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INTRODUCTION                                                

In the 21st century, the emergence of viral infectious dis-
eases seems to be common. The complexity involved in 
controlling emerging and re-emerging infectious diseas-
es, as well as their current rapid transmission, may be re-
lated to globalization. Monkeypox is a re-emerging zoo-
notic disease caused by a DNA virus that belongs to the 
orthopoxviral genus of the Poxviridae family1. Monkey-
pox virus was isolated for the first time from monkeys; 

however, squirrels, Gambian pouched rats, and dormice 
are also natural hosts of this virus2. In 1970, monkeypox 
was first reported in humans in the Democratic Repub-
lic of the Congo. Since then, this disease has become 
endemic in many African countries, including Nigeria, 
Benin, and Liberia3. The possibility of a global spread 
of monkeypox has been recently observed in the West-
ern Hemisphere, with the first cases of monkeypox due 
to the accidental importation of infected animals. Many 
important concerns about the dynamics of monkeypox 
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and skin shedding, and knowledge of in vivo viral kinet-
ics and infectivity is still inadequate11.
 

GLOBAL MONKEYPOX VIRUS BURDENS 
AND MORTALITY 

More than 1,300 cases of monkeypox have been con-
firmed in 40 non-African countries. The current mon-
keypox outbreak is in the West African region with a 
fatality rate of less than 4%, compared to another region 
in Central Africa with a fatality rate of up to 10%. There 
is no evidence of virus mutation12. The WHO warning 
about an increase in monkeypox cases outside of Africa 
could be a symptom of a larger problem. The re-emer-
gence of monkeypox was first reported in the UK in ear-
ly May 2022, but to date, it has spread to several coun-
tries. It is thought to be the largest ever outbreak outside 
of Africa (Figure 1)13.
 

ETIOLOGY

Monkeypox belongs to the family Poxviridae, the genus 
Orthopoxvirus, and the species monkeypox virus. Pox 
viruses are round, lipoprotein-enveloped viruses with a 
linear double-stranded DNA genome14. The first case of 
re-emerging monkeypox virus infection was reported 
through sexual transmission15. As compared to the past, 
sexually transmitted diseases may become more wide-
spread. Erazo et al16, during their study of murine gam-
ma herpes virus as a standard lab model for human her-
pes viruses, found that male-to-male transmission was 
the highest. Viral pathogens, like the Zika virus, Human 
immunodeficiency virus (HIV), and Hepatitis B, were 
reported via male-to-male transmission. Although it is 
known that monkeypox is a zoonotic disease, its animal 
reservoir is still unknown. Though, this viral disease is 
considered self-limiting, it poses serious public health 
concerns due to its complications and pandemic poten-
tial17. The scientific community is serious and fearful 
that this virus could establish a long-term foothold in 
Europe or North America, allowing it to infect sever-
al animal hosts. Once the virus circulates among these 
animals, it can continue jumping back into humans who 
might encounter infected animals. 

 

EPIDEMIOLOGY

The rapid spread of the monkeypox virus has sparked 
concerns about the start of a new epidemic. It has been 
reported4 about the 2022 pandemic that some cases had 
no travel history to endemic areas or contact with any-
one from endemic areas of the monkeypox virus, which 
indicates a possible unknown transmission chain that 
may help to further spread the monkeypox virus. This 
report suggests either commuting from an endemic 
region with consecutive unrecognized local chains of 
transmission or at least a single moment to a non-endem-
ic region where a substantial transmission event occurred. 

viral transmission remain unanswered. According to 
the World Health Organization (WHO)4, monkeypox 
outbreaks have been detected in 70 countries, with over 
16,600 confirmed cases of this viral disease. On July 
23, 2022, WHO declared monkeypox a global health 
emergency4. It is still a challenge to achieve clinical 
recognition, diagnosis, and prevention, especially in the 
resource-poor endemic areas where monkeypox can be 
found. Due to the close similarity of the clinical features 
of monkeypox and smallpox, it is difficult to distinguish 
one infection from another, unless specific targeted tests 
are done5. It is also a matter of concern that, on one side, 
there is limited availability of smallpox vaccination 
and, on the other side, outbreak of monkeypox human 
pathogen. The transmission of the monkeypox virus can 
occur through direct contact with infectious materials 
like infectious sores, scabs, or body fluids and shared 
bedding or clothing6. Recently, in several cases7, it has 
also been reported to be sexually transmitted, especially 
between men or bisexuals. The signs and symptoms of 
monkeypox infection are like those of smallpox but less 
severe than smallpox2. At present, the case of monkey-
pox is found to be atypical, starting with rashes in gen-
ital areas2,7. Although there is no specific treatment for 
monkeypox virus infection, some minor cases are being 
controlled by using vaccines used for smallpox, antivi-
ral, etc. Despite this, there is an urgent need to revisit 
the medical strategy and develop target-based medical 
treatment in favor of public health, so that the transmis-
sion can be controlled, and the mortality associated with 
the monkeypox virus reduced. Additionally, there is a 
need for in-depth knowledge of the biological character-
istics of the re-emerging virus, the transmission mode, 
diagnosis, and preventive measures to contain the rapid 
outbreak. This article attempts to review current disease 
research progress and provide up-to-date clues with the 
salient features for disease prevention and control. 

