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Abstract

The recent global outbreak of the monkeypox virus (MPXV) in humans was declared a
public health emergency by the World Health Organization (WHO) in July 2022. The
Smallpox and Monkeypox Vaccine (JYNNEOS; Modified Vaccinia Ankara-Bavarian Nordic)
(MVA-BN), provided as a two-dose regimen, is currently the primary vaccine utilized against
monkeypox (mpox). However, the efficacy of MVA-BN against mpox has never been
demonstrated in clinical trials to date. Due to the limited supply of vaccines, the WHO has

recommended prioritizing the vaccination of high-risk groups.

We evaluated the real-world effectiveness of a single, subcutaneous dose of MVA-BN
in this observational, retrospective cohort study, which included the analysis of electronic
health records of all members of Clalit Health Services (CHS) eligible for the vaccine on July
31, 2022. We used a Cox proportional-hazards regression model with time-dependent
covariates to estimate the association between vaccination and mpox while adjusting for
sociodemographic and clinical risk factors. In an analysis of 2,054 male individuals that met
vaccine eligibility criteria, 1,037 (50%) were vaccinated during the study recruitment period
and completed at least 90 days of follow-up. During the study period, 5 and 16 infections
were confirmed in vaccinated and unvaccinated individuals, respectively. The adjusted
vaccine effectiveness was estimated at 86% (95% Cl: 59%-95%). Our results suggest that a
single dose of subcutaneous MVA-BN in this high-risk cohort is associated with a significantly

lower risk of MPXV infection.
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Introduction

The human monkeypox virus (MPXV) is a member of the Orthopoxvirus genus and is
closely related to the virus that causes smallpox. The recent global outbreak of MPXV was
first recognized in May 2022, when infections were reported in several countries where
MPXV cases had not been previously identified'3. On July 23, 2022, the Director-General of
the WHO declared mpox a public health emergency of international concern®. By December
22,2022, over 83,000 laboratory-confirmed cases were reported worldwide®. The Smallpox
and Monkeypox Vaccine (JYNNEOS Modified Vaccinia Ankara Bavarian Nordic) (MVA-BN), a
live attenuated Orthopoxvirus, is currently the preferred vaccine for mpox?®. Official U.S.
Food and Drug Administration (FDA) prescribing information recommends providing the
vaccine as a series of two subcutaneous doses administered 4 weeks apart’. Nevertheless,
because of a limited vaccine supply, many countries have implemented a single-dose

strategy and later an intradermal 1/6%™ dose to maximize vaccine availability 8.

MVA-BN was developed initially as a third-generation smallpox vaccine . The FDA
expanded the indication to mpox prophylaxis based on data from an MPXV challenge study
conducted in non-human primates. However, efficacy data of the vaccine against mpox in
humans are lacking. Therefore, evidence for the real-life effectiveness of the vaccine in
preventing mpox in humans is still warranted &2, Our objective was to promptly follow
vaccinated individuals to assess the effectiveness of providing one dose of the vaccine in a

real-world, at-risk population.



81 Results
82  Study population

83 2,054 CHS members met the study eligibility criteria (described in Methods). All

84 eligible individuals were male. Of these, 1,037 (50%) were vaccinated with MVA-BN and
85 had at least 90 days of follow-up. The majority of participants belonged to the-general

86 Jewish population sector (95.0%), followed by Arabs (2.1%) and Ultra-orthodox Jews

87 (1.9%). The population sector was unknown for 0.9% of the study cohort. All vaccine doses
88 were provided subcutaneously. Follow-up time was 90 to 147 days (average: 141 days).

89  Vaccine uptake

90 The characteristics of vaccinated and unvaccinated individuals and the association
91 between these characteristics and vaccine uptake are detailed in Table 1. Vaccine uptake
92 in individuals who attended primary healthcare clinics in the Israeli Tel-Aviv district was

93 2.2-fold higher than in individuals from other regions. Uptake was lower in individuals from
94 the minority population sectors and those with a socioeconomic status score below the

95 median by 55% and 22%, respectively. HIV-PrEP utilization, PDES5 inhibitors utilization, and

96 recent Chlamydia or NE Gonorrhea infections were associated with a 70%, 43%, and 34%

97 higher vaccine uptake, respectively.

