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Abstract
The human monkeypox virus (MPXV) was first identified in 1959. Since then, the incidence of the disease has been sporadic. 
The endemic regions were identified in Africa’s central and western areas. However, the infection started to spread in 2017 to 
non-endemic regions such as North and South America, Europe, and Asia. Since May 2022, the non-endemic areas reported 
62,635 till 20th September 2022. Although the monkeypox virus has a mortality of ≥ 10%, it showed only 82 mortalities 
worldwide in 2022. The common symptoms include chills, fever, fatigue, and skin lesions, and the complications include 
secondary respiratory tract infections, encephalitis, blindness, and severe diarrhea. The factors responsible for spreading 
the virus include improper handling and consumption of infected bushmeat, unprotected sexual intercourse, contact with an 
infected person, no smallpox vaccination, improper hygiene, lower diagnostic capacity, and strong travel history from the 
endemic regions. The therapeutic strategy is symptom-based treatment and supportive care. Antivirals and vaccines such as 
Tecovirimat, Brincidofovir, Cidofovir, Imvamune, and ACAM2000 have shown promising results. The primary purpose of 
the review is to perform an epidemiological study and investigate the pathobiology, diagnosis, prevention, treatment, and 
some associated complications of the monkeypox virus in 2022.
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Introduction

Monkeypox virus (MPXV) was first found in cynomolgus 
monkeys taken from Singapore to Copenhagen, Denmark, in 
1959. It was known to cause pox in those monkeys (Afshar 
et  al. 2022). MPXV is a highly virulent orthopoxvirus 
with high infectivity and mortality rates (≥ 10%). In 1970, 
the first confirmed patient of MPXV had discovered the 
Democratic Republic of Congo. The symptoms resembled 
a smallpox infection. There was a massive upsurge in the 
number of confirmed cases from 1981. This zoonotic dis-
ease became endemic in the rural central and western Afri-
can regions. The infection is transmitted from humans and 
other animals such as mice, rats, prairie dogs, squirrels, and 
monkeys (Alakunle et al. 2020). Fifty-three confirmed cases 
were found in the USA in 2003 due to some household prai-
rie dogs imported from Ghana (Ahmed et al. 2022). Israel 
reported 1 case in 2018 from a man who travelled from 
Nigeria. In 2019, a single case was reported in Singapore by 
a traveller from Nigeria. Three members of the same family 
became infected with MPXV in the UK after travelling from 
Nigeria in May 2021. Two more confirmed cases were found 
in Texas and Maryland, the USA, in July and November 
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• Since the identification of the monkeypox virus in 1959, the 
spread of the infection has been sporadic. 
• However, there has been a multiple-country infection outbreak 
since May 2022. 
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declared monkeypox virus infection an international public 
health emergency.
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2021, respectively. Both of them had a travel history from 
Nigeria. However, 2022 reported 36,513 cases from around 
the world (Afshar et al. 2022) and a trend of a sharp increase 
in the incidence of infection has been observed (Fig. 1). 
Practically, a detailed epidemiological study is difficult to 
conduct in this case due to a lack of reporting, confirmation, 
and similarity of the symptoms with smallpox.

Mostly, cases are reported from subjects with a strong 
travel history from central and west African countries (Au 
et al. 2022). However, mathematical models suggest higher 
animal-to-human and lower human-to-human transmission. 
This includes contact with animal skin lesions, bodily fluids, 
and respiratory droplets directly or indirectly through clothes, 
utensils, etc. (Au et al. 2022). Human-to-human transmission 
is due to direct or close physical contact during sexual 
intercourse or other activity (Heskin et al. 2022). The risk 
factors include improper handling of bushmeat without proper 
precautions, contact with infected animals, heavily forested, 
rural areas, discontinuation of routine smallpox vaccination, 
taking care of infected individuals with MPXV without 
appropriate safeguards, and few cultural norms. Studies 
suggest that men and children have a higher risk of infection. 
Infected pregnant females have reported congenital anomalies 
and complications during childbirth (Cho and Wenner 1973).

The routes of viral entry include intradermal, oropharynx, 
and nasopharynx. The virus rapidly replicates and spreads 
to the local lymph nodes. The incubation period is generally 
7–14 days (21 days maximum). The virus spreads and seeds 
to other organs post-incubation. Headache, fever, fatigue, 
profound weakness, erythema, skin hyperpigmentation, and 
lymph node swelling are some initial symptoms that develop 
post-incubation (Bragazzi et al. 2022). The progression 
of the disease leads to secondary infections, respiratory 
infections (such as pneumonia), loss of vision, encephalitis, 
and dehydration (through vomiting and diarrhea). Oral 
mucosal lesions followed by lesions concentrated in the 
face, soles, palms, and rashes in the rest of the body develop 
within 1–2 days of initial incubation. The lesions are 2–10 
mm and go through macular, papular, vesicular, and pustular 
phases in 2–4 weeks. Five to seven days after the pustular 
stage, crusts develop over lesions which fall off after 7–14 
days, and the patient is declared non-infective (Cho and 
Wenner 1973; Bragazzi et al. 2022; Rodriguez-Morales et al. 
2022). The protocol suggesting complete isolation of the 
patient in a standard negative pressure chamber was given 
by the Centers for Disease Control and Prevention (CDC). 
It also recommended non-contact with the patient’s droplet 
and standard airborne precautions (Vivancos et al. 2022).

