YMER || ISSN : 0044-0477 http://ymerdigital.com

Monkey Pox- A potential re-emerging threat
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Abstract

To better comprehend the variety of elements involved in disease transmission and
distribution, the observed increase in the frequency of human disease requires further
analysis and research. Large respiratory droplets are believed to be the main mechanism for
human-to-human transmission, and these droplets usually require sustained close contact.
Indirect contact with lesion material, such as through contaminated clothing or linens of an
infected individual, as well as direct touch with body fluids or lesion material are other ways
in which it can be spread. Although less severe clinically than smallpox, monkeypox (MPX) is
a viral zoonotic disease. The best methods for preventing and controlling human monkeypox
continue to be case isolation, contact tracing, avoiding contact with animals or objects
thought to be harboring the etiologic agent, wearing personal protective equipment, and
maintaining good hand hygiene habits. This is despite ongoing and unrelenting efforts to
create an effective therapy.
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Introduction

Monkeypox (MPX) is a viral zoonotic disease with symptoms similar to smallpox, although
with less clinical severity. MPX was first discovered in 1958 in colonies of monkeys kept for
research, hence the name ‘monkeypox.’(1-3) The first human case of monkeypox was
reported from Democratic Republic of the Congo (DRC) in 1970.Human monkeypox virus
(MPXV) is a double-stranded DNA virus of the Orthopoxvirus genus of the family
Poxviridae.(5-8) According to World Health Organization (WHO), in the present series of
outbreaks being reported, this is the first time that chains of transmission are reported in
Europe without known epidemiological links to West or Central Africa. Monkeypox has a
clinical presentation very similar to that of ordinary forms of smallpox, including flulike
symptoms, fever, malaise, back pain, headache, and characteristic rash. Given this clinical
spectrum, differential diagnosis to rule out smallpox is very important. There are no licensed
therapies for human monkeypox; however, the smallpox vaccine can protect against the
disease.(9-10) This article will review the current state of knowledge about human
monkeypox, with emphasis on epidemiologic characteristics, clinical features, diagnosis,
treatment, and prevention.

Epidemiologic Characteristics

Human infection with monkeypox virus was first described in Central Africa in 1970 in a 9—
month old child from Zaire (now the Democratic Republic of the Congo).(11-15) Since then,
the MPXV has become the most pathogenic orthopoxvirus and is now endemic inthe most
forested regions of Central Africa, mainly the Democratic Republic of the Congo, where it is
considered a reportable disease as well as in some parts of West Africa.(15) According to
World Health Organization (WHO), in the present series of outbreaks being reported, this is
the first time that chains of transmission are reported in Europe without known
epidemiological links to West or Central Africa. This has been also reported in certain non-
endemic countries e.g. USA, UK Belgium, France, Germany, Italy, Netherlands, Portugal,
Spain, Sweden, Australia, Canada, Austria, Canary Islands, Israel , Switzerland and India.

Clinical Features

Monkeypox begins with fever, headache, muscle aches, and exhaustion. The main difference
between smallpox and monkeypox is that monkeypox causes swollen lymph nodes
(lymphadenopathy) while smallpox does not.(17) Swelling of lymph nodes may be more
generalized or localized to several areas. The illness begins with Fever,Headache ,Muscle
aches, Backache ,Swollen lymph nodes Chills ,Exhaustion, Weakness . (18)

Within 1 to 3 days after the appearance of initial symptoms, the patient develops a rash, often
beginning on the face then spreading to other parts of the body. Lesions typically begin to
develop simultaneously and evolve together on any given part of the body. Lesions progress
through the following stages before falling off: Macules Papules — Vesicles —Pustules —
Scabs.(19)
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Natural reservoir is yet unknown. However, certain rodents (including rope squirrels, tree
squirrels, Gambian pouched rats, dormice) and non-human primates are known to be
naturally susceptible to monkeypox virus. The incubation period (interval from infection to
onset of symptoms) of monkeypox is usually from 6 to 13 days but can range from 5 to 21
days.

