July09, 2021 Edition2021-:07-09 (97)

l COVID-19 Science Update

From the Office of the Chief Medical Officer, CDC COVID-19 Response, and the CDC Library, Atlanta, GA.
Intended for use by public health professionals responding to the COVID-19 pandemic.

*** Available on-line at https://www.cdc.gov/library/covid19 ***

Section headings in the COVID Science Update align with tkEDC Science Agenda for CGAD

Natural History of SARE0\,2 Infection

PEERREVIEWED

Agerelated immune response heterogeneity to SAR®V2 vaccine BNT162bZollieret al. Nature
(June30, 202).

Key findings:
1 SARSoVf2virus neutralizatioraefter 1 dose of BNT162h®Pfizer/BioNTechjrops off precipitoushat age
80years(FigureA).

1 Following?2 doses, persons<80 yeargn = 15)and ¥80 yeargn = 24) showdetectableneutralizing tiers
againstB.1.1.7(Alpha) B.1.351Beta)and P.1(Gamma)ariants of concerifivOG).
0 Serum neutralizatiomgainstwild-type, B.1.1.7and B1.351was loweramongpersonsx80 years
compared to <80 year@-igureB).

Methods: UK ommunity members and healthcare workeaexeivinglst dose of BNT162bgh = 140, median age
72 yearywererecruited Decembef 4, 2020;Februaryl0, 2021 andfollowed for up to 3 weeksfter 'Y dose(n =
39). Antibody levels serumneutralization and Tell function werecompared for persons<80 andg0 years of age
after 1 and 2 doses Limitations:Results were limited to the BNT162baccine study only considered 3 VOCs
(B.1.1.7, B.1.351, and P, $)nall number oparticipants may limit generalizability

Implications It is unknown howserum neutralization correlates with protection from infectiddNT162b2 has
beenfound to prevent symptomatic COMI inpersonsig0years(Bernalet al.).
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Note: Adapted fromCollieret al. Neutralization effects by BNT162b2 sexaProportion ofpeople with detectable

neutralization ofpseudotypel virusafter 15t dose as function of age (cutoff 183=20).b. Impact of SARS0\2 variants of

concern orb0% serummeutralizationtiter after 2d dose of BNT162b2accine serdy agegroupandvariant WT (n=64),

B.1.1.7 (=53) Spike mutant B.1.351 §82) Spikenutant, P.1 (r=32). Geometric mean & and SDare shown p-values *

<0.05, ** <0.01, ns natignificant Reprinted by permission from Springer Nature Customer Service Centre GmbH: Nature, Age
related immune response heterogeneity to SARS/2 vaccine BNT162b2, Colletral. Copyright 2021. Advance online
publication, June 30, 2021. (ddi0.1038/s4158621-037391.

SARSE0\*2 mRNA vaccines induce persistent human germinal centre resporaaseret al. Nature
(June28, 202).

Key findings:
1 BNT1628 (Pfizer/BioNTech) vacdtion induced strong Ig@ominated plasmablast (PB)sponses
peakingl weekpost 2% dose
1 Robust Shindinggerminal center GQ B-cell responses were detectddr up to 12 weeks in lymph node
aspiratesin a subset of 14 particgnts.
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1 PB responses preceded high levels of-&nitinding and neutralizing antibodi@$Abs)to several
emerging variants, especially in 8 participants infected prior to vaccination

Methods: Antigenspecific B cellesponses in blood (r41) anddraininglymph nodegn =14)were examined
after 2 doses of BNT162bRBs binding to SAR®\2 protein wasmeasured by enzymknked immune absorbent
spot (ELISpotLimitations:Small samplsize,especially for subset analysis

Implications BNT1628 vaccination elicitprolonged GC responses fantibody-mediated immunityin humans
Durable memory B cell immunity may indicate longer lasting humoral immunityNAdnlevels alone may
suggest.

PREPRINTSIQT PEEREVIEWED

Antibody development after SARS0\2 vaccinations in elderly patients with autoimmune diseases:
data from a prospective controlled cohort studBoekelet al. SSRNJune 282021).

Key findings:

1 After 1¥ dose ofBNT162b2 (PfizEBioNTech), ChAdOx1 (AstraZeneca), or CX021414 (Moderna)}TDVID
vaccines, neutralizing antibodiAb) antireceptor binding domain IgG levels wédosver for COVIBEL9
naivepatients onmethotrexateor ant-CD20vs. healthy control§FigureA).

o Compared to 71% of healthy controls, 25% of 111 patients on methotrexate and none of 15
patients on antiCD20 therapies seroconverted.