 

PRIMARY FINDINGS AND SCIENTIFIC 
FEATURES OF THE MONKEYPOX VIRUS

In 1958, the Monkeypox virus was first identified in 
monkeys. Its primary hosts are rodents, and it can be 
transmitted from animals to humans. The incubation 
period is 6-13 days. Sporadic human-to-human trans-
mission has been reported through proximity, and 
droplet exposure further sexual transmission is also 
possible8. However, it is unknown whether this spread 
occurs through sexual transmission pathways (such as 
semen or vaginal fluids) or direct skin-to-skin contact 
with lesions during sexual activities4. Current evidence 
supports human-to-human transmission, including nos-
ocomial and domestic transmission9. Increased trans-
mission in the home is likely due to a lack of use of per-
sonal protective equipment during daily activities and 
prolonged contact with suspect objects. Prior research10 
indicates a secondary attack rate of approximately 8% 
(range 0-11%) among household contacts who were un-
vaccinated against smallpox. Uncertainty exists regard-
ing the therapeutic importance of persistent viraemia 
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skin lesions found in all patients, twenty percent had no 
prodromal symptoms. Apart from this, oropharyngeal 
lesions, skin lesions that affected more than one ana-
tomical region and lymphadenopathies were recorded in 
some patients. Some patients required hospitalization, 
which could be due to pain or localized bacterial cellu-
litis requiring antibiotic intervention or analgesia22. Re-
cently, a study23 has been conducted in 43 different loca-
tions throughout 16 distinct nations, and 528 infections 
have been recorded. Most of the infected population was 
gay or bisexual, and nearly forty percent of them had 
HIV. For more than ninety percent of the infected indi-
viduals, sexual activity was thought to be the primary 
transmission mode. The commonly seen symptoms re-
sembled already known conditions, while some newly 
evolved symptoms such as rash, skin lesions, anogeni-
tal lesions, mucosal lesions, fever, fatigue, myalgia, and 
lymphadenopathy were also seen before the rash in a 
few individuals who were tested23. Among patients with 
uncontrolled HIV infection who suffer from chronic 
and persistent monkeypox infection, it is possible that 
new variants of the disease may surface.

 

DIAGNOSIS 

Because of the disease’s rarity of monkeypox, other rash 
illnesses, such as measles or chickenpox, are initially 
suspected. However, swollen lymph nodes usually dis-
tinguish monkeypox from other poxes. A blood sample 
may be an option to check for the monkeypox virus or an-
tibodies that the immune system makes in defense of it. 

This might have led to the subsequent reporting of cases in 
several countries. Mass gatherings have high chances of 
increasing contact rates among individuals who may be 
infectious with transmissible pathogens, and high con-
tact rates between people could play a role in spreading 
viruses, including monkeypox18,19. Nonetheless, the rap-
id spread of monkeypox virus cases was probably fa-
vored by a return to normal social interactions because 
of the easing of lockdown and travel restrictions after 
COVID-19 pandemic.
 