Fig. 1  Rapid increase in the cumulative cases of human monkeypox virus infection worldwide from 6th May to 20th September 2022 (Mathieu 
et al. 2015)
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Structural characteristics of MPXV

The virus has been categorized under the Poxviridae 
family (Guagliardo et  al. 2020). This family’s viruses 
include vaccinia, variola, and cowpox. The MPXV is a 
dumbbell-shaped, enveloped, and pleomorphic virus. The 
MPXV is nearly 200–250nm with a double-stranded DNA 
genome size of about 197kb consisting of non-overlapping 
open-reading frames (ORFs) >180 nucleotides in length 
(Alakunle et al. 2020). It consists of homologous genes 
from the vaccinia viruses at the terminal position of its 
genome. Nevertheless, MPXV consists of four ORFs at 
the inverted terminal repeats, which is different from vac-
cinia viruses, which have no ORFs at the inverted terminal 
repeats 9 (Antinori et al. 2022). The genome of MPXV 
was analyzed by Shchelkunov et al. (2002), which showed 
a similarity of the central conserved region with the other 
viruses of the orthopoxviruses (Shchelkunov et al. 2002). 
However, inverted terminal repetition (ITR) was found in 
the extreme right and left regions with tandem repeats. 
Simultaneous analysis and pathogenicity towards humans 
confirmed that MPVX showed a different genomic consti-
tution than other orthopoxviruses (Kugelman et al. 2014).

Molecular mechanism of infection 
and pathogenesis

The MPXV is transmitted from infected animals or from 
infected humans to healthy humans (Fig. 2). The virus 
accumulates within the nasopharyngeal, oropharyngeal, 
or intradermal region. The virus replicates rapidly at the 
primary inoculation sites and then spreads to all the lymph 
nodes. The virus enters healthy human cells by cellular 
fusion or endocytosis. Upon entering the cytosol, the viral 
envelope uncoats releasing the DNA. The DNA replicates 
and undergoes transcription and translation in successive 
steps to form the proteins required for viral assembly (Kaler 
et al. 2022). Finally, the genetic material gets packaged 
within the viral envelope, and the mature virions are 
released. This process is called Primary Viremia. The mature 
virions further spread to the skin (to form skin lesions) 
and other tertiary organs (Fig. 3). This process is called 
Secondary Viremia, and the stage is called the Prodromal 
Stage (Kumar et al. 2022). The Central-African and Western-
African strain have 173 and 171 unique functional genes and 
56 and 53 virulent genes, respectively. The Central-African 
strain can activate T-cells by the T-cell receptor (TCR) 
pathway, thus inhibiting the host’s immune system to some 
extent. The MPXV is perceived to have a lower mutation 
rate than other viruses like human immunodeficiency virus 

(HIV) and severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2). However, the viral samples from the current 
outbreak showed 40 mutations that might have occurred in 
50 years. However, most of the mutations are for the survival 
of the virus and are non-lethal for the host (Kaler et al. 2022).

Epidemiological study of MPXV infection 
of 2022

MPXV is generally self-limiting in nature. The symptoms 
resolve within 14–21 days after the appearance of the initial 
symptoms. Currently, two types of MPXV are found: the 
Western and Central-African strains. The mortality rate of 
the West-African type is around 3.6%, but sometimes, it may 
cause severe illness. In contrast, the Central-African type has 
a high mortality of approximately 10.6%. The epidemiologi-
cal study of MPXV can be divided into two parts, endemic 
regions, and non-endemic regions. The endemic area 
includes the Democratic Republic of the Congo, Nigeria, 
Cameroon, the Central African Republic, and the Republic 
of the Congo (Table 1 and Fig. 4) (Ladnyj et al. 1972; Cho 
and Wenner 1973). The non-endemic areas include Europe, 
America, and Asia, which reported recent cases (Table 2 
and Fig. 5). The first outbreak of MPXV in a non-endemic 
region was reported in 2003 in the USA due to some infected 
rodents and prairie dogs imported from Ghana (Cho and 
Wenner 1973).

The incidence of human monkeypox was sporadically 
reported from 1970 till 2017. However, the number of cases 
increased rapidly, with 2828 suspected cases and 69 mortali-
ties in 5 endemic countries. In 2020, 6368 suspected cases 
were reported, with 231 mortalities in 7 countries. How-
ever, in 2021, more cases were reduced by 49% than in 2020 
(Bunge et al. 2022). The leading cause of the upsurge is still 
unknown, but deforestation, contact of humans with wild ani-
mals, and bushmeat consumption could be one of the major 
causes. A total of 23,428 cumulative suspected cases with 
589 mortalities have been reported from the endemic region 
since 2017 (Chakraborty et al. 2022). The fatality rate was 
around 2.5%. The Democratic Republic of the Congo includes 
approximately 96% of the cases in the endemic belt. Fatalities 
have been higher in young patients and HIV-infected individu-
als (Chakraborty et al. 2022; Oprea et al. 2022).

