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Abstract

Background
Like many other countries worldwi
monkeypox disease in Ma

enced a national outbreak of
ers rising rapidly, mainly among
n (GBMSM). To control the
(MVA-BN), an attenuated

risk GBMSM. We assessed the effectiveness
keypox disease in high-risk GBMSM.

outbreak, Modified Vacc
smallpox vaccine, ]

were sent questionnaires collecting information on
accination history and symptoms. Returned questionnaires with a
or alternative proxy) between 4 July and 9 October 2022 were
included. Fema heterosexual men, and those with missing vaccination
information were excluded. Vaccine effectiveness was calculated using the case-
coverage method where vaccine coverage among cases is compared to coverage in
the eligible population, estimated from doses given to GBMSM and the estimated
size of high-risk GBMSM. Sensitivity analysis included +/-20% differences in
estimated high-risk GBMSM population size.

Findings

Vaccine uptake among eligible GBMSM increased steadily from July 2022, reaching
47% by 9 October 2022. Of the 363 confirmed cases, 8 occurred =14 days after
vaccination, 32 within O to 13 days after vaccination, and the rest were unvaccinated.
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The estimated vaccine effectiveness =14 days after a single dose was 78% (95% CI:
54%-89%), with a range of +7% in sensitivity analyses. Vaccine effectiveness within
0 to 13-days after vaccination was -4% (95% CI: -50% to 29%).

Interpretation

A single MVA-BN dose was highly protective against monkeypox disease among
high-risk GBMSM.

Funding: None
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Research in context

Evidence before this study

We searched PubMed using the terms ‘monkeypox’, ‘MVA’ and ‘vaccine’, with no
time limit, and used the snowball process to identify additional relevant publications.
We also searched websites of regulatory authorities (FDA, EMA) for any data used
during the regulatory approval processes. We also scoped pre-print databases
vaccine effectiveness studies during the current outbreak. Only publications related
to the Modified Vaccinia Ankara — Bavaria Nordic (MVA-BN) vaccine were included.

In the UK, MVA-BN was offered to high-risk GBMSM to control a national outbreak
which began in May 2022. MVA-BN is now licensed against s
Europe and the UK, there are, however, limited data on vaccin
against monkeypox. Preclinical studies indicated two vaccine d
immunogenic and generated antibody levels considered [ t spallpox.
Vaccine-induced antibodies are also cross-protgetive in
vitro and in animal models. A recent, as yet unpublishe i estimated 79%
vaccine effectiveness after one dose in high-risk G ' udy reported
unvaccinated individuals to be 14 times more li to nkeypox disease
than vaccinated persons.

Added value of this study
Few countries have recommended o

current global outbreak of monkeypox @
countries. The offer of MVA-BN to high-ris

ale vaccination against the
g GBMSM in non-endemic
through sexual health clinics in

England provided a unique_gpportu ly assess vaccine effectiveness after
a single dose using the ¢ hich involves comparing vaccine
coverage in cases to va ple population. Our vaccine
effectiveness esti t leagt, 14 days after one MVA-BN dose is consistent
with Israglipesti ditional evidence of a lack of protection during
the fi

lable evidence
MVA-BN is highly protective against monkeypox disease and
provides a usefdhtool for outbreak control when rapid protection may be needed.
Given the lack of @ffectiveness in the first 13 days after the first dose and a median
incubation period of 8 to 9 days after exposure to the virus, vaccination is likely to be
most effective when offered as pre-exposure rather than prophylaxis. Because of the
high vaccine effectiveness after one MVA-BN dose, in outbreaks where number of
at-risk individuals exceed vaccine supply of 2-doses, there may be benefit in
prioritising delivery of first doses at the expense of delaying the second dose.
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Introduction

In May 2022, a monkeypox outbreak was identified in the United Kingdom (UK),
primarily among gay, bisexual and other men who have sex with men (GBMSM).
Similar outbreaks were subsequently identified across Europe and globally,12
leading the World Health Organization to declare the outbreak a Public Health
Emergency of International Concern (PHEIC) on 23 July 2022.3 As of 11 October
2022, more than 20,000 cases have been confirmed in EU/EEA countries (including
4 deaths) as part of this outbreak,* including 3,500 cases in the UK.®> Vaccination,
with a third generation smallpox vaccine has been a critical component of the
outbreak control, yet prior to this outbreak, there has been no data on the clinical
effectiveness of the vaccine against monkeypox in humans.