TRANSMISSION

Inter-human transmission of the virus generally occurs 
through the inhalation of large airborne respiratory 
droplets of the infectious virus. Transmission usually 
requires prolonged face-to-face or other close contacts, 
although airborne transmission over longer distances 
has also been reported. Person-to-person transmission 
occurs via droplet infection and contact with lesions 
containing replicating viruses20. The monkeypox virus 
is classically transmitted through bodily fluids and close 
skin-to-skin contact from active lesions, and in recent 
reports21, transmission during sexual intercourse has 
been suggested as a viable route (Figure 2). Giromet-
ti et al22 explored 54 people who had the monkeypox 
virus; more interestingly, all the infected people were 
men. The majority of the sample consisted of white in-
dividuals, half of them were British citizens and one-
fourth of the study participants had HIV. Symptomatic 
representation includes tiredness or lethargy, fever, and 

Figure 1. Human Monkeypox outbreak global map: cumulative number of confirmed cases, by countries, as of 15 February 2023.
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for tecovirimat, where monkeypox outbreaks are fre-
quent. Recent studies34 confirmed that the primary mode 
of transmission of re-emerging outbreak of monkey-
pox virus is associated with sexual transmission, which 
was previously unknown or unexplored. Therefore, the 
strengthening of antiretroviral treatment programs is 
urgently needed so that patients with advanced immu-
nosuppression are prioritized for effective antiretroviral 
treatment and monkeypox vaccination. We believe that 
the above-cited studies offer special insights into the ep-
idemiology of monkeypox virus household transmission 
in a mostly unvaccinated community. The high preva-
lence of symptomatic and asymptomatic infections and 
the need for frequent testing to detect transient infections 
highlight the limitations and complexities of current 
screening and testing protocols. Symptom and tempera-
ture screening at entry points (e.g., restaurants, schools, 
and airports) might be a potential public health infection 
containment benefit due to rapid globalization. Current 
public health approaches encourage a combination of 
vaccination and non-pharmacological measures such as 
personnel protective gear during the care of patients, sex-
ual activity, self-isolation, and hand sanitation, which can 
be a potential strategy to prevent monkeypox transmis-
sion. Centers for Disease Control and Prevention (CDC) 
data shows that monkeypox virus transmission is more 
prevalent in the young male population35. The abovemen-
tioned studies also suggest transmissibility through local 
inoculation during close skin-to-skin or mucosal contact 
during sexual activity. Additional resources are needed 
to support sexual health and other specialist services in 
managing this condition. At present, relying on non-phar-
macological interventions as prevention and containment 
measures is rare, as smallpox vaccines provide some level 
of protection, and hospitalization is also rare. At this time, 
vaccination remains the key public health intervention in 
high-risk populations that can provide immunity and thus 
mitigate and limit severe infections, complications, and 
mortality from the monkeypox virus.

Serologic testing requires paired acute and convalescent 
sera for monkeypox virus-specific IgM detection within 
5 days of presentation or IgG detection after 8 days. In 
addition to this, to diagnose monkeypox, a tissue sample 
from an open sore (lesion) is collected for polymerase 
chain reaction (PCR) testing (genetic fingerprinting)24. 
Laboratories with all facilities are required to diagnose 
it, like electron microscopy, culture, molecular analysis, 
and identification by PCR and sequencing25.
 

AVAILABLE PREVENTIVE THERAPY

Currently, there are neither any approved medications 
nor a drug that has been studied in human efficacy trials 
for treating human monkeypox. However, brincidofovir, 
Cidofovir, and tecovirimat are three elixirs that have 
been approved in the USA to treat smallpox in antici-
pation of a potential bioterrorism incident26. However, 
there is no comprehensive assessment of the effective-
ness of these agents.

Brincidofovir is an agent that has antiviral activity 
against double-stranded DNA viruses. It is a lipid con-
jugate pro-drug making strides focusing on the cells27. 
Brincidofovir (oral) is an analog of the intravenous drug 
cidofovir. It has been seen that brincidofovir has a low 
renal toxicity risk28.

On the other hand, tecovirimat does not exhibit note-
worthy  activity against dsDNA. This drug inhibits the 
maturation of the viral envelope protein VP37, thus in-
hibiting viral spread from an infected cell. In severe 
immune-compromised conditions, dual therapy of giv-
en drugs can be prescribed29. Reported drugs have also 
shown efficacy in animal models against other orthopox-
viruses, including monkeypox. Reports30,31 present com-
passionate use of tecovirimat for complicated vaccinia30,31 
and cowpox32 with no adverse signals identified. A news 
release33 from 2021 stated that the Central African Repub-
lic is currently running an extended access programme 

Figure 2. Primary sources and route of transmission associated with Monkeypox virus.
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CONCLUSIONS

