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• NIHR funded consortium of Academic 
Units and UK HSA

• 6 new clinical trials launched in 2021 at 
request of Vaccine Task Force with 
funding support (+CEPI)

• Enrolled over 5500 participants

• Directly informed policy on
• ‘Mix and match’ schedules
• Concomitant influenza and COVID
• Choice of third dose vaccines

National Immunisation Schedule 
Evaluation Consortium

www.nisec.ac.uk

Shaw et al, Lancet, 2021
• COMCOV

Liu et al Lancet, 2021
• COMCOV

Lazarus et al, Lancet, 2021
• COMFLUCOV

Munro et al, Lancet, 2021
• COV-Boost 

Stuart et al, Lancet, 2021
• COMCOV2

Dejnirattisai et al, Lancet 2021
• COMCOV2, Omicron



October 2020………

• We need to think ahead

• Multiple vaccines likely to become available, most of which are likely to 
be a two dose schedule

• Important for the UK and globally to consider what if:

• There is a supply problem?
• There is a safety signal?
• An individual develops a contra-indication to the second dose?
• It is not possible logistically to guarantee administration of the 

same vaccine for first and second doses?
• Relevant for

• UK
• Global distribution

Could we give different vaccines for primary immunisation schedules?

Jonathan Van-Tam, UK DCMO



Should we give different vaccines for primary immunisation schedules?

• Could this be a way to optimize vaccine responses?

• Theoretical benefits to delivering spike protein via multiple vaccine platforms within one schedule
• ? Enhanced cross-variant protection

• Novel approach to vaccine use

• Particularly relevant to viral vector vaccines
• ChAdOx1-nCOV-19 (Oxford/AstraZeneca)
• Anti-vector immunity generated by first dose potentially impacts on immune response to 

second dose of same vaccine
• Already have experience with heterologous prime/boost for different viral vectors

• A26.Zebov/MVA-B-Filo
• Sputnik V
….. but cross-platform schedules takes this to the next step



Challenges for mixed schedules

• No formal regulatory process

• Manufacturers generally reluctant

• Can complicate pharmacovigilance surveillance

• Locking in delivery to an optimal ‘mixed’ schedule likely to delay rather than enhance 
deployment

• Emphasis must be on:
• Enhancing flexibility
• Identifying any mixed schedules that should be avoided 

• excessive reactogenicity
• poor immunogenicity



What have we learned?



Generating data on mixed schedules is important!



Binding antibodies – IgG by ELISA T cells – by ELISPOT

2nd dose 2nd dose



COMCOV and COMCOV2: Summary of immunogenicity of primary immunisation at day 28 post 2nd dose

COMCOV2 
(9 week interval, 
63 year olds)

Anti-spike IgG 95% C.I.

BNT/Moderna 22953 (20589-25590) 

ChAd/Moderna 20116 (18150-22296)

BNT/BNT 16929 (15025-19075) 

BNT/Novavax 8886 (7393-10680)

ChAd/Novavax 5597 (4756-6586) 

ChAd/ChAd 1971 (1718-2262)

COMCOV2
(9 week interval)

T cell response 95% C.I.

ChAd/Novavax 189 (158-226) 

ChAd/Moderna 149 (118-188) 

BNT/Moderna 76 (58-99) 

BNT/BNT 49 (39-63)

ChAd/ChAd 45 (34-61) 

BNT/Novavax 29 (22-38)

Humoral immunity (ELISA)

• Higher IgG with any schedule with an 
mRNA dose

• Moderna 2nd dose more immunogenic than 
BNT 2nd dose following ChAd or BNT prime

• Heterologous ChAd/protein mid-ranked

• All combinations above ChAd/ChAd
threshold

Cellular immunity (IFN-gamma secreting T cells, 
measured by ELISPOT)

• ChAd prime, followed by heterologous 
boost highly immunogenic

• Homologous mRNA prime/boost is mid-
ranked for cellular immunity, Moderna more 
immunogenic than BNT

• Single dose mRNA does not prime well for 
protein/matrix boost 

COMCOV
(12 week interval, 
58 year olds)

Anti-spike IgG 95% C.I.

BNT/BNT 17534 (15005-20489) 

ChAd/BNT 13517 (11536-15838) 

BNT/ChAd 10553 (8892-12525) 

ChAd/ChAd 2605 (2142-3169) 

COMCOV
(12 week interval)

T cell response 95% C.I.