(UKHSA) implemented extensive public health
including isolation of cases and close contacts, i ts and raising
awareness among healthcare professionals and hi |

with monkeypox disease or monkeypo ’ From June 2022, because
of increasing case numbers, the Joi
also recommended pre-exposure vaccigag BMSM considered at higher risk
of monkeypox disease during this outbreakjg
participating in group sex and attendi
including recent bacteri
for HIV pre-exposure pr
starting at the end

emises venues. Proxy indicators,
nsmitted tion (in the past year) or eligibility
, were used to identify eligible groups 7 with roll-out
for this group. 8

— Bavaria Nordic (MVA-BN), is a third-generation

: lent smallpox vaccine licensed by the European
cy (EMA) in 2013 for the prevention of smallpox. ° In the US, the
Food and DrugsAdministration (FDA) approved MVA-BN for the prevention of
monkeypox as Welh as smallpox in 2019.19 The vaccine was licensed based on
immunogenicity studies only; a 2 dose schedule given 28 days apart was
demonstrated to be immunogenic, generating antibody levels above protective
thresholds for smallpox, which was also considered to also confer protection against
monkeypox. 1112 Animal models have also shown rapid protection against
monkeypox. 13-16

Although data from studies in Africa suggested that previous generation smallpox
vaccination also protected against monkeypox, 1617 there were no real-world data on
the effectiveness of third-generation smallpox vaccines against monkeypox disease
in humans prior to the current outbreak.18 A recent study involving subjects
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vaccinated during the current outbreak in the Netherlands found relatively low levels
of neutralizing antibody titres against monkeypox virus after one dose with no
increase in titres after 2 doses. 18 Early reports from Israel and the United States,
however, indicate high protection from vaccination against monkeypox disease.1? 20

Following implementation of a large-scale national immunisation programme for at-
risk GBMSM, we undertook an observational study to estimate the effectiveness of
one dose of MVA-BN against symptomatic monkeypox disease in England.

Methods

We estimated vaccine effectiveness in the GBMSM cohort eligi
vaccination using the case-coverage method (also known ing method),
whereby vaccination rates among cases is compared to

Population vaccine coverage
Weekly vaccinations delivered to the -at risk G
estimate of the GBMSM denominator was us i e. The number of

GBMSM at high risk of monkeypox has previo ted as 111,000 in the
UK. We used the same calculation to e land total of 89,240. This is
based on an estimated 48,500 GBM3SMregula ealth clinic attenders at high
risk of monkeypox and inflation facto 0% (29,100) non regular
attenders and on top of this another 15%&.1,640) hot in contact with sexual health
services. 22 To account for uncertain i ator was increased and
decreased by 20% in se lle‘I

porting system was established at a
programme rollout by NHS England.?3

second dose vac€ipation was not assessed.

Vaccination rates among cases

Vaccination status of cases was obtained from questionnaires sent to confirmed
(Monkeypox positive) and highly probable (Orthopox positive) cases via email and/or
text message,?* which also included questions on symptoms, rash onset, age,
gender and sexual orientation. When available, personal identifiers such as name
and date of birth were also used to link cases to other electronic systems (HP zone —
a public health case management system, laboratory results) to obtain missing and
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additional information, such as symptom onset and laboratory specimen date
(supplementary figure 1).

