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Course Objective

The purpose of this course is to address these knowledge
gaps to enable timely diagnosis, treatment, and prevention
of monkeypox, thereby promoting public health strategies to
limit spread of the outbreak.

Learning Objectives
Upon completion of this course, you should be able to:

1. Outline the epidemiology and background of
monkeypox virus globally and in the United States.

2. Describe the transmission, course, and clinical
presentation of monkeypox virus disease.

3. Discuss the diagnosis and treatment of monkeypox

infections.

4. Analyze measures that may effectively prevent
transmission of monkeypox virus.

Pharmacy Technician Learning Objectives
Upon completion of this course, you should be able to:

1. Outline the background and clinical features
of monkeypox virus disease.

2. Describe measures to diagnosis, treat, and
prevent monkeypox infections.
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INTRODUCTION

Before April 2022, human monkeypox was a rare
viral zoonotic disease endemic to West and Cen-
tral Africa [1; 2]. The disease, first recognized in
1970, resembled smallpox clinically but differed
epidemiologically. It was recognized that smallpox
vaccination protected against monkeypox virus
infection, as the majority of reported cases were
unvaccinated children younger than 10 years of age.
Secondary spread among susceptible close contacts
was distinctly uncommon (5%), much lower than
that reported from smallpox (25% to 40%) [3].
Human monkeypox occurred infrequently, and the
spread of disease among susceptible close contacts
was limited, suggesting the virus was not sufficiently
transmissible to permit sustained propagation of
infection in humans. Thus, monkeypox disease was
not considered to be an important public health
problem [3].

In the short period from mid-April to June 1, 2022,
single cases and clusters of confirmed monkeypox
were reported to the World Health Organization
(WHO) from 28 countries across multiple regions,
including the United States, none of which are
endemic for the disease. Demographic data showed
significant deviation from the usual epidemiologic
characteristics of endemic monkeypox. On July 23,
2022, in response to an alarming increase in reported
cases and locales affected, the WHO declared that
the current global monkeypox outbreak constitutes a
Public Health Emergency of International Concern

(PHEIC) [1].

Given the rarity of cases previously encountered in
the United States, clinical care providers and public
health professionals may be unfamiliar or unaware of
the clinical features and natural history of monkey-
pox, including risk factors, modes of transmission,
and diagnosis and management of cases occurring
in relation to the current outbreak. The objective
of this course is to address these knowledge gaps to
enable timely diagnosis, treatment, and prevention
of monkeypox, thereby promoting public health
strategies to limit spread of the outbreak.

BACKGROUND
AND EPIDEMIOLOGY

ENDEMIC MONKEYPOX

Monkeypox virus is so-named for its discovery in
1958 as the cause of a poxlike disease outbreak
among captive monkeys housed at the State Serum
Institute in Copenhagen, Denmark [2]. The actual
source of the monkeypox virus is unknown, though
African rodents, including squirrels, are considered
likely reservoirs in nature. During the period 1970-
1979, 47 human cases of a smallpox-like disease
were detected in smallpox-free areas near tropical
rain forests in West and Central Africa [3]. Viro-
logic studies revealed that the disease was caused by
monkeypox virus, an animal orthopoxvirus known
to circulate among small animals and non-human
primates. In subsequent years, sporadic cases of
human monkeypox were attributed to zoonotic
(animal-to-human) transmission; cases reported in
persons living outside Africa were linked to contact
with imported animals or recent travel to countries
where the disease occurs [1]. From 2018 to 2022,
isolated cases of monkeypox were reported among
travelers from Nigeria to Israel, the United Kingdom,
Singapore, and the United States [1]. In 2023, the
CDC issued a health advisory to notify clinicians
and health departments about the occurrence, geo-
graphic spread, and sexually associated human-to-
human transmission of Clade I monkeypox virus in
the Democratic Republic of the Congo, with 12,569
suspected cases and 581 deaths [26].

Monkeypox virus is a member of the orthopoxvirus
family of viruses, the same family as variola virus, the
cause of smallpox. Symptoms and signs are similar to
smallpox but milder, and case fatalities are rare. The
characteristic clinical syndrome begins with systemic
symptoms, fever, and lymphadenopathy followed by
the onset of a striking papulovesicular skin eruption
of varying severity. Absent complications (e.g., pneu-
monitis, encephalitis, secondary bacterial skin and
soft tissue infection), the illness tends to resolve in
two to four weeks. In the decades before smallpox
eradication in 1980, prevailing natural and vaccine
immunity to variola within population groups
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provided immune cross-protection against related
orthopoxvirus infections, including monkeypox [2;
3]. During this period of widespread attention to
variola, clinical recognition of other poxlike infec-
tions was obscured, and occasional intercurrent
cases of monkeypox were likely attributed to mild
smallpox [1].

