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TheMission

Goal and Obijectives

The overall goal of the Joint Mission was to rapidly inform national (China) and international
planning on next steps in the response to the ongoing outb#dake novel coronavirus

disease COVIBEL9Y) and on next steps ireadiness ancreparedness fogeographiareas

not yet affected.

Themajor objectives bthe Joint Missionwvere as follows:

1 To enhance understanding of the evolving CGlAmutbreak in Clia and the
nature and impact of ongoing containment measures;

1 To share knowledge on COVIB response and preparedness measures being
implemented in countries affected by or at risk of importation<C&@VIBELY;

1 To generate recommendations for adjusting MY containment and response
measures in China and internationally; and

1 To establish priorities for a collaborative programme of woekearch and
development to address critical gaps in knowledge and responseeaatihesdools
and activities.

Members & Method of Work

The Joint Mission consisted 26 national and international experts from China, Germany,
Japan, Koread\ligeria,Russia, Singaporthe United States of America and the World Health
OrganizationfWHOQO) The Joint Mission was headed byHbuce Aylward o¥WVHOand Dr
Wannianf A y3 2F GKS tS2LJ SQa wSLWzot A0 2F [/ KAyl @
affiliations is available in Annéx The Joint Mission was implemented ove®-day period
from 1624 February 2020 The schedule of work available in Annex B

The Joint Mission began with a detailed workshop with representatives of all of the principal
ministries that are leading and/or contributing to the response in China through the
NationalPrevention and Control Task Force. A sasfas-depth meetings were then
conducted with national level institutions responsible for the management, implementation
and evaluation ofhe response, particularly the National Health Commission and the China
Centesfor Disease Contr@nd PreventionGinaCDC) To gain firshand knowledge on

the field level implementation and impact of the natiorsadd locakesponse strategy, under

a range of epidemiologic and provincial contexts, visits were conducted to Beijing
Municipality and the provinces ofcBuan (Chengduf;uangdondGuangzhou, Shenzhen)

and Hubei (Wuhan). The field visits included community certedshealthclinics,
country/district hospitals, COVAIDO designated hospitals, transportations hubs (air, rail,
road),a wet marketpharmacetical andpersonal protective equipmenPPEstocks
warehousesresearch institutions, provincial health commissions, kwél Centers for

LIn the Chinese version of this report, CO\is referred to throughout as novel coronavirus pneumonia or
NCP,hetermbywhichCOViddp A a Y2ad oARSte& (ly2ey Ay GKS tS2LX SQa



Disease Contrdprovincial and prefecture) During these visits, the team had detailed
discussion and consultatig with Provincial Governors, municipal Mayors, their emergency
operations teams, senior scientists, frontline clinjgaiblic healthand community workers
and community neighbourhood administrator3 he Joint Mission concluded with working
sessions t@onsolidate findings, generate conclusions and propose suggested actions.

To achieve its goal, the Joint Mission gave particular focus to addréssirguestions

related to the natural history and severity of COMM) the transmission dynamics of the
COVD-19 virusin different settings, and the impact of ongoing response measures in areas
of high (community level), moderate (clusters) and low (sporadic cases casep
transmission.

Thefindingsini KA & NB L2 NI | NB 0 | raview ofagonaliakdSocav2 A y
governmental reportsgiscussion®n control and prevention measures with national and
local experts and response teams, and observatioage and insights gainetlring site

visits The figure®iave been produced usingformation anddata collectedduring site

visits and with the agreement of the relevagmoups Referencesare availabldor any
information in this reporthat has alreadybeenpublishedin journals

The final report of the Joint Mission was submitted @F2bruaryandupdated 11 March

Il.  Major findings

The major findings are describedsixsections: the virus, the outbreak, transmission
dynamicsdisease progressioandseverity the China responsand knowledge gaps. More
detailed descriptions of technical findings are providednnex C.

