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Supplementary Informa0on 1 

 2 
Figure S1: PRISMA flowchart for studies iden<fied through a systema<c review process into the effec<veness of different Mpox vaccines. 8 studies were 3 
included from our systema<c search and 6 from a previous review. 4 
 5 
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Figure S2: PRISMA flowchart for the immunogenicity studies iden<fied as part of the systema<c review process. 9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Records identified from: 
Clinicaltrials.gov (n = 30) 
EudraCT (n = 8) 
ICTRP (n = 38) 

Records removed before 
screening: 

Duplicate records removed  
(n = 33) 

Records screened 
(n = 43) 

Records excluded 
(n = 15) 

Reports assessed for eligibility 
(n = 28) Reports excluded: 

ELISA data unavailable (n = 11) 
Data unextractable (n = 2) 
No Healthy Population (n = 2) 

Studies included in review 
(n = 13) 

Identification of studies via databases and registers 

Id
en

tif
ic

at
io

n 
Sc

re
en

in
g 

 
In

cl
ud

ed
 



3 
 

 10 

 11 

Figure S3: Forest plot comparing the es<mated vaccine effec<veness within each of the different 12 
studies to assess the heterogeneity. Overall es<mates for each vaccine are indicated by a diamond, 13 
the es<mated effec<veness within each study is indicated by the circle (median of the posterior 14 
distribu<on) with horizontal bars represen<ng the 95% credible interval. 15 

 16 

 17 
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Figure S4: The posterior distribu<ons of the fixed effects on the (log10) GMT in the immunogenicity 18 
model (n=12 Trials). (A) The effect of the ELISA assay was not found to be significant (Fold Difference 19 
(10!!) 1.3- fold, CI:0.54-3.48). (B) The effect due to different formula<ons of MVA-BN was found to 20 
be significant (Fold Difference (10!") 1.33-fold CI:1.21-1.46). 21 

 22 
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Figure S5: Reproduced figure of the logis<c model rela<ng the effec<veness data (n=11) and the 23 
immunogenicity data (n=12) (i.e. Figure 3), with annota<on of the studies that contribute to each of 24 
the data points. 25 

 26 

Figure S6: The es<mated propor<on of slow-decaying (long-lived) an<bodies (circles, median of the 27 
posterior distribu<ons) and 95% credible intervals (error bars) induced from vaccina<on with 28 
different dosing schedules using the same model as in Figure 4a (n=13 Trials). Primary doses are 29 
administered on day 0, with the three-dose schedule including a second dose 28-days a`er the 30 
primary dose. Percentages for regimens without a datapoint later than 5 months post-vaccina<on 31 
are shown with reduced opacity. 2-Doses with the final dose on day 28 has a narrow credible 32 
interval, which is obscured in the figure.  33 

 34 
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Effectiveness 

Study 

Vaccine Country Study 

Design 

Observation 

period 

Follow-up *  Population/ 

Control 

Total 

cases 

Disaggregation# Reported 

Doses 

Included in 

Data Analysis^ 

Breman 19801 First 

Generation 

DRC + 

Nigeria 

Secondary 

Contacts 

1970-1979 Not reported 447 4 Spatial At least 1  

 

Included 

Fine 19882 First 

Generation 

DRC 

 

Secondary 

Contacts 

1980-84 Not reported 834 36 Spatial At least 1  

 

Not included. 

Major overlap 

with (Jezek 

1988)  

Jezek 19863 First 

Generation 

DRC Secondary 

Contacts 

1980-1984 Not reported 2510 56 Spatial At least 1  Not included. 

Major overlap 

with (Jezek 

1988) 

Jezek 19884 First 

Generation 

DRC Secondary 

Contacts 

1981-1986 Not reported 2278 69 Spatial and age At least 1  Included 

Rimoin 20105 First 

Generation 

DRC Case-

Coverage 

2005-2007 Not reported Estimated 760 Age At least 1  Included 

Nolen 20156 First 

Generation 

DRC Secondary 

contacts 

2013 

(Jul-Dec) 

Not reported 97 44 None At least 1  Included 

Whitehouse 

20217 

First 

Generation 

DRC Case-

Coverage 

2011-2015 Not reported Estimated 1057 None At least 1  Included 

Wolff Sagy 20238 MVA-BN Israel Cohort 

Study 

2022 

(Aug-Nov) 

90-147 days 2054 18 Weekly At least 1  Included 

Payne 2022a9 MVA-BN US Case-

Coverage 

2022 

(Jul-Sep) 

Not reported Estimated 5402 Weekly At least 1  Not included. 

