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number of HCWs infected by SARS-CoV-2 in wards not
intended for the care of COVID-19 patients, which lead us
to strengthen nonpharmaceutical interventions to control
the virus’s spread. Here we aimed to characterize the
occurrence of a nosocomial outbreak in a tertiary reference
hospital in Campinas city, Brazil. For this, we combined
epidemiological data, universal diagnostic testing and
genomic sequencing to define the cluster of infection. We
found a proportional rate among total HCWs and infected
HCWs, which patient care assistants are the most frequent
infected HCWs. We have also shown that epidemiological
data, universal diagnostic testing and genomic sequencing
as a rapid response managed to characterize a cluster of
nosocomial transmission, which allowed us to establish
procedures in hospital wards. Our study reinforces the
importance of epidemiological and genomic surveillance
for the control of SARS-CoV-2’s nosocomial transmission
in reference hospitals.

Keywords: Genomic surveillance; Health care worker;
Nosocomial infection; Reference hospital

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection can cause the Coronavirus disease 2019
(COVID-19), which has been declared a pandemic in March
2020 [1]. Up to March 2022, more than 450 million cases and
6 million deaths occurred worldwide, with 29 million cases
and 654 thousand deaths being reported in Brazil [2]. The
transmission of SARS-CoV-2 occurs mainly by respiratory
droplets, especially by pre-symptomatic carriers [3]. In a
pandemic scenario, nonpharmaceutical interventions are
important to restrict the virus’s spread being, to some degree,
capable of reducing the number of cases and preventing the
collapse of public health systems [4-6].

As previously described for other viral respiratory
infections, healthcare workers (HCWs) were one of the
groups with higher occupational exposure to SARS-CoV-2
[7,8]. Especially in the first wave of COVID-19 worldwide,
due to nosocomial transmission, HCWs have been infected
by SARS-CoV-2 either functioning as carriers or developing
symptoms [9], when vaccines were not yet available. Previous
studies have shown that HCWs are at high risk of infection by
SARS-CoV-2 compared to the general population in several
countries [10,11].

COVID-19 pandemic brought many challenges to health
care systems worldwide [12]. In many Brazilian states, the
health care system collapsed in 2020, and geographic and
temporal fluctuations in COVID-19 in-hospital fatality rates
were strongly and primarily associated with geographic
inequities and shortages in healthcare capacity [13]. During

the first pandemic wave in the world, the novel scenario for
practice in patient care, often related to the lack of personal
protective equipment (PPE), unavailability of vaccines,
and even the absence of guidelines for nonpharmaceutical
interventions may have contributed to the initial virus spread
[9,14].

The increasing number of HCWs infected by SARS-
CoV-2 emphasized the demand for new interventions
concerning infection control and prevention in COVID-19
and non-COVID-19 wards [15]. Thus, this study aimed to
investigate and track possible distinct and simultaneous
hospital outbreaks of SARS-CoV-2 in an important tertiary
hospital located in the city of Campinas, Brazil, during the
first pandemic wave (from February to October 2020) using
epidemiological and genomic data..

Material and Methods

1.1 Ethics: This study was approved by the University
of Campinas Research Ethical Committee (CAAE
31170720.3.0000.5404). All patient data were anonymized
before use, and patients gave informed consent before
participation.

Study’s location: The Clinical Hospital of the University
of Campinas (HC-Unicamp) is one of the largest university
hospitals in Brazil, located in the city of Campinas. It is a
reference for tertiary care and provides medical services
for 86 municipalities in the Campinas Metropolitan
Region, totalling 6.5 million inhabitants. Data for cases
in Campinas city and the Campinas Metropolitan Region
were obtained from Brazilian Public Health Care Data
Centre (Open Data SUS) (https://opendatasus.saude.gov.
br/dataset/srag-2020).