For each case an index date for monkeypox infection was defined in the following
priority order depending on whether the previous information was available

Date of rash onset

Date of symptom onset from the questionnaire
Date of symptom onset from HP zone

Date of test from the lab minus 4 days

Date of test from the questionnaire minus 4 days
Date of questionnaire completion minus 14 days

-0 o0 o

Dates d to e were based on median interval seen in those with e of rash and

date of test or questionnaire.

Only cases with an index date from 4 July 2022, when ro up

Vaccination status was categorised as being either , In 2022

(with dates given) or not known/missing. Cases [ e index date were
included as unvaccinated. Cases reporting v ion i 2 btt without a date
were only included in a sensitivity analysi ave been vaccinated
after disease. Cases vaccinated prior t sidered unvaccinated —

numerator of returned g jagnostic sample date was
between weeks 28 to 3 . For the denominator we used

Statistical method

Vaccine effectiveness (VE) is calculated as 1- odds of vaccination in cases/ odds of
vaccination in the population. 2125 This was done using the weekly aggregated cases
matched to the appropriate vaccine coverage and analysed using a logistic
regression model with an offset for the log-odds of the coverage and a fitted
constant. VE is 1- the exponent of the estimated parameter.25> When calculating VE
in those at least 14 days earlier, those vaccinated within 0 to 13 days are not
included. Consequently, vaccine coverage for this cohort was calculated as the
proportion of the cohort vaccinated at least 14 days previously)/(1-proportion
vaccinated within 0 to 13 days). A similar adjustment was made when calculating

6
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corrected coverage for those vaccinated within O to 13 days (i.e., subtracting the 214
days coverage). Analyses were performed using Stata v17.0 (StatCorp, Tx).

To account for the impact that prior smallpox vaccination might have in individuals
vaccinated against smallpox during childhood, VE was also calculated for cases
under the age of 50. However, we used the overall population coverage in this
analysis as these data are not available by age.

Ethical approval

UKHSA has legal permission to process confidential informati
surveillance of communicable diseases without individual patie
(Regulation 3 of Health Service Regulations 2002) and ethics ¢

not required.

N

ee approval is
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Results

Population coverage

Vaccine coverage by week for first doses increased to 47% by early October (week
40), with most vaccinations being given by 22 August 2022 (week 34). Analysis of
protection within 2 weeks of vaccination included the cohort that was mostly
vaccinated during July and August 2022 (Figure 1). The number of doses given and
estimated coverage by week (recent and =214 days since) are included in
supplementary table 1. Cases were matched to coverage based on their index week,
for example a case with index week 33 matches to recent vaccination coverage of
9.4% and vaccination at least 2 weeks ago of 25.4%. For the sensitivity analysis
reducing the denominator by 20% increases coverage at the e
63% and increasing it by 20% reduces coverage to 42%.

Figure 1.Estimated first dose coverage by k for
vaccinations and vaccinations at least 2 weeks ago [ al and other
men who have sex with men at high risk of mon o] , weeks 26-

40
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Cases

A total of 1,102 cases had responded to questionnaires by 3 November 2022; 52
were female or self-declared male heterosexuals and excluded from the analysis.

Only one of these 52 had reported to have been vaccinated with an unknown date in

2022 and this case’s onset was in week 26 prior to our study period. Overall, 460
cases had an index date from 4 July 2022, which was based on rash onset date for
412, other symptoms for 32, test-4 days for 4 and questionnaire completion date -14
days for 12 cases. Their vaccination status is summarised in Table 1.

