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Abstract
Background

The recent global outbreak of the human monkeypox virus (MPXV) was declared a public health
emergency by the World Health Organization. Modi�ed Vaccinia Ankara (MVA) is currently the only FDA-
approved vaccine against MPXV that was approved for this indication based on a study in non-human
primates. Since there is currently scarce evidence of the e�cacy in humans, our objective was to evaluate
real-life vaccine effectiveness (VE) after providing one vaccine dose to individuals at risk of MPVX
infection.

Methods

The study cohort included all Clalit Health Services (CHS) members eligible for the  MVA vaccine as
de�ned by the Israeli Ministry of Health. The study commenced on July 31, 2022, when the MVA
vaccination campaign was initiated in CHS, and participants were followed until September 12, 2022. A
Cox proportional-hazards regression model with time-dependent covariates was used to estimate the
association between vaccination and MPXV infections with adjustment for sociodemographic and
clinical risk factors.

Findings

A total of 1,970 subjects met the study eligibility criteria (0.04% of CHS members). Of them, 873 (44%)
were vaccinated with MVA and completed at least 25 days of follow-up. 18 infections were con�rmed in
CHS during the study period, 3 in vaccinated and 15 in unvaccinated status (40.0 versus 6.4 per 100,000
person days). VE was estimated at 79% (95% CI: 24%-94%).

Interpretation

Our results suggest that a single dose of MVA is associated with a signi�cantly lower risk for MPVX
infection in high-risk individuals. These �ndings highlight that urgent MVA vaccination of high-risk
individuals may contribute to the containment of the current MPXV outbreak.

Research In Context
Evidence before this study

The recent global outbreak of the human monkeypox virus (MPXV) was declared a public health
emergency by the World Health Organization. Modi�ed Vaccinia Ankara (MVA) is currently the only FDA-
approved vaccine against MPXV that was approved for this indication based on a study in non-human
primates. The effectiveness of MVA in humans is unknown.

Added value of this study
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This study is one of the �rst to evaluate the real-world effectiveness of the MVA vaccine for preventing
human monkeypox infections. We found that one dose of the MVA vaccine is associated with a 79%
reduction in the risk of human monkeypox infections in high-risk individuals. 

Implications of all the available evidence

Vaccination of individuals at high-risk of human monkeypox infection is an effective and essential tool
for the containment of the human monkeypox breakout. 

Introduction
The human monkeypox virus (MPXV) is an Orthopox virus related to smallpox (1, 2). The recent global
outbreak of MPXV was �rst recognized in May 2022, and by September 17, 2022, nearly 65,000
laboratory-con�rmed cases were reported worldwide (3). MPXV was declared a public health emergency
by the WHO (4) and the US CDC (5). 

Modi�ed Vaccinia Ankara (MVA), a live attenuated non-replicating Orthopoxvirus, is currently the preferred
vaccine approved for MPXV, provided as a series of two doses administered 28 days apart (2). The MVA
vaccine was developed and approved for use in case of a smallpox bioterrorist attack. The FDA expanded
the indication to MPXV prophylaxis based on data from an MPXV challenge study conducted in non-
human primates (2), and the level of certainty for preventing MPXV in humans was considered low (5). To
contain the epidemic, the Israeli Ministry of Health (MOH) initiated an MVA vaccination campaign on July
31, 2022. Due to the current shortage of MVA supply, the present policy in Israel is to administer only a
single dose of the vaccine, administered subcutaneously and only to individuals at high risk for infection
according to objective eligibility criteria (6). 

Due to scarce evidence of the e�cacy of the MVA vaccine against MPXV in humans, our objective was to
evaluate the real-life vaccine effectiveness (VE) of MVA.

Methods

Study design and participants
This observational, retrospective population-based cohort study was based on data obtained from the
electronic medical records of Clalit Health Services (CHS), a large healthcare organization that covers
approximately 52% of the entire Israeli population.  The study commenced on July 31, 2022, when the
MVA vaccination campaign was initiated in CHS. Participants were followed until September 12, 2022,
and for at least 25 days after vaccination. Participants vaccinated after August 18, 2022, were excluded
to allow su�cient follow-up time.

The primary endpoint was MPXV infection diagnosis, determined by a laboratory-con�rmed real-time
polymerase chain reaction (RT-PCR) test. The estimated date of infection was de�ned as the earlier of the
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following dates: �ve days before the PCR test or �ve days before a suspected diagnosis of MPXV was
documented.   

The cohort included all CHS members eligible for the MVA vaccine per the Israeli MOH guidelines when
the study commenced. The MVA eligibility criteria were: (a) Males aged 18 – 42 who were dispensed HIV-
PrEP at least for one month since January 1, 2022, or (b) Males aged 18 – 42 who were diagnosed with
HIV and also were diagnosed with one or more of the following STIs since January 1, 2022: active
Syphilis, Chlamydia, or Gonorrhea. Subjects who were infected with MPXV prior to the study period were
excluded. 

