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Viral infectious diseases have various neurological manifestations, whether they are epidemic or pandemic in
nature. Nonspecific encephalopathy is the most common central nervous system (CNS) manifestation. The
spectrum of nervous evidence varies for viral pathogens. Some infectious viruses, such as the Ebola virus, exhibit
direct neurotropism. Others, such as the Rift Valley fever virus, have the potential for neurotropism. Direct

neurotropism is unknown in monkeypox virus, SARS-CoV-2, MERS-CoV, and even smallpox. As seen in the
COVID-19, there may be evidence of para-infectious neurological syndrome. There have only been a few reports
of neurological diseases caused by monkeypox infection. Future efforts to prevent the spread of infectious disease
surges can reduce mortality complications, the therapeutic burden on the health-care system, and prevent further
spread. This study describes the clinical and neurological complications of monkeypox infection, particularly
encephalitis, as well as the laboratory diagnosis of these cases.

1. Background

The name “monkeypox” appears on the World Health Organization
(WHO) list of infectious diseases caused by viruses that have the po-
tential to be endemic or pandemic, alongside Crimean-Congo hemor-
rhagic fever, Ebola virus disease, Hendra virus infection, influenza,
Lassa fever, Marburg virus disease, MERS-CoV, SARS-CoV, Nipah virus
infection, smallpox, yellow fever, Zika virus disease, SARS-CoV-2. These
pathogens are becoming more common worldwide and typically cause
neurological symptoms. Monkeypox virus is a re-emerging global health
threat that has now posed unique challenges and can be expanded
through borders. These consequences led to the WHO declaring hMPXV
as the highest level of alert and a public health emergency of interna-
tional concern on July 23, 2022 [1,2]. The COVID-19 pandemic
demonstrated that pathogens with the potential for widespread spread
could affect the nervous system [3]. Central neurologic states (menin-
gitis, encephalitis, intraparenchymal hemorrhage, seizures), peripheral
neurologic states (sensory neuropathy, sensorineural hearing loss,
ophthalmoplegia), post-infectious states, and congenital states are all
included in neurological observation (fetal microcephaly). Some dis-
eases, including the monkeypox virus (MPXV) infection, have not been
well defined neurologically, but they all have at least sporadic case
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reports of neurological features. Monkeypox can be considered as an
emerging or re-emerging disease. Here, we highlight information about
the cause, epidemiology, clinical neurological manifestations, and
treatment of monkeypox infection.

2. Review methods

The criteria for including and excluding the study were searching in
databases, including the NCBI database, Web of Science, CrossRef,
Scopus, MEDLINE, PubMed, and Google Scholar. The search procedures
were performed via essential keywords on neurological manifestations
of the monkeypox virus and other orthopoxviruses.

3. Monkeypox epidemic disease

The exotic pet trade is one surprising example of emerging viral in-
fections and the spread of associated diseases. The risk of strange im-
ported animals introducing emerging pathogens increased dramatically
in 2003 when a human MPXV (hMPXV) outbreak occurred in the United
States [4]. The zoonotic monkeypox virus causes monkeypox, a rare
viral infection. hMPXV is similar to smallpox but has milder symptoms
and a lower mortality rate. There is no clear reservoir for it, but it
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appears to be transmitted by monkeys and terrestrial rodents such as
mice and squirrels. Human-to-human transmission is possible (Fig. 1)
[5]. The mortality rate from monkeypox infection varies depending on
the virus clade. There is one death for every 100 infected people in the
West African clade and one death for every ten infected people in the
Central African clade. We cannot say with certainty whether the mon-
keypox infections observed in May 2022 have the potential to spread
rapidly. On the other hand, while the virus is not highly contagious or
infectious, it can cause severe complications in some people. These
complications worsen in people with an immunodeficiency immune
system or undergoing chemotherapy, increasing the hospitalization rate.
These include chest infections, neurological complications such as en-
cephalitis, sepsis, and even eye infections and blindness [6]. In the most
recent studies, there are rare cases of monkeypox neurological compli-
cations. The patients were young girls with encephalitis (brain inflam-
mation caused by viral infections) who needed to be ventilated. The first
case involved a three-year-old girl who died on the second day of her
hospitalization. The second girl, a 6-year-old girl, made it through 14
days in the intensive care unit (ICU) [7,8]. The second patient had
orthopoxviral-reactive IgM in her CSF, but the first had no diagnosis.
Recent clinical manifestations of monkeypox in different human hosts
may be the same due to exposure to the same virus strain, all of which
have a common source. Except for the varicella vaccine, her childhood
vaccinations were up to date. CSF culture and PCR results on skin lesions
were both positive. The patient eventually recovered over time.

