
1 
 

Who should be Prioritized for COVID-19 Vaccination in China? A Descriptive Study 1 
 2 
Juan Yang1, Wen Zheng1, Huilin Shi1, Xuemei Yan1, Kaige Dong1, Qian You1, Guangjie Zhong1, 3 
Hui Gong1, Zhiyuan Chen1, Mark Jit2,3,4, Cecile Viboud5, Marco Ajelli6,7, Prof Hongjie Yu1 4 
 5 
Corresponding author to Prof. Hongjie Yu, yhj@fudan.edu.cn 6 
 7 
Affiliations: 8 
1. School of Public Health, Fudan University, Key Laboratory of Public Health Safety, Ministry of 9 
Education, Shanghai, China 10 
2. Centre for Mathematical Modelling of Infectious Diseases, London School of Hygiene and 11 
Tropical Medicine, London, United Kingdom 12 
3. Department of Infectious Disease Epidemiology, London School of Hygiene & Tropical 13 
Medicine, London, United Kingdom 14 
4. WHO Collaborating Centre for Infectious Disease Epidemiology and Control, School of Public 15 
Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong Special 16 
Administrative Region, China 17 
5. Division of International Epidemiology and Population Studies, Fogarty International Center, 18 
National Institutes of Health, Bethesda, MD, USA 19 
6. Department of Epidemiology and Biostatistics, Indiana University School of Public Health, 20 
Bloomington, IN, USA 21 
7. Laboratory for the Modeling of Biological and Socio-technical Systems, Northeastern 22 
University, Boston, MA, USA 23 
 24 
Abstract  25 
All countries are facing decisions about which groups to prioritise for COVID-19 vaccination after 26 
the first vaccine product has been licensed, at which time supply shortages are inevitable. Here we 27 
define the key target populations and their size in China for a phased introduction of COVID-19 28 
vaccination with evolving goals, accounting for the risk of illness and transmission. Essential 29 
workers (47.2 million) like healthcare workers could be prioritized for vaccination to maintain 30 
essential services. Subsequently, older adults, individuals with underlying health conditions and 31 
pregnant women (616.0 million) could be targeted to reduce severe COVID-19 outcomes. Then it 32 
could be further extended to target adults without underlying health conditions and children (738.7 33 
million) to reduce symptomatic infections and/or to stop virus transmission. The proposed 34 
framework could assist Chinese policy-makers in the design of a vaccination program, and could 35 
be generalized to inform other national and regional COVID-19 vaccination strategies. 36 
 37 
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Introduction 46 

Coronavirus disease 2019 (COVID-19) pandemic is causing unprecedented impact on global 47 

health and the economy. In the absence of safe and highly effective vaccines and treatment 48 

options, non-pharmaceutical interventions are used to decrease transmission and reduce the burden 49 

of COVID-19 but most of these interventions have large economic costs.1 Effective vaccines 50 

against COVID-19 are urgently needed to reduce the significant burden of COVID-19 morbidity 51 

and mortality. Globally, there are over 300 vaccine candidates at various stages of development in 52 

the research pipeline. Of these, over 30 candidates have entered clinical trials.2,3 53 

 54 

On June 26, 2020, the World Health Organization (WHO) unveiled a plan to deliver 2 billion 55 

doses of COVID-19 vaccines, of which 50% will go to low-and-middle income countries, by the 56 

end of 2021.4 Currently, the projected global production capacity is inadequate to provide 57 

COVID-19 vaccines for every human being on the planet, particularly immediately after the first 58 

vaccine has been licensed. It is possible that countries and entire regions will have no access to 59 

vaccines. For example, COVID-19 cases are rapidly increasing in most African countries. 5 60 

However, none of the COVID-19 vaccine candidates is being developed by an African 61 

manufacturer. Even if a vaccine were available, many low-income countries would have to rely on 62 

vaccines manufactured abroad. Hence national and multinational vaccine producers will need to 63 

allocate a proportion of their production to countries that do not have the financial ability to pre-64 

order vaccine doses that are still to be licensed. Setting priorities for target populations to be 65 

vaccinated and optimizing resources within and between countries entails difficult choices. 66 

Nonetheless, this is critical for a successful global pandemic vaccination program, and this needs 67 

to be addressed urgently. 68 

 69 

China was the first country to face the COVID-19 pandemic, although only Wuhan, in Hubei 70 

