
1 
 
 

Projected resurgence of COVID-19 in the United States in July—December 2021 resulting from 1 

the increased transmissibility of the Delta variant and faltering vaccination 2 

 3 

Shaun Truelove, PhD1,*; Claire P. Smith1,*; Michelle Qin2; Luke C. Mullany, PhD1,3; Rebecca K. Borchering, 4 

PhD4; Justin Lessler5; Katriona Shea, PhD4; Emily Howerton4; Lucie Contamin, MS6; John Levander6; 5 

Jessica Kerr, MPH6; Harry Hochheiser, PhD6; Matt Kinsey, PhD3; Kate Tallaksen, MS3; Shelby Wilson, 6 

PhD3; Lauren Shin3; Kaitlin Rainwater-Lovett, PhD3; Joseph C. Lemaitre, MS7; Juan Dent, ScM1; Joshua 7 

Kaminsky, MS1; Elizabeth C. Lee, PhD1; Javier Perez-Saez, PhD1; Alison Hill, PhD1; Dean Karlen, PhD8; 8 

Matteo Chinazzi, PhD9; Jessica T. Davis, PhD9; Kunpeng Mu9; Xinyue Xiong, MSc9; Ana Pastore y Piontti, 9 

PhD9; Alessandro Vespignani, PhD9; Ajitesh Srivastava, PhD10; Przemyslaw Porebski, PhD11; Srinivasan 10 

Venkatramanan, PhD11; Aniruddha Adiga, PhD11; Bryan Lewis, PhD11; Brian Klahn, MS11; Joseph Outten11; 11 

Mark Orr, PhD11; Galen Harrison11; Benjamin Hurt, MS11; Jiangzhuo Chen, PhD11; Anil Vullikanti, PhD11; 12 

Madhav Marathe, PhD11; Stefan Hoops, PhD11; Parantapa Bhattacharya, PhD11; Dustin Machi11; Shi Chen, 13 

PhD12, Rajib Paul, PhD12; Daniel Janies, PhD12; Jean-Claude Thill, PhD12; Marta Galanti, PhD13; Teresa 14 

Yamana, PhD13; Sen Pei, PhD13; Jeffrey Shaman, PhD13; Jessica M. Healy, PhD14; Rachel B. Slayton, PhD14; 15 

Matthew Biggerstaff, ScD14; Michael A. Johansson, PhD14; Michael C. Runge, PhD15,†; Cécile Viboud, 16 

PhD16,† 17 

 18 

1Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland; 2Harvard University, 19 

Cambridge, Massachusetts; 3Johns Hopkins University Applied Physics Laboratories, Laurel, Maryland; 20 

4The Pennsylvania State University, University Park, Pennsylvania; 5University of North Carolina at 21 

Chapel Hill; 6University of Pittsburgh, Pittsburgh, Pennsylvania; 7École polytechnique fédérale de 22 

Lausanne, Lausanne, Switzerland; 8University of Victoria, Victoria, British Columbia, Canada; 23 

9Northeastern University, Boston, Massachusetts; 10University of Southern California, Los Angeles, 24 



2 
 
 

California; 11University of Virginia, Charlottesville, Virginia; 12University of North Carolina at Charlotte, 25 

Charlotte, North Carolina; 13Columbia University; 14CDC COVID-19 Response Team; 15U.S. Geological 26 

Survey, Laurel, Maryland; 16Fogarty International Center, National Institutes of Health, Bethesda, 27 

Maryland 28 

 29 

* These authors contributed equally as first authors. 30 

† These authors contributed equally as senior authors. 31 

 32 

 33 

 34 



3 
 
 

Abstract 35 

In Spring 2021, the highly transmissible SARS-CoV-2 Delta variant began to cause increases in cases, 36 

hospitalizations, and deaths in parts of the United States. At the time, with slowed vaccination uptake, 37 

this novel variant was expected to increase the risk of pandemic resurgence in the US in summer and fall 38 

2021. As part of the COVID-10 Scenario Modeling Hub, an ensemble of nine mechanistic models 39 

produced six-month scenario projections for July-December 2021 for the United States. These 40 

projections estimated substantial resurgences of COVID-19 across the US resulting from the more 41 

transmissible Delta variant, projected to occur across most of the US, coinciding with school and 42 

business reopening. The scenarios revealed that reaching higher vaccine coverage in July—December 43 

2021 reduced the size and duration of the projected resurgence substantially, with the expected impacts 44 

was largely concentrated in a subset of states with lower vaccination coverage. Despite accurate 45 

projection of COVID-19 surges occurring and timing, the magnitude was substantially underestimated 46 

