ek e Foresight and Analysis of
Computin ° °
socomei e, INfECtious Disease Threats

& Initiative

mversityorvigma £O ViFginia’s Public Health

November 16, 2023

(data current to Nov 1t — Nov 14th)
Biocomplexity Institute Technical report: TR BI-2023-274

il UNIVERSITYo VIRGINIA

BIOCOMPLEXITY INSTITUTE

biocomplexity.virginia.edu



http://biocomplexity.virginia.edu/

About Us

* Biocomplexity Institute at the University of Virginia
* Using big data and simulations to understand massively
interactive systems and solve societal problems

e Over 20 years of crafting and analyzing infectious
disease models

* Pandemic response for Influenza, Ebola, Zika, and others
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Overview

e Goal: Understand impact of current and emerging Infectious Disease
threats to the Commonwealth of Virginia using modeling and analytics

* Approach:
* Provide analyses and summaries of current infectious disease threats
* Survey existing forecasts and trends in these threats

* Analyze and summarize the current situation and trends of these threats in the
broader context of the US and world

* Provide broad overview of other emerging threats
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Key Takeaways

COVID-19 Activity levels remain in an undulating plateau

* Cases and hospitalizations have remained flat for a month
e Other indicators continue to point towards this continuing but with some increased activity in Southwest

* Wastewater based indicators similar mix of viral loads as in previous weeks
Genomic Surveillance maintains high diversity with no dominating variant

Influenza Activity is picking up Nationally, still low in Virginia

e Recent hospitalization surveillance from the 15th shows growth

Together this suggests continued COVID-19 plateaus in near term
UNIVERSITYs VIRGINIA
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COVID-19 Surveillance
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District Case Trajectories — last 10 weeks

Rt estimates from EpiNow?2
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Number of Districts
Current Week Last month

I R<0.2
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Curve shows smoothed case rate (per 100K)

Trajectories of states in label & chart box
Case Rate curve colored by Reproductive
number
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District Case Trajectories — Recent 6 months
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District Hospital Trajectories — last 10 weeks
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COVID-19 Growth Metrics
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Estimating Daily Reproductive Number —
VDH report dates — EpiNow2 estimation  Refrom VDH Cases (last 6 months)

Reproductive Estimate Summary as of November 14, 2023 :
Reproduc'tlve Trend forecast V1
number estimate s T T T N | T T T T T T T N e I
oS :
State-wide cases 1.00 0.89-1.2 Likely increasing £ 2 :
o2 1
State-wide hosp 1.00 0.93-1.2 Likely increasing i § !
Central 1.00 0.83-1.3 A ]
Eastern 1.10 0.9-1.2 Likely increasing E
Far SW 1.10 0.87-1.3 Likely increasing :
Near SW 1.00 0.81-1.3 0.0 !
Northern 1.00 0.89-12 ciRgcegseszpszaRaceRaseRgEnRna
Northwest 1.10 0.85-1.4 Likely increasing =223333°>°°352 ED‘E‘E 6550000022223
Type |:| Estimate D Estimate based on partial data D Forecast
Methodology Effective reproduction no.
* Sam Abbott, Joel Hellewell, Katharine Sherratt, Katelyn Gostic, Joe Hickson, Hamada S. Badr, 10 ====B-mem e e L *----————.——-
Michael DeWitt, Robin Thompson, EpiForecasts, Sebastian Funk (2020). EpiNow2: Estimate Real- 051
Time Case Counts and Time-Varying Epidemiological Parameters. doi:10.5281/zenodo.3957489.
0.0 ! : . T
* Serial interval, generation time, and incubation period built into disease model via EpiNow?2. € - = > _ %
@ g @ £ g
* Uses confirmation date but report date biases are better accounted for. g E g E g %
* Note: most recent data point for hospitalizations is 3 days prior to that of cases (HHS Region
hospitalization through 11/11/23 vs. VDH case data through 11/14/23).
. . . Increasing . Stable l Decreasing
Expected change in daily cases o ) _ ‘
Likely increasing Likely decreasing

EpiNow2 home: https://epiforecasts.io/EpiNow2/
16-Nov-23 11



https://epiforecasts.io/EpiNow2/

Wastewater Monitoring

Wastewater provides a coarse estimate of COVID-19 levels in communities
* Nationwide and in VA, sites have shifted from lower trend categories to higher trend categories
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Total sites with current data: 1253

Total number of wastewater sampling sites: 1745
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https://covid.cdc.gov/covid-data-tracker/#wastewater-surveillance

Wastewater Monitoring — VA Sites

Wastewater provides a coarse early warning of COVID-19 levels in communities
* Some VA sites (esp. Eastern) are starting to shift to higher quintiles in wastewater percentile groups

Viral Load Percentiles by Sampling Week
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From: https://www.vdh.virginia.gov/coronavirus/see-the-numbers/covid-19-data-insights/sars-cov-2-in-
wastewater/#surveillance-trend 13
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Hospitalizations in VA by Age