ChAd/BNT 113 (87-147)

BNT/BNT 48 (36-62) 

BNT/ChAd 37 (28-50) 

ChAd/ChAd 34 (26-43) 

Stuart et al Lancet 2021Xiu et al, Lancet 2021



Other data from COMCOV/COMCOV2: Mixed schedules

• No specific advantage for variants of concern
• Beta

• Neutralising activity reduced by 57-79% across all platforms
• Delta

• Neutralising activity reduced by 43-63% across all platforms
• Omicron pending

• No difference in rate of Ab or T cell decline after primary immunisation

• Increased systemic reactions (e.g. chills, malaise) with mixed viral vector and mRNA vaccines
• Not prohibitory
• Minimized by increasing interval

• No safety concerns



Immunogenicity of heterologous schedules relative to (A) inactivated-only; 
(B) vectored-only; and (C) mRNA-only schedules‡

Compared to homologous INA

Compared to homologous VEC

Compared to homologous RNA

Binding antibody



Mixed schedules: 3rd dose boost immunisation



3rd dose after priming with Coronavac
(CV) 6 months previously

Clemens et al, Lancet 2022

GMR 89.5 GMR 12.4 GMR 76.8 GMR 152.1



Delta Omicron

3rd dose after priming 
with Coronavac (CV) 6 

months previously

Clemens et al, Lancet 2022



NIH study

Atmar et al, Medi-archive 2021

Binding IgG

Neutralising Ab



Chief Investigator Saul Faust



Evaluated a range of vaccines as ‘3rd dose’ for participants primed 
in community with 2 doses of Oxford/AZ vaccine or Pfizer

• 3rd dose vaccines

• Viral vectored
• Oxford/AZ (ChAd)
• Janssen (Ad26)

• mRNA
• Pfizer (BNT)
• ½ dose Pfizer
• Moderna (M1273)

• nb given at full (100 mcg) dose, 
rather than 50 mcg

• Curevac (CVnCOV)

• Protein nanoparticle
• Novavax (NVX)
• ½ dose Novavax

• Inactivated whole virus
• Valneeva (VLA)
• ½ dose Valneeva



Study Design

Stage1
Eligible population

= 2,886

General 
cohort

Immunology 
cohort

= 2,236 = 650

Comprising 25 
participants 

from each group

25

Group A

= 888

Group B

= 1,110

Group C

= 888

Pfz-BNT/Pfz-BNT

= 444

Oxford-AZ
= 444

Oxford-AZ = 111
Novavax = 111

Novavax-half = 111

Control = 111

Oxford-AZ = 111

Novavax = 111

Novavax-half = 111

Control = 111

Pfz-BNT/Pfz-BNT

= 555

Oxford-AZ
= 555

Valneva = 111

Valneva-half = 111

Janssen = 111

Control = 111

Pfz-BNT/Pfz-BNT= 
111

Valneva = 111

Valneva-half = 111

Janssen = 111

Control = 111

Pfz-BNT/Pfz-BNT
= 111

Pfz-BNT/Pfz-BNT

= 444

Oxford-AZ
= 444

Moderna = 111

CureVac = 111

Pfz-BNT half = 111

Control = 111

Moderna = 111

CureVac = 111

Pfz-BNT half = 111

Control = 111

6 sites

6 sites

6 sites



Baseline characteristics of people who took part

• People enrolled 10-12 weeks after their 2nd jab
• Included those aged 30-69, and those over 70
• Good age spread
• Included people with cardiovascular disorders, diabetes and 

respiratory conditions.
• Not people with immune problems



Group A – moderate and severe reactions

ChAd

Munro et al Lancet 2021



Group B – moderate and severe

Ad26

Ad26 Munro et al Lancet 2021



Group C – moderate and severe
m1273

m1273

m1273

m1273

Group C – moderate and severe
m1273

m1273

m1273

m1273

Munro et al Lancet 2021



• Any grade local and systemic reactions similar after all vaccines

• Fatigue and headache the most common systemic reactions

• Pain the most frequent local reaction

• Overall, reactogenicity was greater in people aged 30-69 years compared with
older participants regardless of the first vaccines received

• Participants primed with BNT/BNT reported more frequent local and systemic
reactions after receiving third dose

• MOD (100 mcg),

• ChAd and Ad26 as a third dose

Reactogenicity Summary 1



We show anti-spike antibody and T-cell response by participant age at 28 days after the 3rd

dose between study vaccines and controls for: 

A) AZ/AZ primed population

B) Pfz-BNT/Pfz-BNT primed population

Across all three groups (A,B,C), we accounted for possible effects of participants’ site, 

study baseline age, interval between 1st and 2nd dose, interval between 2nd and 3rd dose, 

and baseline immunogenicity. This was done using Geometric Mean Ratios (GMRs) of 

study vaccines by age group in each study group (A,B,C,).

