
Travel Medicine and Infectious Disease 49 (2022) 102386

Available online 20 June 2022
1477-8939/© 2022 Elsevier Ltd. All rights reserved.

New challenges in human monkeypox outside Africa: A review and case 
report from Italy 

Davide Mileto a, Agostino Riva b,c, Miriam Cutrera a, Davide Moschese d, Alessandro Mancon a, 
Luca Meroni c, Andrea Giacomelli c, Giovanna Bestetti c, Giuliano Rizzardini d, 
Maria Rita Gismondo a,b, Spinello Antinori b,c,* 

a Clinical Microbiology, Virology and Bioemergency Diagnostics, ASST Fatebenefratelli Sacco, Luigi Sacco Hospital, Milan, Italy 
b Department of Biomedical and Clinical Sciences, Università Degli Studi di Milano, Italy 
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Background: Human monkeypox (MPX) is a neglected zoonotic disease caused by the MPX virus a double- 
stranded DNA virus which belongs to the Poxviridae family genus Orthopoxvirus. It is endemic in the rural 
rainforests of Central and Western Africa where it is responsible of human sporadic cases and outbreaks since 
1970. Outside Africa MPXV caused an outbreak in 2003 in the United States linked to importation of infected 
rodents from Ghana and a few travel-related cases in the USA, United Kingdom, Israel and Singapore. Actually, a 
worldwide outbreak with more than 1200 confirmed cases mainly concentrated among men who have sex with 
men is ongoing. 
Case report: We present the case of an Italian man living in Portugal that was diagnosed with MPX at our clinic in 
Milan, Italy. Monkeypox virus infection was confirmed by a specific homemade Real-Time PCR. Samples obtained 
from different sites (pharynx, skin lesions, anal ulcer, seminal fluid) turned all positive with different viral load. 
Conclusions: Our report illustrates the challenge of a disease that seems to present in a different way from classic 
description with possible human-to-human transmission through sexual contact.   

1. Introduction 

Monkeypox (MPX) is a neglected zoonosis endemic in the tropical 
rain forests of Central and West Africa [1]. Monkeypox virus (MPXV) 
was first identified in 1958 in Cynomolgus monkeys in Denmark but 
nonhuman primates are considered “incidental” hosts in the same way 
of human beings with rodents and other small mammals actually 
considered (although unproven) the natural hosts [2]. The first human 
case was reported in 1970 in a 9-month child admitted for suspected 
smallpox to the Basankusu hospital in the Democratic Republic of Congo 
(DRC) [3]. Soon after six cases of human infection with MPXV were 
identified in one adult and five unvaccinated children in Liberia, Sierra 
Leone and Nigeria with isolation of an identical virus [4,5]. Since then 
several outbreaks of human monkeypox have been regularly reported in 
Equatorial Africa especially in DRC and Nigeria [6–9]. However, in 
recent years an increasing number of suspected and confirmed cases has 

been reported with over 19,000 cases in the period 2000–2019 ac-
cording to a systematic review of the literature [10] and 15,600 cases in 
2021–2022 according to the WHO Bulletin [11,12]. Outside Africa a 
large multistate outbreak with 71 confirmed and suspected cases was 
described in 2003 in the USA linked to importation of infected animals 
from Ghana [13]. Sporadic cases associated with travels to Africa have 
been observed in the United Kingdom (UK), USA, Singapore and Israel 
[14–18]. However, starting from 7, May 2022, nearly contemporary 
cases of human MPX apparently not linked with travel to Africa were 
reported from 13 countries in Europe (UK, Portugal, Spain, Italy, France, 
Germany, Belgium, Austria, Denmark, Slovenia, Sweden and Czech 
Republic), Canada, USA, Australia, Israel [19]. 

We present the case of a patient diagnosed with human MPX infec-
tion in Milan, Italy on May 24. We also made a review of monkeypox 
diagnosed in Africa and outside Africa with a discussion of many of the 
challenges faced by clinicians in non-endemic countries who provide 
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care for patients with MPX. 

2. Patient case presentation 

A 33-year old Italian man attended our clinic on May 24th at Luigi 
Sacco Hospital in Milan, Italy to investigate a perianal lesion that 
appeared a few days before. He was living in Lisbon (Portugal) since 
January 2022 and returned to Italy on May 18th. His past medical his-
tory was notable for HIV infection diagnosed in 2016 that was under 
treatment with dolutegravir/rilpivirine 50/25 mg with good viro- 
immunological response (CD4+ lymphocyte 771 cell/μL, HIV-RNA <
20 cp/mL). He was fully vaccinated against COVID-19 (two doses of 
Comirnaty and one dose of Moderna mRNA vaccines). In the previous six 
months he had travelled only once for a week in January 2022 to 
Madrid. On May 15th he complained of asthenia, malaise, anorexia with 
the appearance of two small papular lesions on both elbows and an ul-
cerated perianal lesion; 3 days later (May 18th) a new lesion appeared 
on the right cheek associated with symptoms involving the upper res-
piratory tract (faryngodynia and sneezing). Before flying to Italy he 
underwent a nasopharyngeal swab for SARS-CoV-2 that resulted nega-
tive. On May 21 he complained of the appearance of fever (38.5 ◦C) with 
spontaneous resolution in one day. On May 24th he presented to our 
ward complaining of pain in the perianal region. He reported a receptive 
anal intercourse on May 8th with a casual partner in Lisbon. On physical 
examination he appeared in good clinical condition with the following 
parameters: blood pressure 100/55 mm Hg; pulse rate 105/min; oxygen 
saturation 95% on ambient air. Mild oropharyngeal hyperemia and 
several scattered skin lesions with different stage of evolution were 
observed on the face, both elbows, the trunk, the buttock and the right 
foot (total number of lesions <10) (Fig. 1A–F). Bilateral inguinal 
lymphadenopathy was confirmed by means of ultrasound. Blood test 
were all within normal limits with the exception of moderate 

