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Abstract
Background

Preliminary reports show that nosocomial SARS-CoV-2 infection is not associated with increased
mortality compared with community acquired infection.

Methods

Retrospective comparison of COVID-19 adult patients who were classi�ed according to probable time of
acquisition of SARS-CoV-2 and symptom onset. Data from hospitalized patients that were hospitalized in
non-COVID-19 areas were reviewed.

All patients were classi�ed as community-acquired/Community-onset (CA-CO), Community-
acquired/hospital-onset (CA-HO) and Hospital-acquired/Hospital-onset (HA-HO) cases. All patients
without respiratory symptoms were tested on day one and if negative, hospitalized in non-COVID-19
areas.

Results

We identi�ed 59 patients that ful�lled the de�nition of CA-HO or HA-HO COVID-19. Patients in the CA-CO
group were less likely to have multiple comorbidities than the patients in the CA-HO and HA-HO groups.
Mortality was lower in the CA-CO group (21.8%) compared to the other groups, although it did not reach
statistical signi�cance.

Discussion

We identi�ed 9 clusters of HA-HO cases arising from multiple-bed rooms from the non-COVID-19 areas.
There was no signi�cant difference for HA-HO COVID-19 between patients placed in a common-room bed
compared to patients placed on single bed rooms (p=.19). Nevertheless, the RR for HA-HO COVID-19 was
105 (95% CI 62.9 to 177.6) for patients treated in a common-room allocating another COVID-19-detected
patient within the immediate 24 h time frame (P=<0.01).

Conclusion

Hospital-acquired COVID-19 is newly described and poses a challenge for infection control. We identi�ed
small clusters related to multiple-bed rooms from non-COVID-19 hospitalization wards and propose a
simple time-based classi�cation for hospital surveillance and isolation precautions.

Background
The Coronavirus disease 2019 (COVID-19) pandemic has changed the way we perceive and treat patients
outside and inside the hospital.1 The majority of patients who develop symptoms begin as outpatients
and are commonly associated to community exposure. As hospitals increase their workload, strategies
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for pre-hospitalization triage may fall short due to false negative results on qPCR testing, mild symptoms
or asymptomatic or pre-symptomatic infection.2

While classi�cation of COVID-19 has focused on severity, radiologic markers, prognostic features, and
serologic markers; there is a lack of an epidemiologic classi�cation.3–5 Preliminary data showed that
nosocomial severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection was not associated
with increased mortality when compared to community-acquired infection.6 Rhee et al. reported a low
incidence of nosocomial SARS-CoV-2 infection rate using an intricate classi�cation employing the terms
“likely” and “de�nitively” for community-acquired and hospital-acquired cases and found a very low
incidence of COVID-19 de�nitely acquired in the hospital setting7.

Our understanding of the incubation period plays a fundamental part in establishing where the patient
contracted the viral infection and where the patient developed symptoms. The median incubation period
for COVID-19 is estimated to be 5-5.1 days (95% CI, 4.5 to 5.8 days), furthermore 97.5% of the patients
who develop symptoms will do before 11.5 days (CI, 8.2 to 15.6 days).8–9 We classi�ed hospitalized
cases of COVID-19 based on calculated time of acquisition and incubation period of SARS-CoV-2 and
present our �ndings.

Material And Methods

Ethics approval
The study was approved by the local ethics committee with the number IF20-00026.

Study Design
Retrospective comparison of adult patients with COVID-19 diagnosis who were classi�ed according to
probable time of acquisition of SARS-CoV-2 and symptom onset. Data from hospitalized patients were
reviewed from June 1 to September 30, 2020.

Setting
The university hospital is a multi-building complex that includes two separate hospitals and many
different buildings for diagnosis and treatment of multiple diseases. The main building is a 600-bed
hospital designated for the treatment of non-COVID-19 cases; It has a 20-bed adult ICU, a 20-bed
neonatal/pediatric ICU and various medical and surgical wards composed of multiple bed common-
rooms (from 2 to 10 bed-rooms) for patient care with few individual rooms. Common-bed rooms do not
have negative pressure systems and have common air conditioning ducts. Hospitalization characteristics
regarding patient placement in common and single room were registered.

The second building is a 76-bed hospital designated for the diagnosis and treatment of suspected or
con�rmed COVID-19 cases. All patients with respiratory symptoms compatible with COVID-19 are directed
to this hospital by a pre-arrival or pre-hospital triage. All patients that were hospitalized by other causes in
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the non-COVID-19 areas that subsequently developed COVID-19 or with a new detectable qPCR test for
SARS-CoV-2 were transferred to the COVID-19 hospital at any point during care.

Patients from the COVID-19 hospital who were deemed non-transmissible (14 days after symptom onset
and afebrile for at least 72hrs) could be transferred to the main building for treatment continuity (non-
COVID-19) after the infection control team authorized it.