98  Assessment of vaccine effectiveness

99 During the study period, MPXV infections occurred in 16 unvaccinated individuals
100 (9.3 per 100,000 person-days) and 5 vaccinated individuals (4.3 per 100,000 person-days).
101 The adjusted HR for infection in the vaccinated compared to the unvaccinated population
102 was 0.14 (95% Confidence Interval (Cl) 0.05 — 0.41). The cumulative HR curves for infection
103 are shown in Figure 1. Univariable and multivariable Cox proportional hazard analyses

104 assessing the association between participant characteristics and mpox are detailed in



105 Table 2. The Tel-Aviv district of the primary healthcare clinic was associated with a 4-fold

106 higher risk of mpox.

107
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Discussion

Six months after the initial worldwide spread of mpox, the outbreak seems to be
contained 4, mainly attributed to vaccination efforts and behavioral changes 3. While the
vaccines against smallpox were assumed to also protect against mpox, efficacy data are
still limited to studies in mice and monkey models **. How well MVA-BN protects against
mpox in humans and how much protection against mpox is elicited by providing only a
single dose rather than the recommended two doses is still unclear 2. Our results
demonstrate that vaccination with one subcutaneous dose of MVA-BN was associated with
an 86% reduction in the risk for mpox among vaccinated individuals considered at high risk
of MPXV infection. Nevertheless, completing the second vaccine dose, per the approved

label, may improve this effectiveness and provide longer-lasting protection.

In a recent observational study of 276 individuals at a single hospital setting,
vaccinated post-exposure, 12 participants (4%) had a confirmed MPXV breakthrough
infection; of those, 10 patients developed an infection up to five days following vaccination
15 However, we are unaware of published studies evaluating vaccine effectiveness when

provided as pre-exposure prophylaxis.

The United States CDC has reported in its December 8, 2022 update, that among 43
U.S jurisdictions, the mpox rate among individuals who were recommended to receive a
vaccine was 7 times higher among unvaccinated individuals compared with those
vaccinated with one dose, suggesting similar results of vaccine effectiveness as
demonstrated in our study. However, these results did not control for possible differences
in baseline characteristics such as age, underlying conditions, or other differences between

the two groups 8.
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Randomized controlled trials are yet required to provide direct evidence of the
efficacy and safety of vaccines against mpox in humans. While such data would have been
the gold standard for supporting mpox vaccination guidelines, the time required for such
trials to be planned, executed, and published would not be sufficient for immediate policy
decisions urgently needed to contain the epidemic. Therefore, controlled studies and
vaccine effectiveness surveillance are critical to understanding the utility of vaccines

against MPXV acquisition?®.

Our study has some noteworthy limitations. The primary limitation is the small
number of participants, the younger age (18-42 years), and the low number of infections
observed during the study period, even in the unvaccinated individuals. Our results should,
therefore, be regarded as preliminary, and additional larger studies are still required.
However, these promising results may further drive the engagement of individuals and

their healthcare providers for vaccination.

Another major limitation is that the characteristics of vaccinated and not vaccinated
individuals in our study cohort were significantly different despite all being identified as
high-risk, according to the Israeli MOH guidelines. The vaccinated and unvaccinated groups
differed in-most sociodemographic and clinical variables (Table 1). The unvaccinated group
had a lower socioeconomic status and included more minority sectors living outside the
Tel Avivdistrict and a higher prevalence of HIV. Although we adjusted for known and
measurable confounders, some sources of residual confounding may not have been

measured or corrected adequately.

Bias in estimating vaccine effectiveness might be caused by unmeasured differences

in lifestyle behaviors, including sexual behaviors, between vaccinated and unvaccinated
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individuals. Vaccination might also lead to changes in behaviors that could affect the risk of
mpox acquisition. Our study was based on a clinical database and, therefore, could not
directly capture the sexual behavior patterns of the study participants. Sexual behavior
patterns would have been extraordinarily challenging to capture and control, especially
since we included all the vaccine-eligible individuals in our study cohort, not only those
infected with MPXV. We attempted to overcome behavior bias by controlling for
measurable factors identified by clinicians that may serve as markers for sexual behavior
patterns and which include previous STls detected in rectal, pharyngeal, or urine PCR tests,
blood tests for Syphilis screening (TPHA), and dispense of HIV-PrEP therapy and PDE5-

inhibitors (sildenafil, tadalafil, or vardenafil)'’.

It should be noted that no screening for mpox was carried out in Israel and that the
detection of mpox was limited only to individuals who reported symptoms to their
physicians. Under-reporting could occur if individuals were asymptomatic or because
patients' symptoms were not attributed to mpox!®. However, we assume that rates of
undiagnosed mpox infections are not likely to differ in vaccinated and unvaccinated

individuals.