thrombocytopenia (146,000/μL) and mild increase of C-reactive protein 
(30 mg/L). He underwent a rectal swab for research of sexually trans-
mitted agents (herpes simplex virus, Chlamydia trachomatis and Neisseria 
gonorrhoeae) using a real-time PCR that gave negative results. Swabs 
taken from the oropharynx, anus, the perianal ulcerated lesion, a foot 
vesicle and plasma at the time of hospital admission turned positive for 
non-human Orthopoxvirus (as depicted in Fig. 2 and Table 1) with sub-
sequent confirmation of MPXV infection. The specimens from skin lesion 
and oropharyngeal swab were collected by mean of Universal Transport 
Medium swabs (UTM-RT®; COPAN Diagnostics, Italy). Sterile screw cap 
containers were used to collect urine and seminal fluid while blood 
samples were collected in the BD Vacutainer® K2EDTA tube and 
Thrombin tube to obtain plasma and serum respectively. The DNA was 
extracted from 200 μL of sample and eluted in 100 μL using the auto-
mated ELITe InGenius® system. 

Real-time Polymerase Chain Reaction (PCR) [RealStar Orthopoxvi-
rus PCR Kit 1.0 – altona DIAGNOSTICS) targeting variola virus and non- 
variola Orthopoxvirus species (Cowpox virus, Monkeypox virus, Rac-
coonpox virus, Camelpox virus, Vaccinia virus] was used as Orthopoxvirus 
screening PCR. Monkeypox virus infection was confirmed by a specific 
homemade Real-Time PCR performed on Orthopoxvirus screening PCR 
positive samples as previously described [20]. Sampling was repeated 
on a daily basis to evaluate viral load variation in terms of Cycle 
threshold (Ct) values over time, viral shedding and virus clearance 
collecting also plasma, urine and seminal fluid (Fig. 2). All the positive 
samples were used to attempt viral isolation. In brief, a 200 μL aliquot of 
each sample was plated in duplicate in 24-wells plates containing 80%– 
90% confluent Vero E6 cells with 800 μL of Dulbecco’s Modified Eagle 
Medium with L-glutamine (Gibco™ ThermoFisher Scientif) supple-
mented with 2% of heat-inactivated fetal bovine serum (Gibco™ Ther-
moFisher Scientific) and 1% Penicillin-Streptomycin [5000 U mL− 1] 
(Pen-Strep, Gibco™ ThermoFisher Scientific). Plates was incubated at 

Fig. 1. A–E. Skin lesions with different appearance obtained at time of diagnosis of MPX. A, buttock. B, perianal ulcerated lesion. C, trunk. D, one of the trunk lesions 
at major magnification. E, two vesicula/pustular lesion of the arm. F, one foot lesion. Arrows indicate two lesions of the trunk. 
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37 ◦C and 5% CO2 atmospheric pressure and checked every 24 h. 
Cytopathic effect was observed in Vero E6 cells showing typical mono-
layer separation and cell rounding (Fig. 3). 

The patient was isolated in a negative-pressure room and remained 
well throughout admission until discharge. He was examined daily for 
new skin lesions and was discharged to home on day 7 of hospitalization. 
The patient was instructed to remain isolated in his residence until all 
skin lesions recovered. During follow-up the RT-PCR turned negative on 
all examined specimens except the last oropharyngeal swab which 
showed a Ct of 35. 

2.1. Search strategy and selection criteria 

We undertook a search of PubMed from Jan 1, 1970 to June 3, 2022, 
with no language restriction using the following search terms: “Mon-
keypox”, “Monkeypox virus”, “Imported monkeypox”, “Monkeypox and 
Africa”, “Monkeypox and travel”, “Monkeypox and Europe”, “Mon-
keypox outbreak”, “Monkeypox reservoir”, “Monkeypox and treat-
ment”. We selected key references and seminal papers, review articles, 
patient reports. We also reviewed publications from international or-
ganizations such as the WHO, ECDC and CDC. We completed manual 
search with references from selected reports. 