Testing
After May 30th 2020, all patients without suspected COVID-19 that required hospitalization were isolated
in a speci�c hospital ward in individual rooms and were tested for SARS-CoV-2 by nasopharyngeal swab
during their �rst 24 h of hospital stay. After a non-detectable result was obtained, they were hospitalized
in the corresponding treatments wards.

At any time during hospitalization if a patient developed fever and/or signs and symptoms compatible
with COVID-19 they were re-tested and if detectable they were transferred to the COVID-19 hospital. If a
patient was hospitalized in a multiple-bed room then all the patients in the room were swabbed within
24 h and screened for symptoms.

All patients with suspected SARS-CoV-2 infection were cared for in the COVID-19 hospital and were
swabbed upon admission and a second swab was ordered if the �rst one was non-detectable.

Classi�cation and de�nitions
Community-acquired/Community-onset (CA-CO): for patients that had a positive qPCR test and
developed COVID-19 symptoms before arriving to the hospital and had not been hospitalized or had not
visited any healthcare facility in the two previous weeks.

Community-acquired/Hospital-onset (CA-HO): for patients that had a negative qPCR test and had no
COVID-19 related symptoms upon admission to the hospital, and subsequently had a positive qPCR test
with or without symptoms of COVID-19 during the �rst six days after hospitalization. These patients had
not been hospitalized or had not visited any healthcare facility in the two previous weeks.

Hospital-acquired/Hospital-onset (HA-HO): for patients that had negative qPCR test and had no COVID-19
related symptoms since hospital admission or until day six of hospitalization, and subsequently had a
positive qPCR test with or without symptoms of COVID-19 seven or more days after admission. These
patients had not been hospitalized or in any healthcare facility in the two previous weeks.

Hospital-acquired/Community-onset (HA-CO): for patients who developed COVID-19 related symptoms
and or had a positive qPCR test during the �rst 6 days after hospital discharge (Fig. 1). Follow-up in this
group was limited and unreliable thus we decided not to include it in the analysis.

RT-PCR testing for SARS-CoV-2
We used real time qPCR testing using ThermoFisher© and the Berlin protocol as previously described 10.
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Statistical analysis
We used dispersion classi�cation for demographic data using mean and interquartile measurements. For
dichotomous variables Chi square and Fishers exact test were used and for continuous variables
Wilcoxon test was employed. ANOVA was used for 3 group comparison. A p value of < .05 was
considered as statistically signi�cant. MedCalc and SPSS ver. 20 were used.

Results
During the study period we evaluated 6967 total patients in our institution. Of those, 658 had respiratory
symptoms compatible with COVID-19 and 6309 patients did not have respiratory symptoms upon initial
evaluation. A total of 492 patients were hospitalized directly in our COVID-19 area, all other patients that
required hospitalization for non-COVID-19 conditions were screened in day one. The latter strategy
rendered 166 detections and transfers to the COVID-19 area without being hospitalized in a non-COVID-19
area.

Out of all the hospitalized patients in non-COVID-19 areas who were negative on initial qPCR-test and had
no respiratory symptoms upon admission, 59 (0.93%) subsequently had a detectable test (10 between
day two and six after hospitalization and 49 at day ≥ 7 after hospitalization). There were no differences
between the groups regarding gender or age. Patients in the CA-CO group were less likely to have
malignancy, chronic kidney disease and had a lower comorbidity index than the patients in the CA-HO
and HA-HO groups (Table 1).
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Table 1
Clinical aspects and patient characteristics of the different COVID-19 patients by the time of symptom

onset.
Characteristic Total n = 

650
CA-CO n = 
591

CA-HO

n = 10

HA-HO n = 
49

p

Male gender 401(61.69%) 368(62.26%) 5(50%) 28(57.14%) .57

Age 54.7(± 
16.73)

55.13(± 
16.5)

54.9(± 
16.06)

50.34(± 
19.13)

.15

Comorbidity

Obesity 77 (11.84%) 74(12.52%) 2(20%) 1(2%) .06

Diabetes 260 (40%) 236(39.93%) 7(70%) 17(34.69%) .11

Hypertension 215
(33.07%)

195(32.99%) 4(40%) 16(32.65%) .89

Chronic kidney disease 53 (8.15%) 41(6.93%) 1(10%) 11(22.44%) < .01

Chronic heart disease 42 (6.46%) 41(6.93%) 1(10%) 0(0%) .70

Malignancy 45 (6.9%) 34(5.75%) 0(0%) 11(22.44%) < .01

Smoking history 29 (4.46%) 25(4.23%) 0(0%) 4(8.16%) .20

Charlson comorbidity index 2.41 (± 1.94) 2.3(± 1.91) 4(± 1.63) 3.06(± 
2.08)

< .01

Oxygenation requirements

NEWS score 5(± 3.18) 5.06(± 3.14) 5.8(± 
2.74)