The re-emerging monkeypox virus epidemic imposes a 
heavy socioeconomic burden on all societies. Hospital-
ization and specialized treatment are more frequently 
required in high-risk individuals such as the elderly, 
immunocompromised patients, and children worldwide. 
However, the impact of the monkeypox virus cannot be 
neglected, even in young adults. Monkeypox seems to 
be infectious by nature, which makes it more fatal and 
a threat to public health. The spread of the disease re-
quires intense surveillance to prevent further commu-
nity transmission. Currently, no approved treatment is 
available. Antiviral drugs for smallpox, such as teco-
virimat, approved by the Food and Drug Administration 
(FDA), are used in the management of the monkeypox 
virus. While cidofovir, ribavirin, and tiazofurin have 
proven to be efficacious in animal and in vitro trials, no 
specific medication or vaccine has been developed so 
far. Hence, new and specific antiviral chemotherapy is 
required and may be helpful in reducing the transmis-
sion and mortality associated with the monkeypox vi-
rus. In addition, vaccination against the smallpox virus 
can help stop the spread of the monkeypox virus.

Ethics Approval and Informed Consent:  
Not applicable. This article does not contain any stud-
ies with human participants or animals performed by the 
authors.

Conflict of Interest:
The authors declare that they have no competing inter-
ests.

Funding:
Not applicable.

Authors’ Contribution:
S.P, M.S, A.K, SP contributed to the design the draft of 
review article, M.S and A.M did literature search, and 
writing of the manuscript and editing are performed by 
the S.P, M.S, S.P and A.K.

ORCID ID:
Suneel Prajapati: 0000-0002-5249-9865

References
  1.	Saxena SK, Moneim ASA. Re-emerging human monkeypox: 

A major public - health debacle. 2022. 
  2. 	Rao A, Bachmann LH, Petersen B. What clinicians need to 

know about monkeypox in the United States and other coun-
tries. Clin Outreach Commun Act Webinar; 2022. Available 
at: https://stacks.cdc.gov/view/cdc/117869.

  3. 	Kozlov M. Monkeypox goes global: why scientists are on 
alert. Nature 2022; 606: 15-16.   

  4. 	WHO. Monkeypox - United Kingdom of Great Britain and 
Northern Ireland; 2022. Available at: https://www.who.int/
emergencies/disease-outbreak-news/item/2022-DON383



Infect Dis Trop Med

6

28. 	Hutson CL, Kondas AV, Mauldin MR, Doty JB, Grossi 
IM, Morgan CN, Ostergaard SD, Hughes CM, Nakazawa 
Y, Kling C, Martin BE, Ellison JA, Carroll DS, Gallar-
do-Romero NF, Olson VA. Pharmacokinetics and Efficacy of 
a Potential Smallpox Therapeutic, Brincidofovir, in a Lethal 
Monkeypox Virus Animal Model. mSphere 2021; 6: e00927-
20. 

29. 	Adler H, Gould S, Hine P, Snell LB, Wong W, Houlihan 
CF, Osborne JC, Rampling T, Beadsworth MB, Duncan CJ, 
Dunning J, Fletcher TE, Hunter ER, Jacobs M, Khoo SH, 
Newsholme W, Porter D, Porter RJ, Ratcliffe L, Schmid ML, 
Semple MG, Tunbridge AJ, Wingfield T, Price NM; NHS 
England High Consequence Infectious Diseases (Airborne) 
Network. Clinical features and management of human mon-
keypox: a retrospective observational study in the UK. Lan-
cet Infect Dis 2022; 22: 1153-1162. 

30. 	Lindholm DA, Fisher RD, Montgomery JR, Davidson W, Yu 
PA, Yu YC, Burgado J, Wilkins K, Petersen BW, Okulicz 
JF. Preemptive Tecovirimat Use in an Active Duty Service 
Member Who Presented With Acute Myeloid Leukemia 
After Smallpox Vaccination. Clin Infect Dis 2019; 69: 2205-
2207.

31. 	Vora S, Damon I, Fulginiti V, Weber S G, Kahama M, Stein 
SL. Severe eczema vaccinatum in a household contact of a 
smallpox vaccinee. Clin Infect Dis 2008; 46: 1555-1561. 

32. 	Kiernan M, Koutroumanos N. Orbital Cowpox. N Engl J 
Med 2021; 384: 2241. 

33. 	Globe Newswire. SIGA announces collaboration with ox-
ford university to support expanded access protocol for 
use of tpoxx (tecovirimat) to treat monkeypox in Central 
African Republic. Available at: https://www.globenewswire.
com/news-release/2021/07/29/2270930/9738/en/SIGA-An-
nounces-Collaboration-with-Oxford-University-to-Sup-
port-Expanded-Access-Protocol-for-Use-of-TPOXX-Teco-
virimat-To-Treat-Monkeypox-in-Central-African-Republic.
html.

