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Summary
Background Cases of human monkeypox are rarely seen outside of west and central Africa. There are few data 
regarding viral kinetics or the duration of viral shedding and no licensed treatments. Two oral drugs, brincidofovir 
and tecovirimat, have been approved for treatment of smallpox and have demonstrated efficacy against monkeypox in 
animals. Our aim was to describe the longitudinal clinical course of monkeypox in a high-income setting, coupled 
with viral dynamics, and any adverse events related to novel antiviral therapies.

Methods In this retrospective observational study, we report the clinical features, longitudinal virological findings, 
and response to off-label antivirals in seven patients with monkeypox who were diagnosed in the UK between 
2018 and 2021, identified through retrospective case-note review. This study included all patients who were managed 
in dedicated high consequence infectious diseases (HCID) centres in Liverpool, London, and Newcastle, coordinated 
via a national HCID network.

Findings We reviewed all cases since the inception of the HCID (airborne) network between Aug 15, 2018, and 
Sept 10, 2021, identifying seven patients. Of the seven patients, four were men and three were women. Three acquired 
monkeypox in the UK: one patient was a health-care worker who acquired the virus nosocomially, and one patient 
who acquired the virus abroad transmitted it to an adult and child within their household cluster. Notable disease 
features included viraemia, prolonged monkeypox virus DNA detection in upper respiratory tract swabs, reactive low 
mood, and one patient had a monkeypox virus PCR-positive deep tissue abscess. Five patients spent more than 
3 weeks (range 22–39 days) in isolation due to prolonged PCR positivity. Three patients were treated with brincidofovir 
(200 mg once a week orally), all of whom developed elevated liver enzymes resulting in cessation of therapy. 
One patient was treated with tecovirimat (600 mg twice daily for 2 weeks orally), experienced no adverse effects, and 
had a shorter duration of viral shedding and illness (10 days hospitalisation) compared with the other six patients. 
One patient experienced a mild relapse 6 weeks after hospital discharge.

Interpretation Human monkeypox poses unique challenges, even to well resourced health-care systems with HCID 
networks. Prolonged upper respiratory tract viral DNA shedding after skin lesion resolution challenged current 
infection prevention and control guidance. There is an urgent need for prospective studies of antivirals for this disease.

Funding None.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Human monkeypox is a zoonosis caused by monkeypox 
virus, an orthopoxvirus and close relative of variola virus 
(smallpox). It was first reported in central Africa1 in 1970 
and has historically affected some of the poorest and 
most marginalised communities in the world.2,3 The 
clinical syndrome is characterised by fever, rash, and 
lymphadenopathy. Complications of monkeypox can 
include pneumonitis, encephalitis, sight-threatening 
keratitis, and secondary bacterial infections.3–5

Published mortality rates vary substantially and are 
vulnerable to case ascertainment bias.6 Case fatality rates 
ranging from 1% to 10% have been reported in outbreaks 
in the Congo Basin,5,6 and the virus clade circulating in 

this region appears to be associated with higher 
virulence.7 The west African clade, which is responsible 
for recent outbreaks in Nigeria, is associated with an 
overall lower mortality rate consistently less than 3%.6,8 
To date, most reported deaths have occurred in young 
children and people with HIV.6,8,9

Human-to-human transmission of monkeypox is 
well described, including nosocomial and household 
transmission.3,8 However, human-to-human chains of 
transmission have historically been less well recognised. 
A pooled estimate from a systematic review suggested a 
secondary attack rate of approximately 8% (range 0–11%) 
among household contacts who were unvaccinated 
against smallpox.6 Understanding of in-vivo viral kinetics 
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and infectivity is poor,3,7,10 and the clinical significance 
of prolonged viraemia and skin shedding remains 
uncertain.