Another possible source of bias is the variation of exposure to mpox during the study
period. In our analysis, Schonfeld's global test confirmed that the proportional hazards
assumption was met in the Cox proportional hazards model, suggesting that this variation in
the risk for exposure to mpox remained similar in vaccinated and unvaccinated participants

throughout the study period.

The initial mpox vaccination policy in Israel focused on pre-exposure prophylaxis in

high-risk individuals, with special per-case approval for post-exposure cases. However, no
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testing for the existence of mpox was done prior to vaccine administration. Therefore,
some vaccinated individuals may have been infected (but undiagnosed) before vaccine
administration, potentially lowering the observed effectiveness. All five cases of infection
in the vaccinated individuals were diagnosed at least 21 days after vaccine uptake (21-47
days) and, therefore, probably represent vaccine breakthroughs rather than cases of post-

exposure vaccinations.

We could not assess the effectiveness of the recommended two-dose regimen since
only 20% of the vaccinated participants in Israel have completed the second dose to date,

and due to insufficient follow-up time after the second dose.

In Israel, the vaccine was administered only by a subcutaneous route during the
study period, per FDA prescribing information®. Transition to the intradermal route was
implemented in Israel on October 26, 2022, only after the enrollment of participants in our
dataset had ended. The change in route of administration was decided, like in many other
countries, to advance access, equity, and chances of controlling the monkeypox outbreak,
as the subcutaneous dose can be split into up to six intradermal doses'®**20, Therefore,
our results might not be relevant in other healthcare settings where the intradermal,

lower-volume dose administration of MVA-BN was adopted earlier.

In conclusion, our results suggest that a single dose of the MVA-BN vaccine
administered subcutaneously is associated with a lower risk of mpox in high-risk male
individuals in Israel. These findings suggest that providing at least one dose of the vaccine
might have contributed to the containment of the current mpox outbreak. Larger
randomized and real-world studies are still required to validate the vaccine's effectiveness

over time.
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218 Tables

219 Table 1: Association between participant characteristics and vaccine uptake

Unvaccinated Vaccinated All HR* (95% Cl)
N (%) N (%) N (%)

Total N 1,017 (50%) 1,037 (50%) 2,054 (100%)
Sociodemographic variables
Age, mean (SD) 33.5(5.8) 34.1(4.9) 33.8 (5.4) 1.02 (1.01, 1.03)
Sex — Male 1,017 (100) 1,037 (100) 2,054 (100) All male
Tel-Aviv district 406 (39.9) 783 (75.5) 1,189 (57.9) | 2.23(1.92, 2.59)
::;:St%fﬁzzii;;tatus 501 (49.3) 326 (31.4) 827 (403) | -78(0:69,0.89)
EZﬁz'rztlij’e”v;iﬁtor ] 935 (91.9) 1017 (52) 1952 reference
Population sector- others 82 (8.1) 20(1.9) 102 (5.0)

Arab 40 (3.9) 4 (0.4) 44 (2.1)

0.45 (0.29, 0.71)

Ultraorthodox Jewish 30(2.9) 9(0.9) 39(1.9)

Unknown 12 (1.2) 7(0.7) 19 (0.9)
Clinical risk factors
History of HIV/AIDS 511 (50.2) 136 (13.1) 647 (31.5) 0.46 (0.34, 0.63)
History of Syphilis infection 199 (19.6) 233 (22.5) 432 (21.0) 1.05 (0.89, 1.24)
Recent! Syphilis infection 31(3.0) 61 (5.9) 92 (4.5) 1.05 (0.79, 1.40)
Recent! STI? in urinary test 31(3.0) 67 (6.5) 98 (4.8) 088 (0.65, 1.20)
E:Sientl STI? in pharyngeal 46 (4.5) 159 (15.3) 205 (10.0) 1.25 (0.96, 1.64)
Recent! STI2 in rectal test 46 (4.5) 157 (15.1) 203 (9.9) 1.02 (0.78, 1.32)
Recent Chlamydia or NE 1.34(0.99, 1.82)
Gonorrhea? 100 (9.8) 298 (28.7) 398 (19.4)
I'::;E:ta:'iff PDES - 98 (9.6) 202 (19.5) 300 (14.6) | 3 (1:22.167)
Purchase of HIV-PrEP! 506 (49.8) 876 (84.5) 1,382 (67.3) | 1.70(1.29, 2.24)

220

221 Table 1 footnotes: 1- Recent: from 01/2022 to 06/2022; 2- STI: Chlamydia or NE Gonorrhea;

12




222

223

224

225

226

3- Recent Chlamydia or NE Gonorrhea: in an either urinary, pharyngeal, or rectal test. 4- The
association between all covariates and MVA-BN vaccine uptake was estimated using a
multivariate Cox proportional-hazards regression model. The higher the hazard ratio, the

greater the association between the listed characteristic and vaccine uptake.
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Table 2- Association of participant characteristics and MPXV infection

Results of the

Results of the

Variables UnivariableZ models Multivariable®> model
HR (95% Cl) HR (95% Cl)
Vaccination 0.30 (0.11, 0.83) 0.14 (0.05, 0.41)

Tel-Aviv district

3.11(1.05, 9.23)

3.98 (1.29,12.33)

HIV PrEP use?