Age distribution in hospitals showing

slight shift towards younger age groups

* Overall hospitalizations increasing
across all age groups

* Increase in pediatric hospitalizations
(0-4 age group), remain high, but have
come down a little in last week

Note: These data are lagged and based
on HHS hospital reporting

Weekly hospitalizations

Weekly pediatric hospitalizations
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Virginia Hospitalizations by Age (all ages)
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Data Source: Delphi and HHS


https://cmu-delphi.github.io/delphi-epidata/api/covidcast-signals/dsew-cpr.html
https://healthdata.gov/Hospital/COVID-19-Reported-Patient-Impact-and-Hospital-Capa/anag-cw7u

COVID-like Iliness Activity

Virginia CLI and cases comparison

L7:5

COVID-like Illiness (CLI) gives a measure of COVID — EDCLI(%)
transmission in the community = =
 Emergency Dept (ED) based CLI is more correlated with!?->
case reporting 10.0{ " / S
e Urgent Care (UC) is a leading indicator but may be 7.5 |
influenced by testing for other URIs 5.0& | . | |
e CLI continues to decline D May Jum Jul Aug  Sep Oct  Nov
* Levels now back to those seen last in late winter
. Central Region Eastern Region Northern Region Northwest Region e Southwest Region
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Wastewater, ED visits, and Test positivity

Wastewater: Effective SARS-CoV-2 virus concentration (copies / mL of sewage )

800
powered by Biobot Analytics

600

400

Jun 23 Jul ‘23 Aug 23

Source: Wastewater data from Biobot Analytics

* WW signals are all in
decline but the Northeast
which seems to have
peaked recently

e ED visits for COVID also are
all in decline now

16-Nov-23

Midwest

— Nov @8,
copies/mL

2023: 587
Nationwide

Nov 08,
copies/mL

2023: 4bh
Northeast

Nov @8,
copies/mL

2023: 499

South

— Nov 08,
copies/mL

2023: 345
West

Nov 08,
copies/mL

Sep 23 Oct 23

https://biobot.io/data/

Nov ‘23 2023: 453

COVID-19 New Hospital Admissions and COVID-19 Nucleic Acid Amplification Test (NAAT) Percent Positivity, by Week, in The United
States, Reported to CDC

140k

120k

100k

80K

Weekly COVID-19 New Hospital Admissions

Apr 30,22 Aug 27,22

Dec 24

22 Ap

https://covid.cdc.gov/covid-data-tracker/#trends weeklyhospitaladmissions_testpositivity 00
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Weekly Emergency Department Visits by Viral Respiratory Iliness Type and
State, as a Percent of All Emergency Department Visits
Make a selection from the filters to change the visualization information.
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/IP Code level case rate since last meeting

New cases per 100k in the last five weeks

e Rates are for the weeks

Si_m?e last meetir.‘g' Rank Zip Code Name Rate Case Rates by ZIP Code CaseRate
Divide rates by five 1 24147 RchCreek 34,180 (2023-10-11 to 2023-11-14) High : 12000+
I I 2 24651 Tazewell 16,000 8000

to calculate average 3 24083 Dalevile 13,680 | Beyond
weekly incidence. 4 22482 Kimarnock 12,630, Scale ——
§ 24350 Ivanhoe 12,440 " Llow: 0
6 24354 Marion* 12’390 Units=NewCase.s/100,000
* Note the new color scale 7 24312 Austinvile 10,770 gﬁggg&ed*
as Southwest has gone 8 24084 Dublin 10,660 Data
9 24637 Pounding Mil 10,550
beyond the O to 7,500 10 24243 Dryden 10,480

range use d P revious Iy Only includes zips with pop = 1000 and no supp. data.

* Denotes zip codes with state prisons.

* Rates remain elevated
in the Southwest. Areas

west of Lynchburg have i
seen significant declines. a@ @
10
* Marion is the only prison ®
containing ZIP code in sl

the top 10.

Based on Spatial Empirical Bayes smoothed case rates, with an 8:1 ascertainment ratio, for five weeks ending 2023-11-14.

§ilf UNIVERSITYs VIRGINIA
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Risk of Exposure and Hot Spots

Case rates since last meeting by zip code used to calculate risk of encountering someone
infected in a gathering of randomly selected people and find spatial hot spots

Group Size: Assumes 8 undetected infections per confirmed case (ascertainment rate from recent
seroprevalence survey) and shows minimum size of a group with a 50% chance an individual is infected
by zip code (e.g., in a group of 8 in Rich Creek, there is a 50% chance someone will be infected).

» Spatial Clustering: Getis-Ord Gi* based hot spots compare clusters of zip codes with five-week case
rates higher than nearby zip codes to identify larger areas with statistically significant deviations.