Monkeypox is rarely exported from the African 
continent. In 2003, there was a zoonotic outbreak in 
the USA causing 47 confirmed or suspected cases.4,11–13 
This outbreak was linked to the importation of 
Gambian giant rats, squirrels, and dormice, which had 
transmitted the virus to prairie dogs that were then sold 
as pets. Only 14 patients were hospitalised and there were 
no confirmed cases of person-to-person transmission. 
Imported monkeypox infections in humans following 
travel have been reported in the UK,14 Israel,15 Singapore,16 
and in 2021, in the USA.11

Currently there are no licensed treatments for human 
monkeypox; two orally bioavailable drugs, brincidofovir 
and tecovirimat, have been approved in the USA for the 
treatment of smallpox in preparation for a potential 
bioterrorism event.17–19 Neither drug has been studied in 
human efficacy trials; however, both drugs demonstrated 
efficacy against other orthopoxviruses (including monkey
pox) in animal models. There are reports of compassionate 
use of tecovirimat for complicated vaccinia20,21 and cowpox,22 
with no concerning safety signals identified. An expanded 
access programme for tecovirimat is in preparation in the 
Central African Republic, where monkeypox outbreaks are 
common.23

In the UK, monkeypox is classified as a High 
Consequence Infectious Disease (HCID), and patients 
are managed in designated HCID treatment centres 
coordinated by a national network.24 Since 2018, 
four patients were diagnosed with travel-associated  
monkeypox in the UK, with onward transmission to 
three people, including the first reported household 
cluster outside Africa. The public health management of 
people infected with monkeypox and their contacts have 
been reported previously.14,25,26 We describe the clinical 
presentation, evolution, complications, and management 
of seven patients. We also report the viral kinetics and the 
use of brincidofovir and tecovirimat to treat human 
monkeypox.

Methods
Study design and participants
In this retrospective observational study, we did a 
retrospective chart review of all patients admitted to any 
HCID centre in the UK with confirmed monkeypox 
(defined as a compatible clinical illness with positive 
monkeypox viral PCR from any anatomical site) between 
Aug 15, 2018, and Sept 10, 2021. We extracted clinical data 
(including demographic variables, symptoms and signs 
at presentation, complications of illness, and any antiviral 
treatments received) and laboratory results (including 
routine biochemical tests and monkeypox virus PCR 

Research in context

Evidence before this study
We searched PubMed for the terms “monkeypox AND (viraemia 
OR shedding OR pharyn* OR oropharyn* OR nasopharyn* OR 
tecovirimat OR brincidofovir OR treatment)”  from inception up 
to December 11, 2021. We reviewed grey literature, including 
textbooks, and checked key articles for relevant supplementary 
references. Except for a large outbreak linked to imported 
rodents in the USA in 2003, monkeypox transmission has been 
confined to remote locations in central and west Africa. 
However, in the past 5 years, outbreaks in more densely 
populated centres have occurred, raising concern about global 
spread. There are no published trials or observational studies of 
monkeypox therapeutics in humans. In non-human primates, 
tecovirimat demonstrated protective efficacy against lethal 
smallpox and monkeypox challenge, with reduced magnitude 
and duration of orthopoxvirus viraemia and upper respiratory 
tract shedding. In animal models, brincidofovir showed a trend 
towards protective efficacy. People with monkeypox have 
traditionally been considered infectious until all the lesions have 
crusted. However, person-to-person transmission of monkeypox 
has only been recognised as a significant public health threat 
since the 2018 Nigerian outbreak. There are a few reports of 
monkeypox detection in blood and one-off upper respiratory 
tract swabs, but the clinical significance of viraemia is not well 
established and longitudinal molecular sampling of people with 
monkeypox is rarely possible in monkeypox-endemic settings.

Added value of this study
Defined by the UK Health Security Agency as a High Consequence 
Infectious Disease (HCID), our retrospective case series represents 
imported, nosocomial, and household transmission of 
monkeypox, which has not been described in the UK previously. 
We report the first use of antiviral agents in patients with 
monkeypox, with three patients receiving brincidofovir and one 
receiving tecovirimat. Brincidofovir was not observed to confer 
any convincing clinical benefit and was associated with liver 
function test derangement in all cases. The patient treated with 
tecovirimat had a shorter duration of symptoms and upper 
respiratory tract viral shedding than the other patients in the 
series, with no adverse events identified before discharge. 
Several of the patients experienced prolonged viraemia and 
upper respiratory tract viral shedding after crusting of all 
cutaneous lesions, leading to extended isolation in hospital.