In past decades, human-to-human transmission of
monkeypox virus was known to occur among house-
hold contacts and prison populations. However,
chains of transmission were short and unsustain-
able [2; 3]. An analysis of data on human monkey-
pox in the Democratic Republic of Congo (DRC,
formerly Zaire) for the period 1981 to 1986 found
that among 2,278 persons who had close contact
with 245 patients with monkeypox infected from an
animal source, 93 subsequently became ill and were
presumed to have acquired infection from a known
human source [4]. Of the 93 secondary infections,
69 were spread in the first generation, 19 in the
second generation, and the remaining 5 cases in the
third and fourth generations. The overall probability
of acquiring monkeypox from exposure to a known
human source was 3%. Household spread was the
predominant locus of secondary transmission, and
the highest attack rate (11.7%) occurred in children
younger than 5 years of age. These findings indicated
that human spread of monkeypox was limited and
appeared to require prolonged or repeated exposure
to open skin lesions or virus-laden debris in the
environment.

The first reported monkeypox outbreak outside
Africa occurred in the United States in 2003. An
investigation identified 47 confirmed cases, includ-
ing many children, linked to contact with infected
pet prairie dogs recently housed with small animals
imported from Ghana [1]. This outbreak demon-
strated that monkeypox virus circulating in interme-
diate hosts could be transferred from one animal to
another and subsequently to humans. There were
two cases of possible human spread, though the pos-
sibility of transmission from an infected pet could
not be excluded. In 2018, a case of secondary infec-
tion was reported in a healthcare worker exposed
to an imported case of monkeypox in the United
Kingdom. Transmission was attributed to physical

contact with contaminated bedding, and infection
control and contact precautions were implemented.
An investigation of 134 potential contacts identified
4 additional secondary cases of monkeypox, all of
whom survived [5].

CHANGING HUMAN
EPIDEMIOLOGY OF MONKEYPOX

Since eradication of smallpox and termination of
routine vaccination in 1980, the epidemiology of
orthopoxviruses has changed and monkeypox has
emerged as a public health issue of broader con-
cern [6]. Population groups appear to have become
more vulnerable to monkeypox, as evidenced by
a progressive increase in the number of reported
cases and small outbreaks in endemic areas. Fol-
lowing the identification of human monkeypox in
1970, 48 confirmed cases in six African countries
were reported during the next decade (1970-1979),
increasing to 343 in the 1980s, and 520 in the
1990s [7]. Factors hypothesized for the emergence of
human monkeypox include rain forest exploitation,
climate change, armed conflicts in disease areas, and
waning herd immunity following cessation of small-
pox vaccination [6]. Using ecological niche modeling
techniques in conjunction with climate and remote
sensing variables, investigators have tried to predict
animal reservoir species distribution and the spread
of human monkeypox virus in Africa’s Congo Basin.
Results show that forest clearing and climate change
are major factors driving the transmission of virus
from wildlife to humans under current climate
conditions [8].

While deforestation and urbanization have increased
incidental human contact with infected rodents,
populations have also become more susceptible to
monkeypox because of waning herd immunity fol-
lowing cessation of smallpox vaccination in 1980.
Previously, vaccination against smallpox with first-
generation vaccinia-based vaccine was shown to
be 85% effective in preventing monkeypox [1]. An
analysis of data collected on 91 human monkeypox
cases during the 1980s found that the secondary
attack rate for contacts without a vaccination scar
(4.3%) differed significantly from those who had
been vaccinated in the past (0.7%) [3].
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THE 2022 MONKEYPOX OUTBREAK

As of September 7, 2022, 54,707 confirmed cases of
monkeypox, including 18 deaths, have been reported
to WHO this year from 102 Member States across all
WHO regions [9]. This is the first time that cases and
sustained chains of transmission have been reported
in countries without direct epidemiologic links to
areas of West or Central Africa. The most affected
countries globally are the United States (n=19,833),
Spain (n=6,749), Brazil (n=5,523), France (n=3,646),
Germany (n=3,505), and the United Kingdom
(n=3,484).

Data reported to the WHO reveal several key epide-
miological findings [9]. The outbreak affects young
people of male gender; of those cases with available
data on gender, 98% are males, with a median age
of 36 years. Among cases with sexual orientation
reported, 96% identified as men who have sex with
men. Of all reported modes of transmission, a sexual
encounter was reported most commonly (85%) as
the suspected transmission event. The majority of
persons infected were likely exposed in a party setting
with sexual contacts, which accounted for 61% of
all likely exposure categories reported. Among cases
with known human immunodeficiency virus (HIV)
status, 45% are HIV positive. Of all cases reported
to WHO with available data, 1.9% are female; of
these, the most commonly reported exposure setting
was the household (32%) and most common form
of transmission was via sexual encounters [9].