4. Neurological complications

The following neurological symptoms have been reported for
monkeypox-associated encephalitis: fever, pharyngitis, anorexia,
weakness, headache, adenopathy, and a vesiculopapular rash. Within
24 h, the rash has spread to the face, trunk, extremities, palms, and soles.
The cortical MRI data show diffuse edema, meningeal amplification, and
signal abnormalities in the thalamus and partial cortex, as well as a very
slow electroencephalogram (EEG). Cerebrospinal fluid (CSF) has pre-
dominantly polymorphonuclear pleocytosis with normal average
glucose and protein levels; however, pleocytosis may decrease and pri-
marily include lymphocytes within 5-6 days [7]. The vaccinia virus is
the most studied orthopoxvirus prototype species, and it is used as a live
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attenuated virus in the smallpox vaccine. Despite its success, several
vaccine strain-dependent complications, such as eczema vaccinatum,
progressive vaccinia, and neurological complications, have been re-
ported [9]. The risk of encephalitis following Smallpox vaccination is
well known. Possible diagnosis of encephalitis usually occurs based on
the onset of an acute illness, 7-14 days after vaccination, with fever,
headache, vomiting, mental condition change, meningeal irritation,
paralysis, or dizziness. Numerous reports of encephalitis following
smallpox vaccination show that the incidence varies not only in different
locations but also in the same place in different years. However, severe
neurological side effects, such as post-vaccination encephalitis and
Gillen Barre syndrome, have been occurred by the expected range [10].

5. Other findings so far

Prior to April 2022, the hMPXV infection was native to Africa and
rarely spread outside. Although the mortality rate is significantly
different in both Central Africa and Congo clades, the deaths of young
children and people with HIV were the most likely. The common hMPXV
transmission was either imported, household, or nosocomial. But the
alarm of the release of the hMPXV continued on May 6, 2022, with a
report from a British national after returning from Nigeria, and to date
(July 25, 2022), according to WHO reports, more than 16000 affected by
most countries have been reported for the highest level of alert
considered [11-13]. As is evident, the clinical state is marked by fever,
skin rash (papules, vesicles, pustules, ulcerating lesions, and scabs), and
lymphadenopathy (%56). Severe complications include pneumonitis,
encephalitis, sight-threatening keratitis, and secondary bacterial in-
fections. In a more recent study [14], viremia, or extended upper res-
piratory tract viral DNA shedding following skin lesion resolution, was
found in seven British patients with hMPXV, challenging current infec-
tion prevention and control recommendations (with the expected liver
enzyme disorder during treatment). Brincedofovir and tacoberimate are
two oral medications that have been licensed for the treatment of
monkeypox in animals. Patients receiving the second therapy did not
have any unfavorable side effects, and even viral shedding and the
duration of the disease following treatment were reduced compared to
those receiving the first (10 days in the hospital). The former, however,
efficacy less well. Antiviral research is crucial for the hMPXV. According
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to the reports, the UK Health Security Agency has classed hMPXV as an
infectious disease with a high consequence. It is noteworthy that none of
the patients experienced the severe and well-known complications of
hMPXV, although in one case, a mild recurrence was discharged from
the hospital. In another study, 98% of the 528 hMPXV infections
recorded in the 16 countries were gay or bisexual, and 41% of those
infected also had HIV. The possibility of sexual transmission was verified
in 95% of cases, making it the most likely transmission route during the
recent hMPXV incidence. Yet, it’s important to remember that hAMPXV is
not just a homosexual disease [15,16]. The shift in human behavior and
lifestyle, as well as the biological characteristics of the virus, are
responsible for the current global predominance of monkeypox virus.
Although the most frequent causes of hospitalization were nearly the
same as before, a broad range of disease consequences, including new
and rare complications like myocarditis, should be noted and followed
up. Since viral infections can reemerge at any time, we must be mindful
of the risks they pose in the future.

The discovery of a common zoonotic reservoir can help because of
the main cause of the current outbreak. It should help to explain how
epidemiological data, zoonotic nature, and analysis of earlier prevalence
reports are related [17]. Most of the current cases have occurred in the
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male population (gay or bisexual) who do not have a history of traveling
to the endemic (with an average age of 20-49 years). In addition, this
virus has been isolated only from other species, such as giant poached
rats, rope squirrels, and monkeys [18].

6. Regulatory profile of monkeypox virus

The intracellular proteins of the monkeypox virus either cause
interference in the cellular response to infection through cellular path-
ways such as apoptosis (viroinducers) or through intracellular ways the
virus escapes from the host’s immune system and major histocompati-
bility complex class 1 (MHC 1) (virostealths). Extracellular proteins also
modulate the host’s immune system in favor of the MPXV. They mimic
the role of glycoproteins and competitively bind to host cytokines and
interfere with their function. This group not only modulates the immune
response against the virus but also causes the virus to replication and
spread better. In primary infection, the viral load distributes to local
lymph nodes. In secondary infection, the viral load reaches distant or-
gans via circulation. The incubation period usually lasts 7-14 days. In
cases before the 2022 outbreak, the rash appeared one to three days
after the onset of fever and lymphadenopathy. Still, the new cases for
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some patients show that some people may not know any symptoms until
the rash appears [19,20]. The common symptoms and complications
develop 1-2 weeks after people have been infected with MPXV. Com-
mon symptoms include fever, headache, back pain, myalgia, fatigue,
inflammation/lymphadenopathy, and skin rash (Fig. 2). Without these
regulatory proteins, MPXV cannot escape the immune system and
develop complications in the hosts.

