
Managing Monkeypox Virus Infections:  
A Contemporary Review

Abstract
Monkeypox is an infectious and contagious zoonotic disease 
caused by the Orthopoxvirus species and was first identified 
in Africa. Recently, this infectious disease has spread widely 
in many parts of the world. Fever, fatigue, headache, and 
rash are common symptoms of monkeypox. The presence 
of lymphadenopathy is another prominent and key symptom 
of monkeypox, which distinguishes this disease from other 
diseases and is useful for diagnosing the disease. This disease is 
transmitted to humans through contact with or eating infected 
animals as well as objects infected with the virus. One of 
the ways to diagnose this disease is through PCR testing of 
lesions and secretions. To prevent the disease, vaccines such 
as JYNNEOS and ACAM2000 are available, but they are not 
accessible to all people in the world, and their effectiveness and 
safety need further investigation. However, preventive measures 
such as avoiding contact with people infected with the virus and 
using appropriate personal protective equipment are mandatory. 
The disease therapy is based on medicines such as brincidofovir, 
cidofovir, and Vaccinia Immune Globulin Intravenous. The 
injectable format of tecovirimat was approved recently, in 
May 2022. Considering the importance of clinical care in this 
disease, awareness about the side effects of medicines, nutrition, 
care for conjunctivitis, skin rash, washing and bathing at home, 
and so on can be useful in controlling and managing the disease.
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What’s Known

• The quality of life of monkeypox 
patients is at a low level due to various 
reasons such as the lack of hygiene and 
specific treatment, insufficient information 
about the disease, as well as severe 
complications of the disease. 

What’s New

• Appropriate symptomatic treatments 
such as using plenty of fluids due to 
severe dehydration, surgery to maintain 
fitness due to body deformities, care for 
conjunctivitis, skin rashes, washing and 
bathing at home, and so on can be useful in 
preventing severe complications and better 
management of monkeypox disease.
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Introduction

Etiology
Monkeypox is caused by the Monkeypox virus (MPXV), which 

is an Orthopoxvirus with similar manifestations to the smallpox 
virus in humans.1 Orthopoxviruses are giant and double-
stranded DNA viruses, which include species such as Variola 
virus, Vaccinia virus, Cowpox virus, MPXV, and newly discovered 
species such as Akhmeta virus and Alaskapox virus.2

Epidemiology 
The first human case of monkeypox was found in the 

Democratic Republic of Congo in 1970.3 MPXV was not detected 
outside of Africa before 2003. The most notable outbreak in the 
United States occurred in 2003, associated with the importation 
of African mice. In this outbreak, imported animals were kept 
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together with other animals such as dogs. 42 
cases were reported in the United States, three 
people were seriously ill, and no deaths were 
recorded.4 In recent years, the virus has spread 
to other African countries as well as outside of 
Africa. Sporadic cases of monkeypox have been 
reported in Nigeria in the years 2018 through 
2022 with 49, 47, 8, 34, and 21 cases during that 
time period.5 The mortality rate varies from 1 to 
10% based on the type of MPXV strain and the 
availability of modern health care.6

There are two types of MPXV: Congo basin 
Clade (Central Africa) and West African Clade, 
with the former being more fatal. It is estimated 
that the death rate in the Congo region is 10.6% 
and in West Africa is 3.6%. Genetic data show 
that the 2022 MPXV belongs to the West African 
Clade and is most closely related to the MPXV 
that spread from Nigeria to the United Kingdom, 
Israel, and Singapore in 2018 and 2019.7