The first MPXV infection in 2022 outside the endemic 
region was reported in the UK from a patient with a travel 
history from Nigeria. The case was confirmed on 7th May 
2022 and immediately isolated. Six more confirmed cases 
were reported between 13th and 15th May 2022 (World 
Health Organization 2022a). Two belonged to the same fam-
ily as the case reported on 7th May. Most samples tested pos-
itive for the Western-African strain (Kugelman et al. 2014). 
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Fig. 2  Schematic representation of monkeypox virus infection: 
a mechanism of transmission from the animal reservoir or other 
infected individuals, b pathobiology of the virus after entry into the 

host’s cell, c typical manifestations or symptoms of the infection, d 
progression of skin lesions (adapted from Alkhalil et al. 2010; Kaler 
et al. 2022; Kumar et al. 2022)
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Fig. 3  Manifestations of 
monkeypox virus infection in 
the form of skin lesions as per 
a case study reported by Adler 
et al. (2022)

Table 1  Cumulative cases 
and deaths due to human 
monkeypox in the endemic 
regions from 1st January 2022 
to 12th October 2022 (World 
Health Organization 2022c)

Sl. no. Country Confirmed cases 
(cumulative)

Suspected cases Confirmed deaths 
(cumulative)

1 Nigeria 400 110 7
2 Democratic Republic of the Congo 200 1356 64
3 Ghana 103 12 4
4 Central African Republic 10 17 2
5 Cameroon 8 28 2
6 Republic of Congo 2 7 3
7 Liberia 2 4 0
8 Sierra Leone 0 2 0

Total 725 1536 82
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At the end of May, 190 confirmed cases were recorded in 
the UK. The government of the UK gave particular empha-
sis on sexual contact, especially for patients who showed 
blisters within three weeks of sexual contact. On 7th June 
2022, they declared MPXV as a “Notifiable Disease” and 
emphasized the diagnosis and contact tracing. The number 
of cases crossed a thousand by the end of June. Until 15th 
August 2022, 3201 confirmed cases were recorded (World 
Health Organization 2022a).

Apart from the UK, confirmed cases were reported from 
other European nations and non-European nations such as 
Argentina, Canada, French Guiana, the USA, the United 
Arab Emirates, Sudan, Belgium, Austria, Czechia, Denmark, 
France, Finland, Germany, Israel, Italy, Netherlands, 
Slovenia, Portugal, Spain, Switzerland, Sweden, Northern 
Ireland, United Kingdom of Great Britain, Australia, Benin, 
Poland, Latvia, Serbia, Luxemburg, and India (Nature 
2022a; Oprea et al. 2022; World Health Organization 2022a). 
Cases began to increase from May 2022 among individuals 
with a travel history from the endemic African countries and 
the UK. The Centers for Disease Control and Prevention 
(CDC) emphasizes contact tracing and diagnosis of infected 
individuals in both USA and other countries. The CDC has 
guidelines for vaccination strategies, including post-exposure 
and pre-exposure prophylaxis. These vaccines include 
ACAM2000 and JYNNEOS, which are smallpox vaccines 

discussed in the later sections of this article (World Health 
Organization 2022b). India also reported a total number of 
10 cases by 29th August 2022. The Ministry of Health and 
Family Welfare, Government of India, published the protocol 
for healthcare professionals and patients on 31st May 2022. 
However, the most alarming aspect is that the 4th confirmed 
case was reported from West Delhi, who had no travel history 
to any country (The Times of India 2022).

Diagnosis

The diagnosis of MPXV is generally made by polymerase 
chain reaction (PCR) for its sensitivity and accuracy. The 
sample includes skin lesions from different sites, like fluid 
from pustules, vesicles, exudates, and crusts (Saxena et al. 
2022). The samples are collected from the suspected cases 
and stored in clean, sterilized tubes without the viral media 
for transport in cold storage conditions. Furthermore, 
diagnosis can be made through electron microscopy 
and molecular analysis of the sequenced results of PCR 
(Table  3) (Ibrahim et  al. 1997; Espy et  al. 2002; Nörz 
et al. 2022). The serological study can be conducted with 
specific immunoglobulin M within 5 days and specific 
immunoglobulin G within 8 days (Petersen et al. 2019). But 
currently, several companies have launched rapid diagnostic 

Fig. 4  Confirmed cases of MPXV in the endemic regions till 20th September 2022 (World Health Organization 2022c)
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Table 2  Total confirmed human monkeypox cases in non-endemic 
regions until 12th October 2022 (Mathieu et al. 2015)

Sl. no. Country Confirmed cases 
(cumulative)

Confirmed deaths 
(cumulative)

1 USA 26,393 2
2 Brazil 8270 3
3 Spain 7219 2
4 France 4043 0
5 UK 3654 0
6 Germany 3645 0
7 Peru 2587 2
8 Colombia 2453 0
9 Mexico 1968 1
10 Canada 1411 0
11 Netherlands 1221 0
12 Chile 977 0
13 Portugal 930 0
14 Italy 854 0
15 Belgium 775 1
16 Switzerland 517 0
17 Argentina 479 0
18 Austria 317 0
19 Israel 254 0
20 Bolivia 215 0
21 Sweden 198 0
22 Ireland 198 0
23 Poland 195 0
24 Puerto Rico 188 0
25 Denmark 187 0
26 Ecuador 142 1
27 Australia 138 0
28 Norway 92 0
29 Greece 82 0
30 Hungary 78 0
31 Czechia 72 1
32 Luxembourg 55 0
33 Dominican Republic 52 0
34 Slovenia 47 0
35 Finland 41 0
36 Romania 40 0
37 Serbia 40 0
38 Guatemala 38 0
39 Malta 33 0
40 Croatia 29 0
41 Singapore 19 0
42 Sudan 17 1
43 United Arab Emirates 16 0
44 Panama 16 0
45 Iceland 16 0
46 Slovakia 14 0

47 Jamaica 14 0
48 India 12 1

Table 2  (continued)

Sl. no. Country Confirmed cases 
(cumulative)

Confirmed deaths 
(cumulative)