Province, was hit by a major wave of infections.6 Nearly the entire population of mainland China 71 

(~1.4 billion people) is still susceptible to COVID-19. Recent surges of COVID-19 cases occurred 72 

separately in Beijing, Dalian, and Urumchi after one or more months without any report of 73 
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locally-acquired infections7. There is a risk of a new major wave of COVID-19, especially after 74 

the economy and society have re-opened both domestically and abroad. 75 

 76 

China has invested substantial resources in vaccines and is one of the main actors in the race to 77 

develop a vaccine to help control the COVID-19 pandemic, with resources provided by 78 

government, manufacturers and non-governmental organizations.8 Over ten vaccine candidates are 79 

being developed in mainland China; three of them (developed by Sinovac Instituto Butantan, 80 

Wuhan Institute of Biological Products/Sinopharm, and Beijing Institute of Biological 81 

Products/Sinopharm) are in phase III trials as of August 13, 2020.2 New COVID-19 vaccine 82 

production facilities recently completed or currently under construction are expected to have the 83 

capacity to produce 1 billion doses annually.9-11 However, the output is far behind the quantity 84 

needed to vaccinate a population of nearly 1.4 billion people in mainland China alone (given a 85 

two-dose schedule for all vaccine candidates). Hence, there is a need to establish priority target 86 

populations for a COVID-19 vaccination program. This study aims to define the key target 87 

populations, their size, and priority for a phased introduction of COVID-19 vaccination with 88 

evolving goals, accounting for risk of severe illness and transmission. This approach is 89 

generalizable to inform national and regional strategies for the use of COVID-19 vaccines, 90 

especially in low-and-middle income countries. 91 

 92 

Results 93 

For a phased COVID-19 vaccination program, the most important objective (primary goal) of the 94 

vaccination program is to maintain essential services (e.g., healthcare and national security) in the 95 

early phase.12,13 The second objective (secondary goal) is to reduce the number of individuals with 96 

severe outcomes, including hospitalizations, critical care admissions, and deaths.12,13 In later 97 

stages, the objective of the vaccination program can be further extended to reduce symptomatic 98 

infections and/or to stop virus transmission (tertiary goal). Subsequently, these population groups 99 

were categorized into six vaccination tiers in order of decreasing priority. Figure 1 illustrates the 100 

priority population groups relevant for each goal and the corresponding population size estimated 101 
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without excluding duplicates between groups. 102 

 103 

Essential workers 104 

It is important to stress that the vaccine may be in extremely short supply when first available. To 105 

meet the primary goal of vaccination, thus it could be necessary to consider healthcare workers as 106 

the top priority (Tier 1 of the vaccination strategy) based on utilitarian (i.e. maximizing health and 107 

economic benefit) and egalitarian (i.e. protecting the worst off) principles. Law enforcement and 108 

security workers, personnel in nursing home and social welfare institutes, community workers, 109 

workers in energy, food and transportation sectors are included in Tier 2 based on utilitarian 110 

principles (Figure 1). We estimated that in mainland China there are 10.7 million healthcare 111 

workers, 4.4 million people working in law enforcement agencies and security personnel, 0.4 112 

million personnel in nursing home and social welfare institutes, 4.5 million community workers, 113 

and 27.3 million workers in the energy, food, and transportation sectors. 114 

 115 

High-risk individuals 116 

As of August 12, 2020, a total of 76 systematic reviews reported the pooled risk of severe outcome 117 

of COVID-19, including hospitalizations, critical care admissions, and deaths. Among them, 118 

55 (72%) were peer-reviewed and published. 71% (54/76) of systematic reviews evaluated the 119 

quality of included original articles, and reported that the majority of included studies were of 120 

moderate-to-high quality. (Supplementary Materials Table S1, and Figure S1-S2) 121 

 122 

The published systematic reviews showed that increased risk of severe outcomes from SARS-123 

CoV-2 infection were observed in individuals with chronic respiratory disease including but not 124 

limited to chronic obstructive pulmonary diseases (38 of 43 papers report significant association, 125 

OR/RR: mean 1.53-17.80), heart disease (3 of 3 papers, 2.03-4.09), cardio-cerebrovascular disease 126 