3. Review and discussion 

3.1. Monkeypox virus 

MPXV was first identified in 1959 in Copenhagen (Denmark) in 
captive cynomolgus monkeys (Macaca fascicularis) shipped from 
Singapore and showing a pox-like disease [2]. Subsequently the causal 
agent named MPXV has been recovered in outbreaks of illness involving 
monkeys or apes in the USA, The Netherland and France [4,21]. How-
ever, MPX is considered a misnomer because monkeys are not the nat-
ural reservoir of the virus with small rodents considered although not 
proved the probable animal reservoir. Till now the virus has been iso-
lated in wild animals only twice: in 1985 in DRC in a rope squirrel 
(Funisciurus anerythrus) and in 2012 in a sooty mangabey (Cercocebus 
atys) in Ivory Coast [22,23]. The virus belongs to the Poxviridae family 
genus Orthopoxvirus with a double-stranded DNA genome with 
approximately 200,000 base pairs. On electron microscopy observation 
the virus shows a brick-like shape measuring 200–400 nm. Genomic 
sequencing of MPXV isolates from cases diagnosed in Western and 
Central Africa and during the 2003 USA outbreak showed the existence 
of two clades: the West Africa clade and the Central Africa (Congo basin) 
clade [24–26]. Difference in pathogenicity has been observed with a 

milder disease and a better outcome associated with the West Africa 
clade in comparison with the Congo basin clade [10,25]. D14L encoding 
VCP-MPXV an ortholog VACV complement binding protein has been 
proposed as a candidate virulence gene [25]. Interestingly the first 
published genome sequence of MPXV associated with the actual 
multi-country outbreak indicates that the virus belongs to the West Af-
rican clade [27,28]. MPXV is considered endemic in ten countries of the 
tropical rain forests of Africa (DRC, Republic of Congo, Nigeria, Central 
African Republic, Cameroon, Liberia, Sierra Leone, Ivory Coast, South 
Sudan) [1,9,10]. Humans can be infected from either a direct contact or 
a bite/scratch with an infected animal (i.e. primary zoonotic trans-
mission) or by human-to-human transmission [29–31]. Activities such 
as hunting or butchering of bushmeat are considered as risk factors for 
primary zoonotic acquisition of MPXV [7,10,32]. Transmission of MPXV 
occurs through salivary or respiratory droplets, direct contact with skin 
lesions and with fomites. Among previous imported cases in UK both 
household and nosocomial infections were observed [14]. Secondary 
attack rate reported in the literature is extremely variable and seems to 
be influenced by several variables such as the geographic area involved 
by the outbreak, the period of study, a history of previous vaccination 
against smallpox and the degree of contact [7,33–36]. In the first survey 
of human MPX cases diagnosed in West and Central Africa (mainly in 
DRC) during the first decade of ‘70s, Breman et al. reported an overall 
secondary attack rate of 3.3% but it increased to 7.7% among very close 
family members [33]. A subsequent study conducted in DRC assessing 
more than two thousand people with close contacts with monkeypox 
patients showed an overall 3% probability to become infected from a 
human source [34]. However, the attack rate increased to 7.5% among 
unvaccinated persons, to 9.3% among unvaccinated household contact 
and to 11.7% among household contact in the 0–4 year age group [34]. 
Independently from history of smallpox vaccination, household contacts 
had a significantly higher attack rate than for other contacts being four 
times higher for unvaccinated and seven times higher for vaccinated 
[35]. Another study conducted in DRC during a 1996–1997 outbreak 
reported a household secondary attack rate of 8.3% [7]. More recently 
the median attack rate in an outbreak in DRC was reported to be 50% 
[36]. Sexual transmission of MPXV has never been demonstrated but it is 
hypothesized based on previous reports of vaccinia transmission 
through sexual intercourses and the high rate of genital lesions (68%) 
observed among monkeypox cases in Nigeria [37–40]. The incubation 
period of human monkeypox is not well characterized although it is 
generally reported to be in the range of 10–14 days [41]. Experts joining 
at a WHO meeting in 1984 indicated in cases of human-to-human 
transmission an interval between contacts and onset of rash ranging 
between 7 and 23 days [42]. More recently during an outbreak of 