Human-to-human transmission is known to occur primarily through large respiratory droplets
generally requiring a prolonged close contact. It can also be transmitted through direct
contact with body fluids or lesion material, and indirect contact with lesion material, such as
through contaminated clothing or linens of an infected person. (20,21)

Animal-to-human transmission: may occur by bite or scratch of infected animals like small
mammals including rodents (rats, squirrels) and non-human primates (monkeys, apes) or through
bush meat preparation. (22-24)

Diagnosis

The clinical picture of monkeypox is very similar to that of chickenpox and that of smallpox,
definitive diagnosis

is key to keeping natural disease under control The pathogenesis and clinical picture of the
human monkeypox largely resemble that of a discrete, ordinary smallpox, with an incubation
period of 7 to 17 days, an initial febrile prodromal period of 1 to 4 days, and a rash period of
14-28 days. MPXV and smallpox share similar appearance, distribution, and progression of
lesions.(25-27)The characteristic features include a prodrome of fever, headache, muscle
aches, backache, and lymphadenopathy, later followed by generalized well-circumscribed
rashes of typical centrifugal pattern that progress through macular, papular, vesicular, and
pustular phases .(28,29) . A second febrile period occurs when the lesions become pustular,
and is often associated with a deteriorating condition of the patient. (30)A more severe
disease is associated with pronounced illness, high viremia, and death, as observed following
direct human—to-human transmission, however, without sustained infection.(31).

Diagnostic Tests for Monkeypox or Orthopoxvirus

Test Pros Cons

Viral culture/isolation: Live | Can yield a pure, live culture | The assay takes several days

virus is of virus for definitive to complete. Patient

grown and characterized | classification of the species. | specimens may contain

from a Orthopoxviruses produce bacteria, hampering

patient specimen distinctive “pocks” on culture attempts. Further
chorioallantoic membranes; | characterization must be
and other cell-based viral done for viral identification.
culture Must be performed at a major
methods can be used. Patient | laboratory with skilled
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specimens from lesions are
the most reliable for this
method, as viremia is not
present the entire duration of
illness

technicians.

Electron microscopy:
Negative

staining produces a clear
image

of a brick-shaped particle,
allowing for visual

classification of a poxvirus,
other than Parapoxvirus

Can be used to identify viral

particles in a biopsy
specimen, scab  material,
vesicular  fluid, or viral

culture. Can differentiate an
Orthopoxvirus from
Herpesviridae.

Orthopoxviruses
morphologically
indistinguishable from each
other. Must be performed at a
major laboratory with skilled
technicians and an electron
microscope

are

Immunohistochemistry: Tests | Can be wused to identify | Not specific for monkeypox
for antigens in biopsy | virus. Must be performed at a
the presence of | specimens. This technique | major laboratory with skilled
Orthopoxvirus specific can be used to rule out or | technicians.
antigens identify other suspect agents.
PCR, including real-time | Can diagnose an active case | Highly  sensitive  assays
PCR: using lesion material from a | where concerns  about
Tests for the presence of | patient. The assay uses viral | contamination are warranted.
monkeypox-specific ~ DNA | DNA, which is stable if a | These assays require
signatures. specimen is kept in dark, | expensive equipment and
cool conditions. Designed to | reagents. Must be performed
be specific for at a major laboratory with
monkeypox virus. skilled technicians.
Anti-Orthopoxvirus IgG: | Can be used to assess a | Requires the collection of
Tests for previous exposure to an | blood (serum) and a cold
the presence of | Orthopoxvirus, including a | chain. This assay is not
Orthopoxvirus antibodies. pathogen or smallpox | specific  for  monkeypox

vaccination.

virus. Results will be affected
by prior smallpox

vaccination. The duration of
response is variable.Must be

performed at a major
laboratory  with  skilled
technicians.

Anti-Orthopoxvirus IgM:
Tests for

the presence of
Orthopoxvirus

antibodies.

Can be used to assess a
recent exposure to an
Orthopoxvirus, including a
pathogen or smallpox
vaccination. This assay could
be used as a

Requires the collection of
blood (serum) and a cold.
chain. This assay is not
specific for monkeypox
virus. Must be performed at a
major laboratory
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diagnostic for suspect | with skilled technicians.

