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In May 2022, the World Health Organization 
(WHO) confirmed a multicountry monkeypox vi-

rus (MPXV) outbreak caused by MPXV clade II. As 
of September 14, 2022, 59,147 infections had been 
described in 164 countries worldwide, 6,129 of those 
cases occurred in Brazil (1). Typical MPXV signs and 
symptoms include fever, intense headache, lymph-
adenopathy, back pain, myalgia, and intense asthe-
nia. Skin eruptions usually begin within 1–3 days af-
ter fever onset and evolve from macules to pustules, 
then form crusts (1,2). 

In this outbreak, most reported cases have been 
transmitted through sexual contact with multiple 
partners. However, MPXV can also be transmitted 

through direct contact with rash lesions, scabs, body 
fluids and respiratory secretions from an infected pa-
tient (3,4). Transmission through contact with fomi-
tes, infected objects, fabrics, or surfaces, has also been 
reported (5) and should be considered for disease con-
trol and prevention. By August 22, 2022, WHO had 
reported 256 MPXV cases among healthcare workers 
(HCW); only 3 of them were confirmed to be occu-
pationally acquired. Of note, most infections among 
HCWs were acquired outside the workplace (6). 

We describe MPXV infection that developed in 2 
HCWs after they collected specimens from an infect-
ed patient in Brazil. Both healthcare workers signed a 
consent form for the use of their clinical data and pub-
lication of anonymized photographs in this article. 

The Study
On July 22, 2022, a man in Brazil, 40 years of age, ex-
hibited genital maculopapular lesions, adenomegaly, 
myalgia, fever, and chills. The patient had not traveled 
recently; he reported intimate contact with multiple 
partners. On July 29, two HCWs (HCW-1 and HCW-
2) visited the patient’s home to collect specimens and 
conduct an epidemiologic investigation interview. 
Upon entering the patient’s home and during the en-
tire visit, the HCWs wore personal protective equip-
ment (PPE), including safety glasses, disposable iso-
lation gowns, and N95 respiratory masks. The patient 
wore a cloth mask for the duration of the visit. 

After entering the home, the patient and HCWs 
proceeded directly to the patient’s bedroom, where 
the HCWs interviewed the patient and collected sam-
ples from him. During these procedures, the patient 
remained in bed; the HCWs placed their equipment 
on a nearby armchair. From the time they entered the 
patient’s home to the end of the interview, the HCWs 
did not wear gloves; after the interview, both HCWs 
sanitized their hands with 70% ethanol and donned 
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We evaluated epidemiologic and molecular characteris-
tics of monkeypox virus (MPXV) infections sampled from 
2 healthcare nurses. Five days after collecting samples 
from an infected patient, the nurses showed typical 
MPXV manifestations; quantitative PCR and whole-ge-
nome sequencing confirmed MPXV infection, most likely 
transmitted through contact with fomites. 
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latex gloves to collect samples. HCW-1 collected a le-
sion specimen using a dry sterile swab that the work-
er then placed in a screw-capped sterile plastic trans-
port tube; HCW-2 collected a blood sample using a 
plastic evacuated tube. Both tubes were stored in a 
sample transport box. During the ≈1 hour visit, the 
HCWs had no skin-to-skin contact with the patient 
and reported no sharps injuries.  

The HCWs removed their gloves only after leav-
ing patient’s home and placing the sample box in their 
car; they then discarded the gloves in a portable bio-
hazard waste disposal container and sanitized their 
hands with 70% ethanol. They wore their remaining 
PPE (disposable gown, N95 respirators, glasses) until 
they arrived at the laboratory, where they immedi-
ately washed their hands with soap and water. How-
ever, they did not sanitize some work materials, such 
as a clipboard and the exterior surface of the sample 
transport box (Figure 1). 

The HCWs did not have contact with other sus-
pected or confirmed monkeypox case-patients be-
fore the day of or during the 4 days after collecting 
samples from the patient. Furthermore, on the day 
of the patient visit, they had no known skin injuries, 
skin breaks, or scrapes. A real-time quantitative PCR 
(qPCR) assay performed on August 2 following a pro-
tocol described elsewhere (7) confirmed that the pa-
tient was infected with clade II MPXV (cycle thresh-
old [Ct] 20). 