Clinical Presentation
The incubation period of monkeypox varies 

from 5 to 21 days, and it is not contagious until 
the symptoms begin.4 The process of MPXV 
infection is mainly divided into two stages (1) 
the prodromal stage (fever, fatigue, severe 
headache, lymphadenopathy, and muscle 
pains), which lasts about 0-2 days, (2) the rash 
stage, which lasts 7 to 21 days. The rash usually 
appears within one to five days after the fever, and 
the patient is contagious when the rash appears. 
The rash is concentrated on the face and limbs 
and involves the face (95%), palms and soles 
(75%), oral mucosa (70%), genital tract (30%), 
and conjunctiva (20%). The rash lasts about two 
to four weeks and evolves from being a plaque 
to papules, blisters, pustules, scabs, and finally 
to shedding.8 A prominent feature of monkeypox 
is lymphadenopathy, which occurs in 84% of 
unvaccinated patients and 54% of vaccinated 
patients.9, 10 Lymphadenopathy can be unilateral 
or bilateral and occurs in submandibular, 
cervical, postauricular, axillary, or inguinal lymph 
nodes.11 The severe complications of the disease 
are central nervous system involvement and 
airway compromise due to lymphadenopathy.4 
Other complications include hyperpigmentation, 
scarring, dehydration, and secondary bacterial 
infection that leads to septicemia.12

Transmission
Animal-to-human transmission (zoonosis) 

and human-to-human transmission of MPXV 
are possible. Animal-to-human transmission 
occurs through direct contact, bite, or scratch of 
an infected animal, or consumption of an animal 
host, such as rodents or mammals.13 The virus 

can also be spread through respiratory droplets, 
body fluids, and wound secretions,14 bedding, 
clothing, or contaminated surfaces,15 and also 
through the placenta (congenital monkeypox).16 
Risk factors for zoonotic transmission of MPXV 
include living in forested or deforested areas, 
lack of smallpox vaccination, handling or eating 
dead bushmeat or monkeys, and sleeping on 
the ground (in endemic areas).13

Diagnosis
The diagnostic evaluation of monkeypox 

should include taking a specific medical history 
and evaluating the clinical appearance. A 
history of travel to an endemic area, interaction 
with a wild animal from an infected area, or 
care of an infected patient should always be 
considered to aid in the diagnosis. However, the 
final diagnosis should be justified by laboratory 
findings. One feature that can help to distinguish 
monkeypox from varicella and variola virus is 
lymphadenopathy in the prodromal phase.17 
Definitive diagnosis of the disease is done 
through the polymerase chain reaction (PCR) 
test of skin lesions or secretions.4 Other methods 
such as virus isolation, immunohistochemistry, 
IgG and IgM enzyme-linked immunosorbent 
assay (ELISA), and electron microscopy can 
also be performed. Although, they certainly 
require more sophisticated tools and specialized 
facilities, such as a proper biosafety level for 
virus handling.18

Prevention
Until 1971, children in the United States got the 

Orthopox vaccine as part of standard childhood 
vaccines to prevent smallpox. However, with 
the World Health Organization’s (WHO) 
proclamation of smallpox eradication in 1980, 
recommendations for routine immunization were 
discontinued worldwide. A few individuals in the 
United States continued to receive the Orthopox 
vaccine.2

In September 2019, Food and Drug 
Administration (FDA) approved the use of the 
replication-incompetent vaccine, JYNNEOS 
(Proper Name: Smallpox and Monkeypox 
Vaccine, Live, Non-Replicating/Manufacturer: 
Bavarian Nordic),19 which is now being used 
to prevent monkeypox in people over the age 
of 18 years.20 The Center for Disease Control 
and Prevention (CDC) is developing a new 
investigational drug protocol on a large scale 
to allow the use of the JYNNEOS vaccine for 
monkeypox in the pediatric population.19 It is also 
safe to use this vaccine in high-risk groups such 
as people with HIV.21 The vaccine is injected 
subcutaneously and preferably in the arm in two 
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doses (0.5 mL each time), with an interval of 28 
days.2, 22

The safety of JYNNEOS was evaluated in a 
randomized, double-blind, placebo-controlled 
study conducted in the United States, in which 
vaccine-naïve subjects aged 18 to 40 years 
received both doses of the JYNNEOS vaccine. 
Reactions at the injection site and adverse 
systemic reactions (e.g., pain, redness, swelling, 
and itching) within eight days after administration 
of each dose of vaccine were 84.9%, 60.8%, 
51.6%, and 43.1%, respectively. Other systemic 
reactions included muscle pain, headache, 
fatigue, nausea, chills, and fever.23