49 Turkey 12 0
50 Estonia 11 0
51 Lebanon 11 0
52 New Zealand 11 0
53 Thailand 10 0
54 Uruguay 9 0
55 El Salvador 9 0
56 Saudi Arabia 8 0
57 Venezuela 8 0
58 Japan 7 0
59 Bulgaria 6 0
60 Latvia 6 0
61 Costa Rica 6 0
62 Honduras 6 0
63 Bosnia and  

Herzegovina
6 0

64 Lithuania 5 0
65 South Africa 5 0
66 Cyprus 5 0
67 Qatar 5 0
68 Ukraine 5 0
69 China 5 0
70 Andorra 4 0
71 Philippines 4 0
72 Cuba 4 1
73 Benin 3 0
74 Taiwan 3 0
75 Monaco 3 0
76 Morocco 3 0
77 Greenland 2 0
78 Georgia 2 0
79 Moldova 2 0
80 Montenegro 2 0
81 Bahamas 2 0
82 Russia 2 0
83 South Korea 2 0
84 Guyana 2 0
85 Barbados 1 0
86 Martinique 1 0
87 Bermuda 1 0
88 New Caledonia 1 0
89 Indonesia 1 0
90 Iran 1 0
91 Bahrain 1 0
92 Egypt 1 0
93 Hong Kong 1 0

94 Jordan 1 0
95 Paraguay 1 0

Total 70,458 16
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testing kits based on IgM/IgG antibodies. These tests are 
based on fluorescence immunochromatography, which uses 
whole human blood as a sample. Rapid tests can produce 
accurate results within 10–15 min (Aden et al. 2022).

Immunohistological analysis of the skin biopsies obtained 
from papular and vesiculopustular lesions revealed necrosis of 
keratinocytes, acanthosis, dermal lymphohistiocytic infiltrate, 
vacuolization of basal membrane, giant multinucleated 
epithelial cells, necrosis of epidermal layer, vasculitis, and 
increased number of neutrophils and eosinophils (Hofer 
2022). Contact tracing requires contact tracing to record 
patient details, including age, initial symptoms, collection 
of specimens, date of the first appearance of rashes, lesion 
stage, location, travel history, vaccination status for smallpox, 
and confirmation of laboratory tests (Mileto et al. 2022).

Prevention

The exact mechanism of transmission of MPXV has yet to 
be identified. Transmission due to contact with bushmeat 
has been identified as essential in spreading the infection 

in endemic areas. Direct exposure to blood, inadequate 
precautions, and improper cooking are considered direct 
routes of exposure (Cho and Wenner 1973; Dhawan 
and Priyanka Choudhary 2022;  Dhawan et  al. 2022). 
Healthcare workers are at comparatively more risk of getting 
infected due to close contact with patients and the lack of 
inappropriate protective clothing, such as surgical masks and 
gloves (Dhawan et al. 2022). Prevention of bushmeat trade, 
such as import of non-human primates and rodents; proper 
precautions during handling of blood, meat, other body 
parts, and dead or decaying animals; immediate quarantine 
of infected animals showing initial symptoms of monkeypox; 
and proper cooking of meat-based products are considered 
essential precautions for preventing animal-to-human 
transmission (Minhaj et al. 2022). It is not easy to disinfect 
the MPXV as the marketed phenol-based disinfectants are 
not active against it. Solvents such as chloroform (at 60°C) 
and 20 nM caprylate (at 22°C) with high lipophilicity and 
lower pH are only effective and can take up to 2–3 h for 
complete disinfection (Di Guilo et al. 2004).

Orthopoxviruses are highly drying resistant, and this 
property is upregulated when the virus is released along with 

Fig. 5  Total confirmed cases of MPXV in the non-endemic regions till 20th September 2022 (Mathieu et al. 2015)
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biological materials like blood, serum, dermal crust, saliva, 
or bodily secretions (Rheinbaben et al. 2007). Viruses like 
smallpox can remain contagious for several months in the 
infected individuals’ bedding blankets and personal clothes. 
The orthopoxviruses become more environmentally resist-
ant at ambient temperatures, which increases to many folds 
at lower temperatures (Mahnel 1987). Cell-bound viruses 
present in the clinical isolates from the patient show more 
resistance than purified ones. For example, Vaccinia viruses 
in dried form can be stored for 35 weeks at 4 °C without any 
decrease in virulence (Essbauer et al. 2007). These char-
acteristics can be highly correlated with MPXV due to the 
presence of an envelope, as an outer covering, like the other 
members of this genus. The environmental persistence of 
MPXV has been studied by Morgan et al. 2022, which iden-
tified the presence of viable viruses from porous surfaces 
such as fabrics (blankets, mattresses, towels, and underwear) 
and cellulosic materials (tissue papers), and also non-porous 
surfaces (wooden tabletop). However, this study was based 
on emergency response, and a further validated environ-
mental sampling methodology is needed to design effective 
disinfection protocols for MPXV.

Diagnosis, contact tracing, quarantine, and isolation of 
human patients in controlled negative air-pressure isolation 
rooms with a travel history from central and western African 
regions are essential for breaking the chain of human-to-
human transmission. Standard healthcare measurements, as 
recommended by CDC and WHO, are necessary (Centers 
for Disease and Prevention 2022). Standard nursing clothes 

and equipment should be provided to healthcare workers. 
The healthcare workers must be previously vaccinated with 
smallpox vaccines (Dhawan et al. 2022). Biological samples 
and specimens should be handled and transported accord-
ing to the guidelines for transporting infectious materials, 
as provided by WHO. The government of lower- and mid-
dle-income countries, such as the countries of the endemic 
regions, should focus on building their healthcare infrastruc-
ture capacity. They should increase awareness among the 
population through surveillance programs, education, and 
training. Travel to the endemic regions should be highly 
controlled or strictly prohibited until a decrease in cases 
(Memariani et al. 2022).