Rank Zip Code Name Size Group Size Needed for 50% Group Size Spot Zip Code Name Conf. Point Prevalence Hot Spots by Zip Code Getis-Ord Gi* HotSpots

- Beyond . . i x 2 i 0 { 2
1 24147 Rich Creek Y fptands Likelihood of 21 Infected High : 300+ I Zrpentee (2023-10-10 to 2023-11-14) | Il Cold Spot - 99% Confidence
2 24651 Tazewell 20 ' ey 260 2 24651 Tazewell 99% g . ; oro
8 y ‘ 2 Froderich) Cold Spot - 95% Confidence
3 24083 Daleville 24 { SR > 220 3 24083 Daleville 99% {Geai / ‘ )
4 22482 Ki 4 22482 Kilmarnock 99% 3 7 Loudoun\___ Cold Spot - 90% Confidence
ilmamock 26 180 g = S Rt 7
5 24354 Marion 99% . Fianli Not Significant
= o0 hanhee = 150 6 24350 hanhoe 95% ‘ LR (% 2N
6 24354 Marion* 26 120 7 24084 Dublin 90% e, o\ Fauquier ¢ Fairtax | Hot Spot - 90% Confidence
7 24312 Austinvlle 30 60 8 24312 Austinvlle  90% flesams EEC e L Hot Spot - 86% Confidence
8 24084 Dublin 31 Low : 20 9 24343 Hillsulle 90% o A S b Ak B Hot Spot - 99% Confidence
9 24637 P i X ow 3 . Hightand g / Namsong’d ey A
ounding Mill 31 10 24637 Pounding Mill  90% S { by O S DL
10 24243 Dryden 31 NaN 11 24243 Dryden 90% T Laewg ) Lo ,
Only in cI deszps with pop = 1000 and no su pp data - Only ips wuh pop = 1000 and n pp data Bath / (@)% a ey o N 3
zip codes with state prist s * Denotes zip codes with sta t e prisons. / 4\ Albemarle Louisa L
. Rockbridge y ™
7/ f‘“" (‘t: 5 la Accomad K
Y 7 Amherst Buckingham 2 T
Z 1 S S ) o 1 » |
y 1 ® : w2 ey 2 Nl e it S .
__ o s e 8 __A\Buchanan\~ " Giles_- <37} Bediord cometat -~ e e P S, < 7
« 5 No = - > et o pR% o A g
P 4 / 9 S LS v .10 T T Mont. | \ Lo P 1V SR, ~ YN\ ¢ |
e hz)”f @ ©/x>/_j """"R‘\ & \‘f/»,»”' } i wise ~ L) ’2’ o Pu 7‘(\ s 7:/ o Yng? Oy Chariotte 7~ Tcmi ‘ay Dinwiddie | e r 1
\10 o \1 " oY 6K 5 \Z_/(\'/ ! i} [ & h, Russell a S Wythe Fioyd‘r / ik ;‘ / e \I.Aunenbuvg‘ TN % Sussex ? / 5 v {
,,J/ @ J\’N ‘1//"{ By ® ,,‘1., Q© (‘,([j'/ S 1M Wa i 5(5‘ 6 8 9\ S o inhare | Haiifax T Brunswick| 7‘ 7
{3 \ K - /4 Lee: Seot | T\ o Yo ol PR A - Mokt 2 73 st |
N S ., = { S | [ = — 1 y_‘ / | /
Based on Spatial Empirical Bayes smoolhed point prevalence wnh an 8:1 ascenalnment ratio, for four weeks endmg 2023 11-14. '] Based on Global Emplrlcal Bayes smoothed point prevalence for the four weeks endmg 2023- 11 14.
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COVID-19 among Healthcare Workers

COVID-19 case rates for the public and for healthcare workers (HCW) were compared to
find regions where HCW suffered unusually high burdens of disease

 HCW Rate: Case rate among health care workers (HCW) over a five-week period November 13

 HCW Ratio: Case rate among health care workers (HCW) over the same period using patient facing
health care workers as the numerator, and the population’s case rate as the denominator.

* Unusual high HCW rates seen in the far Southwest; high ratios west of Lynchburg and south of Richmond.

10 Bedford County

Rank Name Prov HCW Case Rate by County Case Rate Rank Name Ratio HCW Prevalence / Case Prevalence FIRNRiEnEe Rate
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6 Wythe County 2’310 Units = Active Cases / 100,000 6 Bland Count 22 cter A 1:2
i r I 7 Norfolk City ’ 22 mLie
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COVID-19 Broader Context
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United States Hospitalizations

i

Number of States
Current Last
Week Month
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Around the World — Hospital Admissions

Weekly new hospital admissions for COVID-19 per million people

Weekly admissions refer to the cumulative number of new admissions over the previous week.

