
2025,Volume 2 , Issue 7 ,  PSIJK (10-15) 

 

 
                          Pure Sciences International Journal of Kerbala 

 

 

 A  Review: The Impact of Viral Mutations on theTtransmission Dynamics of 

the Monkeypox Virus 
 

Saly Naser Abbasa a  ,  Maha Jassim Manshad b*, Bassam Maytham Oleiwi b 

 

a,Department of Biology , College of Education for Pure Sciences, University of Kerbala , Karbala, Iraq 

b Department of Chemistry, College of Education for Pure Sciences, University of Kerbala , Karbala, Iraq 
 

 

P A P E R  I N F O   
 

 
 

Received :16.03.2025 
Received :29.06.2025 
Accepted :30.09.2025 

 
 

Keywords: 
monkeypox virus, 
immune response, fear, 
viral mutations 
  
 
 
 

 
 
 
 
 
 

 

A B S T R A C T  
 

Monkeypox virus (MPXV) is an emerging zoonotic pathogen under the Orthopoxvirus genus, 
primarily found in Central and West Africa. It shares similarities with the variola virus, responsible for 

smallpox, and causes symptoms such as fever, rash, and swollen lymph nodes. The virus spreads through 

direct contact with infected animals, people, or contaminated objects. The recent rise in monkeypox 
cases beyond its usual regions has raised global health concerns. Understanding its epidemiology, 

clinical symptoms, and transmission is crucial for effective prevention and control. Research on vaccines 

and treatments is essential to mitigate future outbreaks.Viral mutations play a significant role in the 
evolution and behavior of MPXV, affecting transmission, virulence, and immune system interactions. 

This review examines how genetic changes influence the virus’s spread, enhance its pathogenicity, and 

alter immune responses. Mutations in surface proteins may improve viral attachment to host cells, 
facilitating transmission. Additionally, changes in key viral genes can help evade immune detection, 

leading to more severe outcomes. These mutations pose public health challenges, potentially reducing 

vaccine and diagnostic effectiveness.Understanding the impact of viral mutations on monkeypox is 

crucial for effective surveillance, prevention, and treatment strategies. This analysis emphasizes the 

importance of continuous genomic monitoring to anticipate changes in monkeypox epidemiology and 

adapt public health responses accordingly.

 

DOI: 10.53851/psijk.v2.i7 51 -10.  

 

1. INTRODUCTION1 
Belonging to the Orthopoxvirus genus of the Poxviridae 

family, the Monkeypox virus (MPXV) was first 

discovered in 1970 in a 9-month-old infant in the 

Democratic Republic of the Congo. (Berche, 2022) 

(Huang et al., 2022) (Reed et al., 2004) Interest in MPXV 

resurged after the cessation of smallpox vaccinations in 

the 1970s, (Likos et al., 2005)   leading to increased 

susceptibility (McCollum & Damon, 2014).   The virus is 

zoonotic, mainly found in rodents and small mammals, 

with occasional spillovers to humans. Monkeypox 

manifests through Elevated body temperature, 

cephalalgia, and enlarged lymphatic glands (Letafati & 

Sakhavarz, 2023) (Stanford et al., 2007)  and a rash that 

progresses to fluid-filled lesions (Moss, 2012) (Okyay et 

al., 2022) .Although it is usually milder than smallpox, it 

may result in complications such as pneumonia and 

sepsis (Petersen et al., 2019). There is no specific 

treatment, but smallpox vaccines provide partial 

protection (Moss, 2013) (Tolonen et al., 2001) (World 

Health Organization, 2022) 
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Monkeypox is the organism which  is categorized into 

two genetic clades: the Central African clade, prevalent 

in the Congo Basin and known for its greater virulence, 

and the West African clade, which is correlated with a 

less severe disease presentation (Reynolds & Damon, 

2012) (Simpson et al., 2020). The virus spreads via 

respiratory droplets, direct contact with  

infected fluids, and contaminated surfaces. In the 2003 

U.S (Bartlett, 2002) (Thornhill et al., 2022) outbreak, 

infected prairie dogs were the primary source of human 

infections, demonstrating its potential for transmission 

across species (Di Giulio & Eckburg, 2004) (Kieser et al., 

2020) (Rao, 2022). The increasing human-to-human 

transmission highlights the need for effective monitoring 

and containment strategies (Vaccines, W.H.O., 2022) 

(Afshar et al., 2022) (Kmiec & Kirchhoff, 2022). 

