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Abstract 
Throughout the current COVID-19 pandemic, preventing nosocomial COVID-19 
outbreaks has been a significant challenge for hospitals. 
It is essential to understand the ways in which SARS-CoV-2 spreads in healthcare settings 
to apply proper infection prevention and control (IPC) measures.  
The objectives of this study are to report on the hospital’s response to a COVID-19 
cluster and the transmission dynamics in a hospital ward of Geriatrics, Rehabilitation and 
Long term care. The study will focus specifically on how insufficient air replacement and 
directional airflow in indoor settings may have contributed to the transmission of the 
virus. 
  
  
Introduction 
Throughout the current COVID-19 pandemic, preventing nosocomial COVID-19 
outbreaks has been a significant challenge for hospitals [1]. It is essential to understand 
the ways in which SARS-CoV-2 spreads in healthcare settings to apply proper infection 
prevention and control (IPC) measures [2]. The objectives of this study are to report on 
the hospital’s response to a COVID-19 cluster and the transmission dynamics in a 
hospital ward of Geriatrics, Rehabilitation and Long term care. The study will focus 
specifically on how insufficient air replacement and directional airflow in indoor settings 
may have contributed to the transmission of the virus. 
  
Material and methods 
Case Setting 
The outbreak occurred in a 18-beds ward in a 340-beds hospital in northeastern Italy. Due 
to a temporary reorganization, the ward had split in two areas: Geriatrics (rooms 1 to 3) 
and Physical rehabilitation and Long-Term Care (LTC) (rooms 4 to 9) (Figure 1). The 
ward also includes gyms and rooms designated for rehabilitation exercises and the 
restoration of motor function. Air extraction occurs from the rooms’ toilets through an 
extractor fan. 
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The entire staff comprised 35 healthcare workers (HCWs), including: 4 medical doctors, 
4 physiotherapists, 2 speech therapists, 1 occupational therapist, 13 nurses and 11 
assistant nurses. 

Figure 1. Floor plan of the ward with numbering of the rooms and identification number of the patients involved in the 
cluster. V: room where the faulty ventilation system was present and with the 2 patients with tracheostomy. 

  
Hospital COVID-19 prevention measures before the outbreak 
At pre-admission, all patients were screened for SARS-CoV-2 using real-time polymerase 
chain reaction (RT-PCR). All SARS-CoV-2 infected patients were admitted to a dedicated 
ward. Once admitted, negative inpatients were tested using an antigenic test every 4 days. 
Additional tests were performed for patients with symptoms consistent with SARS-CoV-2 
infection. Each inpatient was restricted to only one attending caregiver throughout the 
period of hospitalization; caregivers were only admitted following presentation of a 
negative SARS-CoV-2 antigenic test within 48 hours of the access. Visitors could schedule 
appointments twice a week and were required to have a negative antigenic swab test 
within the previous 24 hours. Family members and caregivers were not allowed to the 
gym. 
Visitors to the hospital as well as outpatients were required  by law to wear a face mask. 
Admitted patients were encouraged to use face masks if their condition permitted it. 
Wearing an FFP2 mask was mandatory for all HCWs. 
  
Outbreak investigation and laboratory methods 
Socio-demographic data, as well as administrative data related to the hospital stay, were 
extracted from the hospital information system. 
The infection control staff investigated all COVID-19 cases and identified contacts.  
According to the national bulletin, the Ba.5 Omicron variant was prevalent at the time of 
the outbreak [3]. 
A case of Omicron variant was defined as an individual (patient or staff) who has a 
positive PCR test result within 3-4 days from the admission or an exposure [4].  
A contact was defined as patient who spent at least 15 min face to face at a distance <2 m  
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with a COVID-19 case (i.e., starting 48 h before symptoms onset or before a positive PCR 
if asymptomatic) without any mask or patients who shared a multi-bed room or a gym 
during physical rehabilitation. A Healthcare worker providing direct care for a COVID-19 
case, without recommended personal protective equipment (PPE) or with a possible 
breach of PPE is also considered a contact [5]. 
An epidemic curve was constructed based on the dates of positivity detection. A timeline 
of infection-related events were visualized. 
  
Results 
Outbreak description 
On October 11, two roommates (Patients 7 and 8, Fig.2) tested positive through a 
screening test. Immediately after the identification of these first cases, all patients and 
HCWs on the ward were tested for SARS-CoV-2, which was repeated every day until 10 
days after the last exposure, and/or as soon as symptoms developed. On the same day, two 
more patients (patients 13 and 15) also tested positive for SARS-CoV-2. Epidemiological 
investigations revealed that the caregiver of Case 8 was diagnosed with COVID-19 on 
October 7, and their last visit was on October 5. 

Figure 2. Timeline of the Geriatrics - RRF long-term care cluster. 

  

  
During the outbreak period (October 11, 2022 to October 20, 2022), 13 out of 17 
patients were diagnosed with COVID-19 (with an attack rate of 76.5%), and 4 HCWs had 
a positive RT-PCR (with an attack rate of 11.4%) (Fig.2). Figure 3 shows the epidemic 
curve of confirmed COVID-19 cases according to the date of testing and related to the 
respective room numbers. 
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Figure 3. Epidemic curve of confirmed cases of SARS-CoV-2 infection by date of PCR confirmation and by room 
numbers. 