Implications of all the available evidence
Monkeypox is an emerging global health threat, which is capable 
of cross-border spread and onward transmission. Although 
optimum infection control and treatment strategies for this 
potentially dangerous pathogen are not established, our first-use 
data suggest brincidofovir has poor efficacy; however, prospective 
studies of tecovirimat in human monkeypox are warranted. 
The infection control implications of upper respiratory tract viral 
shedding should be considered in future outbreaks. 
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results). Our sample size was small and some patients 
were diagnosed later in the course of illness than others; 
therefore, we did not carry out formal hypothesis testing, 
and we present individual patient results rather than 
aggregate data. 

Clinical sampling and documentation were conducted 
as part of routine patient care. All patients (or guardians 

of children) provided written informed consent for 
storage of biological samples under the International 
Severe Acute Respiratory and Emerging Infection 
Consortium protocol,27 approved by the South Central – 
Oxford C Research Ethics Committee in England 
(13/SC/0149) and the WHO Ethics Review Committee 
(RPC571 and RPC572). This included consent for 

2018 2019 2021

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Site of HCID unit London Liverpool Newcastle London Liverpool Liverpool Liverpool

Age range, years* 30–40 30–40 30–40 40–50 30–40 <2 30–40

Sex Male Male Female Male Male Female Female

Transmission rank Isolated Index Secondary Isolated Index Secondary Tertiary

Country of acquisition Nigeria Nigeria UK Nigeria Nigeria UK UK

Smallpox vaccination 
history

None None MVA six days post-
exposure or 12 days 
pre-illness

None None None None

HIV, hepatitis B, and 
hepatitis C status

Negative Negative Negative Negative Negative Not tested (parents 
negative)

Negative

Prodrome Fever and night sweats 
(2 days)

Fever and groin 
swelling (4 days)

Coryzal illness (1 day) Fever and headache 
(2 days)

None None None

Lymphadenopathy Yes Yes No Yes Yes Yes No

Approximate maximum 
number of concurrent 
lesions

150 100 32 100 40 30 10

Distribution of lesions Face, scalp, trunk, limbs, 
palms, glans penis, and 
scrotum

Face, trunk, limbs, 
palms, soles, and 
scrotum

Face, trunk, hands 
(including nail bed), 
and labia majora

Face, scalp, trunk, 
limbs, penile shaft, 
palms, and soles

Face, trunk, 
limbs, palms, 
and penile shaft

Face, trunk, arms, 
and legs

Face, trunk, arms, 
and hands

Complications of illness Low mood and emotional 
lability. Ulcerated inguinal 
lesion with delayed 
healing

Deep tissue abscesses, 
severe pain, and low 
mood

Conjunctivitis, 
painful disruption of 
thumbnail from 
subungual lesion

Ulcerated inguinal 
lesion with delayed 
healing

None Pruritis and contact 
dermatitis from 
cleaning products

Low mood

Specific management of 
complications

Clinical psychology input Empiric broad-
spectrum antibiotics, 
abscess drainage, and 
analgesia (including 
opiate and 
neuropathic agents)

Antibacterial eye 
drops

Empiric 
azithromycin

Nil specific Calamine lotion and 
short course of 
antibiotics at the 
onset of dermatitis

Nil specific

Monkeypox viral DNA detected

Blood Yes Yes Yes Yes No Yes Yes

Nose or throat swab Yes Yes Yes Yes Yes Yes Yes

Urine Yes Yes Yes Yes No No No

Antivirals received Brincidofovir 200 mg 
(one dose) orally

Brincidofovir 200 mg 
(two doses) orally

Brincidofovir 200 mg 
(two doses) orally

None None None Tecovirimat 600 mg 
twice daily for 
2 weeks orally

Day of illness treatment 
commenced†

7 6 7 ·· ·· ·· 5

Complications of 
treatment

Transaminitis (peak ALT 
331 U/L)

Transaminitis
(peak ALT 550 U/L)

Transaminitis (peak 
ALT 127 U/L), nausea, 
and abdominal 
discomfort

·· ·· ·· None

Duration of 
hospitalisation with 
monkeypox, days

26 27 35 39 13 22 10

Outcome of monkeypox 
infection

Full recovery Full recovery Full recovery Full recovery Full recovery Full recovery Full recovery

HCID=high consequence infectious disease. MVA=modified vaccinia Ankara. ALT=alanine transaminase. *Age ranges rather than exact ages are given for patient anonymity. †Onset of illness was defined as the 
first identification of skin lesions by the patient or carers. 