United States
=—— England
Czechia

Ireland

Italy

Denmark
— Israel
% — Iceland
0. Germany

Jan 6,2023 Mar 16,2023 May 5,2023 Jun 24,2023 Aug 13, 2023 Nov 11, 2023

Data source: Official data collated by Our World in Data ccBYy
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o s R Our World in Data
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SARS-CoV2 Variants of Concern e

BQ:1e *BQ.1.1

Emerging variants have potential to continue to alter the [ iy o
future trajectories of pandemic and have implications for :
future control

"N XBB.L5—er —— *XBB.1.5.72 Gy
D ¥ 93 5 i 1

XBB.1.5.102«
+EU.1.1

e Variants have been observed to: increase transmissibility, ok e XBB.1,9.1+

- *HV.1
. . . . . .. ‘ ABB 1.9.20e— >
increase severity (more hospitalizations and/or deaths), and limit Origin Straine— =
immunity provided by prior infection and vaccinations "BA NGB 16— -XBB.1.16.:6.
BA:1. ]
XBB\\ 166«
Weighted Estimates in HHS Region 3 for 2-Week Periods in 7/23/2023 — Nowcast Estimates in HHS Region 3 . *GE.1
11111/2023 for 10/29/2023 - 11/11/2023 *FE.1.1
@ Hover over (or tap in mobile) any lineage of interest to see the amount of uncertainty in that lineage's estimate.
Region 3 - Del , District of Columbia, Maryland,
Pennsylvania, Virginia, and West Virginia
Nowcast: Model-based
Weighted Estimates: Variant proportions based on reported genomic projected estimates of WHO label  Lineage # %Total 95%P|
sequencing results variant proportions [ ]
Omicron AV 37%  295403% W O *
micron Updates
100% FL.1.5.1 113%  9513.2%
P - HK 3 74%  4311.4%
aR R 1 3 el x
o w 0 o w 1. 3 cn o : R °n . O o
N B : Ghien 1% HE * New lineage HV.1 (XBB.1.9*) up to 34% from 31%
E=1 B 2. 5% 1-2.2%
8 — e BA2 14%  063.3%
E B e —_— % 05819% * i o)
— —_— = * EG.5(XBB.1.9%) slightly down to 18%
% - I N e - = XBB.1.16 1:0:/: 017:1:3:2 - % . o
— : B . e * FL.1.5.1 (XBB.1.9%*) dlstill at 13%
. Em=H § w—eanin
T r— XBB.1.16.1 06%  0507% ° (o) (o)
- S E e HK.3 now at 7% up from 5%
20% -_ —_— 15 2% 20.3% . . . .
mEEEEE = — CRl - B * Most circulating variants are sublineages of
0% XBB1.9:2 oﬁ1:/: oﬁ1-oﬁ2:/: [
2 g g g g g g g Xoaiass 0% 0001 XBB.1.9, XBB.1.16, XBB.1.5, and XBB.2.3
4 ] g g 3 s 2 = XBB.1.5.10 00%  0.0-01% sy el ) ety L
s 5 & 5 S S FD.1.1 00%  00-0.1%
~ XBB.1.5.59 00%  0.0-00%
i xeB151 e o *percentages are CDC NowCast Estimates
B FE1.1 00% _ 00-00% M
Collection date, two-week period ending Ofher Ofher T2% 0.6-2.5% | I

16-Nov-23 CDC Variant Tracking 25



https://covid.cdc.gov/covid-data-tracker/#variant-proportions

SARS-CoV2 Variants of Concern

A variety of co-circulating variants have emerged making
differences and relationships harder to track.

BA.2.75] [BA.2.75.3|

Data shown as of 6 November
2023. Proportions are given for lineages that
are observed in sequences with a specimen
date between 23 October 2023 and 29
October 2023.

https://www.gov.uk/government/publications/sars-cov-2-genome-sequence-prevalence-and-growth-rate/sars-
cov-2-genome-sequence-prevalence-and-growth-rate-update-8-november-2023
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SARS-CoV2 Omicron Sub-Variants

COV-spectrum
“Editor’s choice”
Variants to watch

Known variants
Which variant would you like to explore?
Editor's choice ¥
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https://cov-spectrum.org/explore/United%20States

Global SARS-CoV2 Variant Status

Traveller Surveillance
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SARS-CoV2 Sequencing

Emerging variants have potential to continue to alter the
future trajectories of pandemic and have implications for
future control

* Current proportion of cases being sequenced is on a downward trend
nationally.

* Leveraging additional resources such as wastewater sequencing and
adopting into existing infrastructure will be an important supplement

Nov 2022 to Nov 2023
Sequences by Month in US

2020-01  2020-04 2020-07 2020-10 2021-01 2021-04 2021-07 2021-10 2022-01 2022-04 2022-07 2022-10 2023-01 2023-04 2023-07 2023-10

https://cov-spectrum.org/explore/United States/AllSamples/Past6M/sequencing-coveragege
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Pandemic pubs

Sequence Frequency

BA.2.86* Pirola Global Frequency Vs. JN.1 Pirola in France

South Africa and UK Care Home Omitted
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JN.1 sublineage of BA.2.86 bears watching due
to immune escape, displayed growth, and
mutation profile

https://erictopol.substack.com/p/the-virus-takes-a-detour-in-its-
evolutionary
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Updated Booster & Variants of Concern

Figure 2. Analysis of Neutralizing Antibody Titers Against Ancestral SARS-CoV-2 (D614G) and
BA.4/BA.5, XBB.1.5, XBB.1.16, XBB.2.3.2, EG.5.1, FL.1.5.1 and BA.2.86 Variants in a
Randomly-selected Subset of Participants Who Received Monovalent mRNA-1273.815
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https://www.medrxiv.org/content/10.1101/2023.08.22.23293434v2
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Phase 2/3 participants in updated booster
trial show significantly increased neutralization
levels for XBB.2.3.2, EG.5.1, FL.1.5.1 and BA.2.86.