 

The purpose of this review is to evaluate and consolidate 

existing knowledge regarding the impact of genetic 

mutations in the monkeypox virus (MPXV) on its 

transmission dynamics. This involves investigating the 
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molecular alterations noted in recent outbreaks, assessing 

their influence on viral fitness, transmissibility, and 

interactions with hosts, as well as considering the 

implications for public health responses and future 

surveillance initiatives. 

 

2. GENOMIC CHARACTERIZATION OF MPXV 
MPXV is a double-stranded DNA virus with a genome 

size of approximately 197 kilobases (Kmiec & Kirchhoff, 

2022). It comprises  a central region that is preserved, 

bordered by variable terminal regions  that encode 

virulence factors. The genome contains inverted terminal 

repeats, open reading frames, and genes linked to 

immune evasion. Genetic diversity within MPXV 

enhances its adaptability to new hosts and environments 

(Beer & Rao, 2019) (Alakunle et al., 2020).  The Central 

African clade exhibits mutations that suppress T-cell 

activation and inflammatory cytokine production, 

leading to higher virulence. Studies show that the West 

African clade has deletions in specific genes, correlating 

with lower pathogenicity (Kugelman et al., 2014).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 1. This illustration presents the structural and genomic 

attributes of the monkeypox virus (MPXV). (Kugelman et al., 

2014) .(A) The composition of MPXV consists of five unique 

elements: Key elements consist of the core, the palisade layer, 

the outer and inner membranes, surface tubules, and nucleic 

acids, specifically DNA (Beer & Rao, 2019). 

 

Electron microscopy reveals that MPXV particles are 

large, brick-shaped, and contain essential enzymes for 

transcription and replication. The virus exists in two 

forms: mature virions (MVs) with a single membrane, 

responsible for initial host attachment, and extracellular 

enveloped virions (EVs), which aid in viral spread. These 

structural characteristics impact the capability of a virus 

to infect host entities while successfully evading immune 

reactions. (Di Giulio & Eckburg, 2004) (Berthet et al., 

2021) 

3. PATHOGENESIS AND IMMUNE RESPONS 
MPXV infects hosts via respiratory droplets, direct 

contact, or through skin lesions (Durski, 2018) (Doshi et 

al., 2019) (Smith & Kotwa, 2002)  .The virus enters 

through mucosal surfaces, replicates in local tissues, and 

spreads to lymph nodes, leading to systemic infection 

(Alzhanova & Früh, 2010) (Realegeno et al., 2020) 

(Weinstein et al., 2005).The incubation period ranges 

from 7 to 21 days. During early infection, the virus 

remains non-transmissible (Stanford et al., 2007) (Cann 

et al., 2013) (Elwood, 1989)However, once symptoms 

appear, particularly skin lesions, transmission risk 

increases (Liu et al., 2005) (MacLeod et al., 2015).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Recommended framework for understanding the 

distribution the spread of the monkeypox virus throughout the 

organism and its consequences. association with the modes of 

transmission. 

 
The immune system responds to MPXV through humoral 

and cellular mechanisms (Realegeno et al., 2017) (Karem 

et al., 2007)Natural infection or vaccination induces IgM 

and IgG antibody production, promoting immunity (Shao 

et al., 2009) (Zaeck et al., 2023) (Verreault et al., 2013). 

CD4+ and CD8+ T cells also play a role in viral 

clearance. Some studies suggest that smallpox 

vaccination provides long-lasting immunity against 

MPXV, (Edghill-Smith et al., 2005) (Hammarlund et al., 

2008) though vaccine-derived immunity has declined 

over time. Research indicates that the monkeypox virus 

can persist in antigen-presenting cells, allowing 

prolonged immune evasion (Hammarlund et al., 2003). 