Table: Summary of the clinical course and response to treatment in seven patients with monkeypox
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publication of anonymised clinical details. Additional 
written informed consent was given for publication of 
clinical images.

Procedures
Virological sampling and laboratory testing were driven by 
clinical indications rather than a formal protocol. 
Monkeypox viral PCR testing was performed at the UK 
Rare and Imported Pathogens Laboratory (appendix p 3). 
Samples, including EDTA (edetic acid) blood samples, 
urine samples, swabs of persistent lesions or lesion fluid, 
and upper respiratory tract swabs, were typically taken 
every 48–72 h until two consecutive negative results were 
recorded from each anatomical site (ie, skin, blood, or 
respiratory tract). These negative results, coupled with 
desquamation of all visible lesions, no new lesions, and 
no active mucosal lesions, comprised the framework 
agreed by the HCID network for discharging patients to 
the community.

Serological testing was not performed given the high 
specificity of PCR; however, serum from four people in 
contact with monkeypox was tested for orthopoxvirus 
IgG and IgM by immunofluorescence assay at the 
Bundeswehr Institute of Microbiology (Munich, 
Germany), as outlined in the appendix (p 3).

The approach to patient care in HCID centres, 
including personal protective equipment (PPE), is 
outlined in the appendix (p 3). When novel therapeutics 
were available, they were offered to patients following a 
discussion of potential risks and benefits, therapeutic 
aims, supporting evidence, and clear disclosure that they 
remained unlicensed and of uncertain benefit for treating 
monkeypox. All clinical decisions, including the use of 
novel therapeutics, were made by the clinicians directly 
caring for the patients, in conjunction with the HCID 
Network. The use of novel therapeutics was approved by 
the relevant National Health Service (NHS) Trust’s 
medicines governance group. All patients were offered 
outpatient appointments after discharge, but extended 
follow-up was not performed following full recovery.

Role of the funding source
There was no funding source for this study.

Results
Our chart review encompassed Aug 15, 2018, to 
Sept 10, 2021, and identified seven patients who were 
treated for monkeypox in HCID units in England, UK. 
Four patients acquired monkeypox outside of the 
UK (patient 1, 2, 4, and 5); three inside of the UK (patient 
3, 6, and 7). Four cases occurred between 2018 and 2019, 
and three household cluster cases occurred in 2021.

Patients 1 and 2 were diagnosed with monkeypox 
shortly after arriving in the UK from Nigeria. Patient 3 
(2018) was a health-care worker who developed a rash, 
headache, and sore throat 18 days post-exposure to 
patient 2 (2018) without PPE, despite receiving a dose of 

(Figure 1 continues on next page)
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smallpox vaccine (modified vaccinia Ankara [Imvanex, 
Bavarian Nordic, Denmark]) on day 6 post-exposure. The 
clinical and virological time courses are summarised in 
the table and figure 1.

All seven patients had pleiomorphic skin lesions 
(including papules, vesicles, pustules, umbilicated pus
tules, ulcerating lesions, and scabs; figure 2) that were 
PCR positive for monkeypox virus DNA. All patients had 
viral DNA detectable in upper respiratory tract swabs, 
with DNA detectable in blood for six patients and urine 
for four patients. 

The first three patients were treated with oral 
brincidofovir, commenced approximately 7 days post-
onset of the rash in all cases (figure 1). Following 
discussion with the manufacturer, the proposed 
treatment course was three once a week doses of 
200 mg.18 All three patients developed elevated alanine 
transaminase (figure 3) and none completed the full 
course of treatment. No other significant biochemical or 
haematological disturbances were observed. There was 
no consistent association between doses of brincidofovir 
and clinical or virological parameters, although 
patients 2 and 3 (2018) demonstrated transient reductions 
in upper respiratory tract viral load around the time of 
their second doses; regardless of treatment received, all 
patients ultimately made a full recovery. Clinical 
complications included mood disturbance, which might 
have been due to monkeypox or being in an isolation 
facility (patient 1 [2018]), acute alcohol withdrawal, severe 
neuralgia requiring opiate analgesia, abscesses in the left 
ankle and proximal left thigh (patient 2 [2018]), and 
unilateral conjunctivitis (patient 3 [2018]). The ankle 
abscess in patient 2 (2018) was drained under ultrasound 
guidance at day 12 post-diagnosis, while the thigh abscess 
was diagnosed and drained on day 21 post-diagnosis. The 
ankle abscess fluid was negative for bacteria by culture 
and 16S ribosomal RNA sequencing; the thigh abscess 
fluid was negative for bacteria by culture but positive for 
high levels of monkeypox virus DNA (cycle threshold 13·6; 
figure 2). Patient 3 (2018) tested negative for monkeypox 
virus by PCR of an eye swab; and conjunctivitis was 
clinically diagnosed as bacterial rather than a result of 
direct toxicity by monkeypox virus, and they rapidly 
responded to opthalmic chloramphenicol (one drop 
four times a day until infection resolved).