2021 by the models compared with the of the reported cases, hospitalizations, and deaths occurring 47 

during July-December, highlighting the continued challenges to predict the evolving COVID-19 48 

pandemic. Vaccination uptake remains critical to limiting transmission and disease, particularly in states 49 

with lower vaccination coverage. Higher vaccination goals at the onset of the surge of the new variant 50 

were estimated to avert over 1.5 million cases and 21,000 deaths, though may have had even greater 51 

impacts, considering the underestimated resurgence magnitude from the model. 52 

 53 

Introduction 54 

 55 

The rapid development, scale-up, and deployment of COVID-19 vaccines in the United States (US) has 56 

been one of the biggest public health successes in the US during this pandemic, with reported cases in a 57 
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nadir in June 2021,1 despite increased testing capacities. With this success, non-pharmaceutical 58 

interventions (NPIs) were lifted, including mask mandates, in almost every jurisdiction across the US in 59 

Spring 2021. However, the emergence of novel variants with increased transmissibility and /or immune 60 

escape, particularly the Delta and Omicron variants, has continually raised concern about the potential 61 

timing and magnitude of the subsequent resurgence, and the ability to mitigate it through increased 62 

uptake of vaccination. 63 

 64 

Established in December 2020, the COVID-19 Scenario Modeling Hub is an effort to apply a multiple-65 

model approach to produce six-month projections of the state and national trajectories of cases, 66 

hospitalizations, and deaths in the US under defined scenarios.2 Scenarios from projection rounds have 67 

focused on control measures, vaccination availability and uptake, emerging variants, and waning 68 

immunity.3 Projections are released in a timely manner to guide policy decisions and data are made 69 

publicly available on a website.3 70 

 71 

Here we detail results from the seventh round of projections, in which increased transmissibility variants 72 

were incorporated into projections to assess the potential impact of the Delta variant. In all scenarios, 73 

resurgences across the US were projected, with the largest resurgences occurring for scenarios with the 74 

highest variant transmissibility (60% increase over the Alpha variant, which most closely resembles 75 

estimates for the Delta variant). Corresponding increases in hospitalizations and deaths were also 76 

projected. In scenarios with higher vaccine coverage, the size and duration of this resurgence was 77 

notably smaller. Cases were projected to increase in early July 2021 at the national level and peak in mid 78 

to late September 2021. Corresponding increases in hospitalizations and deaths were also projected. 79 

The resurgence was projected to be geographically heterogeneous; although most states were projected 80 

to experience some degree of rebound, those having higher vaccine coverage were projected to 81 
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experience less severe increases in incidence relative to prior observed peaks. However, while the 82 

timing of these projected resurges was relatively accurate compared to what has since been reported, 83 

the magnitude of reported cases, hospitalization, and deaths far surpassed what was projected . Here 84 

we describe our experience with multi-model projections of the Delta variant to highlight both the value 85 

of scenario-based projections for planning, but also the challenges to understand and predict the 86 

constantly evolving COVID-19 pandemic. 87 

  88 

Results 89 

 90 

In the two scenarios with high Delta variant transmissibility (60% more transmissible than Alpha), we 91 

projected a national wave of cases to continue to grow over the summer and peak in mid- to late 92 

September 2021. In the scenario that assumes lower vaccination coverage among eligible individuals 93 

(70%) and higher variant transmissibility (the most pessimistic scenario), this resurgence was projected 94 

to peak at 414,000 weekly cases (95% projection interval (PI): 140,000–1,525,000) and 5,900 weekly 95 

deaths (95% PI: 900-30,000) nationally. Overall, this scenario projected 7,554,000 (95% PI: 3,294,000–96 

28,399,000) cumulative cases and 96,000 (95% PI: 27,000–476,000) cumulative deaths during July 4, 97 

2021–Jan 1, 2022 (Figure 1). 98 

 99 

With higher variant transmissibility, increasing national vaccination coverage was projected to temper 100 

the fall wave slightly and cause it to drop more quickly, but not prevent it. With an increase in national 101 

vaccine coverage to 80% by January 1, 2022, the ensemble projected 65,000 (16%) fewer cases and 102 

1,300 (21%) fewer deaths per week at the peak, and 1,525,000 (20%) and 21,000 (22%) fewer 103 

cumulative cases and deaths, respectively, during July 4, 2021–January 1, 2022, when compared to the 104 

scenario where vaccination saturated at 70% nationally (Figure 1). 105 
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 106 

The projected national resurgence in COVID-19 cases in the higher transmissibility variant scenarios was 107 

composed of highly heterogeneous state-level resurgences. The ten states with the largest projected 108 

increases in incidence relative to their winter 2020-21 peak were, in descending order, Louisiana, 109 

Hawaii, Nevada, Arkansas, Florida, Missouri, Georgia, Alabama, Alaska, and Arizona. The ensemble 110 

estimates projected these states to experience median peak levels of weekly incident cases that were 111 

18-69% (95% PI: 1-541%) of their (smoothed) winter peak, although this was exceeded in many states. 112 

