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Objectives: SARS-CoV-2 Omicron variants BA.1 and BA.2 seem to show reduced clinical severity compared 

with earlier variants. Therefore, we aimed to assess and classify the cause of hospitalization for patients 

with COVID-19 identified with these Omicron variants in our hospital. 

Methods: A retrospective analysis was performed on all patients identified with the SARS-CoV-2 Omi- 

cron variant between December 23, 2021, and February 27, 2022. Patients with a positive SARS-CoV-2 

polymerase chain reaction (PCR) upon clinical admission or during clinical admission were classified into 

four categories: (1) primary COVID-19, (2) admission-contributing COVID-19, (3) incidental COVID-19, and 

(4) undetermined COVID-19. 

Results: We classified 172 COVID-19 Omicron patient admissions, including 151 adult and 21 pediatric 

patients. Of the adult patients, 45% were primary COVID-19 cases, 21% were admission-contributing, 31% 

were incidental, and 3% were undetermined. Of the pediatric patients, 19% were primary COVID-19 cases, 

29% were admission-contributing, 38% were incidental, and 14% were undetermined. 

Conclusion: In the evolving landscape of COVID-19, the number of hospitalized patients with COVID-19 

should be interpreted with caution. The different patient categories should be considered in public health 

policy decision-making and when informing the general public. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Monitoring national hospitalization rates for COVID-19 has been 

ssential throughout the pandemic to guide public health decision- 

aking and to evaluate vaccine efficacy. However, with the rapid 
∗ Corresponding author: Juliëtte A. Severin, Department of Medical Microbiol- 

gy and Infectious Diseases, Erasmus MC University Medical Center Rotterdam, Dr. 

olewaterplein 40, 3015 GD, Rotterdam, The Netherlands. Tel: + 31 (0)107033510, 

ax: + 31 (0)107033875. 

E-mail address: j.severin@erasmusmc.nl (J.A. Severin) . 
# Anne F. Voor in ‘t holt and Cynthia P. Haanappel contributed equally to this 

anuscript. 

t

h

c

i

m

ttps://doi.org/10.1016/j.ijid.2022.07.030 

201-9712/© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Soc

icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
orldwide spread of the SARS-CoV-2 Omicron variant of con- 

ern (associated with a decreased severity) and increasing im- 

unity against SARS-CoV-2, interpreting the true impact of these 

ospitalization rates has been complicated ( Viana et al., 2022 ; 

orld Health Organization, 2021 ). 

Due to the high SARS-CoV-2 incidence in the population with 

his variant, not all hospitalized SARS-CoV-2–positive patients were 

ospitalized solely because of COVID-19. We aimed to assess and 

lassify the cause of hospitalization for patients with COVID-19 

dentified with the Omicron variant within our hospital to provide 

ore insight into its burden on hospitalizations. 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Table 1 

Classifications for primary, admission-contributing, and incidental COVID-19. 

Classification Definition 

Classification 1: 

Primary 

COVID-19 

COVID-19 is the main cause of 

hospitalization: 

(1A) The patient is hospitalized because of 

COVID-19 symptoms and is receiving medical 

treatment for these symptoms. 

(1B) The patient is hospitalized because of 

COVID-19 symptoms, does not receive medical 

treatment, but is admitted for observation 

because of the underlying disease. 

Classification 2: 

Admission- 

contributing 

COVID-19 

COVID-19 is one of the causes of 

hospitalization: 

(2A) The patient is admitted for another 

medical cause but also has COVID-19 

symptoms and is receiving medical treatment 

for these symptoms. 

(2B) Dysregulation of underlying disease 

owing to COVID-19 (e.g. , sickle cell crisis 

provoked by SARS-CoV-2 without respiratory 

involvement). 

Classification 3: 

Incidental 

COVID-19 

COVID-19 is not the cause of hospitalization; 

the patient does not have any or only mild 

COVID-19 symptoms and does not receive any 

medical treatment for these symptoms. 

Classification 4: 

Undetermined 

COVID-19 

It is unknown whether the cause of 

hospitalization is related to COVID-19 

symptoms. 
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ethods 

This study was performed at the Erasmus MC University Med- 

cal Center in Rotterdam, The Netherlands (Erasmus MC), a large 

ertiary care hospital with 1125 beds, including 121 intensive care 

nit (ICU) beds. The majority of our adult clinic consists of single- 

ccupancy rooms with private bathrooms, whereas our pediatric 

linic mainly consists of multiple-occupancy rooms with shared 

athrooms. A retrospective analysis was performed on all patients 

dentified with the SARS-CoV-2 Omicron variant between Decem- 

er 23, 2021, and February 27, 2022. During this period, the SARS- 

oV-2 testing strategy of the hospital was symptom-based with a 

ow threshold and included a wide range of symptoms and clinical 

igns. Only for select patient groups, a PCR was performed regard- 

ess of symptoms. These groups were (1) patients who were admit- 

ed to a multiple-occupancy room in the adult oncology ward and 

ediatric ICU, (2) patients who had to undergo upper respiratory 

ract or major surgery, or (3) patients who had been in unprotected 

lose contact with a proven COVID-19 case (usually a family mem- 

er). Isolation measures were the same for all SARS-CoV-2 positive 

atients. 