Immunogenicity



BNT/BNT + dose 3 GMR d28 - Anti Spike IgG 

Munro et al Lancet 2021



BNT/BNT + dose 3 GMR d28 - Anti Spike IgG 

m1273

BNT

BNT half

ChAd

Ad26

NVX

CVn

VLA

Munro et al Lancet 2021



ChAd/ChAd + dose 3 GMR d28 - Anti Spike IgG

Munro et al Lancet 2021



ChAd/ChAd + dose 3 GMR d28 - Anti Spike IgG

m1273

BNT

BNT half

ChAd

Ad26

NVX

CVn

VLA

Munro et al Lancet 2021



Pfizer primed: cellular response

m1273

BNT

BNT half

ChAd

Ad26

NVX

VLA

Munro et al Lancet 2021



AZ primed: cellular response

m1273

BNT

BNT half

ChAd

Ad26

NVX

VLA

Munro et al Lancet 2021



What about variants of concern?



Delta

Wild type

Pseudo-neutralization against 
wild-type and Delta variants

Munro et al Lancet 2021



Delta

Wild type

Cellular Immunity against wild-
type and Delta variants
(Interferon-gamma secreting T 
cells, detected by ELISPOT)

Munro et al Lancet 2021



Summary

• Great flexibility in use of mixed schedules

• For Pfizer primed
• All but Valneeva (whole virus) and Curevac (low dose RNA) generate humoral immune boost

• For AZ primed
• Humoral boost greatest with Pfizer, Moderna, Ad26, Novavax



2 doses AZ prime

2 doses Moderna prime

2 doses Pfizer primeUK HSA data: protection against symptomatic infection

Pfizer boost

Mod boostPfizer boost

Pfizer boost

Mod boost

Mod boost



UK HSA

Symptomatic disease

Hospitalisation



• 3 month anti-Spike IgG being analysed now – will give indication of how fast peak
antibody declines

• “Late boost” arms mirror deployment in general population:
• Randomised people in control groups in A, B and C to receive 

• Pfizer
• half Pfizer
• Half Moderna 7-9 months after the 2nd dose

• Fourth dose studies underway

Ongoing work



Summary

• There is great flexibility in use of mixed schedules

• There is a transient increased reactogenicity with mixed adenoviral vectored and 
mRNA vaccines

• Schedules with mRNA generate highest antibody titres

• Adenoviral vectored vaccine followed by different boost generates highest T cells

• An inactivated whole virus vaccine generated minimal boost after two doses of mRNA
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Formal reporting of side effect grading is detailed in the study protocol

Overall systemic effects:

What side effect gradings mean

MILD

Transient or mild discomfort (< 48 hours)

No interference with activity

No medical intervention/therapy required

MOD

Mild to moderate limitation in activity                   

Some assistance may be needed           

No or minimal medical intervention/therapy required

SEVERE

Marked limitation in activity

Some assistance usually required

Medical intervention/therapy required



• Formal reporting of side effect grading is detailed in the study protocol, e.g.

Pain

• Severe = pain that prevents daily activity

• Moderate = pain that interferes with daily activity

Induration/swelling at injection site

• Severe = >10 cm or that prevents daily activity

• Moderate = 5.1-10 cm or that interferes with daily activity

Fever

• Severe = 39.0 – 40 oC

• Moderate = 38.5 – 38.9 oC

What side effect gradings mean



Chief Investigator Saul Faust
Munro et al, Lancet Dec 2021

Wild type

Delta

Neutralising antibodies following Pfizer 3rd dose

Testing against Omicron pending 



Chief Investigator Saul Faust
Munro et al, Lancet Dec 2021

Wild type

Delta

Cellular Immune response following Pfizer 3rd dose



Prime with ChAd (N= 41 – 52) Prime with BNT (N=46 – 49)

ChAd/ChAd ChAd/mRNA-1273
ChAd/NVX-

CoV2373

P value
BNT/BNT

BNT/mRNA-

1273

BNT/NVX-

CoV2373

P value

WT 
109

(70-168) 

1660

(1289-2138)

449

(313-644)
1501(1188-1896)

1883 

(1546-2294) 

1109 

(805-1529)

Beta 25 

(18-34) 

368

(253-536) 

114 

(74-175)

405 

(290-565)

603 

(442-822)]

451 

(305-666)

Beta to WT ratio 0.27 

(0.18-0.42)

0.26 

(0.21-0.32)

0.3

(0.24-0.37)
0.27

0.29

(0.23-0.36)

0.33

(0.27-0.4)

0.43

(0.36-0.52) 
0.03

Delta 41 

(27-64) 

661

(496-881) 

159 

(103-247)

697 

(520-933)

873 

(688-1107)

629 

(444-891)

Delta to WT ratio 0.33

(0.27-0.42)

0.42 

(0.34-0.51)

0.45

(0.38-0.54)
0.87

0.48 

(0.39-0.59)

0.47

(0.39-0.55)

0.57

(0.5-0.65)
0.12

Neutralising activity against variants of concern (live VNA)

Screaton lab





T cell kinetics: immunology cohort only

Oxford Immunotech



IgG kinetics: immunology cohort only

• IgG rise ongoing to day 28 in 
groups receiving Novavax boost

• Will be evaluated again at 2 
months post-boost

Nexelis