Orthopoxvirus patients

with prior smallpox

vaccination.
Tetracore Orthopox | Can rapidly diagnose an | This assay is not specific for
BioThreat active case using lesion monkeypox virus. Needs to
Alert: Tests for the presence | material from a patient; a | be tested in endemic settings.
of point-of-care diagnostic Less sensitive than PCR.
Orthopoxvirus antigens test. Can be performed at

ambient temperature

with little expertise

Abbreviations: 19G, immunoglobulin G; IgM, immunoglobulin M; PCR, polymerase chain
reaction.

Treatment and Prevention

Initially, treatment of monkeypox infections was mainly syndromic, as there was no clinically
approved and licensed antiviral agents for its specific treatment. While still at various stages
of clinical trials, four compounds (NIOCH14, Cidofovir, CMX001, and ST246) may yield a
good therapeutic effect.(32,33) Recently, the US Food and Drug Administration(FDA)
approved in 2018 the first antipoxvirus drug intended to treat orthopoxviruses, such as
smallpox and monkeypox.(34,35) This represents a long awaited addition to disease
prevention strategies that have focused on selective antiviral chemotherapy. In addition, it is a
move that could halt a lethal pandemic if the virus was to be released as a bioweapon or
accidentally through a laboratory acquired infection. Tecovirimat or Arestyvir (previously
ST246) was first reported in 2005 following screening of a chemically diverse library of more
than 356 240 compounds,(36-38) and was reported to be a selective and potent inhibitor of
the replication of multiple orthopoxviruses.(37) The antiviral agent, tecovirimat, also known
as Tpox, has never been tested in humans with smallpox, as the disease was declared
eradicated in 1980,65 two years after the last known and reported case of smallpox in 1978.

Tecovirimat, a virion egress inhibitor, was very effective at protecting nonhuman primates
challenged with variola virus (the causative agent of smallpox)(39) and MPXV(40) as well as
in two animal models deliberately infected with monkeypox and rabbitpox, in accordance
with the US FDA Animal Efficacy Rule.68 It also caused no severe side effects when safety
ested in a placebo controlled pharmacokinetic and safety trial involving 449 healthy adult
human volunteers.(41) Therefore, tecovirimat is the only currently available antipoxvirus
therapeutic agent, and it is stockpiled as part of the US Strategic National Stockpile for use as
a defense to treat smallpox virus infections in the event of a possible bioterrorist attack.(42)
Nevertheless, the smallpox vaccine, although with limited use due to cost and safety concerns
of a live vaccinia virus vaccine, is cross protective against many orthopoxviruses, including
MPXYV .(43) Despite continuous and unrelenting efforts to develop an effective therapy, other
public health measures, such as case isolation, contact tracing, avoiding contact with animals
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or materials suspected of harboring the etiologic agent, use of personal protective equipment
and good hand hygiene practices, remain the best measures for preventing and controlling
human monkeypox.

Conclusion

Human monkeypox has the potential for spread via zoonotic reservoirs,Civil conflict and
displacements cause concerns for movement of the virus into an area without monkeypox
(44,45) or movement of individuals to more heavily forested areas more prone for interaction
with wildlife and a range of zoonoses. The documented rise in incidence of human disease
needs further evaluation and consideration with additional studies to better understand the
range of factors involved in disease transmission and spread. There are still many unanswered
questions about human disease, animal reservoirs, and the virus itself—advances in our
understanding of this important zoonosis will help better guide prevention strategies and
mitigate human disease.

References

1.. Breman JG, Henderson DA. Diagnosis and management of smallpox. N Engl J Med 2002;
346:1300-8.

2. Breman JG, Kalisa R, Steniowski MV, Zanotto E, Gromyko Al, Arita 1. Human
monkeypox, 1970-79. Bull World Health Organ 1980; 58: 165-82.

3. Jezek Z, Fenner F. Human monkeypox. New York: Karger, 1988.

4. Ladnyj ID, Ziegler P, Kima E. A human infection caused by monkeypoxvirus in
Basankusu Territory, Democratic Republic of the Congo. Bull World Health Organ 1972;
46:593-7.

5. WHO. Human monkeypox 2019. Available at: https://www.who.int/emergencies/
diseases/monkeypox/en/. Accessed February 22, 20109.

6. WHO. Smallpox 2019. Available at: https://www.who.int/biologicals/vaccines/
smallpox/en/. Accessed February 20, 20109.