The ten states with the lowest projected resurgences were, in ascending order, Massachusetts, Rhode 113 

Island, Vermont, Maine, Minnesota, Pennsylvania, North Dakota, Wisconsin, Tennessee, and South 114 

Dakota. The ten states with the smallest projected resurgence had a median first-dose vaccine coverage 115 

of 70% among the eligible population (ages 12+) on July 3, 2021, compared to 56% in the ten states with 116 

the highest projected resurgence. We find a high negative correlation (Pearson’s r = -0.66, Figure 2) 117 

between projected cumulative deaths per population and vaccination coverage on July 3, 2021.11 In all 118 

states, even those with low overall vaccination coverage, at least 76% of people 65+ had received at 119 

least one dose of the vaccine, which was expected to have a major effect in limiting mortality from 120 

Delta.1  121 

 122 

The impact of vaccination was already being observed early in the Delta wave: in the ten states with the 123 

largest projected resurgence there was a 9% reduction in the observed case fatality ratio (CFR) 124 

comparing August-December 2020 and January-July 2021; in the ten states with the smallest projected 125 

resurgence a 21% reduction in CFR was observed. During the projection period, we projected CFR 126 

reductions of 15% and 14%, as compared to August-December 2020. Lower transmissibility variant 127 

scenarios projected significantly reduced resurgence, projecting cumulative national cases of only 9% 128 

and 13% compared to the winter 2020-21 peak. Similarly, in the previous projection round (Round 6), 129 
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which similar to the 7th round except it assumed only a 20% transmissibility increase from a novel 130 

variant, resurgence was expected to produce only 8% of the cases reported during the winter 2020-21 131 

peak nationally.3 132 

 133 

Weekly case observations exceeded our 95% projection interval in the first 9 weeks of the projection 134 

period in all scenarios, including those assuming 60% increased transmissibility of the Delta variant 135 

(Figure 1). Our projections also tended to underestimate hospitalizations and deaths in the ascending 136 

phase of the Delta wave, although to a lesser degree. We compared weekly incident and cumulative 137 

cases during the first four weeks after the projection date (July 4-31, 2021). The total median projected 138 

number of cases underestimated the observed cases overall during this 4-week period (1,256,000 139 

observed vs 516,000 projected); however, we find a strong correlation between ranking of observed and 140 

projected total cases per 100,000 during the first four weeks of the projection period, at the state level 141 

(Spearman’s ⍴ = 0.87, Figure 3). Seven of the ten states with greatest projected incidence rank in the ten 142 

worst observed incidence states. Hence while projections did not capture the full scope of the rise in 143 

incidence due to the Delta variant, these projections reflected the expected severity ranking among 144 

state projections well. 145 

 146 

The two high variant transmissibility scenarios, which most closely resembled the characteristics of the 147 

circulating Delta variant, projected the timing of the Delta resurgence, projecting deaths to increase 148 

simultaneously with reported cases and peak one week after reported cases (Figure 1). However, all 149 

scenarios substantially underestimated the magnitude of the Delta wave for all outcomes. Among the 150 

two high variant transmissibility scenarios, at the national level the peak cases were under-projected by 151 

70% (95% PI: -25%-91%) and 64% (95% PI: -49%-88%) (349,183 and 413,733 versus 1.15M peak reported 152 

weekly cases), though the 95% projection interval did capture the reported magnitude of the peak 153 
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(Figure 1). Similarly, hospitalizations and deaths were also under-projected by 47% (95% PI: -184%-84%) 154 

and 36% (95% PI: -230%-82%) (46,000 and 56,000 versus 87,000 peak reported hospitalizations) and 155 

67% (95% PI: -77%-93%) and 59% (95% PI: -120%-93%) (4,700 and 6,000 versus 14,000 peak reported 156 

deaths), respectively; both also captured the reported magnitude within projection intervals. 157 

 158 

Discussion 159 

 160 

Prevalence of the SARS-CoV-2 Delta variant rose quickly in the US between May and June 2021, with the 161 

variant achieving dominance by late June 2021, and accounting for over 90% of all SARS-CoV-2 infections 162 

for an extended period from late July to early December 2021.1 This variant prompted concerns about 163 

the scale of the COVID-19 resurgence in the US in the summer and fall of 2021, especially in the midst of 164 

decreased NPIs and slowing vaccination rates. Projections combining insights from multiple models 165 

suggested sizable resurgences of COVID-19 across the US, assuming growth of a variant that is 60% more 166 

transmissible than the Alpha variant (an assumption aligned with most estimates of the relative 167 

transmissibility of the Delta variant).12 In scenarios with higher vaccination coverage, the magnitude of 168 

the resurgence in cases and deaths was substantially lower than in the lower coverage scenarios. Efforts 169 

to increase vaccination rates are critical and will save lives before and during future resurgences. At the 170 

outset of the Delta wave on July 1, 2021, only 13 states and Washington, D.C. had accomplished 171 