Fig. 2. Clinical and virological timeline of the patient affected by monkeypox. Real-Time PCR cycle threshold value indicates the number of PCR cycle required to a 
positive result. The value is inversely proportional to the viral DNA. Ct value of 40 cycle is the PCR negative cut-off. 
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monkeypox in Nigeria the reported exposure to another patient before 
the onset of the disease was 7–21 days in 73% of subjects for whom this 
information was available [7]. Finally, in a study using either cases 
described in the literature with well defined incubation period and their 
own well characterized cases Nolen and coworkers provided indication 
of a median incubation period of 9 days with 75% of patients having an 
incubation period of 5–12 days [36]. A significant increase of the 
number of individual outbreak reports in Africa has been observed since 
1970 [9,10,43]. Particularly in the DRC a 20-fold increase was observed 
between 1981-1986 and 2006–2007 with an average annual cumulative 
incidence of 5.53 per 10.000 [43]. Interestingly, the median age of 
presentation increased from 4 years (in the 70s) to the actual 21 years 
(2010–2019) [10]. Several possible explanations for the increasing 
number of monkeypox outbreaks have been proposed: enhanced sur-
veillance system with improved reporting of cases [10,44]; deforestation 
with increasing exposure to animal reservoir harboring monkeypox 
virus thus providing more opportunities for zoonotic transmission 
[45–47]; declining vaccine coverage against smallpox with decreased 
herd immunity against poxviruses [30,43,46,48]; genetic evolution of 
MPXV with increased capacity of human-to-human transmission [49]. 
Old calculation of the basic reproduction number using data collected in 
the DRC in 1980–1984 resulted in a R0 of 0.81 with a net reproduction 
number (Rnet) of 0.3 and an upper limit of 1.0 thus not excluding the 
possibility of MPXV persistence in the human population [30]. Another 
study again performed in DRC with data collected in 2006–2007 
calculated an Rnet of 0.6 [49]. However, researchers from Pasteur using 
the data of 85% vaccine protection (induced by smallpox vaccine) 
calculated an R0 for monkeypox in DRC of 2.13 (uncertainty bounds 
1.46–2.67) [50]. A new proposed model consisting of eight mutually 
exclusive compartments five of which regarding the human population 
(exposed and isolated humans, exposed population, infected humans 
and recovered humans) and three the rodent population (exposed, sus-
ceptible and infected rodents) provided evidence that isolation of 
infected humans helps to reduce disease transmission [51]. 

3.2. Monkeypox in West and Central Africa 

Since the first recognized case of human monkeypox in the DRC on 
the wake of smallpox eradication MPXV has been responsible of regular 
outbreaks especially in rural communities of central and western Africa 
with possible expanding frequency and geographic extension in the last 
decade [1,3,6–10]. However, the disease is mostly neglected and our 
knowledge about transmission, clinical manifestations and outcome are 
largely derived from a few old studies [30,33,52,53] and even in recent 
studies important information are lacking [7,8,40,54,55] (Table 2). The 
appearance of rash is considered a distinctive feature of human MPX 
present in all the patients [7,8,33,40,53–55] although in some studies its 
presence was inferred only retrospectively from the residual skin scars 
[7,54]. The rash is reported to be similar to that of smallpox with 
monomorphic lesions and centrifugal distribution thus fairly different 
from that observed in chickenpox [56]. However, such description is 
based on the classic studies conducted by Jezek and coworkers during 
the 80s [52,53] and a more recent study reported a pleomorphic char-
acteristic of the rash in nearly 38% of patients being even more frequent 
among people living with HIV infection [40]. Moreover, it should be 
highlighted that cases identified as probable MPX might be indeed cases 
of chickenpox [54,57]. In the outbreak of Kasai Oriental in 1996–1997 
testing of skin lesion vesicles in nineteen patients identified MPXV in 
nine cases and varicella zoster virus (VZV) in four cases [54]. The 
investigation of seven outbreaks observed in DRC in 2001 showed that 
two were caused only by VZV and in another two both MPXV and VZV 
were involved [57]. However, also the opposite can be true with cases 
diagnosed as chickenpox that are instead MPX [58]. In a recent study 
conducted in DRC 12.1% of suspected MPX cases were confirmed 
MPX/chickenpox coinfections and such patients presented significant 
higher lesion counts than patients with chickenpox [59]. The rash of Ta
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MPX is frequently localized to the face (75–97%) and the trunk 
(72–92%) with palms and soles generally not spared [8,40,53]. 
Involvement of genital area was reported in an old study in less than 
30% of affected patients [53] but in more recent studies nearly 68% of 
subjects had such localization [8,40]. The skin lesions usually progress 

through macules, papules, vesicles and pustules before umbilicating and 
crusting [52]. The number of skin lesions exceeds one hundred (an in-
direct sign of severity) in 49–66% of patients [30,40,53,55] with more 
than one thousand lesions in 17.5% of cases [40]. Secondary bacterial 
infection of skin has been recorded in 18.4–54% of cases [40,52]. 

Fig. 3. Isolation of Monkeypox virus in Vero E6 cells from skin lesions and oropharyngeal swab. a: mock-infected Vero E6 cells; b: Vero E6 cells at 3 days post- 
infection; c: Vero E6 cells at 6 days post-infection. 

Table 2 
Clinical characteristics of human monkeypox infection in West and Central Africa.  