1 After 2%vaccinedose, except for those on arD20 theragis more than 88% of all patient groups
seroconveted (FigureB).

Methods: Vaccineelicited antibody responses ofiientswith autoimmune disease@ =480)were compared to
health controls if =204). Postvaccination sera were analyzed by receptor binding domain (RBD) antibody ELISAs
and comparedy treatmenttype. Limitations Serology was not available longitudinally aftet"&vaccination

dose; some subgroups amoimgmunocompromised persons are small.

Implications Two doses o€OVIBEL9 vaccines effectively generate an immune response arpatigntswho are
being treated with many immunomodulatory therapjesxceptanti-CD20 monoclonal antiboeis
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Note Adapted from Boekedt al. IgG antibody concentrations after SAB&V2 vaccinationgn COVIEL9-naivehealthy

controls (HC)patientsnot being treated withmmunosuppressive medicatio(No IST)orthosetreated withtumor necrosis
factor (TNF)methotrexate (MTX) TNFand MTX combine/ BIROIPVRINSEINISGORN, or prednisone Permission request in
progress.
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Prevention, Mitigation and Intervention Strategies

PEERREVIEWED

AZD1222nduced neutralising antibody activity against SARSV2 Delta VOCWallet al. The Lancet
(June 28, 2020).

Key findings:

1 Virusneutralizing antibody{NAb)response elicited against 5 variafi@ild-type, D614GB.1.1.7 (Alpha),
B.1.351 (Beta), B.1.617.2 (De]talter 2 doses of AZD12Z@xford/AstraZenecayas at least Zold lower
relative to 2 doses of BNT162(Rfizer/BioNTe).

o Neutralizing antibodies were reduced Zdd against B.1.351 and B.1.617Ej(re).

Methods: Prospective UK serological study of vacéntkiced neutralizing antibody activitg recipients of
AZD1222Zn =63)compared with BNT16Z2h(n =159) MedianNAbtiters were measured against 5 variants, after 1
and 2 vaccine dosekimitations AZD1222ahort significantly younger than BNT162b

Implications Neutralizing antibody levels were greater followidgoses oBNT162bZompared with2 doses of
AZD1222suggesting that AZD1222 offers less protection against-SARS variants, including the B.1.617.2
Deltavariant

Figure:
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Note: Adapted from Walét al. NAb activityagainst 5 SARSo\/2 variants, from study participants receiving 2 doses of
AZD1222r BNT162b2NADb titersare expressed as serum fedtilution required to achieve 50% virus neutralizations{C
These authorgreviouslyreported on the rutralizingantibody activity of the 159-Blose BNT162b2 recipients onBeprinted
from The Lancet, online June 28, 2021, Whall., AZD1222nduced neutralising antibody activity against SARS2 Delta
VOC. Copyright 2021, with permission from E&sevi
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Prevention andattenuation of COVIB19 with the BNT162b2 and mRNE73vaccines Thompsoret
al. NEJM (June 30, 2021).

Key findings:
1 Adjusted vaccine effectiveness of BNT162B&2zer/BioNTechgnd mRM-1273(Moderna)combinedwas
91% (95% CI 7697 %)after full vaccination and 81% (95% CI 6d0&6)after partial vaccination.
1 Compared tdnfections inunvaccinated persongersons withbreakthrough infectiondad:
0 40.2%(95%CI 16.3657.3%) lower viral RNA load
0 Reducedliness severityincludingfewer days with symptomsiean daysl0.3 vs16.7).

Methods: Prospective cohort study of®75 vaccinated and unvaccinatedalth care personnel anekssential
workers(without prior COVIEL9). WeeklyRFPCR nasal swab testnd symptom statusollectedbetween

December 202@nd April 2021 to determine the effectiveness & dzf f 0 X m roseR)-addipartiaM <1l Sddys R
after dose 2mRNAvaccination Limitations Genetic sequencing not conducted for all variants; estimates lack
precision due to small number of breakthrough infections.

Implications BNT162b2 and mRNL273are effective in pregnting SARE0V-2 infection. On the rare occasion of
breakthrough infectionmRNA vaccination magduce viral load and mitigate illness duration and severity.

VaccineRelated Adverse Events

Two reports of myocarditis after 2 doses of either BNT16#&izer/BioNTechyr mRNAL1273(Moderna)highlight
the importance of posvaccination surveillance in identifying events too rare to be encountered even during Phase
3 clinical trials.

A. Myocarditis following immunization with mRNA COWI® vaccines in members of the US military.
Montgomeryet al. JAMA Cardiology (June 29, 2021).