Data extraction
The following data were extracted for each participant: age, geographical district of primary healthcare
clinic, population sector, the score for socioeconomic status, utilization of primary healthcare services,
vaccines utilization, 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 (sildena�l, tadala�l,
or vardena�l). 

The CHS data repositories and the de�nition of the sociodemographic variables were previously
described in Covid-19 studies (7). The data extraction date was September 19, 2022. 

Statistical analysis
Descriptive statistics were used to characterize the study participants. The geographical district was
classi�ed as Tel Aviv versus other districts, as Tel Aviv is the Israeli epicenter of the LGTBQ+ community.
The population sector was classi�ed as the general Jewish sector versus two minority sectors: Arabs and
Jewish-Ultraorthodox, and the sociodemographic status score was categorized as below the median
versus median score or higher. 

In order to avoid immortal time bias (8), 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' risk set to the 'vaccinated' risk set 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 vaccination and MPXV infection was estimated as follows: �rst, 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 �rst testing criteria was
set at p<0.2. Then the proportional hazard assumption was validated for those variables using
Schoenfeld's global test. Variates that met these two testing criteria served as inputs for multivariate Cox
proportional-hazards analysis. Vaccine effectiveness was de�ned as 1 minus the hazard ratio. 
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Analyses were conducted in R statistical software version 3.5.0 (R Project for Statistical Computing). All
reported p-values are two-tailed.

Results

Study participants
1,970 CHS members met the study eligibility criteria. Of them, 873 (44%) were vaccinated and had a
su�cient follow-up time. The characteristics of vaccinated and unvaccinated participants are detailed in
Table 1. Compared to the non-vaccinated participants, the vaccinated participants mostly attended
primary healthcare clinics in the Tel-Aviv district, had higher HIV-PrEP and PDE5 inhibitors, and had higher
rates of STIs yet lower rates of HIV.

Table 1: Characteristics of the vaccinated versus unvaccinated study participants
Table 1      
  Unvaccinated Vaccinated All
Total N 1,097 873 1,970
  N (%) N (%) N (%)
Sociodemographic variables
Age, mean (SD) 33 (5.7) 34 (4.8) 34 (5.3)
Sex – Male 1,097 (100) 873 (100) 1,970 (100)
Tel-Aviv district 455 (41.5) 689 (78.9) 1144 (58.1)
Sociodemographic status score below median 534 (48.7) 265 (30.4) 799 (40.6)
Population sector- minority 84 (7.7) 14 (1.6) 98 (5.0)
Clinical risk factors
History of HIV/AIDS 531 (48.4) 106 (12.1) 637 (32.3)
History of Syphilis infection 218 (19.9) 198 (22.7) 416 (21.1)
Recent* Syphilis infection 36 (3.3) 51 (5.8) 87 (4.4)
Recent* STI** in urinary test 35 (3.2) 57 (6.5) 92 (4.7)
Recent* STI** in pharyngeal test 51 (4.6) 145 (16.6) 196 (9.9)
Recent* STI** in rectal test 58 (5.3) 139 (15.9) 197 (10.0)
Recent Chlamydia or NE Gonorrhea*** 116 (10.6) 264 (30.2) 380 (19.3)
Purchase of PDE5 – inhibitors*  107 (9.8) 178 (20.4) 285 (14.5)
Purchase of HIV-PrEP* 560 (51.0) 748 (85.7) 1308 (66.4)

* from 01/2022 to 06/2022
** Chlamydia or NE Gonorrhea; *** In either urinary, pharyngeal, or rectal test

Assessment of vaccine effectiveness
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MPX infections occurred in 15 unvaccinated participants (40.0 per 100,000 person-days) and in 3
vaccinated participants (6.4 per 100,000 person-days). The adjusted HR of the MVA vaccine was 0.21
(95% CI: 0.06 – 0.76). Table 2 details the univariate and multivariate Cox proportional hazard analyses
for MPXV infections. Figure 1 depicts the cumulative risk of infection according to vaccination status.
 None of the independent covariates were found to be associated with the risk of infection 

Table 2- Association of MVA vaccine and MPXV infection

Results from
Univariate models

Results from a
Multivariate model

Variables HR (95% CI) HR (95% CI)
MPX vaccination 0.28 (0.08-0.98) 0.21 (0.06-0.76)

el-Aviv district 2.55 (0.84-7.73) 3.09 (0.97-9.79)
HIV PrEP use 0.97 (0.36-2.58)  

urchase of PDE5 – inhibitors* 1.69 (0.56-5.15)  
Any Syphilis infection* 1.88 (0.71-5.01)  

hlamydia or NE Gonorrhea in
Rectal PCR*

1.28 (0.37-4.45)  

hlamydia or NE Gonorrhea in Urine
CR*

4.05 (1.17-14.01) 2.85 (0.57-14.16)

hlamydia or NE Gonorrhea
n pharyngeal PCR*

1.14 (0.26-4.96)  

hlamydia or NE Gonorrhea in any
ecent STI PCR

2.09 (0.78-5.56) 1.46 (0.40-5.34)

Recent Syphilis infection 2.64 (0.61-11.45) 2.21 (0.50-9.75)

 

Discussion
Our results demonstrate that vaccination with one dose of MVA, when provided primarily before exposure
to an infected person, was associated with a 79% reduction in infection risk among individuals at high
risk for MPX infection. 

Randomized controlled trial data evaluating the e�cacy of MVA for the prevention of MPXV are limited to
studies in murine and primate models (8, 9). These studies demonstrated rapid immune response and
protection from monkeypox inoculation 6 to 10 days after the �rst vaccine dose. 

In a recent observational study of 276 human individuals who were vaccinated post-exposure, 12 (4%)
had a con�rmed MPX breakthrough infection, and of those, 10 patients developed an infection up to �ve
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days following vaccination (10). We are unaware of any published evidence regarding VE when MVA is
provided as PrEP. 

Our study has some noteworthy limitations. The primary limitation is that a low number of infections
were observed during the study period. However, our study provides critical primary evidence that may
further drive the engagement of patients and their healthcare providers for vaccination

The MPXV vaccination policy in Israel focuses on pre-exposure prophylaxis in high-risk individuals, with
special per-case approval for post-exposure cases. However, no testing for the existence of MPXV was
done prior to vaccine administration. Therefore, some high-risk vaccinated individuals may have been
infected (but undiagnosed) before vaccine administration and lowered the observed VE. It should be
noted that the three observed cases of infection in vaccinated individuals were diagnosed more than two
weeks after vaccine uptake (16-18 days) and, therefore, probably represent vaccine breakthroughs rather
than cases of post-exposure vaccinations.

A potential source of overestimating VE is a difference in behavior between the vaccinated and the
unvaccinated; vaccinated participants are more oriented toward a healthier lifestyle and may be more
careful in their sexual behavior. We attempted to overcome behavior bias by controlling the measurable
risk factors, but measuring actual behavior is not feasible. Moreover, in this cohort of individuals at high
risk for MPXV infection (as de�ned by the eligibility criteria for vaccination set by the Israeli MOH), none
of the measured characteristics were found in our study associated with the risk for infection. 

It should be noted that the evaluation of adverse events and safety data reports was beyond the scope of
this study. Future studies will be needed to assess the short- and long-term safety of MVA administration
in real-world settings.

Conclusions And Implications For Policy
In conclusion, our results suggest that in case of limited vaccine availability, a single dose of MVA is
associated with a lower risk of MPVX infection in high-risk individuals. These �ndings highlight that even
one dose of the MVA vaccine could contribute to the containment of the current MPXV outbreak. However,
completing the second vaccine dose per the manufacturer's label may improve this effectiveness.

Declarations
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to be shared outside the permitted researchers.

References
1. Bunge EM, Hoet B, Chen L, et al. The changing epidemiology of human monkeypox-A potential

threat? A systematic review. PLoS Negl Trop Dis 2022;16(2):e0010141.

2. US food & Drug Administration: Key Facts About Monkeypox Vaccine. Available
from: https://www.fda.gov/vaccines-blood-biologics/vaccines/key-facts-about-monkeypox-vaccine.
Extracted on August 16, 2022.

3. Mathieu E, Dattani S, Ritchie H, et al. Monkeypox. Our World in Data
2022; https://ourworldindata.org/monkeypox  extracted on August 19, 2022.

4. Nuzzo JB, Borio LL, Gostin LO. The WHO Declaration of Monkeypox as a Global Public Health
Emergency. JAMA. Published online July 27, 2022. doi:10.1001/jama.2022.12513

5. CDC. 2022 U.S. Monkeypox
Outbreak. https://www.cdc.gov/poxvirus/monkeypox/response/2022/index.html ; extracted
on August 16, 2022

�. Zucker R, Lavie G, Wolff Sagy Y, et al. Risk Assessment of Human Monkeypox Infections for Vaccine
Prioritization, August 2 2022, PREPRINT available at Research Square
[https://doi.org/10.21203/rs.3.rs-1904714/v1]. 

7. Arbel R, Wolff Sagy Y, Hoshen M, et al. Nirmatrelvir Use and Severe Covid-19 Outcomes during the
Omicron Surge. N Engl J Med. 2022 September 1;387(9):790-798. 

�. Lévesque LE, Hanley JA, Kezouh A, et al. Problem of immortal time bias in cohort studies: example
using statins for preventing progression of diabetes. BMJ. 2010;340:b5087. 

9. Earl PL, Americo JL, Wyatt LS, Eller LA, et al., Immunogenicity of a highly attenuated MVA smallpox
vaccine and protection against monkeypox. Nature 2004, 428: 182-185.

10. Pittman PR, Hahn M, Lee HS, et al. Phase 3 E�cacy Trial of Modi�ed Vaccinia Ankara as a Vaccine
against Smallpox. N Engl J Med. 2019;381:1897-1908. 

Figures

https://www.fda.gov/vaccines-blood-biologics/vaccines/key-facts-about-monkeypox-vaccine
https://ourworldindata.org/monkeypox
https://www.cdc.gov/poxvirus/monkeypox/response/2022/index.html


Page 10/10

Figure 1

Cumalative Risk for Infection