 
 

 4. TRANSMISSION AND SYMPTOMS 
Monkeypox is primarily zoonotic but can spread between 

humans. Transmission occurs through contact with 

infected animals (e.g., rodents, monkeys) or through 

contaminated materials. The occurrence of human-to-

human transmission is relatively rare. It remains a 

possibility through respiratory secretions, skin-to-skin 

contact, and fomites (WHO, 2022)as  shown in Figure (3) 

(Islam et al., 2022). 
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Figure 3. Symptoms resemble those of smallpox and include 

fever, swollen lymph nodes, muscle aches, and rashes 
(Reynolds et al., 2007). The rash develops in stages, starting 

with macules, advancing to papules, and subsequently forming 

Prior to this, the presence of vesicles, pustules, and scabs was 

noted. healing. Children and immunocompromised individuals 

are at higher risk of severe disease. (Reynolds et al., 2006) 

(Huhn et al., 2005). 

 

5.THE IMPACT OF FEAR ON MPXV TRANSMISSION 
Public perception and fear influence the spread of 

monkeypox (Islam et al., 2022) (Gross & Canteras, 2012) 

(Mobbs et al., 2010).Psychological responses to 

outbreaks can drive panic and misinformation (Davis et 

al., 2010) (Schmidt-Sane et al., 2022) .Studies from 

previous epidemics, such as COVID-19, show that fear 

disproportionately affects certain demographics, 

particularly healthcare workers and socially vulnerable 

populations (Nimbi et al., 2023) (Fitzpatrick et al., 2020). 

Media coverage plays a crucial role in shaping public 

attitudes and adherence to preventive measures. Effective 

risk communication, avoiding stigma, and promoting 

accurate information are essential in controlling the 

outbreak (Schmidt-Sane et al., 2022) (Nimbi et al., 2021). 

 

6. FACTORS INFLUENCING MPXV TRANSMISSION 
6.1 Ecological Sustainability 
MPXV persists in the environment under specific 

conditions (Breman et al., 1980) (Titanji et al., 2022) 

.Studies indicate that the virus remains viable for weeks 

on contaminated surfaces, particularly in low-

temperature, low-humidity settings (Pan et al., 2023) 

(Huq, 1976) .PCR analyses of household and hospital 

surfaces show MPXV DNA contamination (Verreault et 

al., 2013) underscoring the need for stringent disinfection 

practices (Pfeiffer, 2022). 

 

 

6.2 Host and Viral Factors 
MPXV is transmitted 1. Transmission occurs through 

direct contact with lesions, via respiratory droplets, and 

through other means. 

 

2. The spread of infection can happen through direct 

interaction with lesions, through respiratory droplets, and 

by additional methods. 

 

3. Infection can be transmitted through direct contact 

with lesions, through respiratory droplets, and by various 

other routes. contaminated surfaces  (Nörz et al., 2022) 

(Morgan et al., 2022) (Gould et al., 2022). Studies 

suggest that the current outbreak strain exhibits higher 

transmission rates due to mutations affecting viral 

attachment and immune evasion (Chen et al., 2005) 

(Weaver & Isaacs, 2008). The 2022 outbreak primarily  

have affected individuals identified as men and  they have 

sexual encounters with other men (MSM), (Mitjà et al., 

2023) (Yinka-Ogunleye et al., 2019) (UK Health 

Security Agency, 2022) suggesting transmission through 

close physical contact, including sexual activity (Isidro et 

al., 2022) (Kaler et al., 2022) (Pan et al., 2022). 

6.3 Cross-Species Transmission and Human-to-

Human Transmission. 

Animal reservoirs, including rodents and primates, play 

a key role in maintaining MPXV circulation. Evidence 

has emerged regarding the spread of illnesses from 

humans to animal populations (Jezek et al., 1986) 

(Vivancos et al., 2022)such as a case involving a dog in 

France, indicates that infected pets could contribute to 

viral spread (Hutson et al., 2009) (Ježek et al., 1988). 

Additionally, It has been observed that transmission 

occurs from the mother to the fetus. (Learned et al., 2005) 

with severe outcomes such as fetal demise (Cudmore et 

al., 1995) (Peiró-Mestres et al., 2022) 

 

7. POPULATION DYNAMICS AND OUTBREAK 
PATTERNS 
Mathematical models suggest that MPXV transmission is 

influenced by social and behavioral factors (Lapa et al., 

2022) Studies on sexual networks indicate that a small 

group of highly connected individuals may drive 

outbreaks, explaining the rapid spread within specific 

communities (Lapa et al., 2022) (Parker & Buller, 2013). 