The virus

On 30 Deember2019, three bronchoalveolar lavage samples were collected &gatient
with pneumonia of unknown etiologya surveillance definition established following the
SARS outbreak of 20@®03¢ in Wuhan Jinyintan Hospik Reattime PCRRTPCRassag
on these samples were positifer panBetacoronavirus.Usinglllumina and nanopore
sequencingthe whole genome sequences the viruswere acquired. Bioirfrmatic
analy®s indicated that thevirushad features typicabf the coronavirus family and beload
to the Betacoronavirus 2B lineagé@lignment ofthe full-length genome sequence tife
COVIRL9 virusand other available genomes of Betacoronavirus showed the closest
relationshipwaswith the bat SAR3ke coronavius strain BatCov RaTGl8entity 96%.

Virus isolation wasonduced with various cell lines, such as human airway epithelial cells,
Vero E6andHuh-7. Cytopathic effects (CPE) were observed 96 hours after inoculation.
Typical crowrike particles wer@bserved under transmission electron microscope (TEM)
with negative stainingThe cellular infectivity of the isolated viruses could be completely
neutralized by the sereollectedfrom convalescent patientsTransgenic humaACE2 mice
and Rhesus monkagtranasally challenged by this virus isolatduced multifocal
pneumonia with interstitial hyperplasiarhe COVIBLY9 viruswassubsequentlydetected

and isolated in the lung andtestinaltissues of the challenged animals.
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Whole genome sequencingnalysis of 104 strains tifie COVIEL9 virusisolated from
patients in differentocalitieswith symptom onsebetweenthe end of Deember2019and
mid-Felruary 2020showed99.9% homology, without significant mutatigRigure 1)
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Hgure 1. Phylogeneticraalysis ofthe COVIB19virus and its closely related reference

genomes
Note: COVIEL9 virus is referred to as 2048CoV in the figure, the interim virus name WHO announced early in the
outbreak.

Postmortem sampledrom a 50year old male patientrom Wuhan were taken fromthe

lung, liver, and heartHistological examination showed bilateral diffuse alveolar damage
with cellular fiboromyxoid exudatesThe lung showed evident desquamation of
pneumocytes and hyaline membrane formation, indicating acugpiratory distress
syndrome (ARDS).ung tissue also displayed celludend fibromyxoid exudaion,
desquamation of pneumodtgs and pulmonary oedemalnterstitial mononuclear
inflammatory infiltrates, dominated by lymphocytes, were seen in both lungs.
Multinucleated syncytial cells with atypical enlarged pneumocytes characterized by large
nuclei, amphophilic granular cytoplasm, and prominent nucleoli were identified in the intra
alveolar spaces, showing viral cytopathie changesNo obvious intranuelar or
intracytoplasmic viral inclusions were identified.

The outbreak

As of D February2020 acumulativetotal of 75,465 COVIEL9 casewerereportedin
China Reported cases are based on the National Reporting System (NRS) between the



National and Ravincial Health Commission¥he NR&sues daily reports of newly
recorded confirmed cases, deaths, susjgeictasesand contacts. A daikgportis provided
by each province @300hrin which theyreport cases fronthe previous day.

The epidemic cwes presentedn Figures2andBNE ISy SNI G SR dzaAy3a [/ KAy
Infectious Disease Information System (IDIS), which requires each-COv4Be to be

reported electronically by the responsible doctor as soon as a case has been diaghosed.
includescases that are reported asymptomatic and data are updated in real time.