1.2Sample collection and SARS-CoV-2 detection:
Nasopharyngeal samples (combined samples from the
nose and throat) were collected using swabs (similar to a
long Q-Tip) from all individuals included in this study. All
samples were sent to the Laboratory of Clinical Pathology
of HC-Unicamp (LPC), where they were submitted to
RNA extraction using ZR Viral RNA Kit (Zymo, USA),
Extracta RNA Viral Kit MVXA-PO96FAST (Loccus,
Brazil) or QIAamp Viral RNA Mini Kit (Qiagen, USA),
all following manufacturer's instructions. All extracted
RNAs were submitted to the SARS-CoV-2 detection
assay using the GeneFinder COVID-19 PLUS Real Amp
Kit (OSANG Healthcare, South Korea) following the
manufacturer’s instructions or RT-qPCR previous
described elsewhere using TagMan Fast Virus 1-Step
Master Mix (Applied Biosystems, EUA).

1.3SARS-CoV-2 genome sequencing: For SARS-CoV-2
genome sequencing, a new RNA extraction was
performed for all positive samples by RT-qPCR. The RNA
was extracted using the QIAamp Viral RNA Mini Kit
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(Qiagen, Germany), according to the manufacturer’s
instructions. Synthesis of c¢DNA was performed
with ProtoScript II First Strand ¢cDNA Synthesis Kit
(New England Biolabs, USA) with random hexamers
(Invitrogen, USA), followed by tiling PCR reaction using
V3 primer scheme for SARS-CoV-2 (https://github.
com/artic-network/artic-ncov2019/tree/master/primer
schemes/nCoV-2019). Then, Q5 High-Fidelity DNA
polymerase (New England Biolabs, USA) was used for
amplification, as described before [4,16,17] (https://artic.
network/ncov-2019). Clean-up steps were performed
using AmpureXP purification beads (Beckman Coulter,
USA) and dsDNA was quantified using Qubit 2.0 dsDNA
High Sensitivity (Life Technologies, USA). The library
was generated using SQK-LSK 109 Kit (Oxford Nanopore
Technologies, UK), EXP-NBD104 and EXP-NBD114,
Native Barcoding Kits (Oxford Nanopore Technologies,
UK), and loaded on R9.5.1 flowcells (Oxford Nanopore
Technologies, UK). Fast5 files were processed for
basecalling, trimming, and demultiplexing using Guppy
2.2.7 software, and Artic guppyplex. The consensus
sequences were obtained using Artic Nanopolish pipeline
[18].

1.4 Phylogenetic analysis: Representative sequences from
Brazil, Italy, Spain, Portugal, the United Kingdom, and the
United States of America during the period of this study
(from May to July 2020) obtained from GISAID (n =204,
[Supplementary table 1]) and the consensus sequences
from the present study with coverage greater than 70%
and 20, depth (n = 50) were aligned using MAFFT [19].
UGENE software version 41.0 was used for trimming
5" and 3'-UTR from all sequences. Maximum-likelihood
phylogenetic tree was constructed using IQ-TREE web
server version 1.6.12 [20]. The best nucleotide model was
determined by ModelFinder [21]. Further visualizations
of newick files and metadata were performed in the
Microreact webserver [22]. All sequences obtained in this
study are available at GISAID (Supplementary table 2).

1.5 Data availability: All analyses were conducted using
the R project for statistical computing [23]. R packages
necessary for analysis and visualization include dplyr,
tidyverse, lubridate, rstatix, and ggplot2. No custom code
was developed.

Results

From May to July 2020, 325 people tested positive for
SARS-CoV-2 and were enrolled in this study, including
237 HCWs (179 women, mean age of 39.3 years [IQR 31.0
— 45.0], 55 hospitalized patients which tested positive after
admission (named as hospital-acquired COVID-19 patients:
HA-COVID) (21 women, mean age of 57.3 years [IQR
45.7 — 65.5]) and 33 patients with acute respiratory distress

syndrome as the reason for admission (named as community-
acquired COVID-19 patients: CA-COVID) (16 women, mean
age of 53.9 years [IQR 43.0 — 65.0]) (Figure 1A). On 8th
June 2020, the Section of Hospital Epidemiology established
universal testing by RT-qPCR in HCWs monthly and weekly
for hospitalized patients, which could allow detecting SARS-
CoV-2 in both pre-symptomatic and asymptomatic SARS-
CoV-2 infected subjects (Figure 1A). During the first couple
of weeks of universal testing, the number of HCWs and
patients which tested positive had a sharp increase, followed
by a slower decline over the next month (Figure 1A).