Treatment

The current treatment protocol for human monkeypox 
infection includes only symptomatic management, second-
ary infection treatment, and supportive treatment because 
there is no specific treatment protocol available for MPXV. 
The Global Commission for the Certification of Smallpox 
Eradication (GCCSE) identified MPXV as a public health 
threat and recommended its vaccination, surveillance, and 
awareness program in 1980; WHO supported it from 1970 
to 1986 (Cho and Wenner 1973). However, at the end of the 
smallpox eradication program, no scientific evidence was 
found supporting the smallpox vaccine’s effectiveness for 
monkeypox. However, a systematic surveillance program 

Table 3  Various genes and the primers required for serological detection of MPXV by PCR and rtPCR (Ghate et al. 2022)

Gene Primers (forward and reverse) Probes

PCR
 A27L (ATI) GAG AGA ATC TCT TGA TAT  ATT CTA GAT TGT AATC --
 A27L (ATI) AAT ACA AGG AGG ATCT CTT AAC TTT TTC TTT CTC --
rt-PCR
 F3L CAT CTA TTA TAG CAT CAG CAT CAG A GAT ACT CCT CCT 

CGT TGG TCTAC 
TGT AGG CCG TGT ATC AGC ATC CAT T

 A29L CCA GAG ATA TCA TAG CCG CTCTT GAA ACT CTC AAA 
CAA CGR CTA ACT 

TAA ATA GAA CGT CAT CAT T

 A4L (CP) GTC AAC GCT GGA AGG AGT G CCA GCA GAC AGC CTA 
TCC 

CTC CTG TAC TAA AAC CAC GWC AAC AAACT 

 C3L/D14L TGT CTA CCT GGA TAC AGA AAG CAA  GGC ATC TCC GTT 
TAA TAC ATT GAT 

CCC ATA TAT GCT AAA TGT ACC GGT ACC GGA 

 A27L (ATI) GAG ATT AGC AGA CTC CAA  GAT TCA ATT TCC AGT TTG 
TAC 

GCA GTC GTT CAA CTG TAT TTC AAG ATC TGA 
GAT/CTA GAT TGT AAT CTC TGT AGC ATT TCC 
ACG GC

 E9L (DNA polymerase) TCA ACT GAA AAG GCC ATC TATGA GAG TAT AGA GCA 
CTA TTT CTA AAT CCCA 

CCA TGC AAT ATA CGT ACA AGA TAG TAG CCA AC

 B2R (HA) GAT GAT GCA ACT CTA TCA TGTA GTA TAA TTA TCA 
AAA TAC AAG ACG TC

AGT GCT TGG TAT AAG GAG 

 N3R AAC AAC CGT CCT ACA ATT AAA CAA CA CGC TAT CGA 
ACC ATT TTT GTA GTC T

CAT CAG AAT CTG TAG GCC GT
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between 2005 and 2007, which divided the Democratic 
Republic of the Congo into nine healthcare zones, suggested 
a decrease in the risk of monkeypox infection by about 5.2 
times among individuals vaccinated with the smallpox vac-
cine. It is because there are similar antigenic protein targets 
of smallpox and MPXV (Townsend et al. 2013).

Currently, WHO and CDC recommend the smallpox vac-
cine for healthcare workers, veterinary physicians, research-
ers, and the population. Studies suggest that viral-inhibitory 
and cross-neutralizing activity from immune subjects pro-
duces a heterogeneous and broad serum antibody response 
against MPXV, variola major virus (VARV), and vaccinia 
virus (Fig. 6) (Memariani et al. 2022). The only vaccine 
which gained marketing approval for both smallpox and 
monkeypox in the USA is JYNNEOS™, also called Imvanex 
or Imvamune (U.S. Food and Drug Administration 2021; 
Nature 2022b; Memariani et al. 2022). Surveillance data 
from the endemic countries suggest that this vaccine pro-
vides 85% protection and prevents the progression of the 
infection to its severe stages through the mechanism of 
action provided in Fig. 6. Adequate pre-clinical and clini-
cal trial data can offer this vaccine’s effectiveness (Vivan-
cos et al. 2022). Another vaccine is ACAM2000, but it is 
approved under the expanded-access Investigational New 
Drug Application (INDA) of the Food and Drug Adminis-
tration (FDA). It is constituted of live vaccinia virus and is 
used in only adult populations with a more significant risk 
of getting the smallpox virus (Centers for Disease Control 
and Prevention 2022).

The drugs available for treating human monkeypox infec-
tion include Tecovirimat, Brincidofovir, Cidofovir, and Vac-
cinia Immune Globulin (VIG) (Petersen et al., 2019). The 
safety and effectiveness of Tecovirimat can only be confirmed 
by the pre-clinical data, as no clinical study results are cur-
rently available. It has shown efficacy against orthopoxviruses 
in animal studies. It can only be used under expanded-access 
INDA. The in vitro and in vivo study results suggest that Brin-
cidofovir and Cidofovir effectively treat poxviruses. However, 
its use in severe cases of MPXV infection cannot be confirmed 
due to a lack of clinical trial data (Petersen et al. 2019; Saxena 
et al. 2022). Nevertheless, Cidofovir shows severe renal toxic-
ity during cytomegalovirus (CMV) infection treatment. On 
the other hand, VIG can only be used in prophylactic therapy 
in case of severe deficiency of T-cells due to smallpox and 

monkeypox. However, still, VIG has not shown benefits as a 
first-line treatment regimen for human monkeypox (Memari-
ani et al. 2022).