The Centers for Disease Control and Prevention
(CDC) has been closely tracking cases of monkey-
pox detected in the United States since mid-May
2022. As of September 12, 2022, 21,985 confirmed
monkeypox/orthopoxvirus cases have been reported
[10]. The cumulative number of cases by state var-
ies directly with the population density; more than
1,000 cases have been reported from New York,
[llinois, Florida, Georgia, Texas, and California.

Several factors of public health importance are
thought to be driving the current global monkeypox
outbreak: biologic changes in the virus that affect
transmission; waning of herd immunity to smallpox;

changes in human behavior, such as relaxation of
COVID-19 preventive measures and resumption of
international travel; and sexual interactions associ-
ated with large gatherings, suggesting an amplifica-
tion of transmission through sexual networks [11].
Women and children account for a small (72%)
subset of cases, indicating the potential for wider
spread and the propensity for anyone to become
infected who has been in close contact with someone
who has monkeypox.

THE MONKEYPOX VIRUS

Orthopoxviruses are large, double-stranded DNA
viruses within the genus Orthopoxvirus, family Pox-
viridae. Orthopoxvirus species include Variola virus,
Vaccinia virus, Monkeypox virus, and Cowpox virus.
Infection with one orthopoxvirus or immunization
with an orthopoxvirus vaccine induces immunologic
cross-protection against other species of virus in the
genus [6]. A variety of animals have been identified
as susceptible to monkeypox virus infection, includ-
ing squirrels, Gambian pouched rats, dormice, non-
human primates, and other species [1]. The source
reservoir, pattern of monkeypox virus circulation in
nature, and human behaviors that facilitate zoonotic
transmission have not been clearly determined.

Genomic sequencing has verified the existence of
two geographically distinct clades of monkeypox
virus: the central African (Congo Basin) clade,
which is more severe and has a case fatality rate near
10%; the West African clade, which is less severe and
has a mortality of 1% [1]. All human monkeypox
outside Africa, including the current global outbreak
has been caused by descendants of the West African
clade. In November 2022, the WHO announced
that it would be referring to monkeypox as mpox;
both names will be used simultaneously for one
year while “monkeypox” is phased out [24]. They
have also updated the citations used in reference to
each clade variant. The Congo Basin clade is now
referred to as Clade I; the West African derivative is
now Clade II, with subclades Ila and IIb [1].
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TRANSMISSION

Animal-to-human (zoonotic) transmission can occur
from direct contact with the blood, bodily fluids, or
cutaneous or mucosal lesions of infected animals
[1]. Eating inadequately cooked meat and other
animal products of infected animals is a possible
risk factor [1].

Unlike endemic case clusters of monkeypox previ-
ously reported, human-to-human transmission is
common in the 2022 outbreak and accounts for
the scope and rapidity of spread. As indicated,
human spread of monkeypox occurs through close,
sustained physical contact that permits direct expo-
sure to body fluids or material from open skin and
mucosal lesions. Examples of intermediate- and high-
risk exposures associated with the 2022 monkeypox

outbreak include [10]:

* Direct contact with infectious skin lesions
or scabs (including during sexual contact,
kissing, cuddling, or holding hands)

* Exposure to large respiratory droplets during
prolonged face-to-face or mouth-to-mouth
contact, or by close proximity to coughing
or sneezing of an individual with active
infection

e Contact with contaminated clothing, bed
linens, or towels used by an infected person
(fomite transmission)

If contaminated clothing or linens are shaken,
infectious particles may be dispersed into the air
and inhaled or land on mucosal membranes. The
precaution of wearing an N95 mask or equivalent
respirator is recommended during any procedure
that may create aerosols from oral secretions, skin
lesions, or suspensions of dried exudates [10].
Patients with monkeypox are considered infectious
from the time of symptom onset until the skin
lesions have crusted.

There is potential risk for vertical (transplacental)
transmission of monkeypox to the unborn fetus,
evidenced by a report of two miscarriages and one
case of fatal congenital monkeypox disease following
infection during pregnancy [12].