Table 1. Vaccination status of cases by age group and classifications for
analysis y

Year of Interval of In analysis as <50 250 Unknown | Total
vaccination vaccination before years | years | age
index date
Not vaccinated | Not applicable Unvaccin‘ in 20 8 b 260
Before 1971 Many years Unvaccinated ing,2022 0 29
1971 to 2021 Years 1 33
2022 0-13 days before rash 0 29
2022 0-13 before non-rash 0 3
index date
2022 =14 days before rash 0 4
2022 214 days before non- 0 4
rash index date
2022 Vaccine date missing 1 0 0 1
Not Not applic 67 25 5 97
known/prefer
not to say
Total 348 101 11 460

own vaccination date (n=97), the total included in
es. Four cases were vaccinated = 14 days before rash
ere likely to have been vaccinated 214 days prior to
hese 4 cases the index date was based on symptom onset date for 2
and test-4 days¥or the other 2. The interval between vaccination and monkeypox
disease were lo than 3 weeks for these 4 cases. The one case with the missing
vaccination date missing was included in the sensitivity analysis (Table 1). No cases
reported receiving 2 vaccine doses. Figure 2 shows the number of cases by week
according to vaccination status within those who returned a questionnaire and gave
information on vaccination status. Lower numbers in the latest weeks reflect
declining incidence and lower questionnaire return rate.

infection. Ft
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Figure 2. Number of monkeypox cases by week and vaccination status from 4
July 2022 (week 27) to 9 October 2022 (week 40)
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The age of the 460 cases returning the e and their vaccine status is
shown in table 2. Individuals over 50 ﬁa otentially eligible for smallpox

vaccination as an infant. Thi
compared to 14% of all B
proportionally more of t
There was only on

Tabmmb

not shown). As expected,
ation before 2022 (table 1).

lon of cases by vaccine status

Age Vaccine status Vaccine status Total
unknown known

15-19 1 4 5
20-24 6 18 24
25-29 10 45 55
30-34 11 60 71
35-39 9 56 65
40-44 18 59 77
45-49 12 39 51
50-54 17 29 46
55-59 6 19 25
60+ 1 28 30
Unknown 5 6 11
Total 97 363 460

10
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Estimated questionnaire return rate

Between weeks 28 to 38 (11 July to 25 September) a total of 2018 cases were
reported in England of whom an 1,545 (77%) had questionnaires sent by text. A total
of 508 questionnaires were returned in this period giving a return rate of 33%.

Vaccine effectiveness
The central estimate of VE after a single dose of smallpox vaccine was 78% (95%
Cl: 54%-89%) (Table 3). In the sensitivity analyses, reducing the GBMSM
denominator by 20% resulted in higher population vaccine coverage and, therefore,
a higher VE of 85% (95% CI: 69% to 93%), while increasing t

the extra case with unknown vaccine date was added to those ted 214 days
prior, VE dropped to 75% (95% CI: 50%-87%). Single-do ithi 3 days was
-4% (95% CI: -50% to 29%) for the central estimaate an % CI:
-89% to 10%) to 23% (95% CI: -11% to 47%), not differ ny scenario
(Table 3). In the analysis including only cases age er VE wasi#4% (95% CI:

43%-88%) (table 3). \

11
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Table 3. Vaccine effectiveness (VE) estimates using the screening method for
all ages and for cases under 50 years of age, including results from sensitivity
analyses using different denominators

Total number of
gay, bisexual and
other men who have

Age . Dose 1 Cases Matched
sex with men . * VE (95% CI)
group | umed to be at Interval (n/%) Coverage
high risk of
monkeypox
Oto 13 days | 32 (8.8%) -4% (-50% to 29%)
All >14 days 8 (2.2%) 78% (54% to 89%)
ages 89,240 322
unvaccinated (89.0%) -
Oto 13 days | 32(8.8%) 1% to 47%)
All >14 days 69% to 93%)
ages 71,392 (-20%)
unvaccinated -
-30% (-89% to
Al 0 to 13 days 10%)
ages 7% 71% (40% to 86%)
107,088 (+20%)
86.7% -
-21% (-80% to
8.1% 18%)
<50 89,240 7.8% 74% (43% to 88%)
84.1% -
10.1% 10% (-33% to 33%)
<50 7 (2.5%) 9.8% 82% (61% to 92%)
244
accinated (87.1%) 80.1% -
-52% (-126% to -
0to 13 days | 29 (10.4%) 6.7% 3%)
<50 >14 days 7 (2.5%) 6.5% 66% (25% to 84%)
244
unvaccinated (87.1%) 86.8% -