B. Patientswith acute myocarditisfollowing mRNA COVHD9 vaccination Kimet al. JAMA Cardiology
(June 29, 2021).

Key findingsfor Montgomery et al. and Kimet al.:

1 TheMilitary Health System identified 23 cases of acute myocarditis among >2.8 M vaccinees
(Montgomeryet al). At a tertiary care center in North Carolina (NC) that serves a population of >560,000
vaccinees, 4 cases were foufitimet al).

1 Both BNT162bandmRNA1273 were represented among casesthe military, 7 received BNT162b2
and 16, mMRNA273; inNG 2 received BNT162b2 and 2, mRNA3.

1 All cases reported symptoms within Gybafter 2 dose. Ages: median 2&grs(20-51) for the military
and 23, 24, 36 and 7@grsfor NC

1 All presented with severe acute chest pain, had abnormal electrocardioggantts,and elevated
troponin. Tests did not uncover alternative etiologies or underlying heart disease. All recovered
uneventfully.

Methods: Adverse events identified through referrals within the military Defense Health System and review of
Vaccine Adverse Events Reporting System (VAERS) reports were used to find cases for a retrospective review
(Montgomeryet al.). A daabase of cardiac magnetic imagingaalC tertiary care centevas searched for patients
diagnosed with acute myocarditietweenFebruargAprilin 20172021 with recent history of vaccinatidkimet

al.). Combined imitations. Lack of controgroups precludes ability to establish causal relationship or estimate
rates of myocarditis in vaccinated versus a@tcinated populations.

Implications forboth studies (Montgomeryet al. and Kimet al.): As described in aaditorial, the mechanisms
underlying these events are not yet known although are likely to be an immune mediated response to the mRNA
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SARE 0V vaccinedlthoudh surveillance is both informal and formal, including VAERS, Clinical Immunization
Safety Assessment Projects#fe, and reports to journalgditors of JAMACardiologysuggestthe system as a
wholeisinvaluable.

PREPRINTSIQT PEEREVIEWED

Ad26.COV2.S elicited neutralizing activity against Delta and other SBRE variants of cogern.
Jongeneelert al. bioRxiv(July 1, 2021

Key findings:
1 CGompared to B.1a single dose of Ad26.COV{J®dhnson & Johnsddanssehvaccine had reduced
neutralization sensitivity to SARRv2 variants B.1.351 (3#ld less), P.1 (3:fbld less), and B.1.617.2
(1.6fold less).

Methods: Sera collected 71 days post vaccination witi26.COV2f®m 8 participantsin a phase 3 clinical trial

(age range: 4@91) were tested for neutralizing activity against SARS?2 variants of concerimcluding B.1.351
(Beta), P.1 (Gamma), and B.1.617.2 (Ddlii@itations Results frorma clinical trial may not be representative of
realworld vaccine effectiveness; small sample size.

Implications In asmallin-vitro study,Ad26.COV2.S vaccineutralizationwas reducedgainst a variety of
variants, though less so f&.1.617.2 Real world evidence will be necessargt@luatethe effectivenesof this
vaccine againstariant1.617.2
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Note: Adapted from Jongeneeleat al. Neutralization activity of serum antibodies elicited by Ad26.COV2.S vaccine against
SARE 02 spike pseudotyped virus variants. Dots are independent measurements per virus variant with geometric mean
titers as solid horizontal lirse[BlejucleRIlsleEAIpgligeI e [eitTalie]y. Licensed under CBY-NCGND 4.0

Reduced neutralisatiorof the Delta (B.1.617.2) SARSD\2 variant of concern following vaccination
Daviset al. medRxiv (June 28, 202Bublished in PLOS Pathogem®etember 2, 20211

Key findings:
1 Antibody titersproduced by 2 doses of BNT162l2izer/BioNTecheutralizedB.1.617.2, B.1.617.1, and
B.1.351variants 7.8, 11.3, and 9.6fold less effectively thawild-type SARE0V2 (Figureh).
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o Differences in neutralizatioagainst variants producealy ChAdOx1 (Oxford/AstraZenecagre
not significant
1 Mean antibody titersagainstall Wuhanwere significantlyhigherin individuals vaccinated with BNT162b2
than in those vaccinated witthAdOxXFigure B)

Methods: PostvaccinationBNT162b2 or ChAdOséra from 155 healthy individuals(8 years old) in th&K

COVIBL9 Deployed Vaccine Cohort Study (DOVE) were tested for neutralizing antibody production against SARS
CoV2 spike proteimpseudotyped HIV for the indicated variantsmtations: The average age of individuals

vaccinated with ChAdOx1 was 15 years older than those vaccinated with BNT162b2, which could confound
comparisons across the vaccine groups.

