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Abstract .. :
The paper we read introduces a unique way of interpreting and modeling the data from the SARS outbreak in Hong Kong, and EXplalnlng the qul athllS

ultimately around the globe in early 2003. It introduces a “double-epidemic hypothesis™ that suggests that a certain coronavirus that is Rate of change for the susceptible population: as _ —rS()I(t) — r,S(OL,(t)

; . : . . ; ) ) ) dt
hlghly. cgntaglous but much less harmful Prov1ded a naturalo pr(?tectlpn of nrn_nur.nty for the, SARS V1rus._Th1s paper tries to_ add on to —rS()I(t) — rpS 1 p(t) 1s a negative rate of change that measures over a unit time the number of susceptible people decreased who either become exposed to disease A
the existing model and explore the potential effects of vaccination, i.e. an artificial protection of immunity for the SARS virus, on the

outbreak, peak level, equilibrium level for SARS. Our ultimate goal is to provide a guideline for health authorities in HK on how to (=rsS(O1(®) or infected by discase B ETpSO D)

Optimal Immunization Strategy Against SARS

. . dE . ’
most effectively limit the progression and influence of the disease should there be another SARS outbreak in HK. We started by Rate of change for the population exposed to disease A: — = rS()I(t) — bE(t) 1200 | : £ hemoved Pop Sased on Sonmer “reiedies ,
considering two separate plans: post-outbreak vaccination and pre-outbreak vaccination. For post-outbreak vaccination, we explore the rS(t)I(t) — bE(t)is arelative rate of change that measures over a unit of time the change in the number of people exposed to disease A. The rate of change becomes more
possibility of controlling the disease if vaccination is given to the population at the maximal rate after the outbreak of the disease. We positive when there is a greater number of susceptible people who becomes exposed to virus A (= rS(t)I(t)) and becomes more negative when a greater number of exposed people -PK SaA:S. da;z < i T T———
. y o .. . . . . . . . . . . . .. . ncrease In cases IT NO pre or post outbreak vaccination
also .test§d dlfferent. threshold levels”, i.e. minimum number ofn.ew fiaﬂy cases, aboye Wthh we trigger this post-outbreak become infected Wlth disease A (= bE(t)) (=bE(t)).If rS(t)I(t) is greater thag bE(t) rate of change for j[he number of population exposed to disease A is positive and if I ricresscsincases it 155 pop presoutbreaicvapcinated #day:0 vasdinaion
vaccination mechanism. On the other hand, for pre-outbreak vaccination, by pre-vaccinating the population, we explore what the rS(E)I(t)rS(t)I(t) is less than bE(t),the rate of change for the number of population exposed to disease A is negative. I #increase in cases if 15% pop pre-outbreak vaccinated + day 2 vaccination
. . . . . . . . . . . 1 000 — . . b 2 . . . —

minimum percentage of the population must be vaccinated before an outbreak in order for the disease to be effectively controlled. Rate of change for the population infected with disease A: ar _ bE(t)— al(t) [ increase in cases if 30% pop pre-outbreak vaccinated + day 2 vaccination

dt [increase in cases if 60% pop pre-outbreak vaccinated + day 9 vaccination

bE(t) — al(t)is arelative rate of change that measures over a unit of time the change in the number of people infected with disease A. The rate of change becomes more

[ ]
Pap cr on Wthh We B aSEd our ResearCh positive when a greater number of exposed people become infected with disease A (= bE(t)) and becomes more negative when a greater number of people infected with disease A

The paper we looked at was written by Professor Tuen Wai Ng at University of Hong Kong, Professor Gabriel Turinici at I'Université become identified with having disease A and are placed in the removed population for disease A (= al (t)). bE(t) is greater than al(t), the rate of change for the number of population

de Paris Dauphine and Professor Antoine Danchin at Institut Pasteur. This paper created an SEIRP model that studies the spread and infected with disease A is positive and if bE(t) is less than al(t)the rate of change for the number of population infected with disease A is negative. 800 - &
outbreak of SARS in Hong Kong in early 2003. The researchers discovered that a surprisingly high percentage of the total population Rate of change for the removed population for disease A: % = al(t)

must have been protected against SARS virus during the outbreak by an unknown mechanism resembling the effect of vaccination. al(t) is a relative rate of change that measures over a unit of time the change in the number of removed people for disease A. The rate of change increases when a greater