The burden of MPXV infection 
with co‑associated complications

The differentiation of the disease from other diseases caused 
by different viruses of the orthopoxvirus family is quite dif-
ficult. The MPXV infection is self-limiting; however, it 
requires proper diagnosis and symptomatic and supportive 
therapy. The delay in treatment can cause the progression 
of the infection into severe complications. The presence of 
secondary conditions and disorders can delay the patient’s 
recovery.

HIV co‑infection

Most patients with HIV co-infection showed genital, ano-
genital, and perianal rashes. A case study conducted by de 
Sousa et al. (2022) showed a 24-year-old HIV-positive man 
from Portugal showed initial symptoms of fever, fatigue, 
pain, and skin lesions (de Sousa et al. 2022). Upon test-
ing the skin lesions from the perianal, genital, oral cavity, 
and abdomen region, the man, was confirmed with MPXV 
infection (de Sousa et al. 2022). He had 208 cells/mm3 
CD4+ cells and more than 10,000,000 copies/mL of viral 
load, confirming acute HIV infection (de Sousa et al. 2022). 
Skin lesions in the papular stage were found in the geni-
tal and anogenital areas (de Sousa et al. 2022). The patient 
showed cervical and inguinal lymphadenopathy (de Sousa 
et al. 2022). Another 34-year-old male patient with HIV, 
MPXV, and syphilis infection from Prague, Czech Republic, 
developed a high fever, enlarged inguinal lymph node, and 
painless skin lesions near the abdominal and perianal region 
(Bížová et al. 2022). Both patients were associated with 
recent sexual intercourse. An interesting study found that 
smallpox vaccines can induce interferon-γ and -α, IL-1 and 
IL-2, tumor necrosis factors (TNFs), and other cytokines, 
providing a para-immunity against sexually transmitted dis-
eases (Mayr et al. 1999). Mathematical models suggest that 
HIV co-infection with MPXV can increase the basic repro-
duction number and transmissibility of HIV among animals 
and human beings (Bhunu et al. 2012).

Lymphadenopathy

The enlargement of lymph nodes is known as lymphadenopa-
thy. This complication is also associated with HIV and MPXV 
co-infection. It is due to the Primary Viremia stage of the viral 

Fig. 6  Schematic representation of the pathway for immune sys-
tem activation by smallpox vaccines. Viral entry in the cell induces 
innate immunity which causes phagocytosis of the virus. Vaccination 
induces signalling pathways like Toll-like receptor (TLR) and reti-
noic acid-inducible gene I-like helicase (RLH), which along with the 
antigen-presenting cells produced from the innate response, activates 
the cytokines. The cytokines and helper T cells activate B cells which 
produce virus-specific antibodies (Moyron-Quiroz et  al. 2009; Ken-
nedy et al. 2009)

◂
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replication, which takes place in the lymph node as discussed 
in the molecular mechanism of infection and pathogenesis. The 
complication can be understood with the help of an example 
of a 48-year-old HIV-positive man from France who had pain-
ful swelling in the peritonsillar region (Davido et al. 2022). 
Diagnosis revealed that the patient had voluminous unilateral 
cervical lymphadenopathy (Davido et al. 2022). However, there 
was no skin lesion; he had 900 cells/mm3 CD4+ count and less 
than 20 copies/mL of viral load (Davido et al. 2022).

Complications of the nervous system

The reported symptoms include anorexia, vesiculopapular 
rash, adenopathy, headache, and fatigue. Magnetic reso-
nance imaging and electroencephalogram reveal meningeal 
amplification, edema, partial cortex, thalamus abnormalities, 
and polymorphonuclear pleocytosis of cerebrospinal fluid 
(Shafaati et al. 2022).

Complications of eye

Permanent loss of vision due to corneal scarring is one of 
the severe complications of conjunctivitis associated with 
MPXV infection (Hughes et al. 2014; Shafaati et al. 2022). 
Other manifestations in the eye include keratitis, photopho-
bia, corneal ulcerations, blepharitis, peri- and orbital skin 
rashes, and per-auricular node enlargement (Shafaati and 
Zandi 2022). A study conducted by Hughes et al. (2014), 
between 2010 and 2013, revealed that 23.1% of the cases 
suffered from conjunctivitis, of which 61.8% were children 
under 10 years of age (Hughes et al. 2014).

Complications in children and pregnant women

Children, pregnant women, and immunocompromised patients 
form the vulnerable group for MPXV infection. The risk factors 
in children include encephalitis, keratitis, sepsis, and pneumo-
nia. While in pregnant women, the infection becomes more 
severe in the third trimester, which includes infection of the 
fetus or even death of the fetus (Vouga et al. 2022).

Few case studies focusing on MPXV infection 
and treatment

• An observational study was conducted retrospectively 
in the UK between 2018 and 2021, revealing the virus’s 
transmission. One patient acquired the virus within the 
healthcare facility. The other patient had a travel his-
tory from endemic areas and transmitted the virus to 

a child and an adult within the same household. Few 
patients were subjected to 200 mg/week of oral Brinci-
dofovir, which showed elevation of metabolic enzyme; 
however, those receiving 600 mg/twice daily of oral 
Tecovirimat for 2 weeks had a shorter treatment dura-
tion with no adverse effects (Adler et al. 2022).