7. CDC. Monkeypox. MMWR Morb Mortal Wkly Rep 2018;67:306-10.

8. Shchelkunov SN, Totmenin AV, Babkin IV, et al. Human monkeypox and smallpox
viruses: genomic comparison. FEBS Lett 2001;509:66—70.

9. Ladnyj ID, Ziegler P, Kima E. A human infection caused by monkeypox virus in

Basankusu Territory, Democratic Republic of the Congo. Bull World Health Organ 1972;
46:593-7.

VOLUME 21 : ISSUE 8 (Aug) - 2022 Page No0:893


https://www.who.int/emergencies/
https://www.who.int/biologicals/vaccines/

YMER || ISSN : 0044-0477 http://ymerdigital.com

10. Human monkeypox and other poxvirus infections of man. In: Fenner F, Henderson DA,
Arita |, Jezek Z, Ladnyi ID, eds. Smallpox and its eradication. Vol. 29. Geneva, Switzerland:
World Health Organization, 1988:1287-319.

11. Ladnyj ID, Ziegler P, Kima E. A human infection caused by monkeypox virus in
Basankusu Territory, Democratic Republic of the Congo. Bull World Health Organ.
1972;46(5):593-597.

12.. Radoni¢ A, Metzger S, Dabrowski PW, et al. Fatal monkeypox in wildliving sooty
mangabey, Cote d’Ivoire, 2012. Emerging Infect Dis. 2014;20(6):1009-1011.

13. Foster SO, Brink EW, Hutchins DL, et al. Human monkeypox. Bull World Health Organ.
1972;46(5):569-576.

14. Arita 1, Jezek Z, Ruti K, Khodakevich L. Human monkeypox: a newly emerged
orthopoxvirus zoonosis in the tropical rain forests of Africa. Am J Trop Med Hyag.
1985;34(4):781-789.

15. Marennikova SS, Seluhina EM, Mal’Ceva NN, Cimiskjan KL, Macevic GR. Isolation and
properties of the causal agent of a new variola-like disease (monkeypox) in man. Bull World
Health Organ. 1972;46(5): 599-611.

16. Nolen LD, Osadebe L, Katomba J, et al. Extended human-to-human transmission during a
monkeypox outbreak in the Democratic Republic of the Congo. Emerging Infect Dis.

2016;22(6):1014-1021.

17.Breman JG, Kalisa R, Steniowski MV, Zanotto E, Gromyko Al, Arita |. Human
monkeypox, 1970-79. Bull World Health Organ 1980; 58: 165-82.

18. Di Giulio DB, Eckburg PB. Human monkeypox: an emerging zoonosis. Lancet Infect Dis
2004; 4:15-25.

19. Human monkeypox and other poxvirus infections of man. In: Fenner F, Henderson DA,
Avrita |, Jezek Z, Ladnyi ID, eds. Smallpox and its eradication. VVol. 29. Geneva, Switzerland:
World Health Organization, 1988:1287-319.

20.Prier JE, Sauer RM. A pox disease of monkeys. Ann N 'Y Acad Sci 1960;85:951-9.

21.. Wenner HA, Macasaet D, Kamitsuka PS, et al. Monkeypox 1. Clinical, virologic
and immunologic studies. Am J Epidemiol 1968;87:551-66.

22 .Hutin YJ, Williams RJ, Malfait P, et al. Outbreak of human monkeypox, Democratic
Republic of Congo, 1996 to 1997. Emerg Infect Dis 2001;7:434.

VOLUME 21 : ISSUE 8 (Aug) - 2022 Page No:894



YMER || ISSN : 0044-0477 http://ymerdigital.com

23. Jezek Z, Arita I, Mutombo M, et al. Four generations of probable person-toperson
transmission of human monkeypox. Am J Epidemiol 1986;123:1004-12.

24. Jezek Z, Grab B, Szczeniowski MV, et al. Human monkeypox: secondary attack rates.

Bull World Health Organ 1988;66:465—70.

25. Damon IK, Li Y, Karhemere S, et al. Detection of human monkeypox in the Republic of
the Congo following intensive community education. Am J Trop Med Hyqg.
2013;88(5):982-985.