Author [reference] Breman [33] Jezek [53] Hutin [7] CDC [54] Formenty 
[55] 

Yinka-Ogunleye 
[8] 

Ogoina [40] 

Country (ies) DRC, Liberia, Sierra leone, 
Nigeria, Ivory Coast 

DRC (ex 
Zaire) 

DRC (ex 
Zaire) 

DRC (ex 
Zaire) 

Sudan Nigeria Nigeria 

Year 1970–1979 1981–1986 1996–1997 1996–1997 2005–2006 2017–2018 2017–2018 
N◦ of cases/Confirmed/ 

Probable cases 
47/37/10 338/NR/NR 88/7/81 344/NR/NR 19/10/9 122/118/4 40/NR/NR 

Male gender (%) 24 (51.1) 182 (53.8) 50 (56.8) NR 9 (47.4) 84 (69) 31 (77.5) 
Age, median (range) 4y (7 mo-40y) 4.4y (3mo- 

69y) 
10y (1mo- 
62y) 

NR NR (8mo- 
32y) 

29 (2d-50y) 32y (28d- 
54y) 

Previous smallpox vaccination 4 (8.5%) 43 (13%) 13/84 (15.5) 39 (11.3) NR NR NR 
Rash (%) 47 (100%) 338 (100) 82/82 (100) 344 (100) 19 (100) 122 (100) 40 (100) 
Rash involvement NR   NR    
*Face 256 (75.7%)  3/11 (27.3) 68/71 (96) 34/35 (97.5) 
* Trunk NR  8/11 (72.7) 56/70 (80) 32/35 (92.5) 
*Palms 206 (60.9%) 5/7 (71.4) 3/11 (27.3) 48/70 (69) 19/35 (55) 
* Soles of feet 196 (58%) 5/7 (71.4) 3/11 (27.3) 42/66 (64) 17/35 (50) 
*Genitalia 88 (26%)  NR 44/65 (68) 24/35 (67.5) 
Rash characteristic^ NR  NR NR NR  NR 
* Monomorphic 233/295 (79) 25 (62.5) 
* Pleomorphic 62/295 (21) 15 (37.5) 
Diffusion, N◦ (%) NR  NR NR NR NR NR 
*Centrifugal 246/295 

(83.4) 
*Centripetal 13/295 (4.4) 
*Indefinite 36/295 

(12.2) 
N◦ skin lesions (%)   NR NR  NR  
*< 25 6 (12.7) 22 (6.5) -  
*26-99 18 (38.3) 55 (16.3) 3 (50) 16 (40) 
*> 100 23 (48.9) 218 (66.5) 3 (50) 24 (60)§
Fever NR NR NR NR 16 (84.2) 81/92 (88) 36 (90) 
Lymphadenopathy, N◦ (%) 18 (38.3) 164 (48.5) 47/85 (55.3) 237 (69) 15 (79) 45/65 (69) 35 (87.5) 
Case fatality rate (%) 8 (17%) 33 (9.7) 3/81 (3.7) 5 (1.5) 0 (0) 7 (5.7)* 5 (12.5) 

List of abbreviations: DRC, Democratic Republic of Congo; NR, not reported; mo, months; y, year; d, days; * four patients had AIDS; § 17 patients had 101-1000 lesions, 
7 patients >1000 lesions; ^ monomorphic indicates similar size and appearance, pleomorphic indicates different sizes and appearance. 
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Hypo-hyperpigmented scars were reported to be still present 1–4 years 
following the acute disease [33,52] but in a recent study skin scars were 
no longer visible after 8 weeks of follow-up [40]. Jezek et al. reported 
that illness started with fever in most patients with 5% of patients 
developing fever and rash on the same day [52]. Two recent studies 
reported fever preceding the rash only in 34.3% and 57% of patients, 
respectively [8,40]. Lymphadenopathy has been considered a distinctive 
clinical feature of MPX in the differential diagnosis with either smallpox 
and chickenpox [52,56] with possible generalized, cervical, subman-
dibular, axillary and inguinal involvement [33,40,52]. However, it has 
been reported in 38–87% in different case series [7,8,33,40,54,55]. A 
case fatality rate (CFR) ranging from 0 to 17% has been reported with a 
calculated pooled estimate in a recent meta-analysis of 8.7% [10]. 
However, a significant difference emerged according to the different 
MPXV clades involved with a CFR of 10.6% for Central African clade and 
4.6% for West African clade [10]. 

3.3. Monkeypox cases in non-endemic areas (2003–2021) 

Up to 2021, 48 confirmed MPX cases have been reported outside the 
endemic African regions [13–18,31,60,61] and epidemiology, clinical 
characteristics and outcome are summarized in Table 3. Most of the 
patients belong to a large multistate monkeypox outbreak occurred in 
2003 in the USA following the importation from Ghana of infected Af-
rican rodents causing direct human infections or indirect infections by 
means of an intermediate animal host (i.e. prairie dogs) [31,62]. All the 
cases involved in the 2003 US outbreak had direct contact with infected 
exotic or wild mammalian pets, whereas human-to-human transmission 
had never been confirmed. Females were slightly prevalent (53.2%) and 
23.4% of patients were <18 years of age [31]. Vaccination against 
smallpox was reported in approximately one out of three patients of the 
initial outbreak and none of this received the vaccine shot after 1972 
[13]. The median incubation period was 12 days which was shorter for 
patients with a complex exposure (bite or scratch sufficient to provoke a 
break in the skin) when compared to those with a noninvasive exposure 
(9 vs 13 days, respectively) [31]. The clinical course was usually char-
acterized, in patients with a noninvasive exposure, by a short prodromic 
phase (2–3 days) with fever, chills, lymphadenopathy, headache, sore 
throat, myalgias, and gastrointestinal symptoms, followed by the onset 
of the rash [31,62,63]. On the contrary, for patients with a complex 
exposure the rash usually preceded the acme of febrile illness [31]. 
Lymphadenopathy was frequently reported (71% of 34 confirmed cases) 
[63]. The rash presented with the centrifugal distribution in only 48% of 
cases and the involvement of palms in 28% and soles was observed only 
9%, respectively [63]. Only 5 patients (12.5%) experienced >100 skin 
lesions [31]. In addition, healing with prominent hemorrhagic crusts 
was distinctive of the US cases and the resolution of lesions occurred 
after sloughing of these crusts usually without significant scares. Four-
teen patients were hospitalized (only 9 for longer than 48 h) and five met 
the criteria for severe disease. All patients fully recovered without any 
specific antiviral treatment although it is worth mentioning that one 
6-year-old child developed encephalitis with seizures and required 
mechanical ventilation for 48 h [31,63]. 