7. The neurologic manifestation in monkeypox infection:
severe, mild or rare?

In recent years, the Democratic Republic of the Congo has recorded
over 500 suspected cases of human disease prevalence. Monkeypox virus
is a double-stranded DNA virus in the Orthopoxvirus genus. It differs
genetically from other orthopoxviruses, such as the variola virus (which
causes smallpox) and the vaccinia virus (the virus used as the smallpox
vaccine) [8,21]. Secondary transmission events have increased over
time as the number of people who have never been immunized against
smallpox has increased. We are currently seeing cases of monkeypox
infection. Adenopathy is a typical feature of the monkeypox virus from
smallpox. MPXV lesions should be distinguished from lesions caused by
other viral infections that cause encephalitis (such as a varicella-zoster
virus). VZV lesions are typically small and superficial, primarily on the
trunk, and develop in stages [22]. Encephalitis has rarely been associ-
ated with the complication of MPXV (as described above). Vaccinia virus
is an Orthopoxvirus associated with postvaccinial encephalomyelitis
(PVE). PVE cases are observed when administered as a vaccine against
smallpox [23]. PVE patients have different clinical and diagnostic fea-
tures, including acute disseminated encephalomyelitis
post-immunization or direct viral infection of the central nervous system
[24]. In the clinical manifestations of smallpox, encephalopathy is ex-
pected. Severe headaches, hallucinations, and delirium are also common
complaints. Smallpox can also cause serious ocular complications. In
patients infected with smallpox, mortality from encephalitis can be as
high as 25% after vaccination. Other neurological complications linked
to the vaccine include headache, seizures, cranial nerve palsy,
Guillain-Barre syndrome, hemiplegia, and coma [25]. Skin biopsy and
encephalopathy confirmed the diagnosis of monkeypox-associated en-
cephalitis in the described patient. Because IgM does not generally cross
the blood-brain barrier, the presence of IgM in CSF indicates active
central nervous system infection with intrathecal antibody production
(laboratory diagnostic standard). The absence of demyelination, cyto-
toxic changes caused by diffuse and focal edema, and intrathecal anti-
bodies (IgM) all point to monkeypox as a possible cause of acute
encephalitis [26].

8. Differential diagnostic tests

In the differential diagnosis of monkeypox infection, doctors should
consider encephalitis cases with inflammation in the presence of atyp-
ical vesicopustular rash. In patients with a skin rash, the common causes
of viral encephalitis-associated inflammation, particularly varicella
infection, should be considered in the differential diagnosis of enceph-
alitis. In addition to the above, in the case of monkeypox infection, the
history of travel to Africa or exposure to exotic pets should be investi-
gated. A range of new diagnostic methods can be used for orthopoxvirus
infections, including PCR, serological tests, and Immunohistochemistry
(IHC). The anti-orthopoxvirus IgM reaction in CSF may be valuable in
diagnosing orthopoxvirus-induced encephalitis. This process accelerates
via seroconversion from the anti-orthopoxvirus IgM response to the anti-
orthopoxvirus IgG response [7,27].

9. Treatment

There are several treatment options for monkeypox infection. Cido-
fovir, an antiviral drug, is effective against poxviruses such as
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monkeypox and vaccina viruses. This drug has been described as a
second-line treatment for smallpox vaccine side effects. Due to sero-
logical cross-protection between orthopoxviruses, vaccinia immune
globulin (VIG) can effectively treat monkeypox infection. Along with
other treatment options, supportive care is recommended. Tecovirimat
is another antiviral drug, that has been shown to be effective against
orthopoxviruses in vitro and is safe to use in humans. It has never been
given to people who have been infected with MPXV before. Monkeypox
and smallpox can both be prevented with the JYNNEOS vaccine.
ACAMZ2000 is a more recent vaccine that can be given to people over the
age of 18 who are at high risk of contracting smallpox. Because the vi-
ruses that cause smallpox and monkeypox are so similar, the smallpox
vaccine can also protect people from getting monkeypox [28,29].

Despite the above, supportive therapy is the mainstay of manage-
ment of monkeypox virus infection. Although the symptomatic man-
agement and prevention of complications are proper, there is no
apparent cure for monkeypox. For example, in fever, respiratory
distress/bronchopneumonia, and skin superinfection should use anti-
pyretic medications, external cooling, or oral/intravenous antibiotics,
respectively. Inflammation/lymphadenopathy should be treated with
oral/intravenous anti-inflammatory.

10. Conclusion and prospective

Our understanding of emerging infectious diseases is currently
limited. Because of what humans learned during the COVID-19
pandemic, we can confidently predict that the list of emerging patho-
gens that cause human disease will continue to grow. Changes in the
ecology and climate, as well as the distribution of disease-transmitting
vectors and their hosts, increased the risk of diseases-transmitting vec-
tors for humans. The predictable emergence of opportunistic infections
is the price of advances in infectious disease science. However, we can
develop newer disease prevention and treatment strategies as we learn
more about the host immune response and pathogen replication.
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