Individual case reporting forms are downloaded after 2400hr d&lyidemiologic curves

for Wuhan, Hubei (outside of Wuhan), China (outside Hubei) and China by symptom onset
areprovided in Figure 2.
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Figure2 Epidemiologic curve of COVAI® laboratory confirmed @ases bydate of onset of
illness,reported in Ching as of20 February2020



Figure3 presents @idemic curve®f laboratory-confirmed casedyy symptom onseand
sepaately by date of report at5, 12, and 2@ebruary 2020 Figures2 and 3 illustrate that
the epidemic rapidlygrew from10-22 Januaryreported casepeaked and plateaued
between 23Januaryand27 Janary,and have been steadily decliningincethen, apat from
the spike that waseported on 1 Februargnote: at a major hospitah Wuhan fever clinic
patients fellfrom a peak of 500/day ifate January tcaverages0/day since mig-ebruary.
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Figure3. Epideme curves by symptom onset and date of rep as of5 February(top
panel), 12February(middle panel) and 2@-ebruary 202@lower panel)for laboratory
confirmed COVIB19 cases for all of China

Based on these epidemic curves, the published literatanel,our on-site visitsin Wuhan
(Hube), Guangdong(Shenzhen and Guangzhe8)chuanChengdu)and Beijingthe Joirt
Mission team hashadethe following epidemiological observations:



Demographic characteristics

Among55,924 laboratory confirmed cases reported as of 20 Febr@880 the medianage
is51years(range2 days100years old IQR 3953 years olwith the majority of cases
(77.8% agedbetween 3@69 years Among reported cases, 3% are male77.0%are from
Hubeiand 21.6% arefarmers or labores by occupation

Zoonotic origins

QOVID19 is a zoonotic viruserom phylogeneticanalysesindertakenwith available full
genome sequencedats appear to be the reservoir of COMMvirus, but the intermediate
host(s)has notyet been identified However, hree importantareas of worlare already
underwayin Chinao inform our understandingf the zoonoticorigin of this outbreak.
These include early investigations of cases with symptom on&&uimanthroughout
December 201%nvironmentalsamging from the Huanan Wholesale Seafoodakketand
other area marketsandthe collectionof detailed records n the sourceandtype of wildlife
speciessoldat the Huananmarketandthe destination of ttoseanimals after the market
was closed

Routes ofransmission

COVIBL19 is transmitted viaroplets and fomitesluring closeunprotectedcontactbetween
aninfector and infectee Airborne spreadas notbeen reported for COVHD9 and itis not
believed to be a major driver of transmission based on available evigdbowogever, itcan

be envisged if certainaerosotgenerating procedureare conductedn health care facilities
Fecakhedding has been demonstrated fra@omepatients and viable virus has been
identified in alimited number ofcase reports However the fecatloral route does not

appear to be a driver of COVID transmissionits role and significanctor COVIBEL9

remains to be determinedViral shedding is discussed in the Technical Findings (Annex C)

Householdransmission

In China, bmanto-human ransmissiorof the COVIEL9 virusis largely occurring in
families. The JointMissionreceiveddetailed informationfrom the investigation of clusters
and somehousehold transmission studig@hich are ongoing in a number of Provinces
Among344clusters involvind 308caseqout of a total 1836 cases reported) Guangdong
Provin@ andSichuan Provingenost clusters(78%85%)haveoccurredin familes.
Household transmission studies arerrentlyunderway, butpreliminary studies ongoing in
Guangdong estimatthe secondary athck rate in househokranges fron3-10%.

Contact Tracing

China has policy ofmeticulouscase and contact identification for COVIB. For example,
in Wuhan more than 18 teams of epidemiologistsvith a minimum ob people/team,are
tracing tens of housands of contacts a dag.ontact follow up ipainstaking with a high
percentageof identified close contacts complag medical observation Between %and
5%o0f contactswere subsequentlylaboratory confirmedcases of COVADS, depending on
location. For example:

1 As ofl7 Februaryin Shenzhen City, amo2842identified close contacts, 2842
(100%) were traced and 22409%)havecompleted medical observationAmong
the close contacts88 3.1%) werefound to be infected with COVALS.



1 As ofl7 February, in Sichuan Province, among 25493 identified close contacts,
25347 (99%) were traced and 23178 (91)ecompleted medical observation
Among the close contact6,9% werdound to be infected with COVALS.