On August 3 (5 days after collecting the patient 
specimens), HCW-1 exhibited a single lesion on her 

left ring finger, a small macula with central umbili-
cation. qPCR of a specimen collected from HCW-1 
on August 4 confirmed MPXV infection (Ct 22). We 
observed no systemic symptoms or additional lesions 
until August 10, when HCW-1 experienced increased 
hyperemia and a small papule appeared lateral to 
the initial lesion. By August 12, HCW-1 exhibited 
lymphangitis in her left upper arm and worsened 
hyperemia; in addition, the lesion on her finger be-
came a bleeding papule. On August 13, HCW-1 still 
had lymphangitis and a small papule had appeared 
on her forearm. By August 15, lesion fibrin had in-
creased, and by August 23, fibrin reabsorption with 
crust formation had occurred (Figure 2). 

By August 3, HCW-2 exhibited a papule on her 
forearm and fever and lymphadenopathy had de-
veloped. On August 4, we confirmed MPXV infec-
tion by qPCR (Ct 36). Lesions spread to her face and 
increased progressively until August 16 but did not 
evolve to crust. The lesions began to diminish on Au-
gust 17 (Figure 2) and on August 24, HCW-2 was re-
leased from isolation because all lesions had healed. 

Using the same qPCR protocol, we detected MPXV 
in 3 persons: the original patient, HCW-1, and HCW-
2. We selected samples from the patient and HCW-1 
for whole-genome sequencing because of their higher 
viremia. We performed whole-genome amplification 
as described elsewhere (8) and sequencing on an Illu-
mina MiSeq sequencing platform (https://www.illu-
mina.com), following best practices to avoid cross-con-
tamination. We used ViralFlow (https://github.com/

Figure 1. Timeline of monkeypox patient illness, HCW visit to the patient’s home, and subsequent HCW illness, Brazil, 2022. HCW, 
healthcare worker; MPXV, monkeypox virus.
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dezordi/ViralFlow) (9) for genome assembly and con-
sensus generation, using an MPXV reference genome 
(GenBank accession no. MT903345.1). Analysis using 
the Nextclade tool (https://clades.nextstrain.org) 
showed that the sequenced genomes were 100% iden-
tical and belonged to MPXV clade IIb sublineage B.1.1 
(Appendix Figures 1–3). We deposited consensus se-
quences in GISAID (accession nos. EPI_ISL_14465517 
and EPI_ISL_14676265).

Conclusions 
Our report provides evidence supporting the hypoth-
esis that both HCW infections observed in this study 
were transmitted through fomite exposure with sur-
faces in the patient’s home, their own PPE, or outer 
surfaces of the specimen transport box. These find-
ings highlight that MPXV might be acquired through 
contact with fomites, such as patient belongings or 
surfaces contaminated with infectious viral parti-
cles. Close interaction between patients and HCWs 
are also risk factors for MPXV transmission (4). As 
notable routes of MPXV transmission, such interac-
tions should be targeted along with diagnosis and 

quarantine for MPXV containment measures (4). Rec-
ommendations for preexposure and postexposure 
prophylaxis include correct use of appropriate PPE 
(10,11). Infectious MPXV particles can remain on fur-
niture and fabric surfaces (12), so caution is needed 
when in contact with general protection equipment 
and household objects that have been exposed to sus-
pected case-patients. 

We propose specific measures to prevent and 
curtail monkeypox infection acquired through fomi-
tes. HCWs must be properly trained to safely collect 
specimens, use PPE, implement control measures, and 
perform frequent hand hygiene. HCWs should wear 
gloves throughout entire visits and during contact 
with possibly infected persons and their belongings. 
Secondly, a disinfectant product effective against mi-
crobial pathogens such as nonenveloped viruses (e.g., 
norovirus, rotavirus, adenovirus, poliovirus) should be 
applied to object surfaces before and after interactions 
with suspected case-patients. Finally, vaccination cam-
paigns should be conducted among high-risk groups, 
including certain HCWs. The possible transmission 
of MPXV by 2 HCWs from a patient environment  

Figure 2. Timeline of skin lesions shown by HCW-1 and HCW-2, who had confirmed monkeypox virus infection after visit to home of 
monkeypox patient, Brazil, 2022. HCW, healthcare worker.
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illustrates a potential source of transmission with 
broad implications for infection control and preven-
tion and indicates the need for specific interventions 
in the context of the ongoing multicountry outbreak. 
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Appendix Figure 1. Single nucleotide polymorphisms of the MPXV genomes from patient and HCW-

1 with respect to the reference genome. Figure was rendered using the Snipit tool 

(https://github.com/aineniamh/snipit).  

 

Appendix Figure 2. Maximum likelihood phylogenetic tree showing the 2 sequenced genomes in this 

study (red circles) along with the worldwide Nextclade subsampled dataset of 919 MPXV sequences.  
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Appendix Figure 3. Phylogenetic tree focusing on the MPXV Clade IIb. 

 