26. McCollum AM, Damon IK. Human monkeypox. Clin Infect Dis. 2013;58(2):260-267.

27. Damon IK. Status of human monkeypox: clinical disease, epidemiology, and research.
Vaccine. 2011;29:D54-D59.

28.Yinka-Ogunleye A, Aruna O, Ogoina D, et al. Reemergence of human monkeypox in
Nigeria, 2017. Emerging Infect Dis. 2018; 24(6):1149-1151

29. Kalthan E, Tenguere J, Ndjapou SG, et al. Investigation of an outbreak of monkeypox in
an area occupied by armed groups, Central African Republic. Med Mal Infect.
2018;48(4):263-268.

30. Falcinelli SD, Chertow DS, Kindrachuk J. Integration of global analyses of host
molecular responses with clinical data to evaluate pathogenesis and advance therapies for

emerging and reemerging viral infections. ACS infectious diseases. 2016;2(11):787-799.

31. Chen N, Li G, Liszewski MK, et al. Virulence differences between monkeypox virus
isolates from West Africa and the Congo basin. Virology. 2005;340(1):46-63.

32. Bormotov NI, Zavjalov EL, Selivanov BA, et al. New effective chemically synthesized
anti-smallpox compound NIOCH-14. J Gen Virol. 2016;97(5):1229-1239

33. McCollum AM, Damon IK. Human monkeypox. Clin Infect Dis. 2013;58(2):260-267.

34.US Food and Drug Administration. FDA approves the frst drug with an indication for
treatment of smallpox; 2018. http://www.fda.gov/. Accessed 5 October 2018.

35.. Hoy SM. Tecovirimat: first global approval. Drugs. 2018;78(13): 13771382.

36.Grosenbach DW, Jordan R, Hruby DE. Development of the smallmolecule antiviral
ST246® as a smallpox therapeutic. Future Virol. 2011;6(5):653671.

VOLUME 21 : ISSUE 8 (Aug) - 2022 Page No:895



YMER || ISSN : 0044-0477 http://ymerdigital.com

37. Yang G, Pevear DC, Davies MH, et al. An orally bioavailable antipoxvirus compound
(ST246) inhibits extracellular virus formation and protects mice from lethal orthopoxvirus
challenge. J Virol. 2005;79(20):1313913149.

38. Bailey TR, Rippin SR, Opsitnick E, et al. N(3,3a,4,4a,55a,6,6a Octahydrol,
3dioxo4,6ethenocycloprop [f] isoindol2(1 H)yl) carboxamides: identification of novel
orthopoxvirus egress inhibitors. J Med Chem. 2007;50(7):1442]1444

39.Mucker EM, Goff AJ, Shamblin JD, et al. Efficacy of tecovirimat (ST 246) in nonhuman
primates infected with variola virus (smallpox). Antimicrob Agents Chemother.
2013;57:6246-6253. AAC. 00977 00913

40. Russo AT, Grosenbach DW, Brasel TL, et al. Effects of treatment delay on efficacy of
tecovirimat following lethal aerosol monkeypox virus challenge in cynomolgus macaques. J
Infect Dis. 2018; 218(9):1490 1499.

41. Grosenbach DW, Honeychurch K, Rose EA, et al. Oral tecovirimat for the treatment of
smallpox. N Engl J Med. 2018;379(1):4453.

42. Damon IK, Damaso CR, McFadden G. Are we there yet? The smallpox research agenda
using variola virus. PLOS Pathog. 2014;10(5): e1004108.

43. Durski KN, McCollum AM, Nakazawa Y, et al. Emergence of monkeypox—West and
Central Africa, 1970-2017. Morbidity and Mortality Weekly Report. 2018;67(10):306310.

44 Reynolds MG, Emerson GL, Pukuta E, et al. Detection of human monkeypox in the
Republic of the Congo following intensive community education. Am J Trop Med Hyg 2013;
88:982-5.

45. Nakazawa Y, Emerson GL, Carroll DS, et al. Phylogenetic and ecologic perspectives of a
monkeypox outbreak, southern Sudan, 2005. Emerg Infect Dis 2013; 19:237-45.

VOLUME 21 : ISSUE 8 (Aug) - 2022 Page No0:896