1 As of20 Februaryin Guangdong Prowe, among 9939 identified close contacts,
9939 (100%) were traced and 7765 (78yecompleted medical observation
Among the close contactd4/9 (4.8%) weréund to be infected with COVALR.

Testing at fever clinics and from routine ILI/SARI daneeil

The Joint Missiosystematicallyenquired about testing for CO\AD® from routine
respiratory disease surveillance systeim&xplore if COVHR9 is circulatingnore broadly
and undetectedn the communityin China Thesesystems coulihclude RFPQR testing of
COVIBL9virus ininfluenzalike-iliness (ILI) and seveacute respiratory infection (SARI)
surveillancesystems as well asestingof resultsamong allisitorsto fever clinics.

In Wuhan, COVHD9 testing of ILéampleq20 per week) in dvemberand December2019
andin the first two weeksof January2020found no positive results in the 2019 samplés,
adult positivein the first week of Jauary, and 3 adults positivia the second week of
January; all children tested were negative fold@19 although a number were positive for
influenza In Guangdongrom 1-14 January, only 1 of more than 15000 ILI/SARI samples
tested positive fothe COVIBL9virus In one hospital in Beijing, there were no COV8D
positive samples among 1910 calied from 28 Januar019to 13 Februar2020 Ina
hospital in Shertzen, 0/40 ILI samples were positive for COYED

Within the fever clinicsn Guangdongthe percenageof samples that testeg@ositivefor the
COVIB19virushas decreasedver timefrom a peak 00.47%opositive on 30 Januatp
0.02% on 16 February. Overall in Guangdong, 0.14% of approxima@®&g08fever clinic
screenings were positive for COVID.

Susceptibility

AsCOVIBL9is anewly identifiedpathogen there is no knowrpre-existing immunity in
humans. Based on the epidemiologic characteristics observed smf@hina everyones
assumedo besusceptible, althougthere may be risk factors increasing susceptibility to
infection. This requires further study, as well tasknowwhetherthere is neutralising
immunity after infection.

The tansmission dynamics

Inferringfrom Figures 2 and,&nd based on our observatioas the national and
provincial/municipal levelduring theJointMission, we summarize and interpréte
transmission dynamics of COVIB thus far. It is important to note that tansmission
dynamics of any outbreakre inherently contextual.For COVIEL9, we observdéour major
types of transmission dynamics during the epidemic growth plaaskin the pst-control
period, and highlight what is known about transmission in childras follows:



Transmission iWuhan

Early cases identified in Wuhare believed to be have acquired infection from a zoonotic
source as mankeported visiting or working in # Huanan Wholesale Seafood Markéts

of 25 Februaryan animal source has not yet been identified.

At some point early in the outbreak, some cageseratedhumanto-humantransmission
chains that seeded the subsequent community outbreak prior to ty@eémentation ofthe
comprehensiveontrol measureshat wererolled outin Wuhan The dynamics likely
approximated mass action and radiated from Wuhamtioer parts ofHubei provinceand
Chingwhich explains a relatively high of 2-2.5.

Thecordon sinitairearound Wuhan and neighboringunicipalities imposed since 23
January 2020 has effectively prevented further exportation of infected individuals to the
rest of the country.

Transmission iHubei, other than Wuhan

In the prefectures immediately goining Wuhan (Xiaogan, Huanggang, Jingzhou and Ezhou),
transmission is less intens&or other prefectures, due tiewertransport links and human
mobility flows with Wuhan, the dynamics are more closely aligned with those observed in
the other areas othe country. Within Hubei, the implementation of control measures
(including social distancing) has reduced the community force of infection, resulting in the
progressively lower incident reported case counts.