Patient 1 (2018) and patient 4 (2019) remained in 
hospital with ongoing ulcerating inguinoscrotal lesions 
that were persistently monkeypox virus PCR positive for 
several weeks after the clearance of viraemia and healing 
of all their other skin lesions (figure 1). No other 
pathogens were identified from the ulcerating lesions by 
routine bacterial culture; patient 4 (2019) was treated with 
azithromycin (1 g orally as a single dose) to cover the 
differential diagnoses of chancroid and lymphogranuloma 
venereum. Both patients remained in hospital until the 
lesions had healed completely. In the other two patients, 
patients 2 and 3, the rash fully resolved within 2 weeks, 

but viral DNA remained detectable in the blood and 
upper respiratory tract. Patient 2 (2018) remained 
viraemic until his thigh abscess was drained (figure 1). 
Patient 3 (2018) had persistently positive upper res
piratory tract swabs; she was discharged on day 39 of her 
illness to self-isolate; negative results were obtained at 
45 and 48 days of illness.

Figure 1: Clinical and virological timelines of seven cases of human monkeypox
Each patient’s self-reported identification of a rash is taken as the first date of illness (patient 2’s (2021) rash was 
detected by her mother). Cycle threshold denotes the number of PCR cycles required to detect monkeypox virus, 
with higher cycle thresholds indicating lower levels of viral DNA and a cut-off of 40 cycles indicating undetectable 
DNA. In most cases, the rash crusted and desquamated early in the course of illness and the duration of rash is 
denoted by the dashed line (ongoing rash). Two patients (patient 1 (2018) and patient 4 (2019)) had their 
admissions prolonged due to isolated ulcerated lesions that remained persistently positive for monkeypox virus 
DNA, as indicated on their respective graphs. Black arrows indicate doses of brincidofovir, whereas the blue crosses 
indicate doses of tecovirimat. The grey background indicates time spent admitted in a High Consequence 
Infectious Diseases unit: patient 7 (2021) was already in hospital caring for patient 6 (2021; her daughter) when 
she developed symptoms. *marks the date of drainage of a large intramuscular abscess in patient 2 (2018).
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Patient 4 (2019) had ongoing inguinal lymphadenopathy 
after his rash resolved. The lymph nodes increased in size 
after he had sexual intercourse for the first time since his 
illness, approximately 6 weeks post-hospital discharge. 
The lymphadenopathy was associated with localised 
pustular and shallow ulcerating skin lesions. PCR of these 
lesions and upper respiratory tract swab was positive for 
monkeypox virus DNA (figure 1). This relapse was short 
and was not associated with detectable viraemia. The 
patient was otherwise clinically well, but he was briefly 
admitted to his local hospital until the lesions had crusted 
and a repeat upper respiratory tract swab was PCR negative.

In addition to the four patients who had monkeypox 
between 2018 and 2019, the HCID network managed a 
household cluster of monkeypox in 2021. The public 
health aspects of this outbreak have been described,26 and 
are summarised in figure 4.

The family (father, mother, and four children aged 
younger than 10 years) had travelled from Nigeria to 
the UK. During their mandatory 10-day COVID-19 self-
isolation period, the father (patient 5 [2021]) developed a 
progressive vesicular rash that he attributed to varicella. 
He attended a local emergency department at the end of 
his quarantine period and was subsequently admitted to 
the regional HCID unit where monkeypox was 
confirmed by PCR of vesicular fluid. On admission, 
monkeypox DNA was undetectable in blood but was 
detectable in upper respiratory tract swabs. Monkeypox 
DNA became undetectable from upper respiratory tract 

swabs 48 h later, which is consistent with hospital 
admission late in his illness (figure 1). When the 
youngest child subsequently developed fever and a 
vesicular rash, the entire family was admitted to the 
same HCID unit. The three older siblings were cohorted 
with their father, who was deemed non-infectious at that 
time, and all three older children and their father were 
discharged to complete 21 days of post-exposure isolation 
after a paediatric review and negative blood and upper 
respiratory tract swab PCR.