*Coverage match

by index date week, this is a lot below final cover as many cases occurred

in the early weeks of roll out. VE: Vaccine effectiveness; 95%CI: 95% confidence intervals

12
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Discussion

We estimated MVA-BN vaccine effectiveness against monkeypox disease at least 14
days after a single dose to be 78% (range 71%-85% in sensitivity analyses), with no
evidence of protection in the first 13 days after vaccination.

Our estimates are consistent with the recent Israeli study, which estimated a VE of
79% (95% CI: 24%-94%) after a single dose of MVA-BN in a similar cohort of high-
risk GBMSM aged 18 to 42 years using an electronic healthcare system that covers
around 52% of the Israeli population.1® The eligible cohort in this study was similar to
the cohort in our study: male subjects at high risk of infection, @efi by similar
ding, likely
excluding any subjects who might have received childhood small accinations,
which would be comparable to our <50 analysis. The an
within and after 14 days, with a follow-up mtervﬁf 25
Similarly, a US study reported a 14-fold higher inci
unvaccinated individuals eligible for MVA-BN comp
vaccine dose in 32 jurisdictions, covering 56%

incidence rates 20 This risk is equivalent to a v ness of around 93%
Similarly to our study, the authors used provided by public health
jurisdictions, which obtained vaccina interviews and/or linkage to

might have been vaccinated with the sma nation in childhood (those aged
50+ years), as we d|d in our secon analysis."We also focused on VE at least 14
r an immune, response to develop after

other study conducted in France, focused on
st-exposure vaccination, researchers reported 12/276 (4%)
breakthrough infection.26 Of these 12 cases, 10 were
ys of vaccination. This highlights the importance of considering the

r vaccination separately in our study.

within 1 to
period soon &

Our effectiveness results after one dose are also consistent with pre-clinical studies
based on immunogenicity responses and animal models.1214 One of these studies
assessed the response after one single dose of MVA in animal models challenged
with monkeypox.1# Full protection was shown after 30 days but antibody response
and protection against severe disease (and death) was shown as soon as 4 days
after vaccination — although the sample size was small.14 During this outbreak,
Zaeck et al showed low levels of MPXV neutralizing antibodies after one dose of
vaccine in a small sample of human subjects. 18 Interestingly, there was a difference
between individuals born before or after 1974 — with 63% of the younger group
eliciting neutralizing antibodies compared with 100% of those born before 1974, 18

13
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who were likely to have received previous smallpox vaccination — showing additional
protection against monkeypox. These individuals also showed higher levels of
neutralizing antibodies than those born after 1974 - unlikely to have received any
previous smallpox vaccination. 18 Correlates of protection for monkeypox are unclear
and further studies are required including serology and clinical outcomes. However,
this study suggests the need to differentiate between subjects previously vaccinated
during childhood and unvaccinated individuals. This is in line with reports from
surveillance data from Africa suggesting a protective effect of previous smallpox
vaccination, in some cases estimated to be about 85% effective. 1617 In line with
these results, our analysis in cases under 50 years of age, which are less likely to
have been vaccinated prior to this outbreak, also showed slightly lower VE.