The occurrence of solicited adverse reactions and unsolicited adverse events
were overall similar to those previously reported for the original mRNA-1273 50-
ug and omicron BA.4/BA.5-containing bivalent mRNA-1273 vaccines.
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AA subs per residue

Pandemic Pubs

Recent publication in Cell, compares human viruses and their relative speed of mutation and thus adaptability

* Ongoing adaptive evolution in human endemic viruses is largely in surface proteins
* Immune evasion drives continuous adaptive evolution in many endemic human viruses
* Antigenic evolution occurs in several viral families
* SARS-CoV-2 is accumulating protein-coding changes faster than other endemic viruses
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Kistler & Bedford SARS-CoV2 at ~19-20 AA subs/res/yr is off this chart

https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(23)00380-3
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Pandemic Updates

Recent presentation on National SPHERES call reports on HV.1 severity

Design:
e 3 Health systems across 5 states, with nearly 10K total sequenced samples linked to clinical outcomes
* Study restricted to period of time after HV.1 emergence (~2700 samples, of which 286 were of HV.1)

Results:
 More HV.1 samples were gathered in Outpatient setting than Inpatient (consistent over time)
* HV.1 was associated with lower hospitalization likelihood compared to EG.5, XBB.1.16, and XBB.2.3

Conclusions:
* These findings hold even when controlling for other demographic features, further

suggesting HV.1 is associated with less severe illness than other co-circulating variants



16-Nov-23

Influenza Update
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Current Influenza Situation — ILI Activity

Region 3 Influenza Activity is below

threshold

Region 3

Virginia is still in "Low” level as some states and regions
renew upward growth after a couple week pause.

National ILI activity reaches threshold after several

weeks of steady growth

Three regions are over threshold, while Region 3
remains just below.

Visits for y lliness Reported by
The U.S. Outpatient Influenza-like lliness Surveillance Network (ILINet),
ona y, 2023-24 Season and Selected Previous Seasons

2023-24 Influenza Season Week 44 ending Nov 04, 2023 1L1 Activity Level

(V] onal Baseli Ve Se 89— Season G— D
& 202021 St B— 192050 o il UNIVERSITYsf VIRGINIA
16-Nov-23

BIOCOMPLEXITY INSTITUTE

Virginia

Influsnza Positive Tests Reported to CDC by Public Health Laboratories,
Virginia,
2023-24 Season, wesk ending Nov 04, 2023

teportad by: U.S. WHO/NREVSS Collaborating Laboratories and ILINet
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Current Influenza Situation — Hospitalization Admissions
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Current RSV Situation — Hospitalization Rates (RSV-Net)

Maryland (RSV-Net) Georgia (RSV-Net)

Weekly Rates of RSV Associated Hospitalizations, all Seasons = i Weekly Rates of RSV Associated Hospitalizations, all Seasons T B

Hospitalization rate per 100,000
Hospitalization rate per 100,000

5 2055 302 503
Jan 2022 Jul 2022 Jan 2023 Jul 2023 Jan2022 Jul.2022 dan;2023 Jul 2023

O o) O O

Surveillance data as of: RIFEESE
October 21 (last solid data)
November 4 (last recent but likely to be updated) il UNIVERSITYsf VIRGINIA
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https://www.cdc.gov/rsv/research/rsv-net/dashboard.html

Current RSV Situation — Wastewater in VA

16-Nov-23

RSV, Virginia

Quantity of nucleic-acids,
PMMoV Normalized (x1 million)

* sample collected

@ Hillsville, VA (Town of Hillsville Wastewater Treatment Plant)
@ Aquia, Stafford, VA (Aquia Wastewater Treatment Facility)

Virginia — RSV via Wastewater

T
Sep 24

T T - " - - - - - " - T T
Qct Oct8 Oct 15 Oct 22 Oct 29 Nov 5 Nov 12

Collection Date

Little Falls Run, Stafford, VA (Little Falls Run Wastewater Treatment Facility)

RSV, Region 3: DE, MD, PA, VA, WV .