(Ng, Turinici, Danchin, A double epidemic model for the SARS propagation) Thus, the researchers consider the SARS virus within the number of people infected with disease A become identified with having disease A and are placed in the removed population for disease A (= al(t)) 9

broader system that contains two co-existing coronaviruses, the SARS virus labeled virus A and another type of coronavirus that is Rate of change for the population infected with disease B: = 1,5 €3] p(t) — a,l,(t) é 600 |
“extremely contagious” but relatively nnocuous labeled virus B. (Ng, Turinici, Danchin, A double epidemic model for the SARS r,S €3]} p ) — a,l,(t) is a relative rate of change that measures over a unit of time the change in the number of people infected with disease B. The rate of change becomes 2

propagation) While virus A leads to the SARS epidemic, virus B leads to another epidemic that is much less harmful (due to the
innocuousness of the virus) but no less widespread (due to its high contagiousness), with symptoms such as gastro-enteritis and
diarrhea demonstrated by many people in Hong Kong and Guangdong (regions of high concentrations of SARS patients later) shortly
before the SARS outbreak in 2003.

more positive when a greater number of susceptible people become infected with disease B (=1, 3 p (t)) and become more negative when a greater number of people infected with
disease B become identified with having disease B and are placed in the removed population for disease B (= a,I,(1)). If r,S €3]} p (t) is greater than a,l,(t), the rate of change for the

number of people infected with disease B is positive and if ,S(£)1,,(t) is less than a,I,,(t), the rate of change for the population infected with disease B is negative. 4655

. . . dR
Rate of change for the removed population with disease B: d—t” = a,l, (1)

SEIRP MO del - A Va riation Of the SIR MO del a,L,(t) is a relative rate of change that measures over a unit of time the change in the number of removed people with disease B. The rate of change increases when a greater