Major overlap 



7 
 

with (Payne 

2022b) 

Payne 2022b10 MVA-BN US Case-

Coverage 

2022 

(Jul-Oct) 

Not reported Estimated 9544 Weekly 1 or 2 Included 

Bertran 202311 MVA-BN UK Case-

Coverage 

2022 

(Jul-Oct) 

Not reported 89240 460 Weekly At least 1  Included 

Dalton** 202312 MVA-BN US Case-

Control 

2022-2023 

(Aug-Mar) 

Not reported 608 309 None 1 or 2 Included 

Deputy** 202313 MVA-BN US Case-

Control 

2022 

(Aug-Nov) 

Not reported 8649 2266 None 1 or 2 Included 

Rosenberg** 

202314 

MVA-BN US Case-

Control 

2022 

(Jul-Oct) 

Not reported 507 252 None 1 or 2 Included 

 35 

Table S1: Summary of vaccine effec5veness studies iden5fied from the systema5c search and that were considered for analysis.  36 

* Follow-up 5me refers to the 5me interval in which cases were recorded aAer vaccina5on.   37 

# Spa5al disaggrega5on split secondary contacts between household and non-household contacts, and in some cases by proximity of 38 
household to primary case (same house, neighbouring house, other house in village or other village).  39 

^ The indicated studies were excluded from analysis since they were highly overlapping with other studies included in the analysis and since a 40 
more complete data was available from another related study.  41 

** Dalton, Deputy and Rosenberg all use public databases of Mpox cases from similar regions and likely contain overlapping case data but due 42 
to significant differences in methodology for determining the control group, the studies were all included in the analysis. 43 

 44 
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Clinical Trial 
Iden<fier 

Par<cipants Prior Vaccinia 
Status 

Medical 
Condi<ons 

Doses Age 1 Dose 
MVA-BN 

2 Dose 
MVA-BN 

Weeks sampled 
a`er first dose 

ELISA 
Assay OD# 

Formula<on^ Published ar<cle 

NCT00189956 165 Naïve Healthy 2 18-30 Yes Yes 4,6,12 0.35 FD von Krempelhuber 201015 

NCT00316524 745 Experienced 
and Naive 

Healthy 0-2 18-55 Yes Yes 4,6,8,30,106 NR LF Zitzmann-Roth 201516 

NCT01913353 440 Naïve Healthy 2 18-42 Yes Yes 4,6,8 NR LF Piiman 201917 

NCT00316602 632 Naïve AD and 
healthy 

2 18-40 Yes Yes 4,6,8,32 0.3 LF Greenberg 201518 

NCT00437021 206 Naïve Healthy 1,2 18-38 Yes Yes 3,4,5,6,8,26,52 0.35 LF Frey 201319 

NCT00316589 581 Experienced 
and Naive 

HIV and 
healthy 

2 18-55 Yes Yes 4,6,8,32 0.3 LF Overton 201520 

NCT01144637 4005 Naïve Healthy 2 18-40 No Yes 6 NR LF Overton 201821 

NCT00686582 304 Naïve Healthy 3 18-35 Yes Yes 106,108,134 0.35 LF Ilchmann 202322 

NCT00857493 120 Experienced Healthy 2 56-80 Yes Yes 2,4,6,8,28,32 0.3 LF Greenberg 201623 

NCT01668537 651 Naïve Healthy 2 18-55 Yes Yes 4,6,8 NR LF and FD Published online only24 

NCT00914732 523 Naïve Healthy 2 18-38 Yes Yes 4,6,8,30 0.35 LF and FD Frey 201525   

NCT03699124 1129 Naïve Healthy 2 18-45 No Yes 6 NR FD Overton 202326 

NCT01827371 435 Naïve Healthy 2 18-40 Yes Yes 4,5,6,7,8 0.3 FD Jackson 201727  

Table S2: Summary of vaccine immunogenicity trials included in our meta-analysis. Data was extracted from the clinical trials registry or, when 45 
not present in the registry, by iden5fying a linked research ar5cle where trial results were disseminated.  46 
#ELISA assays were conducted at either: (a) wavelength 450nm/endpoint op5cal density (OD) = 0.3, or (b) wavelength 492nm/endpoint OD= 47 
0.35. Trials where the cut-off was not reported are listed as NR.  48 
^FD=Freeze Dried, LF=Liquid Frozen. 49 
 50 
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Parameter Symbol Es<mate (95% Credible 
Interval) 