(22 of 25 papers, 1.44-36.88), hypertension (26 of 26 papers, 1.66-5.34), diabetes (28 of 30 127 

papers, 1.39-4.64), chronic renal diseases (8 of 9 papers, 1.84-9.41), chronic liver disease (3 of 9 128 
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papers, 1.48-2.69), cancer (14 of 17 papers, 1.56-4.86), and obesity (5 of 7 papers, 1.21-3.68)14-66 129 

(Supplementary Materials Figure S1). Only one systematic review evaluated the disease severity 130 

of COVID-19 during pregnancy, and found that 21% were severe/critical cases.67 COVID-19 may 131 

cause fetal distress, miscarriage, respiratory distress and preterm delivery, although evidence for 132 

these associations is still inconclusive.68 Moreover, pregnant women have high frequency of 133 

antenatal care visits and thus have a possibly higher exposure to SARS-CoV-2. Although no 134 

systematic review found a significantly higher risk of severe outcomes for those with 135 

immunodeficiency/immunosuppression, chronic neurological disorders, and sickle cell disorders, 136 

we included these categories in our analysis as recommended by the US and UK.27,69-71 137 

 138 

Age is one of the most important risk factors for severe/fatal COVID-19. Our systematic reviews 139 

showed that individuals age ≥ 60 years had about 4-fold higher risk of severe/fatal COVID-19 140 

than younger people (Supplementary Materials, Figure S1-S2). Wu et al. found that the case-141 

fatality risk for those aged ≥80 years was 1.7-3.6 times that among those aged 70-79, and 60-69 142 

years.72 Age and underlying conditions combine to increase the risk.73 Accordingly, adults ≥ 60 143 

years of age with underlying conditions, and adults ≥ 80 years of age without underlying 144 

conditions, who are at the highest risk of severe/fatal COVID-19, were considered in Tier 3, based 145 

on egalitarian principles. Compared to these persons, the risk of severe/fatal COVID-19 among 146 

older adults aged 60-79 years without underlying conditions and individuals <60 years of age with 147 

underlying conditions was lower. These individuals aged < 60 years with pre-existing medical 148 

conditions and pregnant women were included in Tier 4 based on egalitarian principles (Figure 1). 149 

 150 

We estimated that 363.3 million individuals aged <60 years and 158.1 million individuals aged ≥ 151 

60 years had at least one high-risk medical condition in mainland China. The number of pregnant 152 

women was thus estimated at 26.3 million in mainland China (Figure 1). 153 

 154 

Individuals at high risks of symptomatic COVID-19 infections 155 
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Population-based studies demonstrated that the incidence of COVID-19 cases in those aged 20-59 156 

years was similar to that among older adults.6,74 (Supplementary Materials Table S2-S3). Our 157 

meta-analysis showed the cumulative incidence was 139-161 per 100,000 persons among those 158 

aged 20-59 years, which was comparable to incidence in those aged ≥ 60years (195 per 100,000 159 

persons) (Figure 2). These working age adults had a higher risk of acquiring COVID-19 160 

symptomatic infection possibly because of their large number of contacts at work and in the 161 

community.75 Additionally, they contribute to maintenance of societal functions and economic 162 

well-being; and they generally provide care for children. Given these considerations, individuals 163 

aged 20-59 years without underlying conditions (n=551.3 million) were included in Tier 5 based 164 

on both utilitarian and egalitarian principles (Figure 1). 165 

 166 

Population-based sero-epidemiological studies also reported lower seroprevalence in children than 167 

in adults.76,77 Whether this reflects lower susceptibility of children to infection in general, or 168 

similar infection rates, but much higher proportions with asymptomatic disease, or rather the 169 

effect of school closures, the implemented strict social distancing measures, or a self-protective 170 

behavior of the population remains unclear. Modeling studies found conflicting results about the 171 

effect of interventions targeted at children on SARS-CoV-2 transmission at the community 172 

level,78,79 suggesting that there is still uncertainty surrounding fundamental epidemiological 173 

parameters of COVID-19 related to children (e.g., their infectiousness,80,81 susceptibility to 174 

infection,82,83 and probability of developing symptoms).84 To ensure the continuity of educational 175 

activities, and reduce transmission, school-age children (n=190.2 million) are recommended for 176 

vaccination in Tier 6 based on both utilitarian and egalitarian principles (Figure 1). 177 