President Biden’s goal for vaccination coverage among eligible populations at or above 70%. 172 

 173 

The rapid case growth observed in July 2021 in multiple US states was surprising, tracking with or above 174 

the projections from our worst-case scenario. Scenarios were designed at the end of June 2021 based on 175 

information available at that time about the transmissibility of the Delta variant, vaccine effectiveness, 176 
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and vaccine coverage; projections were generated on or before July 4, 2021. Our data should not be 177 

understood as forecasts, but as projections conditional on the scenarios and assumptions; several 178 

reasons could explain why case growth was faster than expected, including key epidemiological and 179 

behavioral aspects that may have affected the disease dynamics. Possible mechanisms driving the 180 

underestimation of the observed Summer 2021 resurgence may include inaccurate assumptions about 181 

the transmissibility and severity of Delta (including changes in serial interval or severity of infection 182 

relative to other variants), the effectiveness of the vaccines against infection and transmission, waning 183 

of natural and vaccine-derived immunity, changes in testing practices, and the interaction of these 184 

factors with NPIs and behavior change.13–15 Assumptions regarding these factors were left to the 185 

discretion of the teams and therefore vary across models. Critically, eight of the nine teams did not 186 

include waning of natural or vaccine-derived immunity, an assumption that we now know is incorrect.16 187 

Subsequent rounds of projection have focused on different scenarios of waning immunity.3 Yet in this 188 

round, absence of waning resulted in a much smaller population susceptible to infection with Delta, thus 189 

reducing the overall potential magnitude that could be projected by these models. Use of NPIs has been 190 

substantially reduced across the US, with a lapse in mask mandates in most states. Although modeled 191 

use of NPIs was left to the discretion of individual modeling teams and did not vary between scenarios, 192 

results of prior rounds underscore the effectiveness of NPIs, in combination with increasing vaccination, 193 

to moderate the spread of a highly transmissible variant.2 The extent to which NPIs may  be necessary 194 

will vary across states, as those states with high levels of vaccination coverage or natural immunity may 195 

be at  lower risk for an increase in cases.  196 

The impact of the resurgence on severe disease and mortality was expected to vary substantially across 197 

states; states with younger populations and higher vaccination coverage among older and high-risk 198 

populations were expected to experience a relatively lower burden of severe disease, even with 199 

resurgences in cases. Several states (e.g., South Dakota, North Dakota) with low vaccination coverage 200 
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were not projected to experience major resurgences, likely because of high naturally acquired immunity. 201 

In addition, as the projected resurgence continued throughout the summer and into the beginning of 202 

the school year, efforts to promote vaccination among eligible school-aged children and college 203 

students and to maintain key prevention strategies in schools (e.g., mask-wearing among the 204 

unvaccinated, physical distancing, screening programs) likely helped reduce risks with a safe return to 205 

in-person instruction.17 Observed increases in new vaccinations, particularly among young age groups 206 

and in jurisdictions most severely impacted by the Delta variant, was a positive step in this direction.1 207 

The findings in this report are subject to several limitations. First, considerable uncertainty is inherent to 208 

long-term projections. This has been repeatedly illustrated throughout the COVID-19 pandemic, with 209 

rapid changes in behavior, deployment of vaccines and boosters, and the emergence of novel variants, 210 

each of which has the capacity to drastically shift the epidemic trajectories. Uncertainty may arise from 211 

three main sources: specification of the scenarios (e.g., uncertainty in transmissibility); errors in the 212 

structure or assumptions of individual models given a specific scenario (e.g., variations in assumptions 213 

about vaccination uptake); and inaccurate calibration based on incomplete or biased data (e.g., 214 

reporting backlogs). None of the four scenarios considered here were likely to precisely reflect the 215 

future reality over a six-month period. As a case in point the emergence of the Omicron variant in 216 

December 2021, at the end of our projection period, could not have been predicted when scenarios 217 

were designed in June 2021.2 Similarly, a resurgence in Delta variant incidence was observed in mid-fall 218 