SARS-CoV-2 infection was identified by real-time transcription–

ediated amplification with the Aptima® SARS-CoV-2 assay using 

he Panther system (Hologic, Marlborough, USA), or by the Xpert®

press SARS-CoV-2 assay on a GeneXpert® system (Cepheid®, 

unnyvale, USA). SARS-CoV-2 positive samples were further char- 

cterized by variant-specific PCR using VirSNiP (TIBmolbiol, Berlin, 

ermany) assays targeting S371-S373 and K417 as a proxy for the 

micron variant. While detection of K417N was considered indica- 

ive for the Omicron variant, S371L-S373P was considered indica- 

ive for BA.1 and S371F-S373P for BA.2. 

SARS-CoV-2 Omicron variant positive patients at admission 

ere divided into the following categories: (1) patients hospital- 

zed > 24 hours within 7 days of first positive SARS-CoV-2 PCR, 

2) patients hospitalized < 24 hours within 7 days of first posi- 

ive SARS-CoV-2 PCR, and (3) patients with visits only to the Eras- 

us MC outpatient clinic within 7 days of first positive SARS-CoV- 

 PCR. Data were collected from electronic health records (EHRs). 

The main cause of hospitalization during the full length of stay 

f patients with a positive SARS-CoV-2 PCR upon or during clini- 

al admission was classified. Classifications were defined by mod- 

fied definitions developed by the National Intensive Care Evalu- 

tion Foundation ( Table 1 ) ( The National Intensive Care Evalua- 

ion Foundation, 2022 ). Classifications were performed by two epi- 

emiologists through the evaluation of the patient’s history in the 

HR. 

esults 

A total of 333 adult patients were identified with the Omicron 

ariant, of which 287 patients were identified with BA.1 (86.1%), 

8 patients with BA.2 (8.4%), and 18 patients with either BA.1 or 

A.2 (5.4%). Of patients with BA.1 , 39.4% had a clinical admis- 

ion of > 24 hours, 9.8% had a clinical admission of < 24 hours, and

0.9% had an outpatient visit only. For adult patients with BA.2, 

0% were clinically admitted to the hospital and 50% had an out- 

atient visit. Ninety-six pediatric patients were identified with the 

micron variant. BA.1 was identified in 57 children (82.6%), BA.2 in 

6 children (15.9%), and one child was identified with either BA.1 

r BA.2 (1.4%). Of children identified with BA.1, 26.3% were clini- 

ally admitted > 24 hours, whereas 1.8% had a clinical admission 

f < 24 hours, and 71.9% had an outpatient visit only. For children 

ith BA.2, 36.4% had a clinical admission of > 24 hours and 63.6% 

nly had an outpatient visit. 

One hundred seventy-two patients were hospitalized for > 24 

ours and were identified with the Omicron variant of SARS-CoV-2 
666 
t admission or during admission ( Table 2 ). Patients were classified 

 Table 1 ) and characterized ( Table 2 ). 

iscussion 

We identified that only 45% of our hospitalized adult patients 

ith either BA.1 or BA.2, and 19% of pediatric patients, were pri- 

ary COVID-19 cases. Patients with primary COVID-19 were sig- 

ificantly more often solid organ transplant recipients and showed 

ignificantly less BA.1 than patients with incidental COVID-19. They 

lso seemed older and seemed to have a higher 28-day in-hospital 

ortality rate than patients with incidental COVID-19. They had, 

owever, higher COVID-19 vaccination rates compared with pa- 

ients with incidental COVID-19 ( Sun et al., 2022 ). 

Initial studies on patients with the Omicron variant mainly as- 

essed the clinical severity of hospitalized patients with COVID- 

9. However, these studies did not differentiate between primary 

nd incidental COVID-19, thereby providing a general conclusion 

or all patients, while inherent differences are to be expected 

 Maslo et al., 2022 ; Wolter et al., 2022 ). We suggest including our

lassification system when assessing the clinical severity of SARS- 

oV-2 variants. 

Although both primary and incidental COVID-19 hospitaliza- 

ions have implications for workload and isolation capacity, pa- 

ients with incidental COVID-19 generally interfere less with rou- 

ine care. Our study population mainly consisted of patients with 

OVID-19 identified through our symptom-based testing strat- 

gy. Therefore, the number of patients with incidental COVID- 

9 may have been underestimated because asymptomatic COVID- 

9 cases may have gone unnoticed. Counting patients with inci- 

ental COVID-19 as primary COVID-19 admissions gives a skewed 

mage of hospital workload and the COVID-19 burden. One 

hould be careful to base health care and public health deci- 

ions solely on the total number of hospitalized COVID-19 pa- 

ients. We recommend policy makers to consider the differ- 

nt groups of hospitalized COVID-19 patients in their decision- 

aking. 
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Table 2 

Characteristics of included hospitalized adults and pediatric patients with COVID-19 for each classification. 

Total 

Clas 1: primary 

COVID-19 

Clas 2: 

admission-contributing 

COVID-19 

Clas 3: 

incidental 

COVID-19 

Clas 4: 

undetermined 

COVID-19 

Adult patients, n (%) 151 (100) 68 (45.0) 32 (21.2) 46 (30.5) 5 (3.3) 

Median age (range) 56 (18-90) 61 (18-90) 51 (18-82) 55 (22-90) 23 (22-49) 

Male gender 82 (54.3) 35 (51.5) 20 (62.5) 25 (54.3) 2 (40) 

Country of birth 

The Netherlands 90 (60.4) 2 44 (65.7) 3 18 (56.3) 26 (57.8) 3 2 (40) 

Other 59 (39.6) 2 23 (34.3) 3 14 (43.8) 19 (42.2) 3 3 (60) 

Solid organ recipient 23 (15.2) 16 (23.5) a 6 (18.8) 1 (2.2) NA 

Lung 9 (6.0) 8 (11.8) 1 (3.1) 0 (0) NA 

Kidney 13 (8.6) 8 (11.8) 4 (12.5) 1 (2.2) NA 

28-day in-hospital mortality 12 (7.9) 7 (10.3) 1 (3.1) 4 (8.7) 0 (0) 

Vaccinated 1 55 (53.9) 4 37 (61.7) 5 7 (30.4) 6 , b 11 (57.9) 11 NA 

Received booster vaccination 33 (34.7) 7 25 (43.1) 8 3 (14.3) 9 5 (31.3) 12 NA 

BA.1 lineage 127 (84.1) 52 (76.5) c 27 (84.4) 43 (93.5) 5 (100) 

BA.2 lineage 14 (9.3) 9 (13.2) 2 (6.3) 3 (6.5) 0 (0) 

Oxygen therapy during admission 74 (50.7) 10 56 (82.4) d 13 (40.6) e 5 (10.9) NA 

ICU during admission 13 (8.6) 6 (8.8) 1 (3.1) 6 (13.0) 0 (0) 

ICU as admission department 10 (6.6) 5 (7.4) 0 (0) 5 (10.9) 0 (0) 

SARS-CoV-2 PCR pos > 24 h after hospital admission 18 (11.9) 0 (0) 3 (9.4) 11 (23.9) 4 (80) 

Pediatric patients, n (%) 21 (100) 4 (19.0) 6 (28.6) 8 (38.1) 3 (14.3) 

Median age (range) 3 (0-17) 4 (0-8) 3 (0-13) 2 (0-7) 15 (12-17) 

Male gender 12 (57.1) 2 (50) 5 (83.3) 4 (50) 1 (33.3) 

Country of birth 

The Netherlands 19 4 (100) 5 (83.3) 7 (87.5) 3 (100) 

Other 2 0 (0) 1 (16.7) 1 (12.5) 0 (0) 

28-day in-hospital mortality 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

BA.1 lineage 16 (76.2) 2 (50) 5 (83.3) 7 (87.5) 2 (66.7) 

BA.2 lineage 5 (23.8) 2 (50) 1 (16.7) 1 (12.5) 1 (33.3) 

Oxygen therapy during admission 8 (38.1) 4 (100) 3 (50) 1 (12.5) NA 

ICU during admission 6 (28.6) 1 (25) 3 (50) 2 (25) 0 (0) 

ICU as admission department 6 (28.6) 1 (25) 3 (50) 2 (25) 0 (0) 

Clas, classification; ICU, intensive care unit; NA, not available; PCR, polymerase chain reaction; pos, positive. 
a A significant difference was found between the number of solid organ recipients in the group of patients with primary COVID-19 versus patients with incidental 

COVID-19 ( P = 0.002). 
b A significant difference was found between the number of vaccinated patients in the group of patients with admission-contributing COVID-19 versus patients with 

incidental COVID-19 ( P = 0.073). 
c A significant difference was found between the number of vaccinated patients in the group of patients with primary COVID-19 versus patients with incidental COVID-19 

( P = 0.017). 
d A significant difference was found between the number of patients receiving oxygen therapy during admission in the group of patients with primary COVID-19 versus 

patients with incidental COVID-19 ( P < 0.001). 
e A significant difference was found between the number of patients receiving oxygen therapy during admission in the group of patients with admission-contributing 

COVID-19 versus patients with incidental COVID-19 ( P = 0.002). 
1 Received two COVID-19 vaccinations (Pfizer/BioNTech, Moderna, or AstraZeneca) or one vaