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What are the known knowns?

Monkeypox virus (MPXV) is characterized by painful skin lesions and fever, sometimes with
lymphadenopathy, pharyngitis and myalgia, and a prodromal period [1]. Although infections
are self-limiting, severe complications can occur. In a multicountry case series, 13% were hos-
pitalized, mostly for pain, but no one died [2]. Unlike previous MPXV outbreaks that were
zoonotic and primarily confined to Africa [3], this pandemic had multiple introductions of a
seemingly more transmissible Clade 3 B.1 variant in Western Europe and North America and
is characterized by human-to-human transmission [4], mostly among men having sex with
men (MSM) [2]. Although direct contact with infected lesions and fomites appear to be the
most important risk factors (Fig 1), respiratory secretions can transmit MPXV and it can cross
the placenta [5]. We can expect ongoing transmission since global population immunity
waned following cessation of routine smallpox vaccination [3].
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Fig 1. Known and putative risk factors for human monkeypox virus transmission. The MPXV that circulated in
2003 belongs to clade Ila, the current outbreak is associated with clade IIb [5].

https://doi.org/10.1371/journal.pmed.1004128.9001
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Vaccines exist. Single-dose and dual-dose smallpox vaccines seem efficacious against
MPXYV [6]. Both remain in short supply due to shortcomings in global manufacturing
and distribution. Roll-out has been further complicated by lack of testing to inform deci-
sions about which populations should be prioritized, which has contributed to vaccine
inequities.

What are the known unknowns?

We can predict spread. MPXV DNA has been detected in feces [7], nasopharyngeal swabs
[8,9], urine [8,9], saliva [7,9], blood [8], and semen [2,7,9]. If it persists and is viable in sexual
fluids, other at-risk populations include those engaging in sex work and sexual entertainment.
If it persists in blood, it could be transmitted by contaminated paraphernalia of injection drug
use. An outbreak has been associated with a piercing and tattoo parlor in Spain [10]. New ani-
mal reservoirs could include pets and other domesticated animals [3].

Spillover to other vulnerable populations should be anticipated due to close associations
between MPXV and rodents, oral-fecal contamination, and transmission between close con-
tacts. This includes people experiencing homelessness, incarceration, addiction, and forced
migration due to intersecting risks such as poverty, stigma, discrimination, mobility, and low
health literacy, which can foster medical mistrust and vaccine hesitancy. Minority groups who
face systemic prejudices in healthcare settings are being disproportionately affected. Congre-
gate settings such as homeless encampments, prisons/jails, nursing homes, daycares, and refu-
gee/migrant camps are also at risk. Mathematical modeling scenarios can be used to predict
trends in transmission, morbidity, and mortality to inform prevention efforts, as was done for
HIV and Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2).

Potential treatment exists. Smallpox antivirals (tecovirimat and brincidofovir) may reduce
disease severity and duration [11], but safety and efficacy data await results from clinical trials.

We know enough to act

Learn from past successes. Smallpox was eradicated in 1980 following a globally coordinated
plan involving testing, contact tracing, and ring vaccination. Similar approaches should be
undertaken for MPXYV, using sero-surveillance, molecular testing of high-risk populations,
and wastewater surveillance.

Learn from past mistakes. Although MPXYV is very different from SARS-CoV-2 and HIV,
the Coronavirus Disease 2019 (COVID-19) and HIV/AIDS pandemics offer lessons. Testing,
vaccination, and treatment should be immediately scaled up and offered free to high-risk pop-
ulations globally, through coordinated strategies that minimize bureaucracy (e.g., strict eligi-
bility requirements for testing) and includes timely contact tracing. Affordable health care,
paid sick leave, and tele-health should be expanded. Health communication requires mandated
reporting, consistent messaging and transparency, being clear about what we know and what
we don’t. Concerted efforts should be made to quell stigma, misinformation, and disinforma-
tion through meaningful consultation with affected populations.

Address global health inequities. International multiagency coordination is needed so high-
income countries do not hoard vaccines, treatments, or protect patents at the expense of lower
and middle-income countries where MPXV is endemic. Global cooperation and political will
is needed to assist lower income countries with access and last-mile delivery of testing, treat-
ment, and vaccines. Affected populations need to be consulted at all stages to ensure that inter-
ventions are regionally and culturally appropriate.

Take action. Decriminalizing substance use, sex work, homosexuality, and homelessness
would decrease stigma and encourage vulnerable populations to seek testing, improving case-

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004128 October 31, 2022 2/4


https://doi.org/10.1371/journal.pmed.1004128

PLOS MEDICINE

finding, and treatment. During the COVID-19 pandemic, some regions depopulated prisons
or included sex workers in government subsidies [12]. Regions facing armed conflict and
other complex emergencies cannot be overlooked in prevention and treatment efforts. Testing
and vaccination programs should leverage social media and engage nongovernmental organi-
zations in mobile outreach.

Invest in research. Studies to characterize the epidemiology, social networks, clinical pre-
sentation, morbidity, and mortality associated with MPXV infection are critically needed to
inform primary and secondary prevention. Sero-surveillance should extend to animals, includ-
ing pets and wildlife that could serve as reservoirs [3]. Treatments found safe and effective
should be evaluated as prophylaxis in high-risk populations. Research and implementation
studies could leverage existing networks including but not limited to those established for
HIV/AIDS (e.g., AIDS Clinical Treatment Group, Centers for AIDS Research, HIV Prevention
Trials Network, HIV Vaccine Trials Network) and COVID-19 (e.g., ACTIV, RADx,
RADxUP).

What about the unknown unknowns?

MPXV isn’t the first pandemic of the 21st century, but it has already shown how unprepared
we continue to be. Declaring a public health emergency of international concern (PHEIC) has
limited impact if not met with action, building upon COVID-19 mitigation approaches, with
an eye towards other threats (e.g., enteroviruses, avian influenza, new coronaviruses and anti-
microbial resistance). Addressing root causes of syndemics that disproportionately affect
socially disadvantaged populations could significantly reduce health disparities associated with
multiple disease outcomes and would ultimately be cost saving. Ensuring that we leave no one
behind requires global cooperation to strengthen infrastructures for public health surveillance
and capacities of health care systems and their workers. Without addressing global health ineq-
uities, we will continue to be unprepared for future pandemics.
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