=5mX (Ferretti et al., 2020)
T, A7 T ZEFIB U digital contact tracing Z 91U, BEEMENRLIKERR T
N, TOANESHREESNNIEOY I DI U< TEHERREEHIZ A DIERAVATREE &
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« KT Social Distancing & U T
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FNZERS T2
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(Source: Knell AJ, "Malaria" Oxford Univ. Press, 1991 )
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(cited and modified from Knell AJ: "Malaria", Oxford Univ. Press, 1991)
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An. farauti No.1 D4EEE

(source: Susuki H: "Malaria vector mosquitoes in the Solomon Islands." In: Ishii A et al. [Eds.]
"Malaria research in Solomon Islands", 1998, Inter Group Coop., pp.104-113.)

R DRI 19:30 LIFT

" o
1 —~
1 = =
S : s 5
g : oy | < |
ie] — 1 > o)
= 1 g) 0 | S 0 |
A=) 3 1 2 1 .
O L . 2 g 3 9
R 3 I = [
L] L c O I i =) I
i‘; W ] ‘8 L(NI) I ‘g g I ~ o
8 - § M | A | BHASALDFS
Y— - O O S B B BN B BN BN B B B B . Chn = = (SN B B B B .
gl ST S z I
2 > 'S I = o5 [
T 2 | | | | | | g | | | | | |
18:30- 19:00-: 19:30- & 00 02 04 06 08 1.0 00 02 04 06 08 1.0
Frequency Frequency

VAEVEBRTORIITENNDOESTETH S An. farauti No.1 X
RDEEEZHO-HEROR B R RAILZHEIS0Y

(1) BRERICESNTROLREIN MZERD

2) RIMRICBEATREL CEZLEL

I=12L, [FIFXBSLMSTLMRIEALY

5/26/20




parasite rate (%)

parasite rate (%)

5/26/20

60 100

20

60 100

20

WIREAEER

Aug. 1993

Bednet User Nonuser

OR 0.46 [0.05,3.49]

Aug. 1995

Bednet User Nonuser

OR 2.00 [0.15-28.5]

parasite rate (%)

parasite rate (%)

[SXAN: SIELANY

Aug. 1994
o
‘9 —
5 i -
(o]
o _
(q\]
o —1

Bednet User Nonuser
OR 1.62[0.20,15.5]
Dec. 1995

o
‘9 —
o _
((o]

2

O_-
o_

Bednet User Nonuser

OR 1.74 [0.31,9.65]



YD) TREEADE SDITEIDRE

» 1995 F 12 ADT—%
+ H’% (18:00) 15 2 B¥fE] (20:00 ET), FEIEIKIRNY bFT v 7iK
Lk 3 1THEREER 3 BREXERE

- HOHTDINR
- [BEIG
- KAk

o JEMRICINTON ANZIELFRIFRI + F LT ERE +HIRERICLY
Eﬂiﬂ’]r%nﬂﬁ

\l

5/26/20



5/26/20

NI EEBRIER, ITINR

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Positive

NOt | Barefoot
Significant!! m Slipper
B Socks

Negative



NAIFEE, "IRUVENIWD

Terrace i Open Kitchen

Bare foot

5/26/20




N7 EE/ BRIE R D EISFR

100%
90%
80% 1 Qut of village
70% M Sea
60% l\_l/_Vashing

\ M Terrace
50% m = m - BuaShou side
4090 fica Egtpe),-/n kiicr(ljen
@ In the room
30% B Under the net
20%
10% | B
0%

Positive Negative

5/26/20



KFB(FBHEND

Kinds of clothes

" Daily fluctuation of clothes by individuals — Positive 1
Positive 2
10 r Positive 3
9 — Positive 4
— Positive 5
8 1 — Positive 6
7 r — Positive 7
Positive 8
6 L
5 =
4 L
3 _ )
| TIANN
1 B - N—
0 : I — ! 1
0 5 10 15 20

The date of observation
5/26/20



RSUTEE,/ IR T 3 ERIOKIEICH:

STHBEEEN DO
0.7
0.6
0.5
0.4
0.3 M Positive
0 Negative

0.2
0.1
0

Long Short Naked /
trousers trousers Towels

5/26/20



N

|II'I1|]

7]"/,\]3'

e UZIL—IavEFIVEED
« ENAEANEED

- WOEMIZDL\T SEI, ERDE

/I["I'

’C%E%A*Dt*%)

Bl

=

PREAEADE

\\\

S][CDULVC SEIR Z )

o ERDITEICHITDERNZRZEEZ SEIR [CHHMAMAD

5/26/20

%

L)



PERETIILOME

© TR

© MRBVERRY—TVNDFER

 NMAIERDTH

- (1) E=REASE, FREAEO Y11= 0)’(/7)|/IJ'U'U|L’/5'
NDELE (TSVADT—IMSIIaL—I3a v UIESR, 1
ANCTEEENEZSHAET2ONREENENH D)