2021, possibly due to changes in behavior and waning immunity, and is not captured in scenarios or 219 

model projections. Further, for a given scenario, there is notable variation among individual model 220 

projections with regards to both the timing and the magnitude of the resurgence (Figure 1–figure 221 

supplement 1-3). Variation likely reflects differences in model structure, projected vaccine coverage, 222 

projected variant growth, and importance of seasonal effects. Some of these variations reflect true 223 

scientific uncertainty, making ensemble projections particularly useful to integrate uncertainty between 224 
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and within individual models. In addition, these scenarios do not specify considerations of Delta 225 

infecting previously immune individuals due to moderate antigenic changes, the waning of existing 226 

immunity, increases in NPIs, or vaccination among children aged <12 years starting in November 2021, 227 

all of which were expected to be important drivers of dynamics in the subsequent months. In the same 228 

vein, model estimates are dependent on assumptions about vaccine hesitancy, which are informed in 229 

part by large-scale surveys of vaccine sentiments.6,7 These surveys may underestimate vaccine hesitancy, 230 

as coverage estimates among survey respondents are substantially higher than measured among the 231 

overall US population. Additionally, there are limitations to individual component models, though these 232 

concerns are tempered by analyzing ensembles of the nine different models. Overall, a full evaluation of 233 

our projections and sources of uncertainty is particularly difficult in a scenario context and is beyond the 234 

scope of this paper. However, it is worth noting that in this particular round of projection, the 235 

relationship between projection accuracy and time horizon is not straightforward (e.g., refer to Figure 1 236 

for a visual assessment of coverage).  237 

 238 

Conclusions 239 

The emergence and introduction of more transmissible SARS-CoV-2 variants like the Delta variant was 240 

projected to lead to a substantial resurgence of COVID-19 in the US, which was observed in every state 241 

across the country. The high variant transmissibility scenarios, which more accurately represented the 242 

characteristics of the Delta variant, both in transmissibility and in current case trajectories, projected a 243 

significant national resurgence with substantial variation in magnitude across states. Resurgences were 244 

expected to be more pronounced in low-vaccination jurisdictions. The projections indicated that even 245 

with substantial vaccination coverage, the increased transmissibility of new variants like Delta can 246 

continue to challenge our ability to control this pandemic. Renewed efforts to increase vaccination 247 

coverage are critical to limiting transmission and disease, particularly in states with low natural 248 
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immunity and lower current vaccination, in addition to re-instituting control measures like indoor 249 

masking when needed. Projections of Delta resurgence presented in this paper were made publicly 250 

available in early July 2021 3, two months ahead of the peak of the Delta wave, providing actionable 251 

results. There is a trade-off between releasing projections in a timely manner to guide decisions, and 252 

projection accuracy and uncertainty that improve with incorporation of recent information. While these 253 

projections dramatically underestimated the magnitude of the Delta resurgence, demonstrating the 254 

challenges to predict this continually evolving pandemic, they did provide value in projecting the timing 255 

and emphasizing the importance of vaccination. Multi-model ensemble efforts such as the COVID-19 256 

Scenario Modeling Hub are particularly well-suited to provide disease projections to inform the 257 

pandemic response under changing epidemiological and behavioral situations. 258 

 259 
Materials and Methods 260 

 261 

The COVID-19 Scenario Modeling Hub3 convened nine modeling teams in an open call to provide six-262 

month (July 3, 2021-January 1, 2022) COVID-19 projections in the US using data available through July 3, 263 

2021. Each team developed a model to project weekly reported cases, hospitalizations, and deaths, both 264 

nationally and by jurisdiction (50 states and the District of Columbia), for four different epidemiological 265 

scenarios. Models were calibrated against data from the Johns Hopkins Center for Systems Science and 266 

Engineering Coronavirus Resource Center and federal databases.4,5 The four scenarios included low and 267 

high vaccination hesitancy levels, assuming national vaccination coverage saturation at 80% and 70%, 268 

respectively, based on hesitancy surveys (Table).6,7 Participating teams accounted for vaccination rates 269 

by state, age, and risk-groups (e.g., older adults and health care workers). Specified vaccine efficacy 270 

levels were constant across the scenarios and were based on protection against clinical disease in 271 

randomized clinical trials and effectiveness studies; parameters for effectiveness against infection, 272 

transmission, and progression to severe outcomes (e.g., death) were left to be specified by each team.3 273 
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When the scenarios were designed in late June 2021, little information was available on vaccine efficacy 274 

specific to the Delta variant and on waning immunity. For details on individual model assumptions, see 275 

Supplementary File 1. 276 

  277 

Scenarios assumed one of two levels of increased transmissibility for the Delta variant: 40% (low) or 60% 278 

(high) more transmissible than the Alpha variant. Increases in new variant prevalence over time were 279 

determined by each modeling team and were estimated at the state level.  280 

 281 

Individual models differed substantially in structure and design; see Supplementary File 1 and the 282 

COVID-19 Scenario Modeling Hub GitHub website for more details.10 Individual modeling teams 283 

provided probabilistic projections of incident and cumulative epidemic trajectory for each week of the 284 

projection period, with 23 quantiles requested (0.01, 0.025, 0.05, every 5% to 0.95, 0.975, and 0.99). 285 