The mother requested to stay in hospital to continue 
caring for her daughter (patient 6 [2021]) after monkeypox 
was confirmed by PCR of a lesion swab. The child was 
managed in the adult HCID unit with 24 h on-site 
support from visiting paediatric staff. Treatment with 
tecovirimat was considered, but it was discounted given 
that it is not currently licensed for use in children, has no 
standardised dosing in patients less than 13 kg, and has 
previously only been used in a single paediatric case of 
vaccinia infection.20 All lesions had crusted by day 12 of 
illness; however, despite clearance of viraemia, 
monkeypox DNA remained detectable by PCR in upper 
respiratory tract swabs until day 20 (figure 1).

On day 14 of patient 6’s (2021) illness, her mother 
(patient 7 [2021]) developed malaise, headache, 
pharyngitis, and vesicles on her thorax, which were 
PCR positive for monkeypox DNA. Blood and upper 
respiratory tract swabs were initially negative, but repeat 
samples obtained 4 days later were positive (figure 1). At 

Figure 2: Skin and soft tissue manifestations of monkeypox
Skin and soft tissue features included: (A and D) vesicular or pustular lesions; (B and C) macular lesions involving the palms and soles; (D and E) a sub-ungual lesion; 
(F and G) more subtle papules and smaller vesicles; (H) and a deep abscess (arrow, image obtained during ultrasound-guided drainage).
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this stage, patient 7 (2021) had been isolated at home or 
in hospital for 35 days; therefore, a decision was made by 
the treating multi-disciplinary team to offer treatment 
with a 2-week course of oral tecovirimat (600 mg twice 
daily). The therapeutic aim was to prevent complications 
and shorten the duration of hospital stay. Samples from 
blood and upper respiratory tract became PCR negative 
48 h after commencing tecovirimat and remained 
negative at 72 h (figure 1). No new lesions developed 
after 24 h of tecovirimat therapy. Patient 7’s (2021) 
haematological, renal, and liver profile remained within 
normal limits during the first week of therapy and she 
reported no adverse effects. On day 7 of tecovirimat, she 
was discharged to complete her second week of 
treatment at home; she remained clinically well and 
afebrile during and after finishing therapy.

The parents of the family who had the monkeypox 
household cluster reported that two of the three older 
siblings had previously had a vesicular rash illness in 
Nigeria, and they consented for serological testing of the 
three uninfected children. All three children tested 
negative for orthopoxvirus IgG, and the two children 
with a history of previous rash tested positive for varicella 
zoster virus IgG. Serum from patient 7 (2021) from 
admission (before she developed clinical symptoms) also 
tested negative for orthopoxvirus IgM and IgG.

Discussion
We report seven cases of patients with human monkeypox 
infection diagnosed in the UK. Although small, this case 
series provided an opportunity to describe the clinical 
complications, in-vivo viral kinetics, and therapeutic 
management of monkeypox in a non-endemic, high-
income setting. Notable aspects include the first 
nosocomial and household transmissions to be reported 
outside of the African continent, surprisingly long 
durations of viral DNA shedding, and the use of novel 
direct-acting antivirals.

Brincidofovir and tecovirimat were not licensed for any 
indication when the first patients with monkeypox in 
the UK were diagnosed in 2018. Brincidofovir was 
selected for the patients in 2018, because it was available 
through approved, urgent repurposing of an existing 
supply from a local clinical trial. Given the small numbers 
involved, it is difficult to infer the relationship between 
treatment with brincidofovir and disease course. 
Although transient reductions were seen in monkeypox 
viral PCR cycle thresholds in a variety of sample types, 
these improvements were not durable or consistent 
between patients. We do not know whether brincidofovir 
administration earlier in the course of disease or at a 
different dosing schedule would be associated with 
superior clinical outcomes. In prairie dogs with 
established monkeypox infection, brincidofovir conferred 
a modest survival benefit (29% vs 14%) and reduction in 
end-organ viral titres.28 It is also important to note that all 
three patients developed deranged liver enzymes (a 

recognised side effect18) during treatment, resulting in 
precautionary decisions to curtail courses of treatment.