Since 2018, eleven additional cases of human MPX have been re-
ported in non-endemic countries: seven in UK [14,60,61], two in the 
USA [16,18], one each in Israel [15] and in Singapore [17]. All but one 
patient aged <2 years were middle-aged adults (9 males and 2 females). 
All the cases had an epidemiological link with Nigeria (a travel to the 
country or the exposure to MPX cases imported from Nigeria). Notably, 
in three cases diagnosed in the UK human to human transmission was 
proven for the first time outside endemic areas [14,61]. In the first two 
cases it was in a family cluster [61] and in the third case the exposure 
was related to the health care assistance of a patient with MPX [14]. 
Reported exposures among travel-related cases were attending social 
gathering with bushmeat consumption [17,60] and contact with two 
rodent carcasses [15]. Lymphadenopathy was a common finding and the 

clinical presentation, and the distribution of the vesiculo-pustular rash 
(present in all cases) appeared to be similar to that described in the 
noninvasive exposed patients of the 2003 US outbreak [31]. Notably 
three patients experienced low mood (with also emotional lability in one 
case) [14] and ulcerated inguinal lesions with a protracted healing were 
reported in two cases [14]. All patients were hospitalized experiencing a 
mild illness and fully recovered. Three patients were treated with 
brincidofovir (all experiencing a significant increase in liver enzyme) 
[14,60], two with tecovirimat [14,16] and one patient received post- 
exposure modified vaccina Ankara [14]. 

3.4. Monkeypox laboratory diagnosis 

The swab of a lesion exudate or crust specimens is considered the 
best sample to obtain a rapid and definite diagnosis of MPX. In partic-
ular, the direct recognition of the viral DNA by means of real-time PCR 
allow the rapid discrimination between smallpox and other poxvirus 
[20,64–69]. The nucleic acid of the virus could be also retrieved in 
blood, urine, upper respiratory tract and seminal fluid [14,69]. In 
addition, the GeneXpert assay has been demonstrated to perform well 
with both crust and vesicle samples providing an additional diagnostic 
platform that may expand and expedite MPX detection capabilities [70]. 
As an additional molecular tool useful for epidemiological purpose 
high-throughput shotgun metagenomics should be used to reconstruct 
the genome sequences and to inform about the evolutionary trajectory of 
MPX outbreak by means of phylogenomic data [71]. Viral isolation from 
a clinical specimen, electron microscopy, and immunohistochemistry 
are techniques that require advanced technical skills and training, and 
should be reserved to reference laboratories with appropriate expertise 
and skills [56]. Serological examination is useful for epidemiological 
purpose although limited by cross-reactivity to a variety of Orthopoxvi-
ruses. Consequently, the presence of anti-Orthopoxvirus IgG does not 
allow to reach a definitive diagnosis since a previous exposure to 
Orthopoxviruses or smallpox vaccine could cause a false positive result. 
The presence of anti-Orthopoxvirus IgM could be helpful, also in in-
dividuals with prior vaccination, in case of a recent exposure to MPX 
although again limited by the absence of intra Orthopoxvirus specificity 
[72]. 

3.5. Monkeypox treatment 

Currently there are no treatments proven to be effective in clinical 
trial against human MPX; nevertheless, two orally bioavailable drugs, 
brincidofovir and tecovirimat, approved in the USA for the treatment of 
smallpox in preparation for a potential bioterrorism event [73,74], have 
been demonstrated to be effective against orthopoxviruses (including 
MPX) in animal models [75–78]. 

Tecovirimat is a small synthetic molecule that inhibits the produc-
tion of extracellular viruses by interacting with the F13L gene product, 
which encodes a phospholipase involved in the formation of a protein 
complex that catalyzes the envelopment of intracellular mature virus 
particles [79]. The drug has been proven to be tolerated following oral 
administration at a single oral dose of 400 mg or 600 mg per day during 
14 days in healthy volunteers in a phase I clinical trial [80,81]. On May 
18, 2022 the FDA also approved an intravenous formulation of teco-
virimat to treat smallpox as an option for those who are unable to 
swallow the oral capsule [82]. 