These individual projections were combined into an ensemble for each scenario, outcome, week, and 286 

location using an equally-weighted linear opinion pool method across teams that trimmed the highest 287 

and lowest model at each point and quantile.8,9  Point estimates provided here are the median of the 288 

ensemble.  289 

 290 

For any given pair of scenarios, averted cases and deaths were calculated as the difference (and ratio) 291 

between the median point estimates of the ensemble for the two scenarios. To provide a relative 292 

measure of resurgence in each state, we compared the intensity of the projected outbreak in the next 293 

six months to the size of the winter 2020-2021 outbreak -– a period of high hospital burden in many 294 

jurisdictions. Specifically, projected resurgences were assessed by taking the ratio of the peak projected 295 

median incidence in a given location over the projection period (July 3, 2021-January 1, 2022) to the 296 

highest incidence experienced during the winter 2020-2021 period (defined as October 1, 2020–297 
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February 28, 2021) for the same location. Winter 2020-21 peaks were identified as the seven-day 298 

average centered around the day with the highest incident cases from smoothed curves generated 299 

through a penalized cubic spline Poisson regression model fit to the incident cases. 300 

 301 

Details on the data used by each model can be found in Supplementary File 1, with further details found 302 

on the COVID-19 Scenario Modeling Hub GitHub repository website (https://github.com/midas-303 

network/covid19-scenario-modeling-hub; DOI: 10.5281/zenodo.6584489).10 All model output data and 304 

ensembled estimates are publicly available on the GitHub repository. All code used to generate numbers 305 

and figures reported in this manuscript are publicly available via the GitHub repository. Code required 306 

for ensembling model outputs can be made available upon request. Figure, code, and data are available 307 

through the open-source MIT license. 308 



15 
 
 

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily 309 

represent the views of the Centers for Disease Control and Prevention or the National Institutes of 310 

Health. Any use of trade, firm, or product names is for descriptive purposes only and does not imply 311 

endorsement by the US Government. 312 

 313 

Acknowledgements: IHME (Bobby Reiner) for helpful discussions. 314 

 315 



16 
 
 

References 316 

1 Centers for Disease Control and Prevention. COVID Data Tracker. https://covid.cdc.gov/covid-317 

data-tracker/#nowcast (accessed June 19, 2021). 318 

2 Borchering RK, Viboud C, Howerton E, et al. Modeling of Future COVID-19 Cases, Hospitalizations, 319 

and Deaths, by Vaccination Rates and Nonpharmaceutical Intervention Scenarios — United 320 

States, April–September 2021. Morb Mortal Wkly Rep 2021; 70: 719–24. 321 

3 COVID-19 Scenario Modeling Hub. COVID-19 Scenario Modeling Hub. 322 

https://covid19scenariomodelinghub.org/viz.html. 323 

4 Johns Hopkins University & Medicine. Coronavirus Resource Center. 2020. 324 

https://coronavirus.jhu.edu/region/mexico (accessed May 29, 2021). 325 

5 US Department of Health and Human Services. COVID-19 Reported Patient Impact and Hospital 326 

Capacity by State Timeseries. 2020. https://healthdata.gov/Hospital/COVID-19-Reported-Patient-327 

Impact-and-Hospital-Capa/g62h-syeh (accessed May 29, 2021). 328 

6 Carnegie Mellon University Delphi Group. COVIDcast. 329 

https://delphi.cmu.edu/covidcast/indicator/?date=20210703&sensor=fb-survey-330 

smoothed_wcovid_vaccinated_or_accept (accessed May 29, 2021). 331 

7 Centers for Disease Control and Prevention. Estimates of Vaccine Hesitancy for COVID-19. 332 

https://data.cdc.gov/stories/s/Vaccine-Hesitancy-for-COVID-19/cnd2-a6zw (accessed May 29, 333 

2021). 334 

8 Stone M. The Opinion Pool. Ann Math Stat 1961; 32: 1339–42. 335 



17 
 
 

9 Jose VRR, Grushka-Cockayne Y, Lichtendahl KC. Trimmed opinion pools and the crowd’s 336 

calibration problem. Manage Sci 2014; 60: 463–75. 337 

10 COVID-19 Scenario Modeling Hub. Model Metadata. 2021. 338 

https://viz.covid19scenariomodelinghub.org/#tab-3721-2. 339 

11 Centers for Disease Control and Prevention. COVID-19 Vaccination Trends in the United States, 340 

National and Jurisdictional. https://data.cdc.gov/Vaccinations/COVID-19-Vaccination-Trends-in-341 

the-United-States-N/rh2h-3yt2. 342 

12 Allen H, Vusirikala A, Flannagan J, et al. Increased household transmission of COVID-19 cases 343 

associated with SARS-CoV-2 Variant of Concern B.1.617.2: a national case-control study. Public 344 

Heal Engl 2021. 345 

13 Li B, Deng A, Li K, et al. Viral infection and transmission in a large well-traced outbreak caused by 346 

the Delta SARS-CoV-2 variant. medRxiv 2021. DOI:https://doi.org/10.1101/2021.07.07.21260122. 347 

