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Key Messages

1 SARSCoV\,2 infections and hospitalizations in Colorado have increased for 2.5
months. Over the last two weeks, the epidemic curve hasntinued its sharp rise
with the effective reproductive number at 12.

1 1280 Coloradanswere hospitalized with confirmed COVIBL9 on November 3 still
well below the December 2020 peakwhich exceededl.800.

1 We estimate gproximately 1 in every 48 people in Coloradoare currently
infectious, equivalent to past prevalence peaksyhile 62% of Coloradans are
estimated to be immune.

1 If Colorado remains on this trajectory, projections show that COVHD9 hosptal
demand will likely increase through November and could reachver 1500
hospitalized patients by early Decembern a limited number of scenarios, hospital
demand could exceed the December 2020 peak.

1 Immediate efforts toincrease norpharmaceutical interventions and assureaccess
to monoclonal antibody treatmentwill slow the spread of infectionsand reducethe
occurrence of severe COVHR9 andhospital demandon the short-term. At this time,
effective measures could includdancreasing testing and use ofisolation and
guarantine, enhancingmask wearingand advancingaccess to monoclonal antibody
treatment.

1 On the longerterm, increasng booster uptake and vaccinations in children, age 5 to
11, will prevent thousands of COVIEL9 hospitalizations and hundreds of COVIEL9
deaths between now andhe end ofFebruary 2022.

1 The growth of infections and hospitalizations is concentrated in regions with low
vaccination and older adults (65+). Thigattern suggeststhat both pockets of
unvaccinated populatons and waning immunityare drivers ofthe current increase.


mailto:Jon.Samet@CUAnschutz.edu

Introduction
The purpose of this report is to answethree questions:
1. What is the current state ofthe SARSCo\t2 pandemicin Colorado?

2. What might future hospital demand for SARE0\t2 look like in Coloradounder
different scenarios of transmission control and vacination?

3. Why is the epidemic curve rising in Colorado?

To answer these questionsywe use COVIEL9 hospital, vaccination, and case data and a
mathematical model ofthe epidemic of thevirus tailored to Colorada We firstcharacterize
the current status of the COVIEL9 epidemic in Colorado how rapidly infections are
increasing or decreasing, the proportion of the population estimated to be immune, artide
proportion of the population estimated to be currently infectious.

Wethen generate projections of the potential future course o€OVID19 in Coloradounder
different assumptions.Theseprojections are not predictions of what will happen but,
rather, projections of wha may happen inthe coming months under different scenarios
that are relevant to planning and decisioamaking. In this report, we consider whatfuture
hospital demand might look like if we stay on the current trajectory oexperiencemodest
changes to trarsmission control akin to what we have seen in the pas¢éw weeks.We
consider the potential impacts of monoclonal antibody treatment, which can decrease the
severity of SARSCo\t2 and thus, reduce hospital demand/Ne also consider the potential
impacts ofvaccinating children, age 8117 now a reality? andthe impact ofproviding
boostersto adults. Our primary focus is projecting hospital needs for COVHD9 patients in
the months ahead, an indicator that reflectthe burden on the medical care system. We
additionally estimate future COVID19 mortality, another critical measure of overall
impact.

Lastly, we offer pespective on what may be driving thecurrent increase in COVIEL9
hospitalizations and infections in Colorado.

About the model. The modelis an agestructured SEIRV (susceptiblexposednfected
recovereevaccinated) infectious disease transmission modehtsbeencalibrated to
Colorado-specific data whenever possible. For example, the length of tintleat a COVID19
patient is assumed tespend in the hospital varies by age and oveime andis based on data
provided by Colorado hospitalsModel detailsand a listing of recent model updatesire
provided in the Appendix at the end of this report Keyrecent changesto the modelinclude
updates to assumptions of immunity from vaccination and incorporating the impact of
booster doses.

This report is based on hospitalization data througli1/01/2021 and vaccination data
through 10/30/2021 .



Question 1. What is the current state of the SARSCoV-2 epidemic in
Colorado?

Colorado is now experiencing the second -highest peak in COVID-19 hospital demand
since the start of the pandemic (Figure 1) . COVID19 hospitalization demand has
increasead dramatically over the month of October in Colorad. COVID19 hospital demand
is now the highest since December 2020.
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Figure 1. The number of people hospitalized with COVI£19 in Colorado, March 2020 tdcNovember
2,2021.