Differences in median age and transmission dynamics 

between outbreaks in Africa and recent global cases 

suggest evolutionary changes in MPXV (Seang et al., 

2022). 

8. CONCLUSION 
Monkeypox continues to spread globally, presenting 

challenges similar to COVID-19. Viral mutations play a 

critical role in transmission, virulence, and immune 

evasion. The ability of MPXV to adapt to new hosts 

underscores the need for continuous genomic 

surveillance. Understanding these mutations is essential 



2025,Volume 2 , Issue 7 ,  PSIJK (10-15) 

 

for developing effective vaccines, treatments, and public 

health interventions. Future research should focus on 

monitoring viral evolution and improving outbreak 

response strategies. 

             

REFERENCES 
Afshar, Z. M., Rostami, H. N., Hosseinzadeh, R., 

Janbakhsh, A., Pirzaman, A. T., Babazadeh, A., ... & 

Ebrahimpour, S. (2022). The reemergence of 

monkeypox as a new potential health challenge: a 

critical review. Authorea Preprints. 

 

Alakunle, E., Moens, U., Nchinda, G., & Okeke, M. I. 

(2020). Monkeypox virus in Nigeria: infection 

biology, epidemiology, and evolution. Viruses, 

12(11), 1257. 

 

Alzhanova, D., & Früh, K. (2010). Modulation of the host 

immune response by cowpox virus. Microbes and 

infection, 12(12-13), 900-909. 

 

Bartlett, J. G. (2002). Review of literature: general 

infectious diseases. Infect Dis Clin Pract, 11(9), 579-

582. 

 

Beer, E. M., & Rao, V. B. (2019). A systematic review of 

the epidemiology of human monkeypox outbreaks 

and implications for outbreak strategy. PLoS 

neglected tropical diseases, 13(10), e0007791. 

 

Berche, P. (2022). Life and death of smallpox. La Presse 

Médicale, 51(3), 104117. 

 

Berthet, N., Descorps-Declère, S., Besombes, C., 

Curaudeau, M., Nkili Meyong, A. A., Selekon, B., ... 

& Nakoune, E. (2021). Genomic history of human 

monkeypox infections in the Central African 

Republic between 2001 and 2018. Scientific reports, 

11(1), 13085. 

 

Breman, J. G., Steniowski, M. V., Zanotto, E., Gromyko, 

A. I., & Arita, I. (1980). Human monkeypox, 1970–

79. Bulletin of the World Health Organization, 

58(2), 165. 

 

Cann, J. A., Jahrling, P. B., Hensley, L. E., & Wahl-

Jensen, V. (2013). Comparative pathology of 

smallpox and monkeypox in man and macaques. 

Journal of comparative pathology, 148(1), 6–21. 

 

Chen, N., Li, G., Liszewski, M. K., Atkinson, J. P., 

Jahrling, P. B., Feng, Z., ... & Buller, R. M. L. 

(2005). Virulence differences between monkeypox 

virus isolates from West Africa and the Congo basin. 

Virology, 340(1), 46–63. 

 

Cudmore, S., Cossart, P., Griffiths, G., & Way, M. (1995). 

Actin-based motility of vaccinia virus. Nature, 

378(6557), 636–638. 

 

Davis, M., Walker, D. L., Miles, L., & Grillon, C. (2010). 

Phasic vs sustained fear in rats and humans: role of 

the extended amygdala in fear vs anxiety. 

Neuropsychopharmacology, 35(1), 105–135. 

 

Di Giulio, D. B., & Eckburg, P. B. (2004). Human 

monkeypox: an emerging zoonosis. The Lancet 

infectious diseases, 4(1), 15–25. 

 

Doshi, R. H., Guagliardo, S. A. J., Doty, J. B., et al. (2019). 

Epidemiologic and ecologic investigations of 

monkeypox, Likouala Department, Republic of the 

Congo, 2017. Emerg Infect Dis, 25, 281–289. 