Published clinical case studies have further char-
acterized the role of intimate physical contact via
sexual activity in the spread of monkeypox asso-
ciated with the 2022 outbreak. In a clinical case
series of 528 infections diagnosed between April 27
and June 24, 2022, at 43 sites across 16 countries,
98% of the patients were gay or bisexual men [11].
The suspected mode of monkeypox transmission
reported by the examining clinician was sexual close
contact in 95% of the persons with infection. The
likelihood of sexual transmission was supported
by the presence of primary genital, anal, and oral
mucosal lesions, considered to represent the inocu-
lation site. Although monkeypox virus DNA was
detectable by polymerase chain reaction (PCR) in
seminal fluid from 29 of 32 cases in which samples
were submitted, it is not yet known whether the
presence of viral DNA in semen reflects replication-
competent monkeypox virus capable of transmitting
the infection. Among 406 patients with a recorded
sexual history, 147 (28%) reported travel abroad in
the month before diagnosis, and 103 (20%) had
attended large gatherings (more than 30 persons),
such as Pride events [11].

MONKEYPOX DISEASE

CLINICAL FEATURES

The incubation period of monkeypox is 5 to 21 days
[1]. As noted, illness usually begins with a prodromal
phase of fever, malaise, headache, myalgias, and
lymphadenopathy. This is followed in one to five
days by the onset of a maculopapular skin eruption
and/or mucosal lesions, most pronounced on the
face and extremities. According to WHO 2022
outbreak data, the most common sites for skin and
mucosal lesions are face (95%), palms and soles
(75%), oral mucus membranes (70%), genitalia
(30%), and conjunctivae (20%) [1]. Typically, the
skin lesions progress in stages from maculopapular
to papulovesicular to umbilicated pustules before
crusting over and desquamating within a period
of two to four weeks. Unusual features of the rash
associated with the current outbreak include the
following: mucosal lesions more numerous than
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previously described; lesions confined to atypical
locations, such as the genital or perineal/perianal
area, as well as the mouth and eyes; and develop-
ment of rash or mucosal lesions prior to onset of
constitutional symptoms [1].

In the 2022 clinical review of 528 monkeypox
cases across multiple countries, common systemic
symptoms preceding the rash included fever (62%),
lethargy (41%), myalgia (31%), and headache (27%);
lymphadenopathy was reported in 56% [11]. Sev-
enty (13%) patients were admitted to a hospital for
infection control purposes or management of com-
plications. The most common medical reasons for
admission were management of pain (21 persons),
mostly for severe anorectal pain, and treatment
of soft-tissue superinfection [18]. Other reasons
included severe pharyngitis limiting oral intake (5
persons), eye lesions (2 persons), acute kidney injury
(2 persons), and myocarditis (2 persons).

DIAGNOSIS

The possibility of monkeypox should be considered
in any patient with compatible clinical syndrome
(e.g., any combination of fever, rash, lymphadenopa-
thy) and epidemiologic risk factors, such as travel
or animal exposure connected to endemic areas of
virus circulation or recent history of sexual activity
involving persons known or suspected of monkeypox
disease. The differential diagnosis includes other
infections that present with generalized or focal
skin lesions (e.g., herpes, varicella zoster, second-
ary syphilis, acute streptococcal or meningococcal
infection). The presence of lymphadenopathy helps
distinguish monkeypox from other, similar viral
exanthems (e.g., varicella zoster, chickenpox). The
laboratory diagnosis of monkeypox relies on DNA
PCR testing of specimens (scrapings) obtained
from skin or mucosal lesions. PCR testing of blood
samples are usually inconclusive because of the short
duration of viremia relative to the timing of speci-
men collection [1]. Serologic testing is unreliable
for monkeypox-specific confirmation because of
common cross-reactivity with other orthopoxviruses
and vaccination.

The CDC recommends careful attention to the
following epidemiologic criteria, within 21 days of
illness onset, when assessing a patient with suspected
monkeypox [13]:

e Reports having contact with a person
or people with a similar appearing rash
or who received a diagnosis of confirmed
or probable monkeypox

e Had close or in-person contact with
individuals in a social network experiencing
monkeypox activity; this includes men who
have sex with men and meet partners through
an online website, digital application (“app”),
or social event/gathering

e Traveled outside the United States to a
region with known confirmed cases or
country where monkeypox is endemic

e Had contact with a dead or wild animal
or exotic pet known to be an African
endemic species or used a product derived
from such animals (e.g., game meat, creams,
lotions, powders)

Case Definition

For purposes of reporting and public health
response to the 2022 outbreak, the CDC defines
monkeypox cases as suspect, probable, or confirmed
[13]. A suspect case is one with new-onset character-
istic rash or meets one of the epidemiologic criteria
and has a high clinical suspicion for monkeypox. A
probable case is one having no suspicion of other
recent orthopoxvirus exposure in which there is
laboratory evidence of active orthopoxvirus infec-
tion demonstrated by PCR, immunochemical, or
electron microscopy, or the presence of detectable
anti-orthopoxvirus immunoglobulin M (IgM) anti-
body within 4 to 54 days after onset of rash. A con-
firmed case of monkeypox requires demonstration
of the presence of monkeypox virus DNA by PCR
testing or next-generation sequencing of a clinical
specimen or isolation of the virus in culture from a
clinical specimen [13].
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MONKEYPOX RASH