Implications BNT162b2and ChAdOx¥accines induagneutralizing antibodiesnay beless efficient at targeting
the B.1.617.sariant compared to wildype SARE0V2.

Figure:
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compared to3 variantyB.1.617.1B.1.617.2 orB.1.35) (Toprow), and comparisons betwee@hAdOx1 and BN&2b2by
dosefor eachvariant (bottom row) Violin plot indicates median and quartildsprizontal barsat top indicate significant
differencesLicensed under GB¥ND 4.0
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Social Behavioral, andCommunication &ience

PEERREVIEWED

Lottery-basedincentive in Ohd and COVIEL9 vaccinationrates. Walkeyet al. JAMA(July 2 202)).

Key findings:

1 Daily waccination rates in adults decreased steadily in OhiotardJS from April to May 2021 (Figure)
o Ohiab 100,000 personsgpp:’> / L bmMH (G2 bno
o USbL M100,000personspp:’s / L Bmy (G2 bwmwm

1 After Ohio announced itgaccinationottery incentive on May 122021,dailyratesdid notincrease

significantlyin Ohioand changeswvere nearly identical to changes seentire USas a wholgFigure:

o Ohio: 80/100,000 persons(95% Ci53to 113).
o0 US: 27/100,000 person$95% Ci53to 106).

Methods: Vaccination rates among atta >18 year@n Ohio and the USom April 15May 12 2021(pre-lottery)
were compared withratesfrom May 13;June 9 2021(postlottery). The daysafter 10 other statesannounced
lotteries were omitted from US dataLimitations There may be potential unmeasured confounding variables

related to the dates of the lottery announcemerstudy may be under powered to detesinall changes in
vaccination rate.

Implications There was no evidence that lottebased incentives significantly increased vaccine uptake in adults
in Ohio. Decrease in rate v&ccinationdecline may be related texpanding eligibility ofhe BNT162b2
(PfizefBioNTech) vaccine to ¢25 years on May 10, 2021

Figure:
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Note: Adapted from Walkegt al. Daily rates of adults receivirig! vaccination dose for the&JSand Ohio before and after the
May 12,2021 Ohio vaccine lottery announcement (dashed blue line). Shaded areas are 9B&pfaiduced with permission
from JAMA, 2021Published onlindune 212021 https://doi.org/10.1001/jama.2021.1104&opyright© 2021 American
Medical Association. All rights reserved.
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Natural History of SARE 0,2 Infection

1 Brosetaet al. Humoral and cellular responses to mMRNA2&73 and BNT162b2 SAR$V2 vaccines
administered to hemodialysis patientsAmerican Journal of Kidney Diseases (June@21)2Among 175
hemodidysispatients, 97.7% developed an immune response after full vaccinationamithRNAvaccine
Lower antibody levels were found in older age groups and in patients on immunosuppresive treatment (n
10).

1 Van Oekelemt al. Highly variable SARS0\f2 spike antibody responses to two doses of COM®DRNA
vaccination in patients with multiple myelomaCancer Cell (June 28, 2028mong 260 fully vaccinated
multiple myeloma patients, 84.2% mounted measurable SB&E& spikebinding IgG antibody levels at least
10 days after ® mRNAvaccine dose. The remaining patients were on-&idi38 antibodycontaining therapy
(n=24) or antiBCMA bispecific antibody therapy#$i3) at time of vaccination or had undergone aBCMA
CART therapy more than 3 months before vaccinatior=@).

1 Flaxmaret al. Tolerability and immunogenicity after a late second dose or a third dose of ChAdOx1 fi®oV
(AZD1222)SSRN (Preprint; June 28, 2021). Median antibody titers after dose 2 of ChiAd@ased from
923 EU at 812 weeks to 3738 EU at ¢46 weeks. Among a subset of 75 participants, antibody titers further
increased aften thirddose of ChAdOx1 compared with 28 days after dose 2, including against Alpha (B.1.1.7),
Beta (B.1.351) and Dal(B.1.617.2) variants in 45 participantscéll responses were also boosted afterd 3
dose.

1 Haidaret al. Immunogenicity of COVI19 vaccination in immunocompromisegatients: an observational,
prospective cohort study interim analysisnedRxiv (Preprint; June 30, 2024Ajter full SARE 02
vaccination, 37.2% of 183 solid organ transplant (SOT) patients, 54.7% of 75 hematological malignancies
patients, 83.6% of 160utoimmune disease patientand 82.4% of 34 solid tumor patients were seropositive,
significantly lower than the 98.1% of 107 healthcare worker controls; over 94% of 37 HIV patients were
seropositive after vaccination. Among seropositive individuals, adjibevels were lower in SOT patients than
healthy controls.