 178 

The incidence of COVID-19 was lower in younger children. However, the severity among young 179 

children has not been fully addressed. Verdoni et al., reported an outbreak of a novel severe 180 

Kawasaki-like disease in children related to COVID-19 in Italy, which raised concerns about the 181 

impact of the pandemic on younger children.85 Considering such possible post-infectious 182 

inflammatory syndrome as Kawasaki-like disease, younger children aged ≤5 years (n=98.7 183 
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million), which are priority groups for influenza vaccination, are recommended in Tier 6 as well, 184 

based on egalitarian principles of prioritizing the most vulnerable individuals (Figure 1). 185 

 186 

Estimated size of target population of the phased universal vaccination program 187 

To maintain essential societal functions, the target population of vaccination was estimated at 47.2 188 

million (Tiers 1 and 2, Figure 1 and Figure 3). An additional 616.0 million persons were included 189 

in the target population if the goal of vaccination was extended to reduce the number of severe 190 

COVID-19 cases (Tiers 3 and 4, Figure 1 and Figure 3). Along with the increase of vaccine 191 

supply, the remaining 738.7 million persons could be further targeted for vaccination to reduce the 192 

total number of COVID-19 symptomatic cases and potentially halt transmission (Tiers 5 and 6, 193 

Figure 1 and Figure 3). In terms of vaccination tiers (from Tier 1 to Tier 6), a total of 10.7, 36.5, 194 

163.3, 452.7, 502.5 and 236.2 million persons were included in the target population (Figure 4). 195 

 196 

Given 3 million doses administered per day, and a two-dose vaccination schedule, it will likely 197 

take about 19 months to vaccinate 60% of the overall population. However, only three weeks 198 

would be required to vaccinate individuals working in critical infrastructure sectors (Tier 1 and 2), 199 

two months for Tier 3, six months for Tier 4, about seven months for Tier 5, and three months for 200 

Tier 6 (Figure 5). With an expected one billion doses produced per year,9-11, and given a fixed 60% 201 

uptake rate among Tiers, the estimated vaccine supply could cover individuals in Tier 1-3 and one 202 

fifth of individuals in Tier 4 given a two-dose vaccination schedule. 203 

 204 

The sensitivity analyses show it will take two years to vaccinate 80% of individuals given 3 205 

million doses administered each day; 3.5 years to vaccinate 60% of individuals given 1.3 million 206 

doses administered each day; 4.7 years to vaccinate 80% of individuals given 1.3 million doses 207 

administered each day (Supplementary Materials, Figure S4-S6). It will take about one year and 208 

10 months to vaccinate 80% and 60% of individuals respectively, if the capacity of COVID-19 209 

vaccination delivery was scaled up to 6 million doses administered each day (Supplementary 210 
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Materials, Figure S7-S8). 211 

 212 

Discussion 213 

In the absence of specific antiviral treatment for COVID-19, vaccination likely represents the most 214 

promising way to control the COVID-19 pandemic. However, even if a COVID-19 vaccine 215 

becomes available, initial supplies will inevitably be limited. Supply issues could persist in the 216 

long-term, due to huge global demand and limited production capacity. Almost everyone can 217 

potentially benefit from vaccination because of residual high susceptibility to SARS-CoV-2 218 

infection. Considering different goals of a future vaccination program, changes in vaccine 219 

supplies, various levels of responsibility of population groups to the COVID-19 pandemic 220 

responses and essential services, as well as the risk of severe outcome and illness, we recommend 221 

a phased universal COVID-19 vaccination program for mainland China. Workers in critical 222 

sectors, including healthcare workers, law enforcement and security personnel, personnel in 223 

nursing home and social welfare institutes, as well as sectors of energy, water, food, and 224 

transportation (47.2 million) are the main candidates to receive high priority for vaccination, in 225 

order to maintain essential societal functions. Subsequently, we propose to extend the vaccination 226 

program to older adults, pregnant women, and those with underlying medical conditions (616.0 227 

million), in order to reduce severe outcomes of COVID-19. Finally, working-age adults, school-228 

age children and younger children (738.7 million) could be vaccinated in order to reduce 229 