Colorado now has the 1 0th highest COVID-19 hospital demand in the United States
(Figure 2). Itis one of11 states where COVIEL9 hospital demand is risingand has the
secondhighest rate of increase among the 1Note that many other states have
experienced largerfall waves but most are nowdeclining.
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Figure 2. Current and past hospital demand byJSstate since October 2020 The left panel shows
each states time series with Col@do indicated by the thick red line. The right panel shows the
current hospitalization rate across states (horizontal axis). Statesith red lines and dots have
experienced increased hospitalizatiorrates over the past two weeks and blue indicate falling rates.
Colorado currently has the tenth higheshospitalization rate in the country. Data from US Health and
Human Servicesttps://healthdata.gov/Hospital/COVID -19-Reported-Patient-Impact-and-Hospital-

Capa/g62h-syeh.

The number of people currently infected is approaching the highest levels of the
pandemic (Figure 3) . We estimate thatapproximately 2,061 of every 100,000 Coloradans
or 1 in every48 people are infectious in Colorado as of1¥ 01. Because many people
experience no symptoms or mild symptoms of COVHD9, many nfections are not

identified by surveillance systems. The estimates we present here are intended to provide
an approximation of all infections, including those not detected by the Colorado Electronic
Disease Reporting System (CEDRS).
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Figure 3. Estimated daily number of people who are infectious and infected with SARSM2 (point
prevalence).The estimate is shown per 100,000 population. The number of infectious individuals is


https://healthdata.gov/Hospital/COVID-19-Reported-Patient-Impact-and-Hospital-Capa/g62h-syeh.
https://healthdata.gov/Hospital/COVID-19-Reported-Patient-Impact-and-Hospital-Capa/g62h-syeh.

inferred using the model andis based on hospitalizationsThese esimates are sensitive to the model
assumptions, including assumptions about the probability an infected individual will be symptomatic
and require hospital care, which vary by age, and assumptions about the virulence of variants.

SARSCoV-2 infections are i ncreasing. Our current estimate of the effective reproductive
number (Re) is 12 (Figure 4). The effective reproduction number (Re) is a measure of how
rapidly infections are spreading. When the effective reproduction number is below 1, the
number of infedions is decreasing. When the effective reproduction number is above 1, the
number of infections is increasing. Due to the lag between infections and hospitalizations,
this estimate reflects the spread of infections occurring on approximately 10A/9.
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Figure 4. Estimates of the effective reproduction number over time based on data through
11/01/2021.

We expect hospital demand to continue to increase. Figure 5 showsthe current
estimated trajectory of hospitalizations, based on the most recent modét compared to
the daily reported number of people hospitalized with COVIEL9. For reference, the
trajectory estimatedtwo-weeks prior is also shownThe two lines are close, showing that
Colorado has been on a consistent trajectorgver the past several week.
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Figure 5. The projected course of COVHR29 hospitalizations if Colorado were to remain on the
current estimated trajectory (purple line), the trajectory estimatedtwo-weeks prior (turquoise line).
Actual daily number of people hospitalized with COVIEL9 in Colorado is shown in black. Trajectories
are generated assuming Coloradoontinues vaccinations consistent with current trends

Question 2. What will future hospital demand for SARS -CoV-2 look like in
Colorado?

We generated projections of futureCOVID19 hospital demand and mortality in Colorado
using our agestructured SEIRV modeto answer the questions outlined, below.These
projections highlight three key points
1 Immediate increases intransmission control measures such as mask wearing,
testing and isolation, and physical distancingan reduce the magnitude of the
coming peak.
1 Timely access to monoclonal antibody treatment can reduce COVII® hospital
demand
1 Vaccine boosters and vaccinations in children will prevenEOVID19
hospitalizations and deathsover the next four months and beyond.

How high could hospital demand get and when will hospital demand peak?

Near-term COVID19 hospital demand is primarily determined by the level of transmission
control, as we haveeported previously. We take two approaches to estimating the
magnitude and timing of the current peakalong with the uncertainty of the estimate First,
we construct scenarios informed bypast experiencewith the course of the pandemic in
Colorada. Second, weise statistical uncertainty in our transmission control estimate to
describe therange ofpotential outcomes based orthe current trajectory.