3 1 reference p=.020 p=.357 p=.484 ps.142 p=.021
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Note: Adapted from Haideet al. Comparison of antibody levels among seropositimeunocompromisegatients
compared to health healthcare workeM/hiskers denote 95% confidence interv&88T solid organ tumorHIV, human
immunodeficiency virudJsed by permission of author.
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1 Apostolidiset al. Altered cellular and humoral immune responses following SARS8/£2 mRNAvaccination

in patients with multiple sclerosis on alCD20 therapymedRxiv (Preprint; June 30, 202Rublished in

Nature Medicine as Cellular and humoral immune responses following SEB%2 mMRNA vaccination in

patients with multiple sclerosis on aMCD20 therapySeptember 14, 2021 Compared to all 10 healthy

controls who generated both anfiike and antiRBD Ig@esponsesfter vaccination, of 20 multiple sclerosis
patientson antrCD20 theapy, 85%developed detectable anBpike IgG anB0%mounted detectable anti
RBD responses 28 days after  vaccine dose. Themgasincreased serologic response as time from last
aCD20 infusion increased.

Ramirezt al. SARSCoVF2 breakthrough infections in fully vaccinated individualmedRxiv (Preprint; June

25, 2021). 2,551/68,428 random surveillance ngdwryngeal swabs collected on a unisiey campus
betweenFelruary andMay 2021 were from fully vaccinated individuals, 14 of whom tested positive by
Nucleic acid amplification testing (0.55%, 95% CI:003@2). The singIB.1.617.2Delta) breakthrough was in

a symptomatic female (565 years old) previously vaccinatedlwhd26.COV2.S (Johnson & Johnson/Janssen)
who hadthree Ct values <18.

Choiet al. Serum neutralizing activity of mMRNA273 against SARS0VF2 variants bioRxiv(Preprint; June 28,
2021). Published in Journal of Virolog\ovember 9, 2021 One weekafter 2" dose d mMRNA1273
(Moderna) sera from 8 individualshowedreducedneutralization (range 1:20 8.4-fold) for SARSCo\2
variants of concercompared to wildtype.
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Note: Adapted from Choét al. Reciprocal neutralizing titers on the pseudovimesutralization assay at a 50% inhibitory
dilution (ID50) for SARS0\/2 variantsof interest (VOIs)andvariants of concern (VOCd3oxes and horizontal bars
denote the interquartile rangélQR)and thegeometricmean titer. Whisker end points arequal to the maximum and
minimum values below or above the median at 1.5 times the IQR. The fold change over D614G for each variant is shown
belowthe long solid linend GMT aboveéhe line Used by permission of author.

Prevention,Mitigation, and Intervention Stategies

il

Heathet al. Safety and efficacy of NV&oV2373 COVHDI vaccineNEJM (June 30, 2021). Tdose regimen
of NVXCoV2373Novavax) provided 89.7%qiection overall, with high efficacy demonstrated against the
B.1.1.7 variant in a UKased 33 site tal with 14,039 participantsonducted between September 28 and
November 28, 2020
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Subgroup Placebo NVX-CoV2373 Vaccine Efficacy (95% CI)
no. of events/no. at risk %

Per-protocol population 96/7019 10/7020 — E 89.7 (80.2 to 94.6)
Intention-to-treat population 141/7570 427569 —— | 70.4 (58.3t079.1)
Age :

18 to <65 yr 87/5062 9/5067 —e— , 89.8 (79.7 t0 95.5)

=65 to 84 yr 9/1957 1/1953 +—1 88.9 (20210 99.7)
Race H

White 85/6635 8/6625 —— 1 907 (80.8t0 96.1)

Other 81297 2/302 + 1 75.7 (-21.6 t0 97.5)
Variant E

Neon-B.1.1.7 287020 1/7020 ——{ 96.4 (73.8 t0 99.5)

B.1.1.7 58/7020 8/7020 ——— | 863 (71310 935)
Coexisting illness i

Yes 33/3143 3/3117 ——e—11 909 (70.4t0 97.2)

No 63/3876 7/3903 ——— | 891 (76.2t0 95.0)

—4I'0 —50 (I) ZIO 4IO BIO Sb 160

Note: Adapted from Heatlet al. Efficacy of the N\Vi®0oV2373 vaccine in preventi@®VIBL9 in various subgroups.
From the New England Journal of MediciHeathet al., Safety and efficacy of NMXoV2373 COVAD® vaccineJune
30, 2021, online ahead of print. Copyright © 202assachusetts Medical Society. Reprinted with permission from
Massachusetts Medical Society.
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