 

Durski, K. N. (2018). Emergence of monkeypox—West 

and Central Africa, 1970–2017. MMWR. Morbidity 

and mortality weekly report, 67. 

 

Edghill-Smith, Y., Golding, H., Manischewitz, J., King, L. 

R., Scott, D., Bray, M., ... & Franchini, G. (2005). 

Smallpox vaccine–induced antibodies are necessary 

and sufficient for protection against monkeypox 

virus. Nature medicine, 11(7), 740–747. 

 

Elwood, J. M. (1989). Smallpox and its eradication. J 

Epidemiol Community Health, 43, 92. 

 

Fitzpatrick, K. M., Harris, C., & Drawve, G. (2020). Fear 

of COVID-19 and the mental health consequences in 

America. Psychological trauma: theory, research, 

practice, and policy, 12(S1), S17. 

 

Gould, S., Atkinson, B., Onianwa, O., Spencer, A., 

Furneaux, J., Grieves, J., ... & Sinha, R. (2022). Air 

and surface sampling for monkeypox virus in a UK 

hospital: an observational study. The Lancet 

Microbe, 3(12), e904–e911. 

 

Gross, C. T., & Canteras, N. S. (2012). The many paths to 

fear. Nature Reviews Neuroscience, 13(9), 651–658. 

 

Hammarlund, E., Dasgupta, A., Pinilla, C., Norori, P., 

Früh, K., & Slifka, M. K. (2008). Monkeypox virus 

evades antiviral CD4+ and CD8+ T cell responses 

by suppressing cognate T cell activation. 

Proceedings of the National Academy of Sciences, 

105(38), 14567–14572. 

 

Hammarlund, E., Lewis, M. W., Hansen, S. G., Strelow, 

L. I., Nelson, J. A., Sexton, G. J., ... & Slifka, M. K. 

(2003). Duration of antiviral immunity after 



2025,Volume 2 , Issue 7 ,  PSIJK (10-15) 

smallpox vaccination. Nature medicine, 9(9), 1131–

1137. 

 

Huang, Y. A., Howard‐Jones, A. R., Durrani, S., Wang, 

Z., & Williams, P. C. (2022). Monkeypox: A clinical 

update for paediatricians. Journal of paediatrics and 

child health, 58(9), 1532–1538. 

 

Huq, F. (1976). Effect of temperature and relative 

humidity on variola virus in crusts. Bulletin of the 

World Health Organization, 54(6), 710. 

 

Huhn, G. D., Bauer, A. M., Yorita, K., Graham, M. B., 

Sejvar, J., Likos, A., ... & Kuehnert, M. J. (2005). 

Clinical characteristics of human monkeypox, and 

risk factors for severe disease. Clinical infectious 

diseases, 41(12), 1742–1751. 

 

Hutson, C. L., Olson, V. A., Carroll, D. S., Abel, J. A., 

Hughes, C. M., Braden, Z. H., ... & Regnery, R. L. 

(2009). A prairie dog animal model of systemic 

orthopoxvirus disease using West African and 

Congo Basin strains of monkeypox virus. Journal of 

General Virology, 90(2), 323–333. 

 

Isidro, J., Borges, V., Pinto, M., Sobral, D., Santos, J. D., 

Nunes, A., ... & Gomes, J. P. (2022). Phylogenomic 

characterization and signs of microevolution in the 

2022 multi-country outbreak of monkeypox virus. 

Nature medicine, 28(8), 1569–1572. 

 

Islam, M. A., Sangkham, S., Tiwari, A., Vadiati, M., 

Hasan, M. N., Noor, S. T. A., ... & Sherchan, S. P. 

(2022). Association between global monkeypox 

cases and meteorological factors. International 

journal of environmental research and public health, 

19(23), 15638. 

 

Ježek, Z., Grab, B., Szczeniowski, M. V., Paluku, K. M., 

& Mutombo, M. (1988). Human monkeypox: 

secondary attack rates. Bulletin of the World Health 

Organization, 66(4), 465. 

 

Jezek, Z., Marennikova, S. S., Mutumbo, M., Nakano, J. 