  
Outbreak management 
In the event of a cluster, all patients and healthcare workers (HCWs) on the ward were 
systematically tested every day using an antigen test for SARS-CoV-2. Testing was repeated 
five and ten days later using RT-PCR tests. COVID-19 testing was performed using 
nasopharyngeal and/or oropharyngeal swabs with PCR or antigen tests. Every positive 
antigen test was confirmed with PCR. 
The ward was closed to admissions from October 12th to October 25th. Access to the 
ward gym was restricted, and alternative rehabilitation treatments were introduced at the 
patients' beds on October 12th. Daily rehabilitation treatments were suspended altogether 
from October 14th. 
Positive patients were immediately placed in isolation and, upon bed availability, 
transferred to a COVID-19 ward. The ward staff and infection control team conducted 
hand hygiene and standard precaution and transmission-based precaution audits, 
including general cleaning, cleaning of equipment and the environment, hand hygiene, 
and PPE compliance. Given the escalation of positive cases, a ventilation system control 
was required. On October 17th, the air extractor located in the bathroom of room 5 (Fig. 
1) was found to be broken down and was replaced. 
  
Discussion 
Here, we report a nosocomial cluster of SARS-CoV-2. According to the national bulletin, 
the Ba.5 Omicron variant was prevalent at the time of the outbreak [3]. The estimated 
incubation period of COVID-19 caused by the Omicron variant is 3.42 days (95% CI, 
2.88 - 3.96 days) [4]. Transmission appeared to be facilitated by several factors, including 
delayed diagnosis of the index case, multi-bedded rooms, physical rehabilitation, and the 
use of gyms. Additionally, the breakdown of the air extractor in a room with patients with 
tracheostomy may have moved contaminated air to the corridor. 
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Since the start of the COVID-19 pandemic, several nosocomial outbreaks of SARS-CoV-2 
have been described [6-12, 17, 18]. The main routes of transmission are respiratory 
droplets, direct contact (person-to-person), or more rarely, indirect contact (fomites), 
whereas aerosols in hospital settings are frequently due to aerosol-generating procedures 
(e.g., intubation, bronchoscopy, upper gastro-intestinal endoscopy, etc.) [12]. In 
nosocomial outbreaks, the spread of the infection is often driven by roommates, especially 
the unvaccinated [13, 14]. Moreover, encounters occurring in April to October have a 
higher odds ratio of transmission compared with those occurring in November to 
December [8]. Poor compliance with physical distancing and wearing masks can also 
increase the risk of infection [11]. Healthcare workers (HCWs) can also play a role in 
transmission, particularly if they are not adhering to infection prevention and control 
(IPC) protocols [15, 16]. Also, caregivers may play an important role as vectors for 
nosocomial infections, although they were often not considered as a subject of infection 
control implementation [1]. Long-distance airborne transmission of SARS-CoV-2 indoors 
has been investigated [17], but few studies reported its role in hospital outbreaks of SARS-
COV-2 [12, 18]. 
Our report describes a COVID-19 outbreak in a Geriatrics-LTC ward with a high attack 
rate among patients. On day zero, four cases were identified in three different rooms. 
Patient 8 may have been in the incubation period at admission, rather than being infected 
by his caregiver. An antigenic test was performed at day two from the admission instead of 
four, which may have delayed case identification and allowed transmission to the 
roommate (Case 7). Perhaps the chain of transmission to Cases 13 and 15 remains 
unclear since all HCWs tested negative for COVID-19 at time 0. Cases 11, 13, 14, and 15 
all attended the gym for rehabilitation. Cases 11 and 13, placed in the room with the 
broken-down air extractor, were tracheostomized and often underwent bronchoalveolar 
lavage, which is an aerosol-generating procedure. The attack rate was found to be high 
between inpatients and low between HCWs (76.5% vs. 11.4%), with a rapid rise of cases 
in a few days. Moreover, rehabilitation treatments and gyms may have enhanced the 
transmission, but they were suspended in the early phases of the outbreak. Therefore, it is 
likely that airborne transmission from room 5 may have played a role in the development 
of the outbreak. 
This study has several limitations. First, no molecular typing of SARS-CoV-2 was 
performed to support epidemiological investigations. Another limit is that environmental 
sampling was not undertaken as the outbreak appeared to be under control after 
replacing the air extractor and implementing IPC measures. 
  
Conclusions 
In conclusion, this report is one of the few that addresses the potential role of long-range 
airborne transmission in a nosocomial outbreak of SARS-CoV-2. Transmission had 
occurred through a mixture of routes, but the faulty ventilation system in room 5 may 
have contributed to the spread of the cluster. This highlights the importance of ensuring 
proper ventilation and airflow in indoor settings, particularly in healthcare facilities, to 
control nosocomial outbreaks of SARS-CoV-2. 
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