number of people infected with disease B become identified with having disease B and are placed in the removed population for disease B (= a,L,(t))
Assuming that there are no people entering or leaving the region, the traditional SIR model divides the entire population into one of the
; : . : : : ) 200 =
three sections in the progressive sequence S-I-R: S, the susceptible who can get the disease; I, the infected who carry the disease and HOllg KOIlg SARS Data
can transmit the virus to others; R, thc? remgved who are either recoyered from ‘Fhe Qisease a.tnd thus immppe or isolated/quare-mtir.led | Figure 2: The cumulative SARS cases in the Figure 3: Number of new SARS cases in HK
until recovery and are thus no longer infectious for this particular virus (note this slightly different definition of the R Class is given in H K itv £ 3/17/2003 t .
the paper, and we will use this definition of R for the rest of this research). (Ng, Turinici, Danchin, A double epidemic model for the ong kong community from 0 community every three days from 3/17/2003 to
SARS propagation) Since the traditional SIR model focuses solely on a single virus and does not fit well with the data of SARS 5/10/2013 5/10/2013 (Ibid) 0
outbreak in 2003, a new model is needed to reflect the natural protective effects of virus B in the “double epidemic hypothesis”. (Ng, (Ibid) R 30 40 50
Turinici, Danchin, A double epidemic model for the SARS propagation) We thus introduce the SEIRP model that features two major 1200 100 time (every day from 3/17/2003)
modifications to the traditional SIR model. Firstly, an interim state is added between S and I, namely, E, to represent a constant time
period called the ‘flajcent period” between. exposure (E) to the virus qnd in_fection by the virus, during Whi(.:h the person carries the.Virus The graph above shows projections with respect to “combined strategy”. Through “combined strategy”, we are looking at a more realistic
but cannot transmit it to others. (Ng, Turinici, Danchin, A double epidemic model for the SARS propagation) Secondly, a P state is g 1000 situation where some people would get vaccinated before the outbreak, and there will also be people who get vaccinated after the
mtroduced to represent “protection” and thus incorporate the protective effects of virus B that provides immunity for virus Ato people D OObserved OObserved | | outbreak. To simplify the question, we have combined trends with similar results. Also, getting 90% of the population vaccinated before
infected by virus B. Figure 1: The SEIRP Model 8 800 § B Expected the outbreak is rather unrealistic - flu vaccination coverage is typically around 45%, and given the fact that SARS outbreaks would
- O ExpeCted < happen on a much less frequent basis than flu, the likelihood of getting 90% of the population vaccinated with no imminent threat in sight
o S would be improbable. (Flu Vaccination Coverage, United States, 2016-17 Influenza Season)
Removed Class (R): © ’ ’
Exposed Class (E): Infected Class (1): People who are cither 600 5 In total we have 9 scenarios:
SllSCCp(iblcs “'hU are Pcoplc \VhO dare inrccth I‘CCO\‘CI'Cd from discasc _Q -g 15% pre_outbreak Vaccination +
exposed to virus A but by virus A and can A or are isolated until - 400 = Vaccination starts with 14 daily new cases. Total number of cases: 516
are not infected yet transmit the virus - 2 | | I I I Vaccination starts with 18 daily new cases. Total number of cases: 530
: Vaccination starts with 22 daily new cases. Total number of cases: 622
Susceptibles Class (S): 200 I‘ I| I | I I I I 30% pre-outbreak vaccination +
People who can get Vaccination starts with 14 daily new cases. Total number of cases: 419
disease A or disease B 0 € Vaccination starts with 18 daily new cases. Total number of cases: 429
Vaccination starts with 22 daily new cases. Total number of cases: 494
6 W : K < R " SO <, S Y ¢ Vo (R " N 5 60% pre-outbreak vaccination +
Infected Class for disease B (1) Removed Class for disease B (R, ): Q(b\ Q(b\ Q‘b\%Qb‘\ Q& Q& Q&%Q&Q’ éo\ QQ)\ o Vacqna@on starts w¥th 14 da}ly new cases. Total number of cases: 265
People who are infected by virus B — People who are recovered from xacc}nat}on o W#E ég gaﬂy new cases, ¥Ota: n“mger Oi cases: igg
and can transmit the virus disease B o ) ] . . accination starts wit ally new cases. lotal number of cases:
As showp in Figure 2, the expected number of cumulative SARS cases in Hong Kong Figure 3.dem(;111itrateibthel? gmber of nde Y .clailesf e\lfle.ry tl;ree d;ys and3thus 111ustratefh ﬂtle From these projections we could see that the optimal case would be to have 60% of the population vaccinated before an outbreak, and
community from March 17th to May 10th, 2003 produced by the model (curve for R) fits PTOSIESSION OF The OUIOICAt 1 @ MOre tetalied Tashion. TIOM FISUIE 5, Wi can 5ee th start vaccination as soon as there were signs of an outbreak (with 14 people already infected).
extremely well with the actual cases observed in that time period. (Ng, Turinici, Danchin, A the predicted peak of the outbreak is about 83 cases per three days in mid-April, while
This double-virus SEIRP model is illustrated by the box-model shown in Figure 1 above, which describes a two-virus system involving double epidemic model for the SARS propagation) The model also allows us to simulate and the- actual peak of the outbreak is 90. cases per three Qays in the same three-day period.
viruses A (the one causing SARS) and B, and we consider the developments of the diseases with respect to time (t). (Ng, Turinici, predict the equilibrium level of cumulative cases, which results in a limiting value of 1011 for (Ibid) The model also allgws us to S}Inulgte.gnd predict the equilibrium level of new
Danchin, A double epidemic model for the SARS propagation) As shown by the six distinct boxes, the box-model divides the the R curve. (Ng, Turinici, Danchin, A double epidemic model for the SARS propagation) cases per three days , which results in a limiting value of around 4 cases per three days
population into six different classes whose relationships with each other are clearly demonstrated by the arrows between boxes: forming the “constant background infection level on which superimposes sudden local
Susceptible Class (S) that stands for the class of people who can get either disease A or disease B, Exposed Class (E) that represents the outbreaks”. (Ibid)
susceptible people in Class S who are exposed to virus A (SARS virus) first but are not infected yet, Infected Class (I) that stands for
the people in Class E who end up being infected by virus A (SARS virus) and can thus transmit the virus to others, Removed Class (R) O
ur Model

that represents the people in Class I who are no longer infectious, i.e., those who either recovered from disease A (SARS) or are
isolated/quarantined until recovery, Infected Class for disease B (Ip) that stands for the susceptible in Class S who are infected by virus