H., Paluku, K. M., & Szczeniowski, M. (1986). 

Human monkeypox: a study of 2,510 contacts of 214 

patients. Journal of infectious diseases, 154(4), 551–

555. 

 

Kaler, J., Hussain, A., Flores, G., Kheiri, S., & Desrosiers, 

D. (2022). Monkeypox: a comprehensive review of 

transmission, pathogenesis, and manifestation. 

Cureus, 14(7). 

 

Karem, K. L., Reynolds, M., Hughes, C., Braden, Z., 

Nigam, P., Crotty, S., ... & Damon, I. K. (2007). 

Monkeypox-induced immunity and failure of 

childhood smallpox vaccination to provide complete 

protection. Clinical and Vaccine Immunology, 

14(10), 1318–1327. 

 

Kmiec, D., & Kirchhoff, F. (2022). Monkeypox: a new 

threat? International journal of molecular sciences, 

23(14), 7866. 

 

Kugelman, J. R., Johnston, S. C., Mulembakani, P. M., 

Kisalu, N., Lee, M. S., Koroleva, G., ... & Rimoin, 

A. W. (2014). Genomic variability of monkeypox 

virus among humans, Democratic Republic of the 

Congo. Emerging infectious diseases, 20(2), 232. 

 

Lapa, D., Carletti, F., Mazzotta, V., Matusali, G., Pinnetti, 

C., Meschi, S., ... & Maggi, F. (2022). Monkeypox 

virus isolation from a semen sample collected in the 

early phase of infection in a patient with prolonged 

seminal viral shedding. The Lancet Infectious 

Diseases, 22(9), 1267–1269. 

 

Learned, L. A., Reynolds, M. G., Wassa, D. W., Li, Y. U., 

Olson, V. A., Karem, K., ... & Damon, I. K. (2005). 

Extended interhuman transmission of monkeypox in 

a hospital community in the Republic of the Congo, 

2003. The American journal of tropical medicine 

and hygiene, 73(2), 428–434. 

 

Letafati, A., & Sakhavarz, T. (2023). Monkeypox virus: A 

review. Microbial pathogenesis, 176, 106027. 

 

Likos, A. M., Sammons, S. A., Olson, V. A., Frace, A. M., 

Li, Y., Olsen-Rasmussen, M., ... & Damon, I. K. 

(2005). A tale of two clades: monkeypox viruses. 

Journal of General Virology, 86(10), 2661–2672. 

 

Liu, L., Xu, Z., Fuhlbrigge, R. C., Pena-Cruz, V., 

Lieberman, J., & Kupper, T. S. (2005). Vaccinia 

virus induces strong immunoregulatory cytokine 

production in healthy human epidermal 

keratinocytes: a novel strategy for immune evasion. 

Journal of virology, 79(12), 7363–7370. 

 

MacLeod, D. T., Nakatsuji, T., Wang, Z., Di Nardo, A., & 

Gallo, R. L. (2015). Vaccinia virus binds to the 

scavenger receptor MARCO on the surface of 

keratinocytes. Journal of Investigative Dermatology, 

135(1), 142–150. 

 

McCollum, A. M., & Damon, I. K. (2014). Human 

monkeypox. Clinical infectious diseases, 58(2), 

260–267. 

 



2025,Volume 2 , Issue 7 ,  PSIJK (10-15) 

 

Mitjà, O., Ogoina, D., Titanji, B. K., Galvan, C., 

Muyembe, J. J., Marks, M., & Orkin, C. M. (2023). 

Monkeypox. The Lancet, 401(10370), 60–74. 

 

Mobbs, D., Yu, R., Rowe, J. B., Eich, H., FeldmanHall, 

O., & Dalgleish, T. (2010). Neural activity 

associated with monitoring the oscillating threat 

value of a tarantula. Proceedings of the National 

Academy of Sciences, 107(47), 20582–20586. 

 

Morgan, C. N., Whitehill, F., Doty, J. B., Schulte, J., 

Matheny, A., Stringer, J., ... & McCollum, A. M. 

(2022). Environmental persistence of monkeypox 

virus on surfaces in household of person with travel-

associated infection, Dallas, Texas, USA, 2021. 