SARS-CoV-2 rapidly spread across Brazil in early 2020,
and it was detected in Campinas city on 13" March 2020
(Open Data SUS), soon to be detected all across the Campinas
Metropolitan Region, the second-largest metropolitan region
in Sdo Paulo state with 3 million inhabitants [24]. The
cases peaked in June and July 2020, characterizing the first
wave of circulation of this virus in this region (Figure 1A).
During this first wave in Brazil (from February to October
2020), an increasing number of HCWs tested positive for
SARS-CoV-2 from May to July 2020 in the HC-Unicamp
(Figure 1A), and many of them worked in wards that were
not primarily intended for the care and treatment of patients
with COVID-19, such as orthopaedics, nephrology, and
cardiology wards (Figure 1B).

Tocharacterizethisoutbreakinthehospital,itwasevaluated
occupational, clinical, and demographic characteristics of
the RT-qPCR SARS-CoV-2 positive individuals, including
HCWs, patients admitted to COVID-19 wards (CA-COVID),
and patients who were RT-qPCR SARS-CoV-2 positive after
being admitted to hospital areas not intended for the treatment
of COVID-19 (HA-COVID).

Among all infected HCWs enrolled in this study, the
occupation with higher proportion of RT-qPCR positive
tests was patient care assistants such as nursing technicians
and auxiliaries with 146 individuals, followed by nurses and
physicians with 38 and 34 individuals, respectively (Figure
2A). Only 2 HCWs needed hospitalization after the diagnosis
of COVID-19 by RT-qPCR (data not shown). In addition, the
infected HCWs were younger (mean age of 39.3 years [IQR
31.0 — 45.0]) than HA-COVID (mean age of 57.3 years [IQR
45.7 — 65.5]) and CA-COVID patients (mean age of 53.9
years [IQR 43.0 — 65.0]) (p < 0.001, ANOVA followed by
Tukey post-hoc test) (Figure 2B).

To track the epidemiological link between all infected
persons (HCWs, HA-COVID, and CA-COVID patients)
we merged several data, such as the onset of symptoms,
date of sample collection for molecular diagnosis by RT-
qPCR, and date of hospitalization according to the timeline
in orthopaedics, nephrology and cardiology wards, and
COVID-related wards. We identified a timeframe of
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Figure 1: Epidemiological context during this study and HCWs’ cases distribution in the hospital of study. (A) Epidemiological surveillance of
new cases per day during the period of this study, from May to July 2020 in HCWs and in HA-COVID patients, CA-COVID patients, Campinas
city and Campinas Metropolitan Region (Campinas city not included) from March to August 2020. The establishment of universal testing
by RT-qPCR by the Infection Control Committee is indicated. (B) Distribution of infected HCWs per ward in this study. The establishment
of universal testing for HCWs monthly and weekly for HA-COVID patients is indicated. Abbreviations: HCWs, health care workers; HA-
COVID, hospital-acquired COVID-19 patients; CA-COVID, community-acquired COVID-19 patients; ICU, intensive care unit.

events that suggests a potential cluster of SARS-CoV-2
nosocomial transmission between HCWs and areas unrelated
to COVID-19 patients, starting in early May 2020 until
early July 2020 (Figure 3). Other wards also had diagnosed
HCWs during the period of this study (May to July 2020)
such as neurology (n = 1 HCW), rheumatology (n =1 HCW),
surgery centre (n = 3 HCWs), paediatrics (n = 7 HCWs),
and emergency and intensive care units (ICU) (n = 1 HCW)
and others (Figure 1B). However, since the number of RT-
qPCR positive HCWs in these facilities was small compared
to orthopaedics, nephrology, cardiology and COVID-related
wards, we did not perform further investigations in these
wards.