symptomatic COVID-19 infections, and/or to stop SARS-CoV-2 transmission. 230 

 231 

Target population groups are further grouped into vaccination tiers from 1 to 6, with Tier 1 having 232 

the highest priority. Even though individuals within a tier have equal priority for vaccination, it 233 

may be necessary to sub-prioritize vaccination of groups within a tier in case of extremely short 234 

initial vaccine supplies. For instance, meat and poultry processing facility workers, who have been 235 

particularly affected by COVID-19 and often linked to workplace transmission, could be 236 

vaccinated before other personnel in the food supply chain within Tier 2.72,86 Although other 237 

factors like smoking, being male, and being an ethnic minority were found to be risk factors of 238 
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severe outcome and deaths from COVID-19 in previous studies, 87-89 they were not accounted for 239 

when determining priority population here due to consideration of equity and feasibility of 240 

vaccination. 241 

 242 

The majority of the current COVID-19 vaccine candidates are being trialed as two dose 243 

schedules.2 A total of 57 million, 739 million and 886 million doses are separately needed to cover 244 

60% of individuals in critical infrastructure sectors, persons at high risk of severe outcomes of 245 

COVID-19, and persons at high risk of acquiring symptomatic illness/infections. Between 2007 246 

and 2015, the volume supplied of all vaccines (n=55) licensed in mainland China varied from 666 247 

million doses to 1.19 billion doses per year.90 Several manufacturers state that a total of 1 billion 248 

doses of COVID-19 vaccine could be produced annually.9-11 This implies that the potential 249 

production capacity may be far behind the demand in mainland China given a two-dose schedule. 250 

This dilemma is likely not unique to China and other countries across the world, particularly in 251 

low-and-middle income regions, will face a similar challenge. 252 

 253 

Even at the maximum rate at which H1N1pdm vaccines were delivered in 2009 (3 million doses 254 

administered each day), vaccinating 60% of the general population groups will take 1.5 years, 255 

without considering limits in production capacity. Such a large-scale vaccination program like 256 

COVID-19 could also represent a major challenge for current the National Immunization Program 257 

in China, which is currently focused on childhood vaccination rather than on adult vaccination. 258 

The limited production capacity will likely further delay COVID-19 vaccination programs. 259 

 260 

Our study has a number of limitations. First, we have qualitatively discussed the segments of the 261 

population to be prioritized in a COVID-19 vaccination program as well as the rationale behind 262 

prioritization choices. However, we could not quantitatively examine whether prioritizing older 263 

adults to reduce severe outcomes is a better choice than prioritizing working-aged adults or 264 

school-age children to reduce illness/transmission. Mathematical modelling is urgently needed to 265 
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assess both the health and economic impacts of potential vaccination strategies, and the potential 266 

to reduce for herd immunity benefits. Second, we did not consider eligibility for vaccination due 267 

to lack of efficacy and/or safety concerns that may affect specific groups such as older adults, 268 

people with pre-existing medical conditions, pregnant women and very young children, since no 269 

vaccine has been licensed yet. Third, we did not consider real-time reactive outbreak 270 

immunization strategies because it is impossible to estimate the corresponding target population 271 

size. However, we strongly recommend use of COVID-19 vaccination during local outbreaks 272 

coupled with other non-pharmaceutical interventions in order to prevent subsequent waves of 273 

disease. Moreover, we did not discuss prioritization based on geography; the risk of COVID-19 274 

exposure may be low in regions that have seen widespread COVID-19 activity by the time the 275 

vaccine is available and have a high level of population immunity. This may not be particularly 276 

relevant for China where the epidemic has been well controlled, but it may affect vaccine 277 

prioritization in other regions. 278 

 279 

When a vaccine becomes available, our recommendations need to be reassessed to consider the 280 

eligibility of population subgroups based on the licensure label. They also need to be further 281 

reassessed periodically to account for changes in vaccine supply, demand and local epidemiology. 282 

Although we propose a general framework to define vaccination priorities, the proposed 283 

vaccination program needs to be tailored locally, accounting for country-specific contexts such the 284 

objectives of the pandemic responses, the local level of transmission, the make-up of first 285 

responders and essential workers as well as the capacity of immunization services. 286 

 287 

Because of the high burden and limited capacity for vaccine production, we have highlighted that 288 

more attention should be paid to low-and-middle income countries. The WHO SAGE Working 289 