ACAM2000 (Proper Name: Smallpox 
Vaccine, Live/Manufacturer: Emergent Product 
Development Gaithersburg, Inc.) is another 
vaccine approved by the FDA in 2007 for the 
treatment of monkeypox.24 Since ACAM2000 
is a replication-competent vaccine, the risk of 
side effects such as progressive vaccinia and 
eczema vaccinatum is a concern. Other side 
effects include myopericarditis2, 25 and post-
vaccine encephalitis.26 The risk of side effects is 
higher in infants less than 12 months old, people 
who use topical steroids to treat eye diseases 
and infections, and those who have a history 
of cardiovascular disease or the presence of 
eczema or other skin diseases.27 The use of this 
vaccine is prohibited in pregnancy, HIV patients, 
and other immunocompromised people.28 On 
November 3, 2021, Advisory Committee on 
Immunization Practices (ACIP) suggested that 
the JYNNEOS vaccine be used as prophylaxis 
before exposure to monkeypox, instead of the 
ACAM2000 vaccine for certain people who are 
at occupational risk of orthopoxviruses.29

Pre-exposure Prophylaxis
ACIP recommends vaccination for selected 

individuals at occupational risk of orthopoxvirus.25 
These include laboratory personnel who perform 
tests to detect orthopoxviruses, and workers of 
research laboratories who are in direct contact 
with cultures, infected animals, and equipment 
infected with orthopoxviruses.29 Studies of 
monkeypox in Central Africa, where vaccines 
are not readily available, reported a mortality 
rate of ~11%.29, 30 In contrast, most people who 
receive the smallpox or monkeypox vaccine 
have only minor reactions.29

Since transmission is possible through 
close contact, the use of Personal Protective 
Equipment (PPE) is crucial and includes an 
apron, a surgical-resistant mask, and gloves. 
In the case of unwell patients and patients with 
respiratory symptoms, the use of PPE should 
include a long-sleeved gown, filtering facepiece 

3 (FFP3) mask, and eye protection.31 People 
should avoid close and skin-to-skin contact with 
people who have a rash similar to monkeypox.32

Preventing the spread of MPXV in endemic 
areas is very challenging. This includes avoiding 
any contact with rodents and mammals, as 
well as limiting direct contact with blood and 
undercooked meat. Avoiding cooking meat and 
the consumption of wild animals is culturally and 
economically difficult, as this meat may be the 
only source of protein available to the poorest 
people in the region.18 In the case of people 
who are in contact with animals, sick animals 
should be separated from the rest of the herd and 
quarantined at once. Any animal that may have 
come in contact with infected animals should be 
isolated for 30 days and monitored for signs of 
monkeypox. Finally, in the absence of a specific 
treatment or vaccine, the only approach to prevent 
infection is to increase public knowledge about 
risk factors and educate people about actions 
they may take to limit exposure to the virus.16

Post-exposure Prophylaxis
Transmission of monkeypox requires 

prolonged interaction with a symptomatic 
person. Short-term communications and those 
conducted using PPE and following standard 
precautions are not considered as high risks.25 In 
general, the risk of exposure to the disease can be 
divided into three categories: high, medium, and 
low. High-risk exposure includes direct contact 
with the damaged skin or mucous membranes of 
the exposed person, very close contact with the 
patient, and contact with the patient’s respiratory 
droplets while not using respiratory protection.33 
Moderate-risk exposure also includes direct skin 
contact with a patient, being within two meters of 
a patient for more than three hours, or providing 
medical care to patients with an infection without 
proper PPE. Moreover, supplying medical care 
to patients while wearing proper PPE is also a 
low exposure. Vaccination is recommended 
as post-exposure prophylaxis for individuals at 
a high risk of disease. In addition, the vaccine 
is recommended on a case-by-case basis for 
people who are exposed to moderate risk.34 To 
this end, the CDC recommends that the first 
dose of the vaccine be administered as soon 
as possible and within four days of exposure to 
prevent the disease. If the vaccination is injected 
4 to 14 days after the contact date, it may reduce 
the disease symptoms, but it may not prevent 
the onset of the disease.29