B and can transmit the virus to others, and finally the Removed Class for disease B (Rp) that represents the people in Class Ip who The figure above shows projections of SARS cases under the assumption that people start getting vaccinated after the

# Expected Removed Pop given different threshhold level(new cases per day) unill vacinne is given - assume 10 days until effective
T T T T T

: . ) . : : : : e 1200 1 outbreak of the disease. Here we have four scenarios:
d from d B 1 fect d th d natural protect t A (SARS : T . ) :
rg;ﬁﬁ;ﬁ A gg?lblfzasiiienézongilerf:rl ticelgf%{gn o zsa%aolﬁ)e natural protection agamst virus A ( virus). (Ng, Turinic, i e N - Blue bars: people getting vaccinated on the first day of the outbreak, when there are only 14 cases of the disease
’ P propag g::g::z::: oo i e e o - Green bars: people getting vaccinated on the second day, when there are 18 cases that day

r Explaining the Parameters o< s Ryl T e b g1 - Pumple bars: people getting vaccinated on the 9th day, with 22 daily cases

: : . : ) : : - Yellow bars: people getting vaccinated on the 26th day, with 26 daily cases
The parameter 7 is a constant that can be interpreted as the infection rate of disease A that has the unit (—— ).It is :

unit timex* person Also, described by the orange bars, we have the actual data from 2003.
calculated as part of nS(¢)/(¢), which is a number proportional to the number of infected people with disease A (/) multiplied by the PN As can be seen from the cumulative graphs and the trend, the blue bars represent the lowest number of people who http://www.chinadaily.com.cn/hkedition/2009- https://www.hongkongfp.com/2017/02 /19/pictures-hong-
number of susceptible people (S). This number calculates the number of people who become exposed to disease A over a unit time became infected with SARS, followed by green, purple, and yellow bars. It could thus be inferred that if people only 05/05/content_7742501.htm kong-2003-sars-epidemic/
(E). Ahigher » means that in a unit time, a greater number of the susceptible population becomes exposed to disease A. 3 start to get vaccinated after the outbreak of the disease, the sooner they get vaccinated, fewer people would get D o o
Tp é 500 |- infected. The most ideal situation would be that vaccinations become readily available and are given to people on the lS cus Slon
The parameter 7, is similar to 1, but is the infection rate for disease B that has unit (um,t timz* person) and is calculated as part of g first day of the outbreak. Going back to our model, our original parameter ¢ describes the daily number of people who While it makes sense to think that we want as many people vaccinated before the outbreak as possible, and that we want to start
a S() I, (), which is a number proportional to the number people infected with disease B ( 1) multiplied by the number of © are immune to SARS after Vacc.matlon. A nqte to bg made on ¢ is that not everyone getting \_/ac.cmated is immune, vaccinating people as soon as the putbreak stafts3 we can t always achieve these goals given that it would be e)stremely costly to do. so. In
bl le (S). This number calculates the number of le who are infected by disease B over a unit time (I.,). A higher w0l because 0.001% of people vaccinated can still get infected with SARS. This is why we multiplied 152640 (daily order to obtain the most cost-efficient and realistic solution, we calculated the rate of change in the number of infected cases as variables
SUSCEP ehpef)p © o > HIDEL caiet b ©s feh HIbe qb{)eop © \;’ _O E eete , fy S; se. - ;Ve uB ¢ Up): ghe number of people getting vaccinated) with 0.99997768115 to get a realistic ¢ . In our model, we subtracted ¢ from the (percentage of population vaccinated before an outbreak, number of days after the outbreak for vaccination to start) change.