34. 	Allan-Blitz LT, Gandhi M, Adamson P, Park I, Bolan G, 
Klausner JD. A Position Statement on Mpox as a Sexually 
Transmitted Disease. Clin Infect Dis 2023; 76: 1508-1512.

35. 	Hicks. Monkeypox in Children and Women Remains Ra-
re, CDC Data Show. Medscape 2022. Available at: https://
www.medscape.com/viewarticle/979697?gclid=Cj0KCQ-
jw7uSkBhDGARIsAMCZNJv1ItBuSQoWMh2z3E9Gv8I-
Jp_fAr560L9jpq2vwcMZvd1Gj0Bus8skaAjcPEALw_wcB.

20. 	Haider N, Guitian J, Simons D, Asogun D, Ansumana R, 
Honeyborne I, Velavan TP, Ntoumi F, Valdoleiros SR, Pe-
tersen E, Kock R, Zumla A. Increased outbreaks of monkey-
pox highlight gaps in actual disease burden in Sub-Saharan 
Africa and in animal reservoirs. Int J Infect Dis 2022; 122: 
107-111. 

21. 	Hatami H, Jamshidi P, Arbabi M, Safavi-Naini SA, Farokh 
P, Izadi-Jorshari G, Mohammadzadeh B, Nasiri MJ, Zandi 
M, Nayebzade A, Sechi LA. Demographic, Epidemiologic, 
and Clinical Characteristics of Human Monkeypox Disease 
Pre- and Post-2022 Outbreaks: A Systematic Review and 
Meta-Analysis. Biomedicines 2023; 11: 957. 

22. 	Girometti N, Byrne R, Bracchi M, Heskin J, McOwan A, Tit-
tle V, Gedela K, Scott C, Patel S, Gohil J, Nugent D, Suchak T, 
Dickinson M, Feeney M, Mora-Peris B, Stegmann K, Plaha K, 
Davies G, Moore LSP, Mughal N, Asboe D, Boffito M, Jones 
R, Whitlock G. Demographic and clinical characteristics 
of confirmed human monkeypox virus cases in individuals 
attending a sexual health centre in London, UK: an observa-
tional analysis. Lancet Infect Dis 2022; 22: 1321-1328.

23. 	Thornhill JP, Barkati S, Walmsley S, Rockstroh J, Antinori 
A, Harrison LB, Palich R, Nori A, Reeves I, Habibi MS, 
Apea V, Boesecke C, Vandekerckhove L, Yakubovsky M, 
Sendagorta E, Blanco JL, Florence E, Moschese D, Maltez 
FM, Goorhuis A, Pourcher V, Migaud P, Noe S, Pintado C, 
Maggi F, Hansen AE, Hoffmann C, Lezama JI, Mussini C, 
Cattelan A, Makofane K, Tan D, Nozza S, Nemeth J, Klein 
MB, Orkin CM; SHARE-net Clinical Group. Monkeypox 
Virus Infection in Humans across 16 Countries - April-June 
2022. N Engl J Med 2022; 387: 679-691.

24. 	World Health Organization. Laboratory testing for the mon-
keypox virus. WHO, 2022: 1-6. Available at: https://apps.who.
int/iris/bitstream/handle/10665/354488/WHO-MPX-Labo-
ratory-2022.1-eng.pdf.

25. 	Petersen E, Kantele A, Koopmans M, Asogun D, Yin-
ka-Ogunleye A, Ihekweazu C, Zumla A. Human Monkeypox: 
Epidemiologic and Clinical Characteristics, Diagnosis, and 
Prevention. Infect Dis Clin North Am 2019; 33: 1027-1043. 

26. 	Grosenbach DW, Honeychurch K, Rose EA, Chinsangaram 
J, Frimm A, Maiti B, Lovejoy C, Meara I, Long P, Hruby DE. 
Oral Tecovirimat for the Treatment of Smallpox. N Engl J 
Med 2018; 379: 44-53. 

27. 	Rizk JG, Lippi G, Henry BM, Forthal DN, Rizk Y. Preven-
tion and Treatment of Monkeypox. Drugs 2022; 82: 957-963. 