14 Elliott P, Haw D, Wang H, et al. REACT-1 round 13 final report: exponential growth, high 348 

prevalence of SARS-CoV-2 and vaccine effectiveness associated with Delta variant in England 349 

during May to July 2021. 2021 https://spiral.imperial.ac.uk/handle/10044/1/90800. 350 

15 Puranik A, Lenehan PJ, Silvert E, Niesen MJM, Corchado-Garcia J. Comparison of two highly-351 

effective mRNA vaccines for COVID-19 during periods of Alpha and Delta variant prevalence. 352 

medRxiv 2021. https://www.medrxiv.org/content/10.1101/2021.08.06.21261707v1. 353 

16 Higdon MM, Wahl B, Jones CB, et al. A systematic review of COVID-19 vaccine efficacy and 354 

effectiveness against SARS-CoV-2 infection and diseae. MedRxiv 2021. 355 

DOI:10.1101/2021.09.17.21263549. 356 



18 
 
 

17 Centers for Disease Control and Prevention. Guidance for COVID-19 Prevention in K-12 Schools. 357 

2021. https://www.cdc.gov/coronavirus/2019-ncov/community/schools-childcare/k-12-358 

guidance.html. 359 

  360 



19 
 
 

Tables & Figures 361 

 362 

Table. COVID-19 projection scenarios* — United States, July 4, 2021–January 1, 2022. Scenarios 363 

defined for projection of COVID-19 cases, hospitalizations, and deaths for the sixth round of projections 364 

through the COVID-19 Scenario Modeling Hub****. 365 

 366 

 Low impact variant; 

(low transmissibility increase) 

High impact variant;  

(high transmissibility increase) 

 

High vaccination;  

(low hesitancy) 

Vaccination: 

● Coverage saturates at 80% nationally 

among the vaccine-eligible 

population* by December 31, 2021** 

● VE is 50%/90% for Pfizer/Moderna 

against currently circulating variants 

(1st /2nd dose) and 60% for J&J (1 dose) 

● J&J no longer used*** 

Variant: 

● 40% increased transmissibility as 

compared with Alpha for Delta variant. 

Initial prevalence estimated at state-

level by teams. 

Vaccination:

● Coverage saturates at 80% nationally 

among the vaccine-eligible 

population* by December 31, 2021** 

● VE is 35%/85% for Pfizer/Moderna 

against currently circulating variants 

(1st /2nd dose) and 60% for J&J (1 dose) 

● J&J no longer used*** 

Variant: 

● 60% increased transmissibility as 

compared with Alpha for Delta variant. 

Initial prevalence estimated at state-

level by teams. 

 

Low vaccination;  

(high hesitancy) 

Vaccination: 

● Coverage saturates at 70% nationally 

among the vaccine-eligible 

Vaccination:

●  Coverage saturates at 70% nationally 

among the vaccine-eligible 
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population* by December 31, 2021**

●  VE is 50%/90% for Pfizer/Moderna 

against currently circulating variants 

(1st /2nd dose) and 60% for J&J (1 dose) 

●  J&J no longer used*** 

Variant: 

● 40% increased transmissibility as 

compared with Alpha for Delta variant. 

Initial prevalence estimated at state-

level by teams. 

population* by December 31, 2021**

●  VE is 35%/85% for Pfizer/Moderna 

against currently circulating variants 

(1st /2nd dose) and 60% for J&J (1 dose) 

●  J&J no longer used *** 

Variant: 

● 60% increased transmissibility as 

compared with Alpha for Delta variant. 

Initial prevalence estimated at state-

level by teams. 

* The Vaccine-eligible population is presumed to be individuals aged 12 years and older through the end of the 367 

projection period. 368 

** Vaccine hesitancy expected to cause vaccination coverage to slow and eventually saturate at some level below 369 

100%. The saturation levels provided in these scenarios are National reference points to guide defining hesitancy, 370 

though the speed of that saturation and heterogeneity between states (or other geospatial scales) and/or age 371 

groups are at the discretion of the modeling team.3 The high vaccination 80% saturation is defined using the 372 

current estimates from the Delphi group (updated from Round 6).6 The low saturation estimate of 70% is the 373 

lowest county-level estimate from the US Census Bureau’s Pulse Survey from May 26-June 7, 2021 data.7 374 

*** To simplify the models and future projections of vaccine administration, it was assumed continued 375 

administration of the Johnson & Johnson (J&J) vaccine would not occur on or after the projection date (after July 4, 376 

2021) due to the limited amount administered previously in the US (as of August 4, 2021 approximately 4 million 377 

doses delivered since April 13, 2021 compared to 153 million for Pfizer and Moderna).1 378 