Tp Means that in a unit ime, a greater number of the susceptible population becomes infected with disease B. susceptible population, as these people are now immune. The earlier we start subtracting c, the fewer people in the We discovered that in terms of the percentage of people vaccinated before the outbreak, 60% seems to be a rather critical value, as the
2 : : : . susceptible population, and the curve will be flatter towards the end. As shown by the graphs, when no vaccination number of cases would increase much more significantly around this value than around other values. In terms of the number of daily new
The parameter a might be the. mqst dlfﬁc‘%h to understanq, anFI it describes the removal Process from the Infected Class (/) to the . was available, which was the actual situation, 975 people in total were infected in the end. If vaccines were available cases occurring before vaccination takes place, 22 (Day 9 in the original data) seems to be a critical value for the same reason. Also, as
Removed Class (R). (N g Turinici, Danchm, A double epldemlc.mode.:l for jthe SARS propagat%on) Since we deﬁned.our Removed after we start to have 26 new daily cases, there would be a total of 934 cases. If vaccines were available after we start we examined “combined strategies”, we could see that the differences among the three groups divided by the percentage covered are
Class (R) as the class of infected population who are no longer infectious, i.e. those who are either recovered or are isolated from - to have 22 new daily cases, there would be a total of 734 cases. If vaccines were available after we start to have 18 much greater than the differences among the subgroups (divided by daily new cases). Hence it would seem that pre-outbreak coverage is
the general population, the parameter a should be interpreted as the identification rate of potential cases that has unit (um.t time) g ™ % 7 %5 new daily cases, there would be a total of 623 cases. If vaccines were available after we start to have 14 new daily a more important factor than post-outbreak vaccination in reducing the total number of cases.
(Ng, Turinici, Danchin, A double epidemic model for the SARS propagation) It is calculated as part of a/(f), which is a number time (every day from 3/17/2003) cases,, there would be a total of 577 cases. The optimal solution we would like to propose would be to cover 60% of the population before an outbreak, and to start vaccination when
proportional to the total number of people infected by virus A. This number calculates the number of people infected with virus A - & expooiea HaMOVSS FOp gIven aIMerent amount of e popuIaToN that s vacINAed there are 22 daily new cases (Day 9 in the original data) after the outbreak. While starting vaccination when there are 22 daily new cases
(SARS virus) who are identified as infected and thus removed from the disease A infected class to the disease A removed class per | — dat; | | | The figure above shows projections of SARS cases under the assumption that people get vaccinated before the will cause the number of cases to rise slightly as compared to starting it when there are only 14 or 18, we do think that this difference
unit time. A higher a means that in a unit time, a larger number of the infected population for virus A is identified, becomes R i eme  cmae e e vl outbreak. Here we have six scenarios: could be offset by the benefits of having enough time to produce enough vaccines and distribute them to hospitals in an organized
removed, and joins the removed population. I s o 1465 o ok e ' . : manner.
a ’ g~ | [ creme nomee % poprroeds e -+ -Darkblue bars: 90% of the population get vaccinated
p o . _ _ N I s 1 9016/ OR -ty ek vaerieod - Maroon bars: 75% of the population get vaccinated Re f e rences