Source: CDC

The characteristic skin eruption of monkeypox dis-
ease exhibits the following features: deep-seated and
well-circumscribed lesions, often with central umbili-
cation (Image 1), and lesion progression through
specific sequential stages—macules, papules, vesicles,
pustules, and scabs. It is sometimes confused with
other diseases that are more commonly encountered
in clinical practice (e.g., secondary syphilis, herpes,
varicella zoster). Historically, sporadic accounts of
patients co-infected with monkeypox virus and other
infectious agents (e.g., varicella zoster, syphilis) have
been reported, so patients with skin lesions typical
for monkeypox should be considered for testing,
even if other tests are already positive [13]. Key char-
acteristics for identifying monkeypox rash, including
instructive photographic images of skin lesions in
sequential stages, are provided at the CDC website,
accessible at https://www.cdc.gov/poxvirus/mon-
keypox/clinicians/clinical-recognition.html [14].

Collection of Specimens
for Monkeypox Diagnosis

Procedures for safe collection and transport of speci-
mens, including specimen collection printouts for
testing patients for monkeypox, are available through
the CDC [15]. Effective communication and pre-
cautionary measures between collection teams and
laboratory staff are emphasized. Personnel who
collect specimens should use personal protective
equipment (PPE) in accordance with recommenda-
tions for healthcare settings.

For initial laboratory testing of monkeypox virus
specimens at Laboratory Response Network (LRN)

laboratories or authorized commercial laboratories,
the recommended specimen type is lesion material
(i.e., swab of lesion surface or crust from healing
lesion). Specifics on the acceptable specimen type
within these laboratories may vary. Providers should
contact the appropriate public health department
or commercial laboratory to determine acceptable
specimens. The CDC has prepared two 1-page
illustrated printouts (in PDF form for posting in
office or clinic) with instructions for monkeypox
diagnostic testing and techniques for specimen col-
lection. These printouts are accessible at https://
www.cdc.gov/poxvirus/monkeypox/clinicians/
prep-collection-specimens.html.

In general, specimens should be collected in the
following manner, using a plastic, sterile, leak-proof
container for specimen collection [15]. Select two or
three lesions from different locations on the body
or from lesions that differ in appearance. Two swabs
from each lesion should be collected for testing.
Using two sterile synthetic swabs with a plastic,
wood, or thin aluminum shaft, swab the lesion vigor-
ously at least two to three times on each side of the
swab to collect adequate material for DNA testing.
Do not use cotton swabs. The CDC suggests it is not
necessary to de-roof the lesion before swabbing, but
if the lesion ruptures while swabbing, ensure that
swab collects lesion fluid. Break off the end of each
swab’s applicator into a 1.5- or 2-mL screw-capped
tube with O-ring or place the entire swab into a
sterile container that has a gasket seal in order to be
shipped under required conditions [15].
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Specimen collection, storage, and shipping of
human specimens is subject to certain restrictions
and requires a designated request form with each
specimen. Clinician providers should consult with
appropriate laboratory personnel to assure proper
procedure [15].

TREATMENT OPTIONS

Many patients with monkeypox follow a mild, self-
limited course, requiring only symptomatic treat-
ment combined with measures aimed at limiting
spread of infection. The prognosis for monkeypox
depends on multiple factors, such as previous
vaccination status, general health status, presence
of comorbidities and concurrent medications. At
present, no antiviral therapeutic agent has been
approved specifically for treatment of monkeypox
virus infection. However, antiviral drugs developed
for use in patients with smallpox may be beneficial
against monkeypox [16].

Patients who should be considered for treatment
following consultation with the CDC might include
those with severe disease and/or complications
requiring hospitalization; persons at high risk of
severe disease because of immunocompromise (e.g.,
HIV, hematologic malignancy, immunosuppressive
therapies); patients with aberrant infections involv-
ing anatomic areas that pose a specific hazard, such
as the eyes (e.g., keratoconjunctivitis), genitals, and
anus [16]. Other population groups possibly at risk
for severe disease include pediatric patients, espe-
cially those younger than 8 years of age, pregnant or
breastfeeding women, and persons with the history
or presence of serious skin disorders (e.g., atopic der-
matitis, eczema, herpes zoster). Healthcare providers
should consult CDC Interim Clinical Guidance for
the Treatment of Monkeypox, which includes the
use of medical countermeasures available through
the Strategic National Stockpile (SNS) [16]. Treat-
ment options available through the SNS include
two antiviral agents (tecovirimat and cidofovir) and
vaccinia immune globulin intravenous (VIGIV).