Treatment
Several antiviral drugs may be effective in 

treating monkeypox infections, although these 
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drugs have been approved for the management 
of smallpox based on animal models. Studies 
have been conducted on these drugs in 
humans, but their effectiveness has not been 
fully confirmed.35

Tecovirimat
Tecovirimat, also known as TPOXX or 

ST-246,36, 37 was approved by the FDA in May 
2018 based on animal and human studies, but 
it is not yet widely available to the public.38 The 
intravenous form of the TPOXX was approved in 
May 2022 by the European Medicines Agency 
(EMA).39

The dosage for intravenous use in patients is 
as follows: for patients 3 to 35 Kg, the dose is 6 
mg/Kg, which is prescribed over six hours every 
12 hours for 14 days. For patients with a weight 
of 35 Kg to less than 120 Kg, the dose is 200 mg, 
and for patients with a weight of more than 120 
Kg, it is 300 mg.40

TPOXX is recommended as a first-line 
therapy for the treatment of smallpox in adults 
and children weighing at least 13 Kg.25 

The most common reported side effects of 
IV tecovirimat are injection site reactions and 
headache, whereas the oral form is associated 
with headaches, nausea, abdominal pain, and 
vomiting.40 Besides, in diabetic patients treated 
with repaglinide, tecovirimat may increase 
the level of repaglinide, which can lead to 
hypoglycemia in the patient.41 The effectiveness 
of this drug was evaluated in studies conducted 
on animals infected with Orthopoxvirus, as well 
as the effects of the drug on the human body and 
the way the drug is absorbed and excreted.37, 

42 According to the CDC, a human clinical trial 
with tecovirimat found the drug to be safe, but 
there is insufficient data on its effectiveness 
in treating human cases of MPXV. However, 
animal and laboratory studies using cidofovir 
and brincidofovir confirmed the effectiveness of 
these drugs.10, 13, 43-45

Brincidofovir
Brincidofovir inhibits the replication of 

the MPXV by blocking DNA synthesis by 
polymerases. It is available as a tablet (100 
mg) or oral suspension (10 mg/mL), used in 

two doses with an interval of one week.46 The 
recommended dose for children and adults is 
provided in table 1.47 A recent study by Adler 
and colleagues on three patients that were 
treated with brincidofovir (200 mg once weekly 
orally) reported all patients developed elevated 
liver enzymes, and none completed the course 
of treatment.35 Other side effects associated 
with brincidofovir include digestive symptoms 
of diarrhea, vomiting, and abdominal pain.46 
Brincidofovir has shown promising results 
in various Orthopoxvirus animal models.48-50 
However, in June 2021, brincidofovir was 
approved by the FDA as a drug for the treatment 
of smallpox and was marketed under the brand 
name Tembexa®.51 

Cidofovir
Cidofovir (VISTIDE) is an antiviral drug approved 

by the FDA for the treatment of Cytomegalovirus 
(CMV) in patients with Acquired Immunodeficiency 
Syndrome (AIDS).19, 52 The recommended dose of 
the drug is 5 mg/Kg intravenously, with an interval 
of one week.46 Side effects include birth defects,53 
nephrotoxicity, electrolyte disorders, neutropenia, 
nausea, and muscle pain.46 As of June 6, 2022, 
cidofovir is not approved by the US FDA for the 
treatment of monkeypox.54

Vaccinia Immune Globulin Intravenous 
Vaccinia Immune Globulin Intravenous 

(VIGIV) is an immunoglobulin used to treat 
complications caused by vaccinia vaccination.12 
VIGIV can be considered for prophylactic 
use in an exposed person with a severe 
immunodeficiency in T-cell function.55