Next, to confirm the nosocomial outbreak of SARS-CoV-2
in HCWs and patients admitted in areas non-COVID-19
wards, we performed SARS-CoV-2 genome sequencing
of 36 HCWs samples, 10 HA-COVID patients, and 4 CA-
COVID patients. Phylogenetic analysis showed the main
cluster of SARS-CoV-2 infections among HCWs and HA-
COVID patients (bootstrap value > 70), indicating a possible
single origin of nosocomial transmission (Figure 4). The main
cluster was composed of 26 HCWs, 8 HA-COVID patients
and 1 CA-COVID patient. The 8 HA-COVID patients,
who were hospitalized before the molecular diagnosis of
COVID-19 by RT-qPCR, ranged from 1 to 59 days before
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Figure 2: HCWs distribution in the hospital and age of study groups. (A) Relative percentage of total and infected HCWs per occupation in
the hospital with their absolute numbers in each stack bar. (B) Age distribution of HCWs, HA-COVID patients and CA-COVID patients in this
study. Boxplots represent the median, IQR, maximum and minimum whiskers. Statistical significance by ANOVA followed by Tukey post-hoc
test comparing to HCW group are represented by asterisks, “*“p<0.001. Abbreviations: HA-COVID, hospital-acquired COVID-19 patients;

CA-COVID, community-acquired COVID-19 patients.

testing and included 3 asymptomatic subjects. Some HCWs’
and patients’ sequences were phylogenetically distant from
the main cluster, suggesting a community-acquired infection
(Figure 4, Supplementary Tables 2,3).

We sequenced SARS-CoV-2 genome samples obtained
from two respiratory specialist physiotherapists, who were
potentially highly exposed during the care of patients with
various respiratory conditions, including those with severe
acute respiratory syndrome, and probably circulating around
different hospital wards. Nevertheless, the phylogenetic
analysis shows the SARS-CoV-2 sequences from these
two physiotherapists were placed into separated clusters,
indicating a probable community-acquired infection (Figure
4). In the main cluster, the orthopaedics ward did not host any
patients in the main cluster but hosted 11 HCWs including

nursing technicians, nurses, and a resident physician.
The nephrology ward hosted 8 HCWs, such as nursing
technicians, nurses, and physicians, and 5 HA-COVID
patients. The cardiology ward hosted 5 HCWs, also nursing
technicians, nurses, resident and assistant physicians, and 1
HA-COVID patient in the main cluster (Figure 4). Samples
obtained from other wards also had sequences placed into
the main cluster, such as the traumatology ward with | HCW
and 2 HA-COVID patients, and a COVID-related ward with
1 CA-COVID patient. Interestingly, the branch where the
CA-COVID patient from the main cluster was placed was
also composed of 3 HCWs, each of them from nephrology,
cardiology and COVID-related wards. These 3 HCWs
showed onset of symptoms ranging from 6 to 10 days after
the hospitalization of the CA-COVID patient present in the
main cluster (Figure 4).
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Discussion

During the first wave of the current pandemic of SARS-
CoV-2 from March to July 2020, immediate concerns about
the availability of PPE for HCWs, the lack of guidelines for
infection prevention control, the absence of a vaccine, and the
management of COVID-19-positive patients worldwide [9]
were raised. The first case of COVID-19 in Latin America was
confirmed on 26 February 2020 in the Sdo Paulo metropolis,
the most populous city in the Southern hemisphere with
around 12 million people [25]. Due to at least 100 introduction
events, SARS-CoV-2 spread in Sdo Paulo city and other large
cities by airline travellers coming from Italy, USA, France,
and other European countries during the beginning of 2020
[4,26]. Many HCWs were infected and became symptomatic,
but a proportion has played as asymptomatic carriers and
were potential virus disseminators for person-to-person
contamination [9,27]. In addition, the transmission between
COVID and non-COVID wards has already been described
in hospital environments [9,14,28].