Prior 

Effec<veness First Genera<on 𝐸" 0.74 (0.49-0.86) 𝑙𝑜𝑔(1 − 𝐸") ~𝑈(0,1) 
1-Dose MVA-BN 𝐸# 0.74 (0.50-0.84) 𝑙𝑜𝑔(1 − 𝐸#)~𝑈(0,1) 
2-Dose MVA-BN 𝐸$ 0.82 (0.65-0.89) 𝑙𝑜𝑔(1 − 𝐸$)~𝑈(0,1) 

Interstudy Standard devia<on σ%  0.5 (0.28-1.11) Half-Cauchy(0,0.25) 
Table S3: Summary of the es<mated effec<veness parameters and the prior distribu<ons. Risk of 51 
infec<on 𝑟&,(,), and the random study effects, 𝑆), were also es<mated and can be accessed using the 52 
GitHub repository. 53 

 54 

Parameter Symbol Es<mate (95% Credible 
Interval) 

Prior 

log10(GMT) First Gen µ" 1.77 (1.61-1.91) Normal(0,10) 
1-Dose MVA-BN µ# 1.94 (1.82-2.06) Normal(0,10) 
2-Dose MVA-BN µ$ 2.87 (2.75-2.98) Normal(0,10) 

Standard 
devia<on 
of (log10) 
<ters 

First Gen σ" 0.765 (0.710-0.827) Log-normal(0,10) 
1-Dose MVA-BN σ# 0.662 (0.643-0.683) Log-normal(0,10) 
2-Dose MVA-BN σ$ 0.386 (0.378-0.394) Log-normal(0,10) 

Formula<on Effect µ* 0.13 (0.08-0.17) Normal(0,1) 
ELISA effect µ+ 0.14 (-0.27-0.54) Normal(0,1) 
Interstudy Standard Devia<on σ, 0.17 (0.11-0.30) Half-Cauchy(0,1) 

Table S4: Summary of the parameters used to fit the immunogenicity data. The es<mates of the 55 
individual study effects are not included in the table. 56 

 57 

Parameter Symbol Es<mate 
(95% Credible 
Interval) 

log10(GMT) First Gen µ" 1.77 (1.61-1.91) 
1-Dose MVA-BN µ# 1.94 (1.83-2.05) 
2-Dose MVA-BN µ$ 2.87 (2.76-2.98) 

Standard devia<on 
of (log10) <ters 

First Gen σ" 0.77 (0.72-0.84) 
1-Dose MVA-BN σ# 0.67 (0.65-0.69) 
2-Dose MVA-BN σ$ 0.39 (0.38-0.40)  

Formula<on Effect µ* 0.13 (0.08-0.17) 
Logis<c Slope 𝑘 0.49 (0.21-0.79) 
Logis<c Constant 𝐴 1.44 (0.89-1.92) 
Interstudy 
Standard Devia<on 

Immunogenicity σ, 0.17 (0.11-0.30) 
Efficacy σ%  0.47 (0.26-0.93) 

Table S5: The es<mated parameters from the fiied logis<c model rela<ng data on vaccine 58 
immunogenicity and effec<veness in Figure 3.  59 

 60 

 61 

 62 
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Parameter Dosing Scheme Symbol Prior Es<mate (95% Credible 
Interval) 

Ini<al GMT 

1-Dose 

𝑥- log(x-) ∼ N(0,10) 

80 (63-102) 
2-Dose (28 days) 673 (537-854) 
2-Dose (730 days) 2136 (1596 -2864) 
3-Dose 2211 (1685 

Slow-decay rate (long-lived an<bodies) δ.  δ. ∼ 𝑁(0,1) 0.0028 (0.0007- 0.0050) 
Fast-decay  rate (short-lived 
an<bodies) δ) δ. ∼ 𝑁(0,1) 0.23 (0.20-0.27) 

Propor<on of 
fast decaying 
an<bodies 

1-Dose 

𝑓 𝑓 ∼ 𝑈(0,1)	 

0.89 (0.87-0.92) 
2-Dose (28 days) 0.94 (0.93-0.95) 
2-Dose (730 days) 0.74 (0.65-0.81) 
3-Dose 0.70 (0.61-0.77) 

Table S6: The es<mated decay parameters from filng a dual exponen<al model to vaccine 63 
immunogenicity data. 64 