Using our first approach we evaluate three transmission control scenarios: 1)
transmission control remains on the current rajectory, 2) transmission control increases
by 5%, and 3)transmission decreaseshy 5% (Figure 6). In thesescenarios oftransmission
control increase and decreasgthe changesre phased inover the next two weeks The
changes in thesescenarios arein line with the magnitude of transmission control changes
we have seeron a shortterm basisover the course of the pandemidf transmission
control remains at current levels, we estimaténospital demand will peak in early December
at around 1400 patients. If transmission control increases, for exampl&lue to increased
mask wearing and/or increased identification and isolation of those who are infected,
hospital demand could peak in miNovember at approximately B25 patients. If
transmission control declines by aother 5%, to levels seen in summer 202, hospital
demand couldmatch the peak in December 2020reachingaround 1750 patients by mid-
December2021.


https://coloradosph.cuanschutz.edu/docs/librariesprovider151/default-document-library/comodelingreport_20210914.pdf?sfvrsn=e529caba_0
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Figure 6. Projected number of hospitalized patients with COVIEL9 per day through January 2021
assuming transmission control decreases by 5% (green lingjemains on the current trajectory (blue
line) or increases by5% (red line). In these projections we assume lmster uptake continues on
current trends and pediatric vaccinationsbegin in early November

Second, we generated a set of simulations accounting for uncertainty in transmission
control (Figure 7). The different values are drawn from a normal distributiondefined by
estimated transmission control mean and variance from historical data. This approach
underscores that there isuncertainty in the exact height and timing of the peakviost
simulations indicate hospital demand peaks in November and demand doestrexceed
1600 hospital beds However,in some simulations hospital demand exceed®000 hospital
beds and the peak occurs in late December.
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Figure 7. Range of projected COVH29 hospital demand(A), hospital demand peak (B), date of
hospitalization peak (C) and deaths (D) , accounting for current uncertainty inour estimate of the
current level oftransmission control. Panel Ared line shows actual hospital demand, blue lines show
simulations where each line represents a projectiorthat accounts for transmission control

parameter uncertainty. These projections do not capture uncertainty in how transmission control
may vary over the longterm. Panels B, C, and 8isplay histograms with the vertical axis presented
as shares of thesimulation corresponding to the horizontal axis values.

What is the potential impact of monoclonal antibody treatment on hospital demand?

Timely treatment for COVID19 can reduce disease severity, lessening hospital demand.
The State of Colorado has takerecent steps to enhance access to monoclonal antibody
therapy, which has substantial benefit if administered early in the course of the infection
prior to hospitalization . We estimated the potential impact of widespread access to
monoclonal antibody treatment on COVIBL19 hospital demand.

Monoclonal antibody(mAB) treatment can reduce the probability an individual with SARS
CoV\£2 infection will require hospitalization and reduce the length of stay if hospitalization
is required (e.g.Brobst and Borger, Verderese et 8). Estimates for the impact of mAb
treatment vary across different drugs and studies, from 60% t82% decrease in
hospitalization risk. The majority of studies find relative hospitalization risk reduction
between 70% and 85%. In addition, a study looking at the impact of mAb treatment in a
real-world setting identified a 28% reduction in average lengh of stay for those who were
hospitalized (Verderese et &. Combining the reduction in risk of hospitalizationand the
reduction of length of stay if admittedsuggests that the net impact of mAbreatment on the
mean expected hospitadays for a COVID patient is a reduction of 789%.

We then estimated what proportion of individuals who are likely to be hospitalized for

SARSCoV*2 might receive mAB treatment, which must be administered early in he course

of infection. To be eligible for treatment, an individual must have at least one risk factor

such as being over the age of 65 or hsng a BMI above 25, AND mustlsohave a positive

test or prolonged exposure to someone with a positive test beferhospitalization. Using

demographic data, as well as examing the number of people with positive tests before
hospitalization, we estimate that approximately53% of hospitalized patients would be

eligible for treatment. The uptake for TAB among those who are eligible is dependent on a

number of factors, including availability, awareness, and other logistical details. Since these
AAAOT OO0 AOA 110 EEGAALh EdGEoestatdsErhat@ptake vdli D OT A
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those who are eligible. With ~52% eligibility among those who would be hospitalized, and

30-50% uptake, we estimate 16%26% of those who would be hospitalized will receive

mADb treatment.

Combining our estimates on efficacy and uptake we estimate thatAB treatment can
reduce COVIB19 hospital demand by 1223% (Table 1).


https://www.ncbi.nlm.nih.gov/books/NBK574507/
https://pubmed.ncbi.nlm.nih.gov/34166513/
https://pubmed.ncbi.nlm.nih.gov/34166513/

Low Efficacy Estimate
70% reduction in
hospitalizations, 78%
reduction in hospital-days

High Efficacy Estimate
80% reduction in
hospitalizations, 89%
reduction in hospital-days

Low Uptake Estimate
30% of eligible
16% of potential

12%
reduction in peak
hospitalizations

14%
reduction in peak
hospitalizations

hospitalizations

High Uptake Estimate 20% 23%

50% of eligible reduction in peak reduction in peak

26% of potential hospitalizations hospitalizations
hospitalizations

Table 1. The estimated impact of monoclonal antibody therapy on COWI® hospital demand in
Colorado populations.