• A study was conducted with 12 patients and 147 sam-
ples from Barcelona, Spain, between May and June 
2022, which showed 67% of the cases showed viral 
load in feces, 75% in urine, 58% in semen, 83% in the 
nasopharyngeal region, and 92% in the rectum (Peiró-
Mestres et al. 2022).

• The risk of fatality due to MPXV increases due to HIV. 
However, if the viral load is kept low, then the risk 
decreases. A 30-year-old HIV-positive male from Mel-
bourne, Australia, under treatment was infected with 
MPXV due to his recent travel from Europe. His treat-
ment regimen consisted of Dolutegravir, Lamivudine, 
and Abacavir, which kept his viral load below 100 cop-
ies/mL. The patient showed genital rash after 3 days of 
the initial onset of symptoms which subsided within 5 
days (Hammerschlag et al. 2022).

• An observational study with 54 subjects (24% had HIV) 
in a sexual health center in London, UK showed common 
symptoms such as skin lesions at 1–4 sites consisting of oro-
pharyngeal and anogenital lesions. Other common symp-
toms included fever and fatigue (Girometti et al. 2022).

• The primary clinical manifestation of MPXV is skin 
lesions. However, asymptomatic cases have been found 
among patients of a male sexual health center in Bel-
gium. A total of 224 male subjects were used in the 
study, where oropharyngeal and anorectal samples 
were collected and tested by MPXV-specific polymer-
ase chain reaction (PCR). The subjects tested negative 
after 21–37 days by PCR. However, none showed any 
clinical manifestations or contact with infected indi-
viduals (De Baetselier et al. 2022).

• There is a considerable shift from travel-associated 
MPXV cases to autochthonous cases reported between 
May and June 2022 in Berlin, Germany. The study 
considered 262 cases, out of which 21% of cases had a 
travel history, while 79% of cases had no travel history. 
However, 58% of cases visited public gatherings during 
the infectious period (Selb et al. 2022).

Future projections

Bisanzio and Reithinger created a simulation-based 
model with 50 million subjects based on location and 
socioeconomic status (Table 4) (Bisanzio and Reithinger 
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2022). The model emphasizes the non-endemic regions of 
Europe with higher income than the endemic regions of 
Africa. Factors such as travel background from the endemic 
areas, recent contact with patients, and genetic variability are 
considered. For the study, the researchers introduced 3, 30, 
and 300 infected individuals within the healthy population, 
and the spread of the infection will be within 18, 118, and 
402 individuals. However, the spread of the disease can be 
limited due to vaccination and isolation of the individuals 
showing initial symptoms. The outbreak can last for 23–37 
weeks after the initial introduction of infected individuals. 
Preventive measures such as vaccination, contact tracing, and 
isolation of infected individuals showed a reduction in the 
average duration of the outbreak between 60.9 and 75.5%. 
Till June 2020, no clear evidence of sexual transmission 
was found. However, recent cases strongly suggest sexual 
transmission, especially among men. Other constraints like 
reduction of gatherings, avoiding contact with bodily fluids, 
and lesions reduced the number of cases to a greater extent 
(Zumla et al. 2022; Bisanzio and Reithinger 2022).

MPXV infection burden during the COVID‑19 
pandemic

The initial spread of coronavirus disease (COVID-19) 
from Wuhan, China, in December 2019 was travel-related, 
just like the spread of MPXV from the endemic areas. 
Nevertheless, later, in the mid-2020s, a community spread 
of COVID-19 became a pandemic. However, there were 
certain differences between the spread of COVID-19 and 
MPXV. The first difference is that severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) is an RNA virus, 
while MPXV is a DNA virus (Palmore and Henderson 
2022). This characteristic makes SARS-CoV-2 unable to 
repair the mutations as quickly as other DNA viruses, and 

thus, more new strains keep evolving within a short period 
(Bisanzio and Reithinger 2022). Therefore, SARS-CoV-2 
has a much higher infectivity rate than MPXV. The SARS-
CoV-2 was not limited to only humans but also spread to 
other animals (Palmore and Henderson 2022). But MPXV 
is only found within the bushmeat of the central and 
western-African regions, and a few dogs are imported from 
the endemic areas. COVID-19 not only spreads from the 
droplets produced during cough but also from the aerosol 
which was present in the air of a contaminated area; it is 
found that MPXV only spreads due to close contact with 
patients and animals, their skin lesions, cough droplets, 
and consumption of infected bushmeat. Unlike COVID-19, 
the MPXV rarely spreads asymptomatically (Palmore and 
Henderson 2022).