Transmission i€hinaoutside of Hubei

Gven2 dzK | y Q& G NJ y & Lipdpdiatiol dedvenierit Huiindgthe Chifidee New
Year ¢hunyur), infected individuals quickly spread throughout the country, and were
particularly concentrated in cities with the highest voluoféaraffic with Wuhan. Some of
these imported seeds generated limitadmanto-humantransmission chainat their
destination

Given the Wuhan/Hubei experiencecamprehensiveset of interventions, including
aggressive case and contact identification, isolation and managemerexdreine social
distancing, have been implemented to interrupt the chains of transmission nationwide.
date, nost of the recorded cases were imported from or had direct links to Wuhan/Hubei.
Community transmission has been very limitéddost locally generaté cases have been
clustered, the majority of whichave occurredn householdsas summarized above

Of note, the highly clustered nature of local transmission may explain a relativelR{gh
2.5) in the absence of interventions and low confirmedecasunts with intense quarantine
and social distancing measures.

Special settings

We notethat instances of transmissidmave occurredvithin health care settings prisons
and otherclosedsettings At the present time, it is not clear what role theseettings and
groups play in transmissiortdlowever, hey do not appear to be major drivers of theerall
epidemic dynamicsSpecificallywe note
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(a) Transmission in balth care settingand among health cargvorkers (HCW) The
Joint Mission discussed nagamial infection in all locationgsitedduring the
Mission. As of 20 Februarg02Q therewere 2,055COVIBL9 laboratory-confirmed
cases reported amongCWirom 476 hospitals across Chinghe majority oHCW
cases §8%) werereported from Hubei.

Renarkably, nore than 40,000 HCW have been deployed from other aogé&hina
to support the responsen Wuhan Notwithstanding discretend limitedinstances
of nosocomiabutbreaks (e3. a nosocomial outbreak involving HEZEWin Wuhan),
transmissiorwithin health care settings and amongst health care workers does not
appear tobe a majortransmissiorfeature of COVIE9 in Chia. The Joint Mission
learned that, among the HCW infectiomspstwere identified early in the outbreak
in Wuhanwhen supplies anéxperience witlthe new disease was lower.
Additionally, investigations among HCW suggest that nmaay have been infected
within the household rather than in a health camttéhg. Outside of Hubei, health
care worker infections have bedess frequentii.e. 246 of the total 2055 HCW
case$. When exposuravasinvestigatedn these limited cases, the exposuie
mostwasreported to havebeentraced backo a confirmed case ia household

The Joint Team noted &t attention to the prevention ofinfecion in health care
workersis of paramount importancén China Surveillance among health care
workers identified factors early in the outbreak that placed HC\Wgtterrisk of
infection,andthis informationhas been usetb modify policies tamprove
protection of HCW

(b) Transmission inlosed settings; There have been reports of COVIB transmission
in prisons(Hubei, Shandon@nd Zhejiang, Chinahospitals (as abovend in a long
term living facility The close proximitgnd contactamong peop in these settings
andthe potential for environmental contamination aieportant factors which
could amplify transmissianTransmission in these settings warrants further study.

Children

Data o individualsaged18 years old and under suggest thattie is arelativelylow attack
rate in this age grouf2.4% of all reported cases)Vithin Wuhan, among testing of ILI
samples no children were positive in Novemband Decemberof 2019andin the first two
weeks of Januar02Q From available datand in the absence akesults fromserologic
studies, it is not possible to determiriee extent of infection among childremhat role
children play in transmissiomhether children are less susceptibleibthey present
differently clinically(i.e. geneally milder presentations)The Joint Mission learned that
infectedchildren have largely been identified through contact tracing in housetaflds
adults Ofnote, people interviewed by the Joint Missideam could not recall episodes in
which transmissin occurred from a child to an adult.