There are some limitations to this analysis. Firstly, we ass are vaccine

eligible GBMSM unless they reported as femal er of
cases may not have been eligible for vaccinatioif” Given [ entage of all
cases in England self-reporting as GBMSM (96.8% i uld not have
a measurable influence in the final analysis. W [ naire data to

obtain case vaccine status. The questionnair about 33%) and,
potentially, if vaccinated cases are more likely t ted questionnaires,
VE would be underestimated and vice information was obtained only
from self-reported data, there is no CCi egistry with identifiable data
for this programme. There is also some on the GBMSM denominator,
resulting in a range of VE from 75%-879 itivity analyses. Given the
aggregated nature of the vaccine c*ge 0 We were also unable to adjust for

S : ti . This could lead to VE being
ases within the GBMSM

older indiui gverestimated (and note that the age of cases
: ‘ cases was slightly younger, but we do not know

ample, if vaccinated individuals were less likely to
abstain fro gh-risk sexual activity as a result of having received the vaccine then
the pharmacalegical effectiveness would be underestimated. We considered
individuals vaccwated prior to 2022 as unvaccinated because we could only assess
the effect of vaccifation as part of the 2022 immunisation campaign since it was not
possible to split vaccine coverage by prior vaccine status. If prior vaccination has
some residual protection, then this means that our estimates may be lower than the
true VE. The fact that VE was similar when restricting to cases aged under 50 who
were less likely to have received a vaccine prior to 2022 suggests the bias may be
fairly small. However, many cases are in people born outside of the UK, including
from regions where smallpox vaccination programmes may have ended later than
1971. Also, some GBMSM cases might be healthcare workers or laboratory workers
who might have received vaccination. Therefore, this age cut-off still includes some
cases who had been previously vaccinated. In fact, 7% of <50s reported vaccination

14
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between 1971 and 2021 but this figure likely reflects recall bias given the very low
eligibility since 1971.27

It is important to note that most of these potential biases would also affect our VE
estimates during O to 13 day after vaccination. The fact this estimate is close to zero
provides some reassurance that these potential biases are unlikely to be having a
major impact on our VE estimates for 214 days post-vaccination.

Finally, vaccination using an intradermal vaccination route instead of subcutaneous
to maximise the number of doses was recommended in the UK from August 22,
2022, with variable rollout dates across the country and with varlable implementation
between clinics. 7 By November 2022, 65% of sites were offeri
vaccinations. Consequently, most doses in our analysis would
administered subcutaneously and, therefore, our VE estimates ainly to
subcutaneous vaccinations. Any VE differences between
intradermal administration will need to be asse%d in f st

Conclusions

Our results suggest relatively high level of pro
— making it a useful tool against monke
protection is needed. This suggests
exceed vaccine supply of 2-doses, the
doses. Further work is needed to evalua
effectiveness of a full 2 dose cours?

on from &single dose of MVA-BN
eak control when rapid

at highest risk of infection

n prioritising delivery of first
ion of protection as well as the
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Table S1: Vaccine first doses and coverage estimation by week in GBMSM,
England

. Doses 0- . Doses Coverage | Coverage

n\Lljvrﬁ%Ifar comvrvnee?ching d'f)'gse; 13 days Cugnolglzgve 214 days | Denominator | 0-13 days | 214 days
ago ago ago ago
26 | 27/06/2022 | 90 90 90 0 89,240 90 90
27 | 04/07/2022 |1,050| 1,140 1,140 0 89,240 1,050 1,140
28 | 11/07/2022 |2,439| 3,489 3,579 90 89,240 2,439 3,489
29 | 18/07/2022 |4,939| 7,378 8,518 1,140 89,240 4,939 7,378

30 | 25/07/2022 |6,762| 11,701 15,280 3,579 89,2 , 762 | 11,701

31 |01/08/2022 |7,401| 14,163

32 | 08/08/2022 |5,567| 12,968

33 | 15/08/2022 {2,800 8,367

34 | 22/08/2022 |2,492| 5,292 5,292
35 |29/08/2022 |2,388| 4,880 4,880
36 | 05/09/2022 |2,259| 4,647 4,647
37 | 12/09/2022 {1,754 | 4,013 4,013
38 | 19/09/2022 {1,897 | 3,651 3,651
39 | 26/09/2022 3,573
40 | 03/10/2022 3,139
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