- (B12) N1ATOPE

*—I3 J@xﬂz%/ﬁu
- ({513 ) Covid-19 TEEINRV\D THEMNEHE H<HRENR

& ‘E’Jﬁ)\g\ﬁfﬂz;&&'}lﬂ\)b‘b

BB 1 ADMRALIZEETDU DT TIIF

Ehed D50 & R AR

HDT=DICHE<SERT DIHZE CREEILATAZ UIRE 1IN
D7PIVALYI TN —TODEANR—RAZa2L—32(1-3 45

B DINZ A %]
ZDETH)

5/26/20

ELigYRTLUNDAETIE

EEARIEDEC

1



NP CROEEET IV

o ERVIDERMTEHIEIL "Ross-MacDonald"
* Dietz-Molineaux-Thomas (DMT) (X8R DAREERZEE

. DIERELTIE, £H

DAEHEE, ST A, ERIME, 17:\%

BRIEDHOFY, T ILFRANL—UBRIZEET AENS

s EFPIIDITEICEEHZHRED LHLEEE *?’EEEL:ET
JULIT LB R/ O (BB E (K S BA I D R ZE (X & 5 HY)

« YOEVEE THFELE

EDETIL (1998) (FEFDRESRR

TEZEATLDDOAFH L, oI

5/26/20



Ross-Macdonald Model

Human population (N)
5 y

/ (infected)
v
(infected)

Female mosquito population (Q2)
dy a
dt

dy
dt

Ross R (1916) An application of the theory of probabilities to the study of a priori pathometry --- Part 1.

Proceedings of the Royal Society of London: Ser A, 92: 204-230. Macdonald G (1950) The analysis of infection rates in
diseases in which superinfection occurs. Tropical Diseases Bulletin, 47(10): 907-915. Macdonald G (1955) The measurement
of malaria transmission. Proceedings of the Royal Society of Medicine, 48: 295-301.
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Dietz-Molineaux-Thomas model

Dietz K, Molineaux L, Thomas A (1974) A malaria model tested in the African savannah.
Bulletin of the World Health Organization, 50: 347-357.

Infectious Non-infectious positive
5 <¢— positive (I) (I'), recovering fast —> 0
(death) Yl Y3 (death)
. Non-infectious positive y v Incubatin
o Incubating (I'), recovering slowly N ¥ 5 -9
(death) (E) X2 Y2 =5 (E) Y4 (death)
eat %
\ )’f( 5 \ /
Non-immune (death) Immune
0 —» negative (S) negative (R) —% 0
(birth) X1 X3 (death)
5 4
(death)
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Nakazawa M, Ohmae H, Ishii A, Leafasia J (1998) Malaria infection and human behavioral factors: A stochastic model
anaIyS|s for dlrect observation data in the Solomon Islands, Am. J. Human Biol., 10: 781-7809.
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# http://minato.sip2lc.org/tiid/malsim.R

Mer <- 0.016242; Mir <- 0.008238; maxdate <- 365*2; PI <- rep(0,maxdate)
a <- 5.0; delta <- 14.0; eta <- 14.0; r <- 5.0; omega <- 0.0001

mu <- 0.2; tau <- 10.0; phi <- 5.0; lambda <- 14.0

simexec <- function (px,beta) {

ZI <- rep(0,maxdate)

Ns <- 400; Ne <- 200; Ni <- 200; Nr <- 200

N <- Ns+Ne+Ni+Nr

M <- floor (N* (1-px*beta) *r*a* ((1-mu)“phi) /mu)

Me <- floor (M*Mer),; Mi <- floor (M*Mir); Ms <- M - Me - Mi

for (j in 1: (maxdate-1)) ({
ZI[j] <- Ni/N
IB <- rbinom(l,rbinom(1l,Ns, (1-px*beta)) ,a*Mi/M)
if ('is.na(Ms)) { if (a*Ms/M < 1) {

EB <- rbinom(l,rbinom(1l,Ni, (1-px*beta)) ,ha*Ms/M) } else ({

EB <- rbinom(l,Ni, (1-px*beta)) }} else { EB <- 0 }

~

\I

—R

dNe <- rbinom(1l,Ne,omega); dNi <- rbinom(l,Ni,omega); dNr <- rbinom(l,Nr,omega)

nNs <- dNe + dNi + dNr

Fever <- rbinom(l,Ne,1l/lambda)
Recover <- rbinom(l,Ni,l/delta)
LI <- rbinom(1l,Nr,1l/eta)

Ns <- Ns - IB + nNs + LI

Ne <- Ne + IB - dNe - Fever

Ni <- Ni - dNi + Fever - Recover
Nr <- Nr - dNr + Recover - LI

GI <- rbinom(l,Me,l/tau)

dMe <- rbinom(l,Me,mu); dMi <- rbinom(1l,Mi,mu)
nMs <- dMe + dMi

Ms <- Ms - EB + nMs; Me <- Me + EB - GI - dMe; Mi <- Mi + GI - dMi

}
ZI[maxdate] <- Ni/N
ZI

}

PI <- simexec(0.7,0.8)
plot(l:maxdate,PI,type="1",ylim=c(0,0.4) ,xlab="days",ylab="parasite rate",

main="Change of parasite rates as the result of simulation\n [p=0.7, beta=0.8]")

for (i in 2:50) {
PI <- simexec(0.7,0.8)
lines (1l:maxdate, PI)

}
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