The primary focus of the healthcare facility of a country 
is to build the capacity to increase the number of diagnos-
tic tests, contact tracing, vaccination with smallpox vac-
cines, and create awareness among the citizen to avoid 
the risks of another pandemic. The primary concern with 
COVID-19 and MPXV is co-infection development within 
the population. COVID-19 is already found to develop co-
infection with Mycoplasma pneumoniae, Acinetobacter 
baumannii, Klebsiella pneumoniae, Streptococcus pneu-
moniae, Streptococcus pneumoniae, influenza B virus, 
metapneumovirus, human immunodeficiency virus, and 
rhinovirus/enterovirus (Lai et al. 2022). Co-infection with 
MPXV can lead to a new and more infectious variant of 
SARS-CoV-2 (Farahat et al., 2022; Chatterjee et al. 2022). 
This can be prevented using smallpox vaccination pro-
grams in endemic-prone areas. The risk of co-infection 
further increases in sexual transmission, especially in the 
case of men (Zhu et al. 2022). There is a higher risk of 
HIV, COVID-19, and MPXV infection, which can cause 
more single-nucleotide polymorphisms (SNPs) to develop 
within MPXV, making it more virulent (Zhu et al. 2022). 
A man from California, USA, recently contracted mon-
keypox after contracting COVID-19 in late June (Ham-
merschlag et al. 2022). The man had red lesions along his 
arms, legs, back, and neck (Daily Mail Online 2022).

The endemic regions of Africa are facing significant 
healthcare challenges during the COVID-19 pandemic. That 
is because their healthcare system is currently occupied with 
diagnosing, treating, and preventing COVID-19, paying less 
attention to the emerging threat of MPXV. Lack of testing 
capacity, high cost of treatment, lack of animal surveillance, 
and lack of proper differentiation between MPXV and 
smallpox are causing a delay in treatment and prevention 
of the cases (Uwishema et  al. 2022). Furthermore, the 
patients are stigmatized from going to the nearby healthcare 
facility for proper diagnosis and treatment. International 
organizations such as World Health Organization (WHO), 
World Organization for Animal Health (OIE), Food and 

Table 4  Table showing a correlation between several preventive 
measures and the number of secondarily infected individuals (Bisan-
zio and Reithinger et al. 2022)

Sl. no. Preventive measures Percentage (%) reduction in the number 
of secondary cases after introduction 
of the primary cases within the healthy 
population

3 infected 
individuals

30 infected 
individuals

300 infected 
individuals

1 Contact tracing 
and isolation of 
primary cases

72.2 66.1 68.9

2 Vaccination, along 
with contact 
tracing

77.8 78.8 86.1
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Agriculture Organization (FAO), and One Health are 
collaborating to build capacity in the central and western 
African regions (Uwishema et al. 2022; Okyay et al. 2022).

Conclusion

The recent COVID-19 pandemic has impacted the immune 
system of a huge population of the world today. Exposure 
to SARS-CoV-2 has made individuals prone to secondary 
co-infections. Moreover, frequent mutations in the virus 
also have affected the development of herd immunity as 
was speculated initially. In the background of this pandemic, 
several infectious diseases like MPXV were being neglected, 
which is a matter of concern. The increased transmissibility 
of MPXV is primarily due to natural selection and mutation 
for a long period. The exact molecular mechanism of MPXV 
infection is yet to be elucidated and requires extensive 
research. Sametime, lifestyle-related co-morbidities have 
added some risk for the contraction of MPXV. The current 
pandemic also have exposed the weaknesses of the public 
health sectors across the world and imposed a burden on the 
states towards diagnosis, treatment, vaccine development, 
and containment of infectious diseases.

However, after the initial jolt, the scientific community 
is gradually regrouping to address these shortcomings. 
WHO declared monkeypox virus infection as an interna-
tional public health emergency on 23rd July 2022 (World 
Health Organization 2022d). WHO is providing constant 
support for its member states in surveillance, contact trac-
ing, clinical investigation, education, training, precaution, 
prevention, and treatment of the infected individuals (World 
Health Organization 2022c). WHO and CDC recommended 
and published interim guidelines for its member states to fol-
low. Integrated Disease Surveillance and Response (IDSR) 
programs have been established in the endemic regions. The 
MPXV has been the topmost priority for this program. An 
enhanced surveillance system has been set up in the states 
of Nigeria, River states, Bayelsa, and Delta. National Mul-
tisectoral Emergency Operations Centre has been upgraded 
to level II in Nigeria (Velavan and Meyer 2022). There is 
an increment in the number of laboratory tests in Nigeria, 
the Democratic Republic of Congo, and the Central African 
Republic. Hotspot regions have been identified and sealed 
off in the Central African Republic (Espy et al. 2002). The 
full-length genome sequence of the MPXV has recently been 
published and is helping diagnose the infection in European 
countries. The non-endemic countries have established strict 
surveillance on travellers from the endemic regions (Ibrahim 
et al. 1997). There is an increase in diagnostic tests, such as 
PCR capacity, in countries such as Germany, Netherlands, 
Portugal, France, and Belgium. Recent diagnostic results 
revealed the presence of mainly the Western-African virus 

type in Europe. European Union, USA, and Canada have 
recently approved the vaccinia virus strain with the virus’s 
genetically modified Ankara Bavarian Nordic (MVA-BN) 
strain to prevent human monkeypox (Centers for Disease 
Control and Prevention 2022; Memariani and Memariani 
et al. 2022; Rodriguez-Morales 2022).

The current treatment methodology for MPXV is based 
on the other members of the poxvirus and requires a more 
validated and targeted treatment approach. Hence, smallpox 
vaccination should be mandatorily provided until the 
development of MPXV-specific vaccines to prevent the spread 
of the infection to some extent. The high-risk population 
should be educated regarding preventative measures and 
encouraged to maintain personal hygiene. Identifying animal 
reserves is one of the most significant steps to contain the 
infection and assess the risk of transmission to the human 
population. Standard disease monitoring protocols should be 
applied based on serological surveys and genomic studies. In 
conclusion, proactive scientific measures by an individual 
and the states in meeting the abovementioned demands may 
help to avert another pandemic in this world.
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