The epidemiological monitoring and investigation of the
potential link between infected persons combined with viral
genomic sequencing can be a critical approach to define real
outbreaks, their extent and magnitude, and propose estimable
strategies to control viral dissemination [29,30]. In this
study, we combined epidemiological and genomic data from
HCWs and SARS-CoV-2-infected patients to characterize a
cluster of nosocomial transmission in a tertiary hospital in the
Campinas Metropolitan Region, Brazil. Our results suggest
the occurrence of a nosocomial outbreak, supported by the
timeframe of onset of symptoms and RT-qPCR positive tests
from HCWs and patients together with genomically-related
samples from both HCW and patients among COVID-19
and non-COVID-19 wards. Previous studies described a
nosocomial outbreak in a gastroenterology ward, not related
to COVID-19 areas [9], and a hospital outbreak caused by
symptomatic and asymptomatic HCWs with contact with
patients in different wards, highlighting the importance of
a cooperative effort for contact tracing, massive testing and
the implementation of nonpharmaceutical interventions
[14,31,32].

The tracking of COVID-19-positive HCWs and patients in
our study was used to guide procedures in the first pandemic
wave to prevent further virus dissemination in nosocomial
settings, since in that period from May to July 2020, none
of the HCWs enrolled had been vaccinated. A retrospective
study conducted in a teaching hospital in London showed
that 15% of COVID-19 inpatient cases were characterized as
definite or probable hospital-acquired infections with possible
patient-to-patient contacts [28]. A nosocomial outbreak in
Wuhan also demonstrated the high risk of hospital-acquired
infection among people with or without symptoms [33].

Here we show that all patients involved in the outbreak were
already hospitalized when the infection probably occurred.

In this study, we identified one cluster of subjects with
SARS-CoV-2 infection in the hospital, which involved
different hospital facilities, such as COVID-19-related wards,
orthopaedics, nephrology, cardiology wards, and HCWs from
different roles. A study has shown that nursing technicians
and nurses are the main frontline HCWs that are more at risk
of viral exposure [34]. Our results show a proportional rate
between the total number and infected HCWs by occupations,
and also suggest that nursing technicians and nurses could be
the main carriers and drivers of SARS-CoV-2 transmission
during this outbreak, as already observed for HCWs-to-HCWs
and HCWs-to-patients transmissions [15,35]. In addition, we
identified the sequence from a CA-COVID patient and three
HCWSs’ sequences related in a single branch, it is plausible
to infer that they could be the first introductory nosocomial
infections and it suggests they were potential carriers to
other wards.During the first wave of COVID-19, the lack
of guidance and infrastructure to handle the high number of
infected patients was associated with HCWs contamination
inside hospitals worldwide and also in Brazil [13,36]. In the
cluster observed in this study, we identified genomically-
related SARS-CoV-2 samples in different hospital facilities
not related to COVID-19, which drew attention to track
cases in these wards to rapidly implement changes in routine
procedures and human resources contingency. Since the
outbreak was identified, response measures such as contact
tracing, SARS-CoV-2 testing for asymptomatic HCWs
and on admission and weekly for hospitalized patients
were readily implemented. The prompt identification of
asymptomatic carriers supported the isolation of positive
patients, HCW withdrawal from duty, and quarantine for
contacts. After identifying a SARS-CoV-2 case a contact
tracing was performed and every HCW who had contact with
the confirmed case was also tested by RT-qPCR.

Our study reinforces the importance of integrated
epidemiological and genomic surveillance in large hospitals to
better understand outbreak patterns and distinct transmission
chains as tools for timely and effective implementation of
infection prevention and control measures and to support
the development of guidelines to tackle SARS-CoV-2 and
other respiratory viruses. These tools and developments can
be used to minimize the transmission of respiratory viruses,
contributing to improve safe work conditions for HCWs
whilst minimizing the risk of infection for hospitalized
patients.
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