The parameter a,is similar to a, but it describes the removal process from the Infected Class for disease B (1)) to the Removed _ Light blue bars: 60% of the population get vaccinated
Class for disease B (R,). (Ng, Turinici, Danchin, A double epidemic model for the SARS propagation) Similarly, the parameter a,, wl - Green bars: 45% of the population get vaccinated - “Frequently Asked Questions About SARS.” Centers for Disease Control and Prevention, Centers for Disease Control and Prevention, 2
should be interpreted as the identification rate of potential cases that has unit (unitltime). (Ng, Turinici, Danchin, A double epidemic - Purple bars: 30% of the population get vaccinated July 2012, http://www.cdc.gov/sars/about/faq.html.
model for the SARS propagation) It is calculated as part of a, I,which is a number proportional to the total number of people i} - Yellow ba.rs: 15% of the population get vaccinated éwaéhrll%\i’ Jacco, agd PeFer Tiums. lD;f]t;f r?(rllt Ep 1ldemlc OC qu'VZS At:or (?evg:re;ﬁggt}e): lliesglrat'oryOS};ndé%ng Re\{ealPS 1m11a{ Slrglpatct; O(())t;l
infected by virus B. This number calculates the total number of people infected with virus B who have been identified as infected, Oé 600 | Also, described by the orange ba.rs, we have the actual data from 2003. ONtrot Vicasures | xmerican Joutha: O BpICemioiogy | Oxford Academic. cademic, Oxford University Fress, Pt ’
given medical treatments, and thus moved to the removed population over a unit time. A higher a,, means that in a unit time, a 5 As can be seen from the cumulative graphs and the trend, the dark blue bars represent the lowest number of academic.oup.com/aje/article/160/6/509/79472.
larger number of the infe’cted opulation for virus B is identified, given treatment or taken care ofp recovers, and joins the re’moved people who became infected with SARS, followed by maroon, light blue, green, purple, and yellow bars. Going - Ne, Tuen Wa, et al. "A Double Epidemic Model for the SARS Propagation.” BMC Infectious Diseases, BioMed Central, 10 Sept. 2003,
poﬁulation bop > 8 ’ > antl I | | back to our model, if more people could be vaccinated before the outbreak of the disease, ¢ would be higher as ¢ bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-3-19#Abs1
b ' 400 P ||| Ba=sul is a proportion of the people who get vaccinated. As a result, as we subtract greater ¢ from the susceptible - “Ask the Experts.” Http://Www.immunize.org/, www.immunize.org/askexperts/experts_inf.asp.

: . : ol [P L HHHHAAT lation. fewer 1 1d be infected in the end. As shown bv the eraphs. when onlv 15% of the people - “Vaccine Management: Recommendations for Handling and Storage of Selected Biologicals Centers for Disease Control, National

) giv=s ML population, fewer people wou y the graphs, y 15% peop . . nde dlir : '

The param.eter b1ls @ constant t}.la.t ?an be 1nt.erpreted > the. rate .Of evolution from Exposed Clas§ ®) to. the Infected Class (1) that Yy o = . k..“‘"IIIl""""""“"“"I" get vaccinated beforehand, there would be 815 cases in the end, which would still be better than the original, 975 Center for Prevention Services Division of Immunization, Atlanta, GA.” Centers for Disease Control and Prevention, Centers for
has the unit (mu-t time)- (Ng, Turinici, Danchin, A double epidemic model for the SARS propagation) It is calculated as part of bE, 2007 EEAHHE R 1 cases. When 30% of the people get vaccinated, that number would be reduced to 621. With 45% of the people Disease Control and Prevention, 3 Mar. 1991, wonder.cdc.gov/wonder/prevguid/p0000075/p0000075.asp.
which is a number proportional to the total number of exposed people. This number calculates the number of exposed people who getting the vaccine, there would be 559 cases. With 60% of the people getting the vaccine, there would be 327 - “Vaccines.” Http://Us.gsk.com, Nov. 2017, us.gsk.com/en-us/about-us/what-we-do/vaccines/.
have evolved to become infected per unit time. A higher b means that in a unit time, a larger number of the exposed population for cases. With 75% of the people getting the vaccine, there would be 245 cases. In the ideal situation, with 90% of - “Influenza (Flu).” Centers for Disease Control and Prevention, Centers for Disease Control and Prevention, 28 Sept. 2017,
disease A leaves the exposed class to join the infected class for disease A. It is important to notice that 1/b is related to disease A’s ol = = 5 = = the people vaccinated before the outbreak, the number of cases would be further reduced to 191. www.cdc.gov/flu/fluvaxview/coverage-1617estimates.htm.
latent period. (Ng, Turinici, Danchin, A double epidemic model for the SARS propagation) time (every day from 3/17/2003) - Feng, Zhang. “First SARS Vaccine Trials a Success.” China Aims to Boost Industries along Yangtze River, 15 Jan. 2005,

www.chinadaily.com.cn/english/doc/2005-01/15/content 409255 .htm.