Brincidofovir (hexadecyloxypropyl-cidofovir), is a lipid conjugate of 
cidofovir with a broad antiviral activity against several DNA viruses 
[83]. Cidofovir after conversion to cidofovir diphosphate by intracel-
lular kinases when incorporated in a growing DNA strand results in 
slower incorporation of the next nucleotide before a complete block of 
DNA synthesis with a subsequent impairment of genome encapsidation 
and virion assembly [84,85]. The advantage of brincidofovir when 
compared to cidofovir is an increased cellular uptake and better con-
version to the active form by intracellular enzymes [86]. This if on the 
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Table 3 
Epidemiology, characteristics, clinical presentation and outcome of patients with monxeypox infection in non-endemic countries.  

Country/ 
Year/Ref 

N◦ Sex Age Exposure 
risk 

Type of 
exposure* 

Incubation Respiratory 
symptoms 

GI 
symptoms 

Systemic 
illness 

Number of lesions Fever Specific 
Treatment 

Duration Adverse 
events 

Post 
exposure 
vaccination 

Hospitalized Outcome 

USA/ 
2003/ 
13,31 

47 (37 
confirmed 
and 10 
probable) 

25 
(53.2%) 
F 
22 
(46.8%) 
M 

11 
(23.4%) 
<18 
years 

Prairie 
dogs 
exposed to 
imported 
animals 
from 
Ghana 

Noninvasive 
30 (63.8%) 
Complex 
17 (36.2%) 

9–13 days 39 (83%) 
pronounced 
8 (17%) 
mild 

14 
(29.8%) 

Pronounced 
30 (72.3%) 
Mild 17 
(26.7%) 

</ = 25 22 
(46.8%) 
26-100 13 (27.7%) 
101-249 2 (4%) 
>/ = 250 3 (6.4%) 

31 
(66%) 

None NA NA None 14 (29.8%) Recovered 

UK/2018/ 
60 

2 2 M Age 
range 
30–40 
years 

Travel from 
Nigeria, 
bush meat 
possible for 
one case 

Noninvasive Unknown NR NR Mild in both 
patients 

Unknown, 
vesiculopustular 
rash present in 
both cases, 
lymphadenopathy 

Yes BCV 200 
mg orally 

One dose 
in one 
case and 
2 dose in 
onother 

Increase in 
liver 
enzyme in 
both 
patients 
(ALT peak 
331 IU/L 
and 550 IU/ 
L) 

None Yes Recovered 

Israel/ 
2018/15 

1 M 38 years Rodent 
carcasses in 
Nigeria 

Noninvasive 12 days NR NR Mild Unknown, 
vesiculopustular 
rash present, 
lymphadenopathy 

Yes NR NR NR NR Yes Recovered 

Singapore 
2019/17 

1 M 38 years Travel to 
Nigeria and 
attended a 
wedding 
and eat 
bushmeat 

Noninvasive 9 days NR NR Mild Unknown, 
vesiculopustular 
rash present, 
lymphadenopathy 

Yes None NA NA None Yes Recovered 

UK/2021/ 
61 

3 2 M 
1 F 

18 
months 
and age 
range 
30–40 
years 

Travel to 
Nigeria 
(index 
case), 
family 
cluster 

Noninvasive Index case 
unknow 
Secondary 
cases 19 
and 14 
days 

NR NR Mild 3 Unknown, 
vesiculopustular 
rash, 
lymphadenopathy 
in one adult case 
and in the baby 

None TCV 600 
mg twice 
orally in 
one case 

2 weeks None None Yes Recovered 

USA/ 
2021/16 

1 M Middle 
aged 

Travel to 
Nigeria, 
large social 
gathering 

Noninvasive Unknown Yes Yes Mild Unknown, 
vesiculopustular 
rash 

Yes TCV Not 
specified 

NR None Yes Recovered 

USA/ 
2021/18 

1 M 28 years Travel to 
Nigeria 

Noninvasive Unknown NR NR Mild Unknown, 
vesiculopustular 
rash present, 
lymphadenopathy 

Yes None NA NA None Yes Recovered 

UK/2018/ 
14 

1 F Age 
range 
30–40 

Secondary 
exposure 
during 
healthcare 
in UK 

Noninvasive 18 days NR NR Mild 32 lesions No BCV 
200 mg 
orally 

2 dose Increase in 
liver 
enzyme 
(ALT peak 
127 IU/L), 
nausea and 
abdominal 
discomfort 

Modified 
vaccina 
Ankara 6 
days post- 
exposure 

Yes Recovered 

List of abbreviations: BCV, brincidofovir; NR, not reported; NA, not available; TCV, tecovirimat; GI, gastrointestinal. 
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one hand results in at least 25-fold higher efficacy than that cidofovir 
against vaccinia strains on the other it exerts a higher cellular toxicity 
[87]. Brincidofovir takes the advantage of oral administration and the 
absence of nephrotoxicity, although in a phase I study mild gastroin-
testinal adverse effects and transient elevation of transaminases were 
reported and confirmed in phase II and III trials performed in immu-
nocompromised adults and children [88,89]. 