Symptomatic Treatments
Most patients with monkeypox infection 

recover without medical treatment. The clinical 
course of this infection is usually mild and self-
limiting. Therefore, affected people rarely need 
special treatment. However, if people have certain 
symptoms of the disease, supportive measures 
are taken according to that problem.12, 56

Patients presenting with secondary bacterial 
infections should be treated with proper antibiotics. 
These infections can include pneumonia, sepsis, 
and infection of skin lesions.57

Table 1: Recommended Dosing of brincidofovir (TEMBEXA) in Pediatric and Adult Patients
Patient’s Weight (Kg) Brincidofovir Oral Suspension  

(10 mg/mL)
Brincidofovir Tablet (100 mg)

Less than 10 Kg 6 mg/Kg once weekly for 2 doses  
(on Days 1 and 8)

N/A

10 kg to less than 48 Kg 4 mg/Kg once weekly for 2 doses  
(on Days 1 and 8)

N/A

48 Kg and above 200 mg (20mL) once a week for 2 doses 
(on Days 1 and 8)

200 mg (two 100 mg tablets) once a 
week for 2 doses (on Days 1 and 8)
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Severe dehydration and the possibility of 
hypovolemic shock are seen in patients with 
monkeypox due to the decrease in intravascular 
volume caused by severe rashes, fever, and 
digestive problems, such as diarrhea and 
vomiting, along with insufficient consumption of 
food and water. Severe dehydration should be 
treated at once with intravenous or intraosseous 
fluid therapy.56, 58

Patients may present with non-specific 
symptoms such as conjunctivitis. Treatment with 
vitamin A supplements can be helpful, especially 
in malnourished children. Besides, trifluridine 1% 
eye drops, which are sometimes used for herpes 
eye infections, may be used to accelerate the 
resolution of symptoms and prevent long-term 
damage caused by scarring, if any.56, 59-61 For 
this purpose, trifluridine 1% eye drops are used 
every two hours or eight to nine times a day for 
10 to 14 days.62

Limb deformity due to joint or skin lesions 
occurs in 2% of cases.63 Therefore, it is 
necessary to take special fitness measures for 
these people. Based on previous information 
about chickenpox, elective surgery should be 
postponed until all crusts of the skin lesion are 
removed. It usually takes about three weeks 
from the start. After recovery from the disease, 
fitness for surgery should be evaluated on 
a case-by-case basis, considering possible 
systemic complications.64

Antipyretic drugs such as acetaminophen can 
be used to reduce fever in these patients.65, 66  
However, it is reasonable to limit Nonsteroidal 
Anti-Inflammatory Drugs (NSAIDs) due to 
concerns about the development of hemorrhagic 
lesions. Additionally, in case of myalgias and 
painful mucosal lesions, especially in the mouth, 
eyes, and rectal area, it is necessary to use 
appropriate analgesics.57

Furthermore, Patients should avoid shaving 
the rash-covered areas of the body, because it 
can lead to the spread of the virus. For bathing, 
a separate bathroom should be used by the 
patient. If there is no separate bathroom at 
home, the patient should clean surfaces such 
as counters, toilet seats, and faucets using a 
suitable disinfectant after using the facilities in 
a common bathroom. Besides, if there is a rash 
on the hands, disposable gloves should be used 
while cleaning.67

Conclusion

Considering the wide spread of the disease 
and the global public concern about it, it is 
important to investigate different aspects of the 
virus such as clinical manifestations and ways 

of transmission. Moreover, using appropriate 
personal protective equipment and timely use of 
vaccines and medicines, if available, are needed 
to control and manage the disease. Although 
the existing drugs and vaccines have some 
complications, the evidence shows that their 
use has been effective in reducing mortality and 
increasing the quality of life of affected people. 
Obviously, symptomatic treatment should also 
be done if needed.
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