Model LPPD 𝑃/0&1  WAIC 
Two Phase Decay Model with dis<nct decay rates -1756.6 199.6 3912 
Two Phase Decay Model with common decay rates -1756.9 196.8 3907 
Single Phase Decay Model with dis<nct decay rates -2435.4 744.0 6359 
Single Phase Decay Model with common decay rate -2676.1 683.3 6718 
No Decay Model -3422.1 839.1 8522 

Table S7: Comparison of the Widely Applicable Informa<on Criterion (WAIC) for different models of 65 
the decay in an<body binding. Higher log-posterior predic<ve density (LPPD) indicates a greater 66 
predic<ve fit. The 𝑃/0&1  is a penalty term. 67 

 68 

Vaccina<on 
Schedule 

Predicted ELISA GMT (95% Credible Interval) at <me points: 
3 months 6 months 12 months 18 months 24 months 

1-Dose 12 (9-15) 8 (6-11) 7 (5-10) 7 (5-9) 6 (5-9) 
2-Dose  
(Day-28) 

68 (52-91) 38 (30-48) 34 (26-43) 31 (24-41) 29 (22-39) 

2-Dose  
(Day-730) 

610 (451-834) 517 (375-720) 476 (342-670) 441 (314-633) 410 (286-601) 

3-Dose 714 (535-959) 619 (458-844) 571 (419-785) 530 (384-742) 493 (347-705) 
Table S8: The predicted vaccinia-binding GMT at different <me points a`er the peak <ter using the 69 
fiied model in Figure 4a. We compare the effect of different vaccina<on schedules on the expected 70 
<ter. 71 

 72 

Parameter Symbol Prior 
log10(GMT) First Gen µ" Normal(0,10) 

1-Dose MVA-BN µ# Normal(0,10) 
2-Dose MVA-BN µ$ Normal(0,10) 

Standard devia<on 
of (log10) <ters 

First Gen σ" Log-normal(0,10) 
1-Dose MVA-BN σ# Log-normal(0,10) 
2-Dose MVA-BN σ$ Log-normal(0,10) 

Formula<on Effect µ* Normal(0,1) 
Logis<c Slope 𝑘 Normal(0,1) 
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Logis<c Constant 𝐴 Logistic(0,1) 
Interstudy 
Standard Devia<on 

Immunogenicity σ, Half-Cauchy(0,1) 
Efficacy σ%  Half-Cauchy(0,0.25) 

Risk of Vaccina<on/Infec<on 𝑟&,(,) Beta(1,1) 
Study Effects* Immunogenicity µ, Normal(0, σ,) 

Efficacy µ%  Normal(0, σ%) 
Table S9: List of all the model parameters and priors used to fit a logis<c rela<onship between 73 
efficacy and immunogenicity data. The study effects are model parameters within a hierarchical 74 
structure and the reported prior is the modelled hierarchy. *Study Effects are latent variables which 75 
are es<mated but fall under the hierarchical model and the distribu<on in the prior column is the 76 
hierarchical structure rather than priors. 77 

  78 
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Supplementary Methods: 79 

Details of Systema6c Search 80 

Effec%veness Search 81 

Our systema5c search for vaccine effec5veness studies extended the search from Bunge et 82 

al.28  by adding the search terms “AND (Vaccina5on[5ab] OR Vaccine[5ab] OR 83 

Immunisa5on[5ab] OR Immuniza5on[5ab])” and “OR Mpox[5ab]”. These addi5onal terms 84 

limited the scope to papers that considered vaccina5on usage and updated the search for 85 

the change in name. We conduct this search from the date, 7th September 2020 to the 10th 86 

July 2023. Specifically, we searched the PubMed (including the MEDLINE database) and 87 

Embase (Ovid) databases, with the search terms: 88 

PubMed: 89 

(Monkeypox[MeSH] OR “Monkeypox virus”[MeSH] OR monkeypox[5ab] OR “monkey 90 

pox”[5ab] OR“variole du singe”[5ab] OR “variole simienne”[5ab] OR Mpox[5ab] )AND 91 

(Vaccina5on[5ab] OR Vaccine[5ab] OR immunisa5on[5ab] OR immuniza5on[5ab]) ;  92 

 93 

Embase (Ovid): 94 

(’monkeypox’/exp OR ’monkeypox virus’/exp OR monkeypox:5,ab OR "monkey pox":5,ab 95 