The clinical experience with both these compounds in the treatment 
of Orthopoxvirus infections is extremely limited. A press release in 2021 
announced an expanded access programme for tecovirimat is in progress 
in the Central African Republic, although no data is published to date 
[90]. There are three reports of compassionate use of tecovirimat for 
complicated vaccinia [91–94], without significant safety signals iden-
tified. Few anecdotal cases reported the use of these compounds in pa-
tients with MPX in non-endemic countries. Three patients with a 
diagnosis of human MPX were treated in the UK with brincidofovir (all 
experiencing a significant increase in liver enzyme [14,60] and two with 
tecovirimat one in the UK [14] and the other in the USA [16]. However, 
no definitive conclusions can be drawn about the efficacy of both drugs 
in the treatment of MPX. 

4. Ongoing Monkeypox virus outbreak (April–June 2022) and 
discussion 

As of June 8, 1200 confirmed cases of human MPX have been re-
ported worldwide (29 countries) with cases observed in seventeen Eu-
ropean countries (including UK and Switzerland), the Americas (USA, 
Canada, Mexico, Argentina), Middle East (Israel, United Arab Emirates), 
Asia (Thailand) and Australia [95]. This is the largest ever reported 
multi-country outbreak of human MPX outside Africa [96]. As far as UK, 
three distinct incidents have been identified: 1) one isolated imported 
case from Nigeria; 2) a separate household cluster (3 subjects with two 
confirmed cases) without a link with travel to endemic countries; 3) 82 
confirmed cases not linked to the first two incidents [97]. For the latter, 
available information indicates that all subjects were males (79), 66 
(83%) reported sex with men (MSM), the median age was 38 years and 
18 reported foreign travel to multiple countries outside Africa [97]. 
Portugal reported 96 confirmed MPX cases up to May, 27 with detailed 
information for 27 cases [98]. All were males with a median age of 33 
years and resided mainly (92.6%) in the Lisbon and Tangus Valley but 
four reported travelling abroad [98]. Eighteen subjects identified 
themselves as MSM, fourteen were people living with HIV. An exan-
thema with inguinal lymphadenopathy was reported in fourteen pa-
tients but such information was missing for the remaining patients. Six 
presented genital ulcers and four anal ulcers [98]. Genital and anal le-
sions were also reported at the beginning of the illness in four MSM 
diagnosed in Rome (Italy) [69], two MSM who had sexual intercourse 
with each other in UK [99], one MSM diagnosed in Australia who had 
insertive anal intercourse with four casual male partners in Europe 
[100], one MSM diagnosed in Czech Republic who had unprotected 
sexual intercourses in Gran Canaria (Spain) [101] and our patient who 
reported a single anal receptive intercourse in Portugal seven days 
before the appearance of lesions. Also in the CDC report from USA, 94% 
of confirmed cases (16/17) identified themselves as MSM with 35% 
complaining of perianal lesions and 24% on genitals [102]. All such 
cases raised the possibility that MPXV can be transmitted by close 
contact during sexual intercourse as previously reported for vaccinia 
virus [36–38]. Interestingly in our case we were able to demonstrate 
MPXV DNA in the seminal fluid with a Ct value of 31 which is similar to 
the results obtained by our colleagues in Rome who found positivity in 
the seminal fluid of 3 patients with a Ct ranging from 27 to 30 [69]. 
However, we were not able to culture MPXV from this specimen and 
actually it is not demonstrated a direct sexual transmission although the 
lesions localized on genitals suggests close physical contact during 
sexual intercourse as the route of acquisition. Different from the study by 
Adler and coworkers (reporting the UK experience on eight patients 

diagnosed between 2018 and 2021) [14] who were not able to confirm 
positive PCR results with viral culture assays, we showed positive cul-
ture from four sites with Ct ranging from 14 to 23 demonstrating 
shedding of viable virus. 

In conclusion, we observed in our patient a mild disease with a low 
number of skin lesions localized also to the genital area and with an 
asynchronous pattern evolution which is consistent with the clinical 
presentation reported so far in few reports [69,97] regarding the actual 
worldwide outbreak of MPX. 

5. Conclusion 

This case report highlights the difficulties encountered by clinicians 
facing with patients with MPXV infection during the ongoing outbreak 
outside Africa. Diagnostic methods to confirm the diagnosis are sensitive 
but generally available only in few national reference laboratories. 
Differential diagnosis should consider several diseases including sec-
ondary syphilis, disseminated gonorrhea, herpes simplex, lymphogran-
uloma venereum, molluscum contagiosus, disseminated cryptococcosis. 
Our case as well as other well described cases in the literature seems to 
present with few skin lesions sometimes localized to genital and anal 
area with an asynchronous pattern and with inguinal lymphadenopathy 
that is different from classical description of the illness. Contact tracing 
is not an easy task since many patients engaged sex with multiple 
anonymous partners. Awareness among health-care providers in non- 
endemic countries need to be strengthened. 
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