4.9(± 3.77) 0.73

initial need for oxygen
supplementation

444(68.3%) 415(70.21%) 6(60%) 23(46.93%) < .01

High-�ow nasal canula 183(28.15%) 176(29.78%) 1(10%) 6(12.24%) .01

Invasive mechanical ventilation 168(25.84%) 153(25.88%) 2(20%) 13(26.53%) .90

Renal replacement therapy 83(12.76%) 67(11.33%) 3(30%) 13(26.53%) < .01

Days from symptom onset 6.4(± 5.4) 6.7(± 5.42) 7.1(± 
5.83)

2.4(± 4.63) .99

Outcomes

Length of hospital stay 8.6(± 7.6) 8.7(± 7.78) 4.9(± 
3.87)

8.6(± 6.24) .29

30-day mortality 149(22.92%) 129(21.82%) 4(40%) 16(32.65%) .09

CA-CO, Community-acquired/ community onset
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Characteristic Total n = 
650

CA-CO n = 
591

CA-HO

n = 10

HA-HO n = 
49

p

CA-HO, Community-acquired / hospital onset

HA-HO, Hospital-acquired/ hospital onset

 

Patients from the HA-HO group were less likely to require any type of oxygen supplementation upon
diagnosis and less likely to require High-Flow Oxygenation (HFO2) at any point during hospitalization,
although they had a statistically higher proportion of renal replacement therapy.

Overall mortality was lower in the CA-CO group (21.8%) compared to the CA-HO (40.0%) and the HA-HO
(32.1%) groups, although it did not reach statistical signi�cance. We identi�ed nine small clusters of HA-
HO cases arising from multiple-bed rooms from the non-COVID-19 areas: six pairs of infected patients
from six-bed rooms, a couple of four patient clusters from eight-bed rooms and a �ve patient cluster from
a ten-bed room.

There was no signi�cant difference for HA-HO COVID-19 between the patients placed in a common-room
bed (47 of 6309 patients) compared to patients placed on single-bed rooms (two of 103) (p = .19). We
found that the RR for HA-HO COVID-19 was 105 (95% CI 62.9 to 177.6) for patients treated in a common-
room that had another COVID-19 detected patient within the immediate 24 h time frame (P = < .01).
Follow-up data for HA-CO patients was not reliable for analysis and was not included.

Discussion
An overwhelming proportion of pre-symptomatic patients are highly contagious and, at that point in the
natural history of the disease, diagnostic testing is sub-optimal. These factors pose an important
challenge for infection control in hospitals and medical facilities.

Nosocomial acquisition of SARS-CoV-2 can vary widely from 1.7–44%; we report 0.77% in the present
study based in our classi�cation.7,11 Multiple factors in�uence these proportions such as personal
protective equipment, mandatory masking and visitor restrictions,14 among others. Although in our series
multiple-bed rooms probably played a negative role for in-hospital dissemination of SARS-CoV-2 since
44.8% of Hospital acquired/Hospital onset cases shared a room with at least one breakthrough positive
case.12,13

This poses a great challenge for hospitals with multiple occupancy rooms and lack of negative pressure
rooms in pandemic settings for COVID-19 patient care. The classi�cation is also based on the availability
of a qPCR universal screening of patients upon hospital admission most of whom did not have
respiratory symptoms.
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Classifying patients with traditionally community-acquired infections in the healthcare setting is a
complex task. Hospital-acquired in�uenza for instance has shown different clinical characteristics and
outcomes, and cases often occurred in clusters making intra-hospital transmission highly probable.15,16

This highlights the importance of infection control measures to limit the spread of in�uenza and other
virus such as SARS-Cov-2. We identi�ed small clusters of patients in multiple-bed rooms that were
epidemiologically linked. During the study period visitation was restricted to one person per patient in the
ICU, but visits were not allowed in areas where the clusters occurred. Thus, patients with long incubation
periods and infected healthcare personnel were the probable causes of breakthrough cases.

We identi�ed limitations to our study. First, in the absence of whole genome sequencing or next
generation sequencing the stated classi�cation might misclassify some cases. Based on Lauer SA et al,
5% of SARS-CoV-2 infected patients have a greater or shorter incubation period. Thus, some patients
classi�ed as CA-HO might be in fact purely community related and a similar case could be made for HA-
CO after the sixth day of discharge.9 Also, false negative results for qPCR-based testing might contribute
to misclassi�cation of some patients. Follow-up of discharged patients for HA-CO cases was not entirely
performed.

Conclusion
Hospital acquired COVID-19 is a newly described entity and poses a challenge for infection control. We
identi�ed small clusters related to multiple-bed rooms from non-COVID-19 hospitalization wards and
propose a simple time-based classi�cation that will improve hospital surveillance and isolation
precautions.
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Schematics used for classi�cation of COVID-19 cases and their epidemiologic relation to acquisition and
disease onset