Current mAb uptake (14% of eligible)
Increase to 30% uptake over 3 weeks
Increase to 50% uptake over 3 weeks
Actual
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Figure 8. Projected COVID19 hospital demand if we remain on the current trajectoryassuming
monoclonal antibody use stays at current levels (14% of eligible population, blue line), increases to
30% over 3 weeks(green line), increases to 50% over 3 weeks (pink lineA persm is eligiblefor
monoclonal antibody treatment if they are over 65 and/or have certain risk factors, and tested
positive or had a highrisk exposure before hospitalization.

What is the potential impact of boosters and vaccinations in children age 5 -117?

Vaccinations, including boosters, act to protect the vaccinated from infection, COVI1D
hospitalization and deathand increase the proportion of the population immune to SARS



Co\t2, slowing the spread of infectionsBecause it takes days to weeks for vaioes to
confer immunity, we examine the impacbf boosters and pediatric vaccines on severe
COVID19 outcomesover the next four months, through February 28, 2022.

Boosters. The scientific evidence indicates that immunity to SARS0\ 2 wanes over time
(e.g.,Thomas et al NEMJ artof et al Lance). In our model, weassume thatvaccineinduced
immunity is waning in the Colorado population.Boosters can counteract waning
immunity, DOT OEAET ¢ A OAihdt @a®imediate ifidadta®3$h&vd o recent
studies (e.g.Bar-On et al NEM)J

In our projections, we model two booster scenarios:
1 Current trajectory. Administration of boosters follows current trends such that 67%
of vaccinated adults 65+ and 2% of those 4064 receive a booster by December 31.
1 Booster uptake is doubled such that 83% of vaccinated adults 65+ and 68% of those
40-64 receive a booster by December 31. This scenario rougtihanslatesto
providing boosters to 75% of the eligiblepopulation.

Vaccines in children. The PfizerBioNTech vaccine was approved for children, age 5 to 11
on November 2, 2021. In Colorado, this age group compris@3% of the Colorado
population. Vaccinating this age group not only protecthe health of chidren, but also
increases population-level immunity in Colorado andthereby preventsthe spread of
infections from children to older peopleincluding parents, teachers and grandparents.

In our projections, we model two pediatric vaccination scenarios
1 64% of children age 5 to 11 receive a first dose by January 31, 2022
1 No pediatric vaccine is administered.

Projected impacts . Increased booster uptake and vaccinations in children, ageBl. can
prevent thousands ofCOVID19 hospitalizations and hundreds of death®ver the next four
months (Figure9). The benefits of vaccination extend beyond the timeeriod of these
projections.


https://www.nejm.org/doi/full/10.1056/NEJMoa2110345
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)02183-8/fulltext?fbclid=IwAR2Y6V4-Vl4iLBEw3ajgWqrR5elYRg3UZBpb6vafq_-3-h0xl_qGpObN4hY
https://www.nejm.org/doi/full/10.1056/NEJMoa2114255
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Figure 9. The estimated number of people hospitalized with COVHD9 (top) and deaths (bottom)
from now until February 28, 2022 for different boosterand pediatric vaccineuptake scenariosThe
orangebars show projected COVIDP19 hospitalizations (top) and deaths pottom) if booster uptake
continues on the currenttrajectory and no pediatric vaccines are administeregdthe teal bars show
projected impactsif booster uptake continues on the current trajectory and 64% of children receive
the pediatric vaccine efore February 2022. Theblue bars show projectedimpacts if booster uptake
increases to 75% of the eliible population and 64% of children receive the pediatric vaccine before
February 2022.To account for uncertainty in transmission control, projections are generated for
transmission control remaining on the curent trajectory as well as increasing/decreasing by 5%. In
these scenarios, we assume the pediatric vaccine is administered starting November 5, 2021.



Question 3. Why is the epidemic curve rising in Colorado?

Over the last month, Colorado has been amgrihe minority of states with a rising epidemic
curve and is having the second steepest rise. Apart from geographic location, there appears
to be no unifying factor that explains the surge that each of the Idcreasingstates is
experiencing. Here, we review the different factors that could contribute to the current
picture of the pandemic in Colorado.