0.97 (0.39, 2.41)

Purchase of PDE5 — inhibitors?!

1.84 (0.67, 5.02)

2.14 (0.76, 5.99)

History of HIV/Aids

0.87 (0.34, 2.24)

Any Syphilis infection

1.89 (0.76, 4.67)

1.11(0.39, 3.18)

Chlamydia or NE Gonorrhea in recent?!
Rectal PCR

2.15(0.72, 6.39)

Chlamydia or NE Gonorrhea in recent?!
Urine PCR

3.38(1.00, 11.48)

Chlamydia or NE Gonorrhea in recent?!
pharyngeal PCR

0.95(0.22, 4.09)

Chlamydia or NE Gonorrhea in any
recent? STI PCR

2.09 (0.84, 5.19)

2.53 (0.98, 6.52)

Recent! Syphilis infection

3.58 (1.05, 12.15)

3.20(0.78, 13.17)

Table 2 footnotes:

1- Recent: from 01/2022 to 06/2022; 2- STI: Chlamydia or NE Gonorrhea; 2-

characteristic and vaccine uptake.

14

The associations between each of the covariates and mpox were estimated using a series of
univariate Cox proportional-hazards regression models. 3- A multivariate Cox proportional-
hazards regression model was used to estimate the association between vaccine and mpox
while controlling for the covariates found to be associated with mpox in the univariate

analyses. The higher the hazard ratio, the greater the association between the listed
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Figure legend

Figure 1: Cumulative Hazard for mpox infection (95% confidence intervals)

Figure footnotes: For unvaccinated participants, time zero corresponds to July 31,

2022, when the vaccination campaign was initiated.
For vaccinated participants, time zero corresponds to the date of vaccine uptake. The

shaded areas indicate the 95% confidence intervals.
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Methods

The study was approved by CHS's Community Institutional Review Board Committee
and the Clalit Health Services Data Utilization Committee. The study was exempt from the

requirement to obtain informed consent owing to the retrospective design.

Study participants

This observational, retrospective population-based cohort study was based on data
obtained from the electronic medical records of Clalit Health Services (CHS), the largest of
four integrated healthcare organizations in Israel, which insures 4.78 million patients (52%

of the population).

In response to the current mpox outbreak, the Israeli Ministry of Health (MOH)
initiated a vaccination campaign on July 31, 2022, for individuals considered at high risk for
infection. The eligibility criteria were: (a) males aged 18 — 42 years who were dispensed
HIV-PrEP at least for one month since January 1, 2022, or (b) males aged 18 — 42 years who
were diagnosed with HIV and also were diaghosed with one or more sexually transmitted
infections (STIs) since January 1, 2022. However, due to the limited vaccine supply, the
policy in Israel when the vaccination campaign was initiated was to administer only a single
subcutaneous dose of the vaccine. The cohort included all CHS members eligible for the
vaccine per the Israeli MOH guidelines when the study commenced who had completed at
least 90 days of follow-up after vaccination. Individuals who were infected with mpox

prior to the study period were excluded.

Study design and timeline

The follow-up of participants' data started on July 31, 2022, when the vaccination

campaign was initiated in CHS. The data was collected until December 25, 2022, and
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343

participants vaccinated after September 26, 2022, were excluded to allow sufficient follow-
up time. Vaccination with a second dose of MVA-BN was introduced in Israel on
September 13, 2022. Therefore, follow-up of individuals who received a second vaccine
dose was censored at the date of the second vaccine.

Participants were evaluated as part of the unvaccinated group until the vaccination
date. For unvaccinated participants, time zero corresponds to July 31, 2022, when the
vaccination campaign was initiated. For vaccinated participants, time zero corresponds to
the date of vaccine uptake. Participants moved from the unvaccinated group to the
vaccinated on the day they were vaccinated. In the vaccinated participants, the first time
period accounts for the days from the follow-up start date (July 31, 2022, when the
vaccination campaign was initiated) until the vaccination date. During this period, the
follow-up days of the participants are a part of the "unvaccinated status." The second
follow-up period of the vaccinated participants accounts for the days from the vaccination
day until the end of follow-up (December 25, 2022) and is counted as part of the
"vaccinated status." The study timeline and the transition between the unvaccinated and

vaccinated status are depicted in the extended data figure 1.