Line Chart EEsEEIGYET]

Quantity of nucleic-acids,
PMMoV Normalized (x1 million)

180

160

™ =2 Saveto Grid Share Chart v

HHS Region 3 — RSV via Wastewater

'
Aug 20

t
Aug 27

f ' t ' t t f t t t
Sep 3 Sep 10 Sep 17 Sep 24 Oct Oct 8 Oct 15 Oct 22 Oct 29 Nov 5 Nov 12
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https://www.wastewaterscan.org/en

16-Nov-23

National Modeling Hub Updates
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Daily COVID-19 hospital admissions

o

Current COVID-19 Hospitalization Forecast
Statistical models for submitting to CDC COVID Forecasting Hub

* Uses a variety of statistical and ML approaches to forecast weekly hospital admissions for the next 4 weeks for all
states in the US

Hospital Admissions for COVID-19 and Forecast
for next 4 weeks (CDC COVID Ensemble)

# Observed data Masaryk UMass—Sarix
# Observed data Preliminary data # PSI-DICE UMass-TE
== ... Preliminary data # CMU # SGroup-RF uT
Vll'glnla Vlrglnla # CDC ensemble forecast # MOBS # UMass-GBQ
CDC ensemble forecast Individual team forecasts United States United States
o o .
©1 © 1 CDC ensemble forecast Individual team forecasts
o o
« A

T T T T T T T (=} T T T T T T T
Sep-11 Sep-25 Oct-09 Oct-23 Nov-06 Nov-20 Dec-04 Sep-11 Sep-25 QOct-09 Oct-23 Nov-06 Nov-20 Dec-04

:

Daily COVID-19 hospital admissions
80

Lo etn A s e

40

40
1,000 2,000 3,000 4,000 5,000

1,000 2,000 3,000 4,000 5,000

= Sep-11 Sep-25 Oct-09 Oct-23 Nov-06 Nov-20 Dec-04 Sep-11 Sep-25 Oct-09 Oct-23 Nov-06 Nov-20 Dec-04

Daily COVID-19 hospital admissions

Daily COVID-19 hospital admissions
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https://www.cdc.gov/coronavirus/2019-ncov/science/forecasting/hospitalizations-forecasts.html

Current Influenza Hospitalization Forecast

Statistical models for submitting to CDC Influenza Forecasting Hub
* Uses a variety of statistical and ML approaches to forecast weekly hospital admissions for the next 4 weeks for all

states in the US

Hospital Admissions for Influenza

and Forecast for next 4 weeks
(CDC Influenza Ensemble)

From November 8th

CDC Flu Activity Surveillance

https://www.cdc.gov/flu/weekly/fluactivitysurv.htm

16-Nov-23

Virginia

B Reported SigSci-TSENS

® CEPH-Rtrend_fluH W Stevens-i GBR

= CMU-TimeSeries = UGA_flucast-INFLAenza

W CU-ensemble = UGuelph-CompasitaCurve

= GT-FluFNP = UM-DeepOutbreak

W |SU_NiemiLab-NLH W UMass-flusion

™ LUcompUncertLab-chimera UNG_IDD-InfluPaint

W LosAlamos_NAU-CModel_Flu UMass-trends_ensemble

® MIGHTE-Nsemble

= MOBS-GLEAM_FLUH

= PSI-PROF -flut

= SGroup-RandomForest = cfarenewal-cfaepimlight
SigSci-CREG = fiordhest-ensemble

|

New Weekly Hospitalizations
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National
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New Weekly Hospitalizations
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https://www.cdc.gov/flu/weekly/flusight/flu-forecasts.htm
https://www.cdc.gov/flu/weekly/fluactivitysurv.htm
https://www.cdc.gov/flu/weekly/flusight/flu-forecasts.htm

Preliminary Influenza Hospitalization Forecast Sneak Peek

Statistical models for submitting to CDC Influenza Forecasting Hub

* Uses a variety of statistical and ML approaches to forecast weekly hospital admissions for the next 4 weeks for all
states in the US

UVA models only

Hospital Admissions for Influenza
and Forecast for next 4 weeks

Virginia United States

From November 15t

Virginia || ref_date = 2023-11-18 || avl_date = 2023-11-11 US || ref_date = 2023-11-18 || avl_date = 2023-11-11
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Preliminary Influenza Hospitalization Forecast Sneek Peak

Dashboard for UVA model

Hospital Admissions for Influenza
o and Forecast for next 4 weeks
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Scenario Modeling Hub — RSV (Round 1) in prep

Collaboration of multiple academic teams to
provide national and state-by-state level
projections for 6 aligned scenarios

* Round Designed to explore impacts of newly
available treatments (monoclonal antibodies
and vaccines)

e Based on data till November 12th, 2023
Scenario Dimensions:

No interventions vs. levels of treatments for
infants vs. seniors:

Infants: Optimistic vs. Pessimistic - coverage
(80% vs. 20%) and VE (80% vs, 60%)

Seniors: Optimistic vs. Pessimistic - coverage
(40% vs. 20%) and VE (90% vs. 70%)

16-Nov-23

https://github.com/midas-network/rsv-scenario-modeling-hub

Optimistic senior protection
Vaccine is administered from
Sep-June to seniors 60+ yrs
- coverage saturates at 40% of
the 2021-22 state- and
age-specific flu vaccine
coverage
- VE against hospitalization is
90%