In patient 7 (2021), tecovirimat was offered on the basis 
of evidence of efficacy in animal models of orthopoxvirus 
infection and good tolerability in humans.17 It was hoped 
that treatment could prevent progression to severe 
disease or reduce the duration of stay in hospital. This 
treatment was commenced shortly after the appearance 
of skin lesions. There was a temporal relationship to 
clinical and virological responses that were more rapid 
than those seen in untreated patients or patients treated 
with brincidofovir; however, we are unable to say whether 
this was a result of treatment with tecovirimat. A similar 
reduction in lesion count and duration of PCR positivity 
in blood and upper respiratory tract was seen in 
macaques with smallpox when treated with tecovirimat 
versus placebo.29 We elected not to obtain further samples 
to demonstrate persistent viral clearance following the 
cessation of therapy as the patient remained clinically 
well and lived some distance from the treating HCID 
centre. Available data suggest that a 5-day course is 
sufficient to confer a clinical response, whereas a 2-week 
course allows humoral immunity to develop and durably 
clears the virus.17

Paediatric monkeypox infection has historically been 
associated with a higher likelihood of severe disease and 
mortality than in adults.8,10 Patient 6 (2021) represents the 
first reported paediatric patient with monkeypox outside of 
Africa since 2003, and they are the first paediatric patient 
managed by the UK HCID network. The challenge of 
managing a young child and an adult together in isolation 
was met by a paediatric HCID team delivering on-site care 
within the adult isolation unit. The patient required careful 
multidisciplinary and interspecialty coordination, collabo
ration, and communication throughout; fortunately, the 
child experienced a mild course of illness.

Figure 3: Alanine transaminase values of the three patients who received therapy with brincidofovir
Doses of brincidofovir are denoted by arrows, with the colour of the arrow corresponding with the colour of the 
relevant patient’s alanine transaminase graph. Normal range of alanine transaminase is less than 30 U/L.
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We faced the ethical dilemma of whether to allow 
patient 6’s (2021) mother to provide care for her. The risk 
of further transmission was balanced with the mother’s 
fully informed decision, acknowledgement that extended 
close contact had already occurred, and the practical 
difficulties and associated risk of managing a small child 
in prolonged isolation without a parent. It was not 
practical for the mother to wear PPE while residing with 
the child 24 h/day. It was not clear at the time of 
admission whether the mother was already incubating 
monkeypox from contact with patient 5 (2021). Modified 
vaccinia Ankara vaccination is indicated within 4 days of 
exposure, although it can be considered up to a maximum 
of 14 days.25 Tecovirimat has not been approved for post-
exposure prophylaxis, although an application to extend 
the license for this indication is in progress (Dennis E 
Hruby, personal communication). The typical incubation 
period of monkeypox is approximately 2 weeks, which 
suggests that patient 7 (2021) acquired the infection while 
caring for patient 6 (2021) rather than from patient 5 
(2021; figure 4).30 This hypothesis was further supported 
by negative orthopoxvirus IgG and IgM tests on serum 
taken at hospital admission from patient 7 (2021), 20 days 
after symptom onset in patient 5 (index case) and 13 days 
before she became symptomatic.

In previous cases and outbreaks of monkeypox, 
patients have been considered infectious until all the 
lesions were crusted.16 There are few data available on the 
viral kinetics of human monkeypox infection and most 
cases occur in settings where regular PCR testing of 
blood or upper respiratory tract swabs is not available in 
a timely manner. We observed trajectories in blood and 
upper respiratory tract swab PCR positivity that were 
similar to those seen in non-human primate models of 
monkeypox and smallpox.17,29 We identified shedding of 
monkeypox viral DNA in upper respiratory tract swabs 
for at least 3 weeks from three patients, including two 
treated with brincidofovir. One of these patients had 
received post-exposure prophylaxis with modified 
vaccinia Ankara, albeit outside of the 4-day window that 
was recommended.25 The infectivity of patients with 