The study's primary endpoint was mpox diagnosis, determined by a laboratory-
confirmed real-time polymerase chain reaction (RT-PCR) test. Since the minimum time
between infection and symptoms onset was initially reported to be 5 days 2, the
estimated date of infection was defined as the earlier of five days before the positive PCR
test result or of a physician-documented suspected diagnosis of mpox. Any infection
according to the above definition occurring later than the date of vaccination was

considered as a breakthrough infection.
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Data extraction

The following data were extracted for each participant: MVA-BN vaccination, mpox
diagnosis, and RT-PCR lab results, age, geographical district of primary healthcare clinic,
population sector, the score for socioeconomic status, history of HIV/AIDS, STIs detected in
rectal, pharyngeal, or urine PCR tests, blood test for Syphilis screening (TPHA), and

dispense of HIV-PrEP therapy and PDE5-inhibitors (sildenafil, tadalafil, or vardenafil).

The CHS data repositories and the definition of the sociodemographic variables were
previously described in published COVID-19 studies ?2. The data extraction date was

December 29, 2022.

Statistical analysis

Descriptive statistics were used to characterize the study participants, and the study
population was divided into two groups, those who had received the vaccine and those
who had not. The geographical district of the primary clinic where each participant is
registered was based on the administrative classification of CHS, dividing the entire state
of Israel into 9 districts. This covariate was categorized as Tel Aviv versus the other 8
geographical districts, as most of the study population (58%) resided in this area. The
population sector was based on CHS's administrative classification of the primary clinic
where each participant is registered: general Jewish, Arab and Jewish-ultraorthodox. This
covariate was dichotomously divided into the majority sector (general Jewish, 95.0% of the
study population) and minority sectors (including Arabs, Jewish-ultraorthodox, and those
with unknown sector classification). The sociodemographic status score was categorized as
below the median versus median score or higher. A multivariate Cox proportional-hazards

regression model was used to estimate the association of all covariates and uptake of the
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MVA-BN vaccine.

In order to avoid immortal time bias 23, we performed a time-dependent analysis in
which a time-varying covariate was used to indicate the initiation of vaccination for each
vaccinated patient. Participants were transferred from the 'unvaccinated' group to the
'vaccinated' group when vaccinated, modifying their vaccination status from unvaccinated
to vaccinated. Consequently, the follow-up of vaccinated patients started at the end of the

immortal period.

The association between MVA-BN vaccination and mpox was estimated as follows:
first, a univariate Kaplan-Meier analysis with a log-rank test was applied to test the
associations of each independent candidate variable with the primary outcome. The
threshold for the first testing criteria was set at p<0.25 2%. Then, the proportional hazard
assumption was validated for those variables using Schoenfeld's global test. Variables that
met these two testing criteria served as inputs for multivariable Cox proportional-hazards
analysis. Vaccine effectiveness was defined as 1 minus the hazard ratio.. All reported p-

values are two-tailed.

Data availability

Due to Clalit Health Services' data privacy regulations and as per the institutional
Helsinki and data utilization committee approvals for this study, the data used for this

study cannot be shared.

Code availability

R statistical software version 4.0.1 (R Project for Statistical Computing) was used for
the univariate and multivariate survival analysis with time-dependent covariates. The
following R packages were used: survival (3.2-13), ggplot2 (3.3.5), ggpubr (0.4.0),

survminer (0.4.9), and tablel (1.4.2). All R packages are freely available.
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Data exclusions  Subjects who were infected with MPXV prior to the study period were excluded. Additionally, participants vaccinated after October 21, 2022
were excluded to allow a minimal follow-up time of 25 days after vaccination.

Replication Replication is not feasible for this study due to the limited number of subjects eligible for the study cohort and their unique characteristics
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Population characteristics All eligible subjects in Clalit Health Services were included in the study. The mean age of the study participants was 34 (SD
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Recruitment Participants were not recruited: data for all eligible participants was extracted retrospectively from Clalit Health Services
database. Participants' sex was also extracted from Clalit Health Services database, as registered in participants' medical
records.

Ethics oversight The study was approved by CHS's Community Institutional Review Board Committee and the Clalit Health Services Data
Utilization Committee. The study was exempt from the requirement to obtain informed consent owing to the retrospective
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