Pessimistic senior protection
Vaccine is administered from
Sep-June to seniors 60+ yrs

- coverage saturates at 20% of

the 2021-22 state-and
age-specific flu vaccine
coverage

- VE against hospitalization is

70%

Optimistic infant protection
Long-acting monoclonals target
infants < 6 months during RSV
season (Oct-Mar)

- coverage saturates at 60% of the
2021-22 state- and age-specific flu
vaccine coverage

- VE against hospitalization is 80%

Scenario A

Scenario B

Pessimistic infant protection
Long-acting monoclonals target
infants < 6 months during RSV
season (Oct-Mar)

-coverage saturates at 20% of the
2021-22 state- and age-specific flu
vaccine coverage

- VE against hospitalization is 60%

No infant intervention beyond
what was used in prior years
(limited supply of palivizumab,
targeting ~2% of birth cohort at
high risk)

Scenario C

Scenario D

No senior intervention

Scenario E
(counterfactual)
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https://github.com/midas-network/rsv-scenario-modeling-hub

Scenario Modeling Hub — Influenza (Round 4)

Collaboration of multiple academic teams to
provide national and state-by-state level
projections for 6 aligned scenarios

* Round Designed to explore a season dominated
by H3 vs. H1 with different levels of seasonal flu
vaccination coverage

* Based on data till September 29, 2023
Scenario Dimensions:
Influenza type A/H3 vs. A/H1.:

- H3 higher hospitalization rates with vax efficacy
weaker in older groups

- H1 lower hospitalization rates and efficacy even
across age groups

Vaccination levels (compared to 2021-22 season):

Low (20% less) vs.
Business as Usual (same) vs.
Higher (20% more)

https://fluscenariomodelinghub.org/viz.html

Season dominated by influenza
A/H3N2, indexed on age
distribution of 2017-18 season.

VE = 40% against medically
attended illnesses and
hospitalizations, VE drops in
older age groups

Season dominated by influenza
A/H1N1, indexed on age
distribution of 2019-20 season.

VE = 40% against medically
attended illnesses and
hospitalizations, similar VE
across all age groups

Higher than Usual Vaccine Coverage

® Vaccine coverage is 20% higher
than in the 2021-22 flu season in
all age groups and jurisdictions.
(20% is a relative change, ie a 50%
coverage for age group a and
jurisdiction j in 2021-22 translates
to a 50%*1.20=60% coverage for
2023-24). Overall, the US coverage
is about 60% in this scenario.

Scenario A

Scenario B

Business as Usual Vaccine Coverage

e Vaccine coverage is the same as in
the 2021-22 flu season in all age
groups and jurisdictions. Overall,
the US coverage is about 50% in
this scenario.

Scenario C

ScenarioD

Low Vaccine Coverage

e Vaccine coverage is 20% lower
than in the 2021-22 flu season in
all age groups and jurisdictions.
Overall, the US coverage is about
40% in this scenario.

Scenario E

Scenario F



https://fluscenariomodelinghub.org/viz.html

Scenario Modeling Hub — Influenza (Round 4

Virginia Hospitalizations

Severity of season has a strong influence.

United States Hospitalizations

Projected Incident Hospitalization by Epidemiological Week and by Scenario for Round 1 - 2023/2024
( - Start Projection Epiweek; -- Current Date)

Scenario C: Business as usual vaccine coverage, A/H3N2 dominareenario D: Business as usual vaccine coverage, A/H1N1 dominance

40k
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s Ensemble_LOP_untrimmed
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Projected Incident Hospitalization by Epidemiological Week and by Scenario for Round 1 - 2023/2024
- Start Projection Epiweek; -- Current Date)

Scenario A: High vaccine coverage, A/H3N2 dominance

Scenario B: High vaccine coverage, A/HIN1 dominance
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Scenario Modeling Hub — Influenza (Round 4)

Incident Hospitalization

Higher coverage can reduce hospitalizations
significantly, more so in an H3N2 season

Projected COVID and Influenza hospitalizations
could exceed 50k with serious influenza season
aligned with high immune escape COVID

Incident Hospitalization - US (Flu Round 1 - 2023/2024, Covid-19 Round17)
Covid-19: 65+ booster, high immune escape (D-2023-04-16), quantile: 0.5
Flu: multi-scenario selection, quantile: 0.5
Scenario C: Business as usual vaccine coverage, A/H3N2 dominanc&cenario D: Business as usual vaccine coverage, A/H1N1 dominance
Covid-19 + Flu Peak Season 2022-2023: 65870 [Covid-19 + Flu Peak Season 2022-2023: 65870

—e— Flu Observed Data Flu + Cowid-19 Observed Data

M Flu (C-2023-08-14) M Covid-19 (D-2023-04-16)
B Flu (D-2023-08-14)