Tecovirimat (Also Known
as TPOXX or ST-246)

Tecovirimat (TPOXX) is an antiviral medication
approved by the U.S. Food and Drug Administration
(FDA) for the treatment of smallpox in adults and
children. Data are not available on the effectiveness
of tecovirimat in treating monkeypox in humans,
but animal studies have shown it to be effective in
treating infections caused by orthopoxviruses [17].
Human clinical trials have found the drug to be
safe with only minor side effects. Small case stud-
ies of individuals infected with monkeypox virus
suggest that tecovirimat may shorten the duration
of illness and viral shedding [17; 18]. The CDC
holds an expanded access protocol (sometimes
called compassionate use) that allows for dispensing
stockpiled tecovirimat to treat monkeypox during
an outbreak. Tecovirimat is formulated as an oral
capsule (200 mg) and as a solution for intravenous
administration.

The CDC, in partnership with the FDA, has
streamlined the process of obtaining tecovirimat,
allowing healthcare providers to start treatment
before paperwork is completed. Multiple state health
and territorial departments are pre-positioning
supplies of tecovirimat within their jurisdictions.
Clinicians and care facility pharmacists requesting
tecovirimat should contact their state/territorial
health department. For questions regarding urgent
situations after hours and on weekends, providers
may contact the CDC through the CDC Emergency
Operations Center (770-488-7100) to talk with a
clinician. Additional information on the process
for requesting tecovirimat and the CDC guidance
regarding patient selection, efficacy, formulations,
adverse reactions and drug-drug interactions may
be accessed at https://www.cdc.gov/poxvirus/mon-
keypox/clinicians/obtaining-tecovirimat.html [18].
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Vaccinia Immune Globulin
Intravenous (VIGIV)

VIGIV is licensed by the FDA for the treatment of
complications due to vaccinia vaccination including
eczema vaccinatum and generalized vaccinia, among
other complications. The CDC holds an expanded
access protocol that allows the use of VIGIV for the
treatment of orthopoxviruses (including monkey-
pox) in an outbreak. Data are not available on the
effectiveness of VIG in the treatment of monkeypox,
and it is unknown whether a patient with severe
disease will benefit from treatment [12]. However,
healthcare providers may consider its use in severe
cases.

VIG can be considered for prophylaxis against
monkeypox in an exposed person with severe immu-
nodeficiency in T-cell function for which smallpox
vaccination following exposure to monkeypox virus
is contraindicated [12].

PREVENTION

VACCINES

When properly administered before an exposure,
vaccines previously developed and stockpiled for
prevention of smallpox are effective at protecting
people against monkeypox virus infection. Vaccines
may also be effective for post-exposure prophylaxis
if given within four days from the date of exposure
[1; 19]. If given between 4 to 14 days after exposure,
vaccination may reduce symptoms and severity of
disease. ACAM2000 and JYNNEOS (also known
as Imvamune or Imvanex) are the two licensed
smallpox vaccines in the United States. The CDC
has prepared vaccine guidance for healthcare pro-
fessionals on prevention of monkeypox, including
interim clinical considerations for using JNNEOS
and ACAM2000 vaccines during the 2022 monkey-
pox outbreak [19; 20]. The CDC recommends that
individuals with any of the the following risk factors
receive vaccination [25]:

* Known or suspected exposure to someone
with monkeypox

e A sex partner in the past two weeks who
was diagnosed with monkeypox

* A gay, bisexual, or other man who has sex
with men or a transgender, nonbinary, or
gender-diverse person who in the past six
months has had more than one sex partner
or a new diagnosis of a sexually transmitted
infection

¢ Sex at a commercial sex venue (like a sex
club or bathhouse) in the past six months

* Sex in the past six months related to a large
commercial event or in a geographic area
where monkeypox virus transmission is
occurring

e Sex in exchange for money or other items

* HIV or other causes of immune suppression
and recent or anticipated future risk of
monkeypox