Group on COVID-19 Vaccines has been established in June, 2020 and includes an international 290 

team of experts.91 Their objectives include, but are not limited to, providing recommendations for 291 

early allocation of vaccines when vaccine supply is still constrained, and guidance on fair and 292 

equitable global access to vaccination. There is an urgent need for the WHO SAGE Working 293 
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Group to promote global cooperation on vaccine research and development, ensure vaccine 294 

production and supply, and speed up the development of guidelines for allocating and targeting 295 

COVID-19 pandemic vaccines. Our recommendations for mainland China could be used as a 296 

template for such guidelines.  297 

 298 

Conclusions 299 

Vaccine deployment is likely to become vitally important for the global response to the COVID-19 300 

pandemic. Here we provide a general framework to define priority groups for a phased 301 

introduction of a universal COVID-19 vaccination program. We applied this framework to 302 

mainland China and further estimated the corresponding target population sizes. The proposed 303 

vaccination program could assist Chinese policy-makers in the roll-out of a large-scale 304 

immunization program and be used as a reference for other countries, especially in low-and-305 

middle income regions. We recommend that the WHO SAGE Working Group on COVID-19 306 

Vaccines takes the lead on making recommendations on priority target population for 307 

national/regional COVID-19 vaccination program, to ensure that all individuals, regardless of 308 

where they live, can benefit from a COVID-19 vaccine. 309 

 310 

Methods 311 

Goals of the COVID-19 vaccination program 312 

The overarching goal of a vaccination program in the midst of such a pandemic, which can be 313 

characterized as having both very high transmissibility and clinical severity92, is to vaccinate all 314 

persons willing to be vaccinated. However, due to limited supplies, prioritization is warranted. The 315 

specific goal of COVID-19 vaccination in China could be determined in a phased approach, taking 316 

account 1) the interim framework for COVID-19 vaccine allocation and available guidance (e.g. 317 

from the US) on allocating vaccines during an influenza pandemic,12,13 2) the objectives of and 318 

experience gained from the 2009 H1N1pandemic vaccination program in China,93 3) specific 319 

high-risk groups for severe COVID-19 outcomes, and 4) lessons learned from the response to the 320 
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COVID-19 outbreak in Wuhan such as the role of critical workers in sustaining essential societal 321 

functions1. These goals should be adapted along with the evolving dynamic of the epidemic and an 322 

increase of vaccine supplies. 323 

 324 

Priority population groups for a COVID-19 vaccination program 325 

In line with the aforementioned goals of a COVID-19 vaccination program, we define population 326 

groups to be prioritized by occupation, age, and underlying conditions (Figure 1). Prioritization is 327 

based on utilitarian (i.e. maximizing health and economic benefit) and egalitarian (i.e. protecting 328 

the worst off) principles. Priority groups include: 1) essential workers, including but not limited to 329 

healthcare workers (utilitarian principles); 2) high-risk individuals such as those at the highest risk 330 

of severe/fatal outcomes (egalitarian principles); 3) individuals who play a key role in 331 

transmission (both utilitarian and egalitarian principles).94 Within the populations of interest for 332 

the primary and tertiary vaccination goals, the target population groups that met ≥2 of the 333 

aforementioned principles were assigned to a higher tier. For the secondary goal, the target 334 

population at higher risk of severe/fatal COVID-19 outcome was assigned to a higher tier. Across 335 

priority population groups, vaccines can be allocated and administered according to tier, which 336 

means that all groups within a tier have equal priority for vaccination. 337 

 338 

Essential workers 339 

Individuals who are critical for preserving essential societal functions for public health and safety 340 

as well as the well-being of the community during a pandemic include: 1) first responders who 341 

may have close contact with potential COVID-19 patients in professional settings, including 342 

healthcare, public health, and community workers (these include staff in community service 343 

agencies, who maintain supply of daily essential needs for people under lockdown, and take 344 

routine prevention measures such as fever screening and environmental disinfection); 2) 345 

individuals who are essential for maintaining national security, namely individuals working in law 346 

enforcement agencies and security personnel (police and military); 3) workers maintaining 347 
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production and supply of daily essentials, including energy, water, food, and transportation. The 348 

detailed definitions and their roles were presented in Supplementary Materials “More detailed 349 

methods”. We recommend these individuals to be an appropriate first-level priority target group 350 

for vaccination. We obtained the population size stratified by occupation from publicly available 351 

data, including the China Statistical Yearbook 2019, White Paper on China’s National Defense, 352 

and published literature.95,96  353 

 354 

High-risk individuals 355 

To meet the secondary goal of the vaccination program, individuals who are at increased risk for 356 

severe outcome of COVID-19 could be considered a priority target population for vaccination. We 357 

conducted a narrative literature review to identify the risk factors of severe illness associated with 358 