16-Nov-23 More Pessimistic Scenario combinations

Virginia Hospitalizations

Excess Percentage of reported hospitalizations, deaths compared with
the most optimistic scenario (US); Projection Wk 1-39
H3N2 - High Vaccination (A) KNI} Low Vaccination (E)HaMC) High Vaccination (B)HaND) Low Vaccination (F) to (D)

@ CDDEP-FluCompModel
NIH-FIUD
High Vax Low Vax High Vax Low Vax MOS8 NEUGLEAN. LU
NIH-Flu_TS
w0 VS, Usual vs. Usual vs. Usual vs. Usual NotreDame-FRED
® epst-m2
@ UuvVA-Fluxsim
@® usc-siklalpha
@ UT-ImmunoSEIRS
<@ Ensemble_LOP_untrimmed
20.0%
e °
] ®* ¢ g §
s ]
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Scenario Modeling Hub — COVID-19 (Round 17)

Collaboration of multiple academic teams to

provide national and state-by-state level
projections for 6 aligned scenarios

* Preliminary Results

* Round Designed to explore different
seasonal vaccination levels and the
impact of Immune Escape

Scenario Dimensions:
Immune Escape (IE):

Slower IE (20%/yr) vs.
Faster IE (50%/yr)

Vaccination levels:

None vs.
Vulnerable and 65 + vs.
Broader population of eligible

16-Nov-23

https://covid19scenariomodelinghub.org/viz.html

Low immune escape
e Immune escape occurs at a
constant rate of 20% per year

High immune escape
e Immune escape occurs at a
constant rate of 50% per year

No vaccine recommendation

Uptake negligible or continues at very slow levels
based on existing 2022 booster trends

Scenario A

Scenario B

Reformulated annual vaccination recommended for 65+
and immunocompromised

Reformulated vaccine has 65% VE against
variants circulating on June 15

Vaccine becomes available September 1
Uptake in 65+ same as first booster dose
recommended in September 2021

Uptake in individuals under 65 negligible or
continues to trickle based on 2022 booster trends

Scenario C

Scenario D

Reformulated annual vaccination recommended for all
currently eligible groups

Reformulated vaccine has 65% VE against
variants circulating on June 15

Vaccine becomes available September 1

65+ uptake same as first booster dose recommended
in September 2021

Coverage in individuals under 65+ saturates at levels
of the 2021 booster (approximately 34% nationally)

Scenario E

Scenario F
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https://covid19scenariomodelinghub.org/viz.html

SMH — COVID-19 (Round 17) — Virginia Results

* To date, immune escape evolution has been slow.
Booster campaign size remains unknown.

* Significant variation in Fall-Winter 2023 outlook

Incident Hospitalization

across models

Projected Incident Hospitalization by Epid
(

( - Start Projection

Scenario A: No booster, low immune escape

emiological Week and by Scenario for Round 17
Epiweek; -- Current Date)

Scenario B: No booster, high immune escape
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Projected Incident Hospitalization by Epidemiological Week and by Scenario for Round 17
( - Start Projection Epiweek; -- Current Date)

Scenario A: No booster, low immune escape

Scenario B: No booster, high immune escape
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SMH — COVID-19 (Round 17) — Results — Booster Impact

Percent averted of reported {'Hospitalization', 'Death'}
compared with no booster vaccination scenario (US); Projection Week 1-104

* Models estimate potential reduction in
hospitalizations ranging from 2% - 18% =~ lLowle o High IE S
for a 65+ only campaign to 5% - 35% .
for a whole population campaign O | o

Hosp Death Hosp Death

* Reductions in deaths are similar with @ < e
ensemble estimates of 8% reduction L
for 65+ campaign and 22% reduction .
for whole population campaign s 1 @

* For high immune escape scenarios, the ° 3
reductions are smaller and more :
pronounced for deaths than e - °
hospitalizations e
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Key Takeaways

COVID-19 Activity levels continue to decline

* Declines in cases and hospitalizations have continued
e Other indicators continue to point towards continued declines or suggest no major change

* Wastewater based indicators similar mix of viral loads as in previous weeks
Genomic Surveillance maintains high diversity with no dominating variant

Together this suggests continued declines or easing into a plateau in near term
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Questions?

Points of Contact

Bryan Lewis
brylew@virginia.edu

Srini Venkatramanan
srini@virginia.edu

Madhav Marathe
marathe@virginia.edu

Chris Barrett
ChrisBarrett@virginia.edu

16-Nov-23

Biocomplexity COVID-19 Response Team

Aniruddha Adiga, Abhijin Adiga, Hannah Baek, Chris Barrett,
Golda Barrow, Richard Beckman, Parantapa Bhattacharya,
Jiangzhuo Chen, Clark Cucinell, Patrick Corbett, Allan
Dickerman, Stephen Eubank, Stefan Hoops, Ben Hurt, Ron
Kenyon, Brian Klahn, Bryan Lewis, Dustin Machi, Chunhong
Mao, Achla Marathe, Madhav Marathe, Henning Mortveit,
Mark Orr, Joseph Outten, Akhil Peddireddy, Przemyslaw
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