Emerging infectious diseases, 28(10), 1982. 

 

Moss, B. (2012). Poxvirus cell entry: how many proteins 

does it take? Viruses, 4(5), 688–707. 

 

Moss, B. (2013). Poxvirus DNA replication. Cold Spring 

Harbor perspectives in biology, 5(9), a010199. 

 

Nimbi, F. M., Baiocco, R., Giovanardi, G., Tanzilli, A., & 

Lingiardi, V. (2023). Who is afraid of monkeypox? 

Analysis of psychosocial factors associated with the 

first reactions of fear of monkeypox in the Italian 

population. Behavioral Sciences, 13(3), 235. 

 

Nörz, D., Pfefferle, S., Brehm, T., Franke, G., Grewe, I., 

Knobling, B., ... & Knobloch, J. K. (2022). Evidence 

of surface contamination in hospital rooms occupied 

by patients infected with monkeypox, Germany, 

June 2022. Eurosurveillance, 27(26), 2200477. 

 

Okyay, R. A., Bayrak, E., Kaya, E., Şahin, A. R., Koçyiğit, 

B. F., Taşdoğan, A. M., ... & Sümbül, H. E. (2022). 

Another epidemic in the shadow of COVID-19 

pandemic: a review of monkeypox. Proteins, 7(10), 

10–14744. 

 

Pan, D., Nazareth, J., Sze, S., Martin, C. A., Decker, J., 

Fletcher, E., ... & Tang, J. W. (2023). Transmission 

of monkeypox/mpox virus: a narrative review of 

environmental, viral, host, and population factors in 

relation to the 2022 international outbreak. Journal 

of Medical Virology, 95(2), e28534. 

 

Parker, S., & Buller, R. M. (2013). A review of 

experimental and natural infections of animals with 

monkeypox virus between 1958 and 2012. Future 

virology, 8(2), 129–157. 

 

Petersen, E., Kantele, A., Koopmans, M., Asogun, D., 

Yinka-Ogunleye, A., Ihekweazu, C., & Zumla, A. 

(2019). Human monkeypox: epidemiologic and 

clinical characteristics, diagnosis, and prevention. 

Infectious disease clinics of North America, 33(4), 

1027. 

 

Pfeiffer, J. A. (2022). High-contact object and surface 

contamination in a household of persons with 

monkeypox virus infection—Utah, June 2022. 

MMWR. Morbidity and Mortality Weekly Report, 

71. 

 

Rao, A. K. (2022). Use of JYNNEOS (smallpox and 

monkeypox vaccine, live, nonreplicating) for 

preexposure vaccination of persons at risk for 

occupational exposure to orthopoxviruses: 

recommendations of the Advisory Committee on 

Immunization Practices—United States, 2022. 

MMWR. Morbidity and mortality weekly report, 71. 

 

Realegeno, S., Priyamvada, L., Kumar, A., Blackburn, J. 

B., Hartloge, C., Puschnik, A. S., ... & 

Satheshkumar, P. S. (2020). Conserved Oligomeric 

Golgi (COG) complex proteins facilitate 

orthopoxvirus entry, fusion and spread. Viruses, 

12(7), 707. 

 

Reed, K. D., Melski, J. W., Graham, M. B., Regnery, R. 

L., Sotir, M. J., Wegner, M. V., ... & Damon, I. K. 

(2004). The detection of monkeypox in humans in 

the Western Hemisphere. New England Journal of 

Medicine, 350(4), 342–350. 

 

Reynolds, M. G., & Damon, I. K. (2012). Outbreaks of 

human monkeypox after cessation of smallpox 

vaccination. Trends in microbiology, 20(2), 80–87. 

 

Reynolds, M. G., Davidson, W. B., Curns, A. T., Conover, 

C. S., Huhn, G., Davis, J. P., ... & Damon, I. K. 

(2007). Spectrum of infection and risk factors for 

human monkeypox, United States, 2003. Emerging 

infectious diseases, 13(9), 1332. 

 

Reynolds, M. G., Yorita, K. L., Kuehnert, M. J., Davidson, 

W. B., Huhn, G. D., Holman, R. C., & Damon, I. K. 

(200 

 

 

 

 
 