Reason 1.Pockets of unvaccinated populations. With 62% percent ofthe population

fully vaccinated, Colorado is abovthe national averageof 58 % percent. However, the
percent of the population vaccinated varies widely across the state, from 36% of the
population vaccinated in the Southeast LPHA region to 66% of the population vaccinated in
the Central Mountains LPHA rgion. Statewide, approximately 80% of those hospitalized

are not vaccinated, reflectinga highburden of severe disease in the unvaccinated.

Geographically, the toll of SARE0\,2 is most severe in regions where vaccination rates
are low and amongunvacdnated populations (Figure10 & 11). Vaccinated individuals in
high-vaccination regions have the lowest hospital and mortality rates in the state.
Conversely, unvaccinated individuals in lowvaccination regions have the highest hospital
and mortality rates in the state. Notably, unvaccinated individuals in higivaccination
regions have lower hospitalization and mortality rates than unvaccinated individuals in
low-vaccination regions, suggesting that vaccination is protecting not only the vaccinated,
but reducing transmission risk in regions with high vaccination coverage.
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Figure 10. The mean weekly rate of COVH29 hospitalizations per 100,000 residents for vaccinated
(blue dots) and unvaccinated (green dots) indiiduals by region. The xaxis shows the percent of the
total population vaccinated in eachof the 11 ColoradoLPHA regiors. Hospitalization rates are the
average weekly rate for the four week$deginning 9/19/21 to 10/10/21.
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Figure 11. The number of COVIEL9 deaths per million residentsfor vaccinated (blue dots) and
unvaccinated (green dots) individuals byColorado LPHAregion, September 2021. The-axis shows
the percent of the total population vaccinated in each of the 11 Colorado LRHegions.

Reason 2.Immunity due to vaccines is waning . The scientific evidence indicates that
immunity to SARSCo\¢2 wanes over time (e.g.Thomas et al NEMJrartof et al Lance). We
estimate approximately 62% of the Colorado population is currently immune to SRSCo\
2 as of 10/18 (Figure12). Our model estimates that vaccinénduced immunity has
declined in the population. Boosters can rapidly increase population immunity in the
weeks and months aheadBar-On et al NEM)J
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Figure 12. Estimated percent of the population in Colorado assumed to be immune to SARB\2
due to infection and/or vaccination through11/03/2021 . We estimate the proportion of the


https://www.nejm.org/doi/full/10.1056/NEJMoa2110345
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)02183-8/fulltext?fbclid=IwAR2Y6V4-Vl4iLBEw3ajgWqrR5elYRg3UZBpb6vafq_-3-h0xl_qGpObN4hY
https://www.nejm.org/doi/full/10.1056/NEJMoa2114255

population immune using ouragestructured SEIRV model and data on vaccinations in Colorado
provided by CDPHE. We assume that not everyone who was previously infected or vaccinated is
immune, and that immunity wanes over time based on recent scientific evidence

Reason 3. Population movement is at or beyond pre-pandemic levels. Our primary
measureof behavior related to transmission of SARE0\,2 is mobility and contact
information estimatedfrom mobile phone data. These data indicategradualreturn to the
mixing patterns of 2019.Additi onally, most schools reopenedwith fully in person learning
in August.The start of the growth in hospitalizations coincideswith school opening, butthe
return to school, which began about three months agdpes not explain the recent sharp
rise in hospitalizations. Additionally, patterns of school reopening across the country do
not align with the current pattern of rising and falling epidemic curves across the states.

Reason 4. Weather. Most respiratory viruses peak in winter monthsand the sciertific
literature indicates that cooler, drier conditions may favor the spread of SARS0\¢2. For,
example, as the weather cools, people may be more likely to gather indoors. However,
weather driven impacts are thought to be modest relative to interventionso control the
spread of infections (e.g.5era et &). The extent to which weather is driving the current
surge is unclear Temperatures have dropped in many of the states experiencitgh
COVID19 hospital demand(Figure 13) but many other states are also experiencing colder
weather.

Figure 13. Daily maximum temperature 7day rolling average. The red line indicates thigear and
the black line represents a 36year averaget standard deviation indicatedwith gray band.

Reason 5. Nonpharmaceutical interventions .In contrast to prior waves,the use ofnon-
pharmaceutical interventionsis more limited and we examinedwhether a decrease in
mask wearingcould be driving the current wave We examined maskwearing patterns
using public survey dataFacebook survey datao not show a sharp downtown in reported
use of masks coincident with the timing of the surgérigure 14). In fact, there is agradual


https://www.nature.com/articles/s41467-021-25914-8
https://delphi.cmu.edu/covidcast/survey-results/?date=20211104&region=08069