OR mpox:5,ab) AND (Vaccina5o:5,ab’OR Vaccine:5,ab OR Immuni#a5on:5,ab) 96 

 97 

In order to calculate vaccine effec5veness from a given study, and thus include the study in 98 

our analysis, we required the following data: 99 

o In the case of studies based on popula5on surveillance data (case-coverage), 100 

the incidence of infec5on must be provided in both vaccinated and 101 

unvaccinated at-risk groups. 102 

o In the case of secondary-contact studies, the total number of secondary-103 

contacts/exposed individuals (disaggregated by vaccine status) must be 104 

provided, along with the number of secondary-cases in vaccinated and 105 

unvaccinated individuals. 106 
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o In the case of cohort studies, the cohort size of both vaccinated and 107 

unvaccinated groups must be provided along with the number of infec5ons in 108 

each group. 109 

o For case-control studies we require a break-down of infec5on data by 110 

vaccina5on status along with an uninfected control group split by vaccina5on 111 

status as a comparator. 112 

Immunogenicity Search 113 

To obtain immunogenicity data we conducted a systema5c search of registered clinical trials 114 

from the clinicaltrials.gov, EudraCT and ICTRP databases with the search terms; 115 

clinicaltrials.gov: 116 

• Interven5on: MVA 117 

• Condi5on: Smallpox OR Monkeypox OR Variola; 118 

• Study Type: Interven5onal 119 

EudraCT and ICTRP; 120 

MVA AND (Smallpox Or Monkeypox OR Variola). 121 

Studies were included if they met the following criteria: 122 

• Vaccina5on was with the MVA-BN vaccine 123 

• At least one arm contained a healthy popula5on. 124 

• Vaccinia-specific binding an5body 5ters were measured via an ELISA 125 

Deriva6on of Binomial model for test-nega6ve case-control studies: 126 

Let 𝑃(𝑉|𝐼) = ϕ be the probability that a person is vaccinated (V) given they are infected (I). 127 

Then,  128 

𝑃(𝐼|𝑉) =
𝑃(𝑉|𝐼)𝑃(𝐼)
𝑃(𝑉)

. 𝑆1 129 

The calcula5on for 𝑃(𝐼|𝑈) (Probability of infec5on given unvaccinated (U)), is similar and we 130 

can then calculate the ra5o, 131 

𝑃(𝐼|𝑉)
𝑃(𝐼|𝑈)

=
𝑃(𝑉|𝐼)
𝑃(𝑈|𝐼)

𝑃(𝑈)
𝑃(𝑉)

. 𝑆2 132 
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Conduc5ng a similar calcula5on for the control group, let 𝑃(𝑉|𝐶) = γ, where 𝐶 is the 133 

control group, then, 134 

1 − 𝐸 =
𝑃(𝐼|𝑉)
𝑃(𝐼|𝑈)

=
ϕ

1 − ϕ
1 − γ
γ

𝑃(𝐶|𝑉)
𝑃(𝐶|𝑈)

. S3 135 

In an ideal test-nega5ve design study the frac5on !"𝐶#𝑉$
!"𝐶#𝑈$ = 1, however, unmeasured 136 

confounding can cause this quan5ty to vary around 1. Since this cannot be quan5fied 137 

directly, we incorporate this ra5o into a random effect with 𝑆 = 	log !"𝐶#𝑈$
!"𝐶#𝑉$. Taking 138 

logarithms of Equa5on S3 we obtain,  139 

logit(ϕ) = logit(γ) + log(1 − 𝐸) + 𝑆. 𝑆4 140 

This is equivalent to a model where the rela5ve risk reduc5on of the vaccine has a random 141 

effect between studies. Comparing this model to the model used for case-coverage studies 142 

(equa5on 2 of the Methods) we find that both study types are described by applying the 143 

same model, except here 𝑟%,',( = γ, and 𝑟%,),( = ϕ, whereas in the case-coverage method 144 

(from equa5on 2 of Methods), 𝑟),',( = γ, and 𝑟),%,( = ϕ . That is, for test-nega5ve studies, 145 

logit>𝑟%,),(? = logit>𝑟%,',(? + log(1 − 𝐸%) + 𝑆(, 𝑆5 146 

where 𝑟%,',( and 𝑟%,),(	denote the probability of being vaccinated in the control and infected 147 

cohorts, respec5vely. The indexa5on in this case differs slightly from the case-coverage 148 

methods. That is, here the different disaggrega5on groups correspond to the vaccine (𝑣), 149 

while the control and infec5ous groups are indexed by (𝑖).  150 

 151 

Immunogenicity data: 152 

The immunogenicity data reported included geometric mean 5ters and confidence intervals. 153 