 379 

**** COVID-19 Scenario Modeling Hub: https://covid19scenariomodelinghub.org/ 380 
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 383 

Figure 1. Historical data and weekly ensemble projections of reported numbers of COVID-19 cases (A), 384 

hospitalizations (B), and deaths (C) under four scenarios representing different levels of vaccination 385 

and Delta variant transmissibility increase — United States, October, 2020–December, 2021. 386 

Projections are ensemble estimates of 9 models projecting four 6-month scenarios with 95% prediction 387 

intervals (the grey shading encompasses the prediction intervals from all four scenarios). Projections 388 

used empirical data from up to July 3, 2021, to calibrate models (black filled dots). The vertical lines 389 

indicate the beginning of each projection, with only data available prior to that point used to fit the 390 

projections. Observations available after the projection start are displayed as open dots. 391 

 392 

 393 
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 394 

Figure 2. Projected cumulative cases and mortality in the most pessimistic scenario (low vaccination, 395 

high variant transmissibility) and current vaccination coverage by state — United States, July 4, 2021–396 

January 1, 2022. (A) Correlation between cumulative projected cases per 10,000 population during the 397 

6-month period and proportion of the eligible population vaccinated with at least one COVID-19 vaccine 398 

dose by July 3, 2021, by state. Circle sizes represent population size. Single dose coverage was used as 399 

data reporting were most reliable for the first dose at the time of this analysis; yet second dose coverage 400 



24 
 
 

is highly correlated with first dose coverage (Pearson rho=0.92 on July 3rd, 2021, P<10-15). (B) Cumulative 401 

projected cases per 10,000 population during the 6-month period, by state. (C) Correlation between 402 

cumulative projected deaths per 10,000 population during the 6-month period and proportion of the 403 

eligible population vaccinated with at least one COVID-19 vaccine dose by July 3, 2021, by state. Circle 404 

sizes represent population size. (D) Cumulative projected deaths per 10,000 population during the 6-405 

month period, by state. 406 

 407 

 408 

Figure 3. Comparison of the median projected and observed state-level total COVID-19 case 409 

incidences occurring during July 4-31, 2021, United States. Comparison is based on ranking of incidence 410 

per capita in 50 states + DC (Spearman’s rank correlation=0.867). The grey solid line represents perfect 411 

agreement between ranks (y=x), which overlays a regression line fitted to the data (dashed line) and 412 
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95% confidence intervals (grey shaded area). 413 

 414 
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Supplemental Figures 415 

 416 

 417 

Figure 1–figure supplement 1. Historical data and weekly individual projections of reported numbers 418 

of COVID-19 cases under four scenarios representing different levels of vaccination and Delta variant 419 

transmissibility increase — United States, October 2020–December 2021. Solid color lines and shaded 420 

areas represent median projections and 95% prediction intervals of reported cases for the entire US 421 

from each of the 9 models for each of the four scenarios. Projections used empirical data from up to July 422 

3, 2021, to calibrate models (black filled dots). The vertical lines indicate the beginning of each 423 

projection, with only data available prior to that point used to fit the projections. Observations available 424 

after the projection start are displayed as open dots. 425 

 426 
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 427 

428 
Figure 1–figure supplement 2. Historical data and weekly individual projections of reported numbers 429 

of COVID-19 hospitalizations under four scenarios representing different levels of vaccination and 430 

Delta variant transmissibility increase — United States, October 2020–December 2021. Solid color 431 

lines and shaded areas represent median projections and 95% prediction intervals of reported 432 

hospitalizations for the entire US from each of the 9 models for each of the four scenarios. Projections 433 

used empirical data from up to July 3, 2021, to calibrate models (black filled dots). The vertical lines 434 

indicate the beginning of each projection, with only data available prior to that point used to fit the 435 

projections. Observations available after the projection start are displayed as open dots. 436 

 437 

 438 
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 439 

Figure 1–figure supplemental 3. Historical data and weekly individual projections of reported numbers 440 

of COVID-19 deaths under four scenarios representing different levels of vaccination and Delta variant 441 

transmissibility increase — United States, October 2020–December 2021. Solid color lines and shaded 442 

areas represent median projections and 95% prediction intervals of reported deaths for the entire US 443 

from each of the 9 models for each of the four scenarios. Projections used empirical data from up to July 444 

3, 2021, to calibrate models (black filled dots). The vertical lines indicate the beginning of each 445 

projection, with only data available prior to that point used to fit the projections. Observations available 446 

after the projection start are displayed as open dots. 447 

 448 

 449 

 450 



29 
 
 

Supplementary Files 451 
 452 
Supplementary File 1: Summary of model assumptions for the seventh round of long-term scenario 453 
projections from the US COVID-19 Scenario Modeling Hub. This table details a summary of core model 454 
assumptions for the nine included models (arranged alphabetically). 455 
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