The ggns,symptoms disease progressi@ndseverity

Symptoms of COVAI® are nonrspecific andhe disease presentation caange from no
symptoms (asymptomatic) to severe pneumonia and de#k.of 20 Februar020 and
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based orb5924laboratory confirmed casesypicalsigns and symptomsclude fever
(87.9%)dry cough (67.7%), fatigue (38.1%), sputum production (33.4%), shortness of breath
(18.6%), sore throat (13.9%), headache (13.6%galgiaor arthralgia (148%), cHis (11.4%),
nausea or vomiting (5.0%)asal congestion (4.8%), diarrhea (3.7%), and hemoptysis (0.9%),
and conjunctival congestion (0.8%).

People with COVHD9 generally develop signs and symptomsluding mild respiratory
symptoms and fevelgn an averageof 5-6 days after infection (mean incubation perioéb5
days, range 114 days).

Most people infected with COWAI® virus havenild diseaseind recover.Approximately
80% oflaboratory confirmedpatients have hadnild to moderate disease which include
non-pneumonia and pneumonieases13.8% havesevere diseas€dyspnea, respiratory
frequency¥30/minute, blood oxygen saturatiol®3%, PaO2/FiO2 ratio <300, and/or lung
infiltrates >50%of the lung fieldwithin 24-48 hours) and.1% arecritical (respiratory
failure, septic shock, and/or multiple organ dysfunction/failur@&symptomatic infection
has been reported, buhe majority of the relatively rareases who are asymptomatic on
the date ofidentification/report went on to developdisease. The proportion dfuly
asymptomatic infections is unclebut appeardo berelativelyrare and does not appear to
be a major driver of transmission

Individuals ahighest riskfor severe diseasand death include peoplagedover 60 years
and those with underlying conditions such as hypertension, diabetes, cardiovascular
disease, chronic respiratory disease and cancer. Diseabddrenappears to beelatively
rare and mild with approximately.2% of the total reported casegported amongst
individualsagedunder 19 years Avery small proportion ofhoseaged under 19 yeafsave
developed severe (2.5%) or critical disease (0.2%).

As of20 February 2114 of the 55,924 laboratoryconfirmedcaseshave died(crude fatality
ratio [CFR] 3.8%)(note: at least some of whom were identified using a case definition that
included pulmonary disease).he overallCFR/aries by locatiomnd intensity of
transmission(i.e. 5.8%in Wuhanvs.0.7%in other areas in China)n China, the overalFR
was hgher in the early stages of the outbreflk.3% for cases with symptom onseom 1-

10 Januaryand has reduced over timte 0.7% for patients with symptom onset after 1
February(Figured). The Joint Mission noted that the standard of care has evolved the
course of the outbreak.

Mortality increases with age, with the highest mortality among people over 80 yéage
(CFR 21.9%)he CFis higher among males compared to femalés%o \s. 2.86). By
occupation, patients who reported being retirekbad the highesCFRat 8.%% While
patients who reported no comorbid conditions hadC&Rof 1.4%, patients with comorbid
conditions had much higher rate$3.24 for those with cardiovascular disea8e2% for
diabetes,8.4% for hypertension, 8% for clonic respiratory disease, aitd6% for cancer.

2The Joint Mission acknowledges the known challenges and biasgsoofing crude CFR early in an epidemic.
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Figure4 Case fatality ratio (reported deaths among total casés) COVIBLY in Chinaover
time and by location, as of 20 Februa020

Data on theprogression of diseases available from &imited number of reported
hospitalized cases (Figusg Based on available informatiorhdé median time from
symptom onset to laboratory confirmatiamationallydecreased from 12 daysafige8-18
days) inearlyJanuary to 3 days {4) byearly February2020, andin Wuhanfrom 15 days
(10-21)to 5 days (), respectively This hasllowed for earlier caseand contact
identification, isolationand treatment.

Figure5. Pattern of diseaseprogressionfor COVIB19in China

Note: the relative size of the boxésr disease severity and outcome reflect the proportion of cases reported as of 20
February202Q The size of the arrows indicatiéne proportion of cases who recowest or died. Disease definitions are
described aboveModeratecaseshavea mild form ofpneumonia.
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