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Abstract: We performed an epi and molecular characterization of two healthcare workers MPXVoc-
cupational infection. Five days after the sampling collection, nurses developed typical MPXV infec-
tion symptoms. Infection was confirmed by qPCR and whole genome sequencing.The most likely
transmission route was through contact with fomites in the patient belonging/house.

Keywords: monkeypox; infection; healthcare

1. Introduction

The World Health Organization (WHO) confirmed a multi-country Monkeypox vi-
rus (MPXV) outbreak in May 2022. As of August 25th, 2022, 45,355 infections were de-
scribed in 98 countries worldwide, 3,984 of which were detected in Brazil (1). The multi-
country outbreak is driven by one of the two known MPXV genotypes, clade II lineage
B.1 (https://nextstrain.org/monkeypox/mpxv); in Brazil, only lineages A.1, B.1, B.1.1 and
B.1.7 have been detected so far(2). Typical symptoms of MPXV infection include fever,
intense headache, lymphadenopathy, back pain, myalgia and intense asthenia. Skin erup-
tions usually begin within 1 to 3 days after the appearance of fever, evolving from macules
to papules, vesicles, pustules and finally crusts, as for the end of the lesion (1,3). Although
most of the human cases reported in the current outbreak are related to sexual contact
with multiple partners, transmission may also occur through alternative routes such as
direct contact with rash lesions, scabs, or body fluids from an infected person; touching
objects, fabrics (clothing, bedding, or towels), or surfaces that have been used by an infec-
tious patient; and also by contact with respiratory secretions (4,5). Transmission through
fomites were reported (6) and, although this is not the major transmission route, it should
be considered in MPXV transmission chains. Studies are currently ongoing to understand
the epidemiology, sources of infection, and transmission routes of this outbreak. As re-
ported by the WHO, until 22 August 2022, 256 cases have been identified among
healthcare workers, but most were infected outside of the working place or are currently
under investigation to determine infection source (7). Healthcare- associated infection has
been confirmed in only three cases to this date (7). Here we describe a case of Monkeypox
virus infection in two nurses after a home specimen collection from a patient in Brazil.
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2. The study

A man aged 40 years (Patient) presented with maculopapular lesions in the genital
region, adenomegaly, myalgia, fever and chills on July 22, 2022. The patient had not trav-
eled recently but reported intimate contact with multiple partners (four of those were
identified and monitored for 14 days without symptoms). On July 29 the Healthcare
Workers 1 and 2 (both females, nurses from municipal epidemiological surveillance ser-
vice) carried out a home visit to specimen collection from the Patient. The healthcare
workers wore personal protective equipment: safety glasses, disposable isolation gowns
and N95 respirators. Lesion specimen collection was conducted using dry sterile swab
procedure plastic gloves. After collection, the material was stored in a sample transport
box and the worker sanitized hands with 70% ethanol. Gloves were used only during col-
lection; in the remaining time at the patient’s house and during sample box transport, the
healthcare workers did not wear gloves, but the remaining personal protective equipment
was used until the moment they returned to the workplace to store the collected material.
Work materials such as clipboard, sample transport box and table were not sanitized. The
healthcare workers did not have contact with other suspected/confirmed cases of mon-
keypox on the same day or in the following days. Subsequent real-time PCR assay per-
formed on August 2nd confirmed that Patient was infected with MPXV of Clade II (cycle
threshold value, Ct of 20).

On August 3rd, five days after specimen collection from Patient, the Healthcare
Worker 1 presented a single lesion on the left ring finger with small macula with central
umbilication (Figure 1A). No systemic symptoms or other lesions were observed until
August 10th, when the patient presented increased hyperemia and appearance of a small
papule laterally to the initial lesion. A real-time PCR test from a specimen collected from
Healthcare Worker 1 on August 4th confirmed MPXV infection (Ct 22). On August 12th,
Worker 1 presented lymphangitis in the left upper limb (Figure 1B) with worsening of
hyperemia, and the finger lesion turned into a papule bleeding (Figure 1C). On August
13th she still had lymphangitis and a small papule appeared on her forearm. On August
15th, the fibrin in the lesion increased (Figure 1D) and on August 23rd fibrin reabsorption
with crust formation occurred (Figure 1E).