COVID-19. Clark and colleagues extracted the prevalence of underlying health conditions from 359 

the Global Burden of Diseases, Risk Factors, and Injuries Study (GBD), and estimated the number 360 

of people with at least one of these conditions in 2020 for 188 countries.97 Using Clark’s method, 361 

we updated the probability of having at least one of these conditions for China to additionally 362 

include the prevalence of BMI≥30, which were identified as risk factors by our review. Then we 363 

estimated the age-specific population size of individuals with any of these conditions by 364 

multiplying the estimated probability by the UN mid-year population estimates for 2020 for 365 

China98. The population size of individuals without these conditions was calculated subtracting 366 

those with health conditions from the total population. We estimated the number of women who 367 

are pregnant in one year as the sum of all live births, still births, fetal deaths, and abortions in that 368 

year. (Details in Supplementary Materials “More detailed methods”) 369 

 370 

Individuals at high risks of symptomatic COVID-19 infections 371 

A second narrative literature review was conducted to assess the risk of symptomatic COVID-19 372 

infection (details in Supplementary Materials “More detailed methods”). Based on the identified 373 

risk factors for symptomatic COVID-19 infections, we defined the target populations for 374 
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vaccination that would help meet the tertiary goal of reducing illness. The populations size was 375 

obtained from UN mid-year population estimates for 2020 for China98, and Ministry of Education 376 

of China99. 377 

 378 

Estimating size of target population of the phased universal vaccination program 379 

First, we estimated the corresponding population size separately for each target population as 380 

mentioned above. When a person is included in more than one group, she/he is intended to be 381 

vaccinated in the highest tier group in which she/he is included. Accordingly, we then excluded 382 

people in more than one risk group to estimate the total population size stratified by goals of 383 

vaccination in different phases of the pandemic, and by vaccination tiers.  384 

 385 

Further, we estimated the days needed to vaccinate 60% of the targeted population in the sequence 386 

of Tiers given a two-dose vaccination schedule, without accounting for the production capacity 387 

(see schematic diagram in Supplementary Materials Figure S3). During the 2009 influenza 388 

pandemic, an average of 1.3 million daily doses of H1N1pdm vaccines were administered in 389 

China , reaching 3 million daily doses at the peak delivery date100. In the baseline analysis, the 390 

maximum delivery capacity of the H1N1pdm vaccination service was used. Sensitivity analyses 391 

on the daily doses administered (1.3 million) and the uptake rates (80%) were conducted. COVID-392 

19 is more of a threat than H1N1pdm2009, and both the willingness to be vaccinated against 393 

COVID-19 as well as delivery capacity is likely to be greater101,102, so we further assumed that the 394 

capacity of COVID-19 vaccination service could be scaled up to 6 million doses administered per 395 

day. 396 
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 397 

Figure 1. Prioritized segments of the population for a COVID-19 vaccination program as well 398 

as estimated population size. 399 

 400 
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 401 

Figure 2. Pooled incidence of COVID-19 cases, stratified by age. 402 
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403 

Figure 3. Estimated size of target population for the COVID-19 vaccination program by goal. 404 

A: Overlap of target population groups. B: Estimated number of targeted individuals excluding 405 

the overlaps between groups. Note that m denotes million. 406 

 407 
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408 

Figure 4. Estimated size of target population for the COVID-19 vaccination program by 409 

population group. A: number of individuals, B: proportion. Note that the overlaps between 410 

groups were excluded. 411 

 412 
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 413 

Figure 5. Days needed to vaccinate 60% of the target population, stratified by vaccination tier, 414 

under the assumption that three million doses are administered per day. Note that values 415 

reported within the square (e.g., 135.8m) denote 60% of the population size in each tier; m 416 

denotes million.417 
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