Using the confidence intervals reported, we calculate the approximate sample standard 154 

devia5on, 𝑠, from each study and group assuming confidence intervals were calculated 155 

using the formula, 156 

CI = log(𝐺𝑀𝑇) ± 𝑡'.'+,,
𝑠
√𝑛

, 𝑆6 157 

where n is the sample size, GMT is the reported geometric mean 5ter, 𝑡'.'-+,, is the 0.025 158 

percen5le of the t-distribu5on with n-degrees of freedom. Due to rounding of the reported 159 

values, using the upper or lower confidence limits yielded different results. Hence, we 160 
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average across calcula5ng the sample standard devia5on es5mates calculated from the 161 

upper and lower confidence limits. 162 

In our evalua5on of the posterior distribu5on, we used the sample mean (log) an5body 163 

5ter, 𝑦O(,%,.,/, and sample standard devia5on of these (log 5ters), 𝑠𝑑OOO(,%,.,/  (for each vaccine, 164 

𝑣, from each study, 𝑠, with vaccine formula5on, 𝑓, and ELISA assay, 𝐸), rather than the 165 

individual 5ters (individual 5ters were not provided upon request). These are sufficient 166 

sta5s5cs (as will be seen below) to define our distribu5on of interest.  167 

For simplicity, let 𝜇(,%,.,/  denote the mean a cohort from the same study using the same 168 

vaccine (also using the same ELISA and formula5on). That is, 𝜇(,%,.,/ = 𝜇% + 𝜇/ + 𝜇. + 𝜇(, 169 

where, µ%, is the mean of the ‘true’ distribu5on of 5ters (administered with liquid frozen 170 

formula5on), µ/, is the effect of the ELISA assay on the observed 5ters, µ., is the effect of 171 

using a freeze dried formula5on of the vaccine and µ0, is the random study effect on the 172 

observed 5ters. Then the likelihood of observing a par5cular set of individuals (log) an5body 173 

5ters, 𝒚(,%,.,/, from a par5cular study/group/etc, given a certain (as yet to be es5mated) 174 

𝜇(,%,.,/  and 𝜎% (standard devia5on of the 5ters from the vaccine group) is given by, 175 

𝑝>𝒚(,%,.,/Wµ(,%,.,/ , σ1? ∝Z
1

σ%√2π
exp_

−1
2 `

y2 − µ(,%,.,/
σ%

b
-
c

)

𝑆7 176 

where 𝑦)  are the individual 5ters of 𝒚(,%,.,/. Rearranging this equa5on, we can write this as, 177 

𝑝>𝒚(,%,.,/Wµ(,%,.,/ , σ%? ∝
1
σ%,
expe

−1
2σ%-

f>𝑦) − µ(,%,.,/?
-

)

g . 𝑆8 178 

Constant terms can be ignored as we only require a propor5onal func5on to sample from 179 

the posterior29. Focusing on the summa5on in the exponent and using the defini5on of a 180 

sample standard devia5on and sample mean, we can expand the summa5on and simplify 181 

obtaining, 182 

f>𝑦) − µ(,%,.,/?
-

)

= >𝑛(,%,.,/ − 1?𝑠𝑑OOO- + 𝑛(,%,.,/>𝑦O(,%,.,/ − µ(,%,.,/?
-
, 𝑆9 183 

where 𝑛(,%,.,/  is the number of individual 5ters used in the sample mean and standard 184 

devia5on for the given vaccine, study, formula5on and ELISA combina5on. It follows that we 185 
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only need the sample mean,	𝑦O(,%,.,/, and sample standard devia5on, 𝑠𝑑OOO(,%,.,/, as sufficient 186 

sta5s5cs, to evaluate the likelihood func5on. The contribu5ons of each cohort are 187 

mul5plied together, yielding the full likelihood, 188 

𝑝>𝑦O(,%,.,/ , 𝑠𝑑OOO(,%,.,/W𝜇(,%,.,/ , 𝜎% , 𝑛(,%,.,/?189 

∝Z
1

𝜎%
,!,#,$,% expe

−1
2𝜎%

j>𝑛(,%,.,/ − 1?𝑠𝑑OOO(,%,.,/ + 𝑛(,%,.,/>𝑦O(,%,.,/ − 𝜇(,%,.,/?kg 190 

The posterior distribu5on for all the parameters can then be determined using this 191 

likelihood func5on in conjunc5on with the priors (specified in the main text Methods).  192 
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