*  Work in a setting in which monkeypox
exposure is possible

ACAM?2000 is an attenuated, self-replicating live
vaccine. It carries some risk of dissemination and is
not safe for use in persons with immunodeficiency
syndromes. JYNNEOS is a third-generation vac-
cine based on an attenuated, non-replicating live
orthopoxvirus, Modified Vaccinia Ankara (MVA)
[20]. MVA does not replicate efficiently in humans
and has a better safety profile. The JYNNEOS vac-
cine is the primary vaccine being used during the
2022 monkeypox outbreak in the United States.
Although JYNNEOS is routinely administered
subcutaneously, a smaller dose administered by
intradermal injection is considered equally effective
and conserves the limited available supplies of this
vaccine. No clinical trial data are available on the
effectiveness of either vaccine in the current global
outbreak; the effectiveness of J[YNNEOS in prevent-
ing or ameliorating monkeypox disease has been con-
cluded from a clinical study on the immunogenicity
of JYNNEOS and efficacy data from animal studies
[19]. People who are vaccinated should continue to
take steps to protect themselves from infection by
avoiding close, skin-to-skin contact, including inti-
mate contact, with someone who has monkeypox.
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NEEDLE POSITIONING FOR INTRADERMAL VACCINE ADMINISTRATION

5°-15° angle of intradermal injection

—

Dermis Epidermis

Source: CDC

Figure 1

ACAM2000 is licensed as a single dose. It is admin-
istered as a live vaccinia virus preparation that is
inoculated into the skin by pricking the skin surface
[19]. Following a successful inoculation, a lesion
will develop at the site of the vaccination (i.e., a
“take”). Replicating virus from the inoculation site
may spread to other parts of the body or even to
other people; therefore, individuals who receive
vaccination with ACAM2000 must take precautions
to prevent spread [19]. Adverse events following
ACAM2000, including myopericarditis or vaccinia
virus transmission to household contacts, can be
serious [20]. ACAM?2000 will be made available for
individuals who decide in consultation with their
healthcare provider that the potential benefits of
vaccination outweigh potential risks from adverse
events [20].

The JYNNEOS vaccine is licensed as a series of
two doses administered 28 days (4 weeks) apart for
use in adults 18 years of age and older. There is no
visible “take” and no risk of spread to other parts
of the body or other people [19]. The standard regi-
men involves a subcutaneous injection volume of
0.5 mL [20]. People who receive JYNNEOS are not
considered vaccinated until two weeks after they
receive the second dose of the vaccine.

Intradermal Administration of JYNNEOS

In the context of the current national Public Health
Emergency (PHE), an alternative regimen to subcu-
taneous JYNNEOS vaccine administration may be
used. The authorized alternative regimen involves
an intradermal route of administration with an
injection volume of 0.1 mL. This approach could
increase the number of available JYNNEOS vac-
cine doses by up to five-fold. Results from a clinical
study showed that the lower intradermal dose was
immunologically non-inferior to the standard sub-
cutaneous dose [20].

Intradermal administration involves injecting the
vaccine superficially between the epidermis and
the hypodermis layers of the skin, typically of
the volar aspect (inner side) of the forearm. After
an appropriate location is located, it should be
cleaned. The skin is pulled taut, and the needle is
positioned with the bevel up. The needle should be
inserted at a 5- to 15-degree angle into the dermis
(Figure 1). The solution should then be slowly
injected into the dermis. This should produce a
noticeable pale elevation of the skin (wheal). All
patients should be observed for at least 15 minutes
following vaccination; patients with a history of
anaphylaxis to chicken, egg protein, gentamicin, or
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ciprofloxacin should be observed for 30 minutes.
The technique requires prior experience or train-
ing in order to ensure it is done properly; other-
wise, such a small volume of vaccine delivered into
the subcutaneous layer may not elicit an optimal
immune response.

Teaching tools, including stepwise color images
and a video on administering JYNNEOS intrader-
mally are provided at the CDC website, accessible
at https://www.cdc.gov/poxvirus/monkeypox/
interim-considerations/jynneos-vaccine.html [20].

interactive [Jactivity

Watch the following video from the CDC for a
demonstration of how to administer a JYNNEOS
vaccine intradermally.

https://www.youtube.com/watch?v=TLvImR6mECQ

Recipients should be informed of the risks and ben-
efits of JYNNEOS prior to vaccination. Healthcare
providers should review CDC guidance on pre- and
postvaccination counseling, including side effects
and safety considerations [20]. Local side effects
(e.g., pain, erythema, edema) are more severe with
intradermal than subcutaneous administration. It is
important to determine the medical and allergy his-
tory of recipients to appropriately decide whether to
administer the vaccine subcutaneously or intrader-
mally. JYNNEOS vaccine contains small amounts
of gentamicin and ciprofloxacin and is produced
using chicken embryo fibroblast cells [20]. Recipi-
ents should be counseled about possible side effects
from vaccination and be provided with a JYNNEOS
vaccine information statement or FDA JYNNEOS
EUA Fact Sheet, as applicable.