Likewise, on August 3rd, the Healthcare Worker 2 also presented with a papule on
the forearm, fever and adenomegaly (Figure 1F). On August 4th MPXV infection was con-
firmed by real-time PCR (Ct 36). The lesions spread to the face, progressively increasing
until August 16th (Figure 1 G-H), but none of the lesions evolved to crust. Lesions began
to decline on August 17th (Figure 1I) and on August 24th, Healthcare Worker 2 was re-
leased from isolation since all her lesions healed.
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Healthcare Worker 2

Figure 1. Skin lesions presented by the Healthcare Worker 1(A to E) and 2 (F to I) with confirmed
monkeypox virus infection.

MPXV was detected in the clinical samples from the three individuals involved in
this transmission chain by real-time PCR performed at the Centro Estadual de Vigilancia
em Saude- CEVS (the State Center for Health Surveillance of Rio Grande do Sul State De-
partment of Health), according to the protocol proposed by Li et al (2010) (8). Samples
from Patient (Ct 20) and Healthcare Worker (Ct 22) were selected for whole genome se-
quencing due to higher viremia. Whole genome amplification was performed using the
protocol established by Chen et al (2022) (9) and sequencing was performed on a Illumina
Miseq sequencing platform (Illumina Inc, USA). The sequencing for the two samples was
carried out in two distinct runs following the best practices avoiding cross-contamination.
A negative control was included in all steps of each run, from the DNA extraction to se-
quencing. The pipeline implemented in ViralFlow (https://github.com/dezordi/Vi-
ralFlow) (10) was used to perform genome assembly, variant calling and consensus gen-
eration providing the MPXV reference genome MT903345.1. Analyses using the Nextclade
tool (https://clades.nextstrain.org) showed that the sequenced genomes belong to MPXV
Clade IIb sublineage B.1.1 and are 100% identical (Figure 2).
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Figure 2. A) Representation of SNPs occurring in the MPXV genome sequences from Patient and
Healthcare Worker 1. The summarized representation was made using the Snipit tool
(https://github.com/aineniamh/snipit). B) Maximum likelihood phylogenetic tree showing the two
sequenced genomes in this study along with 919 MPXV sequences from worldwide subsampled by
Nextclade. C) Phylogenetic tree focusing on the MPXV Clade IIb.

3. Conclusion

The present report adds further evidence that the MPXV transmission and infection
can happen in diverse situations driven by close physical contact with infectious patients
and are not confined to certain population groups with particular sexual behavior. The
interaction of patients with healthcare workers provides a window of opportunity for
MPXYV transmission (5). As such, it has been recognized as an important issue in the com-
munity transmission containment of MPXV outbreaks (5) along with patient diagnosis
and quarantine. There are specific mandatory regulations regarding the use of personal
protective equipment and the deployment of vaccination campaigns to protect healthcare
workers (11). The present case report highlights the possibility of fomite transmission
route of MPXV, suggesting that MPVX virus particles are infectious and resistant to envi-
ronmental conditions (12). Therefore, extreme caution needs to be taken with general pro-
tection equipment and house objects used by suspected cases. Here we proposed specific
measures to prevent and/or curtail monkeypox infection through fomites: I isolate ill per-
sons from uninfected persons; II) practice good hand hygiene and use appropriate per-
sonal protective equipment to protect household members if ill or caring for ill persons at
home (e.g., a surgical mask, long sleeves and pants, and disposable gloves); III) use an
Environmental Protection Agency-registered disinfectant with an emerging viral patho-
gens claim that is found on EPA’s List Q for disinfection of surfaces and IV) vaccination
campaigns of high risk groups including healthcare workers.

To the best of our knowledge, this is the first well characterized event of healthcare
workers confirmed infection during the 2022 outbreak of international concern.
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