positive upper respiratory tract swabs and crusted skin 
lesions remains undetermined, and it is an important 
area for future study with immediate practical 
implications for health-care resource use, patient safety 
and discharge, and prevention of transmission. The 
relapse of patient 4 (2019) was associated with a mild, 
short clinical illness and transient shedding of 
monkeypox viral DNA. We are unaware of previous 
reports of such relapses. The temporal association 
between sexual intercourse, increased inguinal lympha
denopathy, and recurrence of rash could suggest a genital 
reservoir of monkeypox virus, as has been reported with 
many other emerging viruses,31 but this theory warrants 
dedicated research with a larger cohort of patients. We 
are unaware of any reports of monkeypox virus detection 
in seminal fluid, and we did not collect semen samples 
from our patients.

All of the patients were young with no pre-existing 
comorbidities, and none of them had received 
pre-exposure smallpox vaccination. Nonetheless, most 
experienced a relatively mild course of illness, which is 
consistent with infection by the west African clade of 
monkeypox virus.7,8 Low mood was common among our 
patients; however, their mood could have been an 
appropriate and predictable reaction to prolonged hospital 
isolation without visitors for infection control purposes. It 
might also have reflected a perception of stigma 
surrounding the diagnosis (for example, one patient’s 
landlord attempted to evict them during their admission). 
Anxiety or depression requiring counselling affected 
more than a quarter of patients hospitalised with 
monkeypox in a 2018 case series from Nigeria.9

The clinical features of our patients were comparable 
with those seen in outbreaks of the west African clade of 
monkeypox virus in Nigeria and the USA,8,13 and our 
patients’ skin lesions exhibited a similar natural history to 
those described in the 2003 US outbreak.12 However, we 
did not identify any oral lesions; only two of seven patients 
reported a sore throat; pruritis was common in the 
2018 Nigerian outbreak,8 but it was rare in our cohort; and 
gastrointestinal and respiratory symptoms were reported 

Figure 4: Timeline of the 2021 monkeypox household cluster
The duration of monkeypox infection is represented by active (uncrusted) skin lesions and positive PCR results from blood or upper respiratory tract swabs (skin lesions were typically PCR positive until 
crusted over). Black arrows denote hospital admission. 
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by a minority of patients in the 2003 US outbreak but 
were not reported in any of our patients.13 All of our 
patients were hospitalised for infection control purposes, 
whereas in other outbreaks the decision to admit has 
been made on a case-by-case basis.

None of the patients in our series experienced any of 
the commonly recognised severe complications of 
monkeypox such as pneumonitis or superimposed 
bacterial sepsis. Patient 2 (2018) represents what we 
believe to be the first report of an adult patient with a 
deep tissue monkeypox abscess. Neither of the patient’s 
two abscesses communicated directly with a superficial 
skin lesion, and the thigh abscess was only identified 
using ultrasonography approximately 2 weeks into the 
patient’s illness after diagnosis. The estimated viral loads 
in urine and upper respiratory tract samples reduced 
following two doses of brincidofovir, but the viraemia 
only resolved once the thigh abscess was drained. Other 
researchers have previously suggested that source control 
could be beneficial for complicated orthopoxvirus 
lesions.22 We are aware of one previous report of a child 
in the USA with monkeypox and a radiologically 
confirmed retropharyngeal abscess. The aetiology of the 
abscess was not definitively confirmed, and it resolved 
without drainage.32 We cannot definitively exclude a 
bacterial cause for our patient’s abscess (he was also 
treated with broad spectrum antimicrobials), but the low 
monkeypox viral PCR cycle threshold in the abscess fluid 
is compelling.

The limitations of this study are its observational 
nature, the small number of cases, and our inability to 
confirm positive PCR results with viral culture assays to 
demonstrate ongoing shedding of viable virus.

This case series highlights the value of maintaining a 
collaborative network of centres on standby to manage 
sporadic, small numbers of patients with high con
sequence pathogens. The disease course of the patients 
we report on were challenging and resource-intensive to 
manage, even in the high-income setting of the UK. 
Monkeypox outbreaks will continue to occur in west and 
central Africa, and health-care workers around the 
world must remain vigilant to the possibility of 
monkeypox in travellers presenting with fever and rash. 
Our observations in this small series support further 
research into antivirals to treat this neglected tropical 
disease.
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