PUBLIC HEALTH CONSIDERATIONS

In order to control the current global monkeypox
outbreak, it is necessary to stop human-to-human
transmission. To that end, the WHO has issued
interim guidance for disease surveillance, case
investigation, and contact tracing for monkeypox
[21]. The objectives of surveillance and case inves-
tigation are to rapidly identify cases and clusters in
order to provide optimal care; to isolate cases to
prevent further transmission; to identify, manage,
and follow-up contacts in order to recognize early
signs of infection; to protect frontline health work-
ers; and to tailor effective control and prevention
measures [21].

Clinicians should report suspected, probable, and
confirmed monkeypox cases immediately to local or
state public health authorities. A minimum dataset
of epidemiologically relevant information should be
included so contact and contact tracing can be initi-
ated as soon as possible. Contacts of cases should
be monitored (or self-monitor) daily for signs or
symptoms for a period of 21 days [21].

The CDC recommends that patients with monkey-
pox remain isolated at home or at another location
for the duration of illness, but this may not be
possible in all situations [22]. Current data sug-
gest people can spread monkeypox from the time
symptoms start until all symptoms have resolved,
including full healing of the rash with formation of
a fresh layer of skin. Ideally, people with monkeypox
would remain in isolation for the duration of illness,
which typically lasts two to four weeks. However, if
a person with monkeypox is unable to remain fully
isolated throughout the illness, they should do the
following [22]:

¢ Remain isolated at home while
symptomatic.

* Avoid close or physical contact
with others, including sexual
and/or close intimate contact.

¢ Cover lesions.
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e Wear a well-fitting mask when
interacting with others.

* Avoid public transportation when
leaving home.

e While rash persists, cover all parts
with clothing, gloves, or bandages.

e Until all signs and symptoms have
resolved, do not share items that
have been worn or handled with
other people or animals and avoid
sharing utensils, cups, and other
personal use items.

General guidance for prevention of monkeypox,
including personal protection, safe sex and social
gatherings, pets and monkeypox, and congregate set-
tings is available from the CDC [23]. As of Septem-
ber 2022, data suggest that gay, bisexual, and other
men who have sex with men make up the majority of
cases in the current monkeypox outbreak. However,
anyone, regardless of sexual orientation or gender,
who has been in close personal contact with some-
one who has monkeypox is at risk [23].

PATIENT EDUCATION

[t is important for healthcare professionals to give
patients explicit verbal and written instructions on
management of monkeypox symptoms and preven-
tion of transmission. Patients’ health literacy is typi-
cally low, and patients whose primary language is not
English, racial/ethnic minorities, and patients older
than 60 years of age have the lowest health literacy.
Many patients report that the clinician did not pro-
vide information in words they could understand,
and some individuals feel shame about their lack of
understanding and fail to ask for clarification due
to embarrassment. Non-English-proficient patients
require a professional translator (i.e., not a family
member) to be present at each visit. It is vital that
the patient understand the importance of precisely
following transmission prevention measures.

RESOURCES

Centers for Disease Control
and Prevention
https://www.cdc.gov/poxvirus/monkeypox

National Institute of Allergy

and Infectious Diseases
https://www.niaid.nih.gov/diseases-conditions/
monkeypox

U.S. Food and Drug Administration
https://www.fda.gov/emergency-preparedness-
and-response/mcmr-issues/fda-monkeypox-
response

World Health Organization
https://www.who.int/emergencies/situations/
monkeypox-oubreak-2022

Implicit Bias in Health Care

The role of implicit biases on healthcare outcomes
has become a concern, as there is some evidence that
implicit biases contribute to health disparities, profes-
sionals’ attitudes toward and interactions with patients,
quality of care, diagnoses, and treatment decisions. This
may produce differences in help-seeking, diagnoses, and
ultimately treatments and interventions. Implicit biases
may also unwittingly produce professional behaviors,
attitudes, and interactions that reduce patients’ trust and
comfort with their provider, leading to earlier termina-
tion of visits and/or reduced adherence and follow-up.
Disadvantaged groups are marginalized in the healthcare
system and vulnerable on multiple levels; health profes-
sionals’ implicit biases can further exacerbate these
existing disadvantages.

Interventions or strategies designed to reduce implicit
bias may be categorized as change-based or control-
based. Change-based interventions focus on reducing
or changing cognitive associations underlying implicit
biases. These interventions might include challenging
stereotypes. Conversely, control-based interventions
involve reducing the effects of the implicit bias on the
individual’s behaviors. These strategies include increas-
ing awareness of biased thoughts and responses. The
two types of interventions are not mutually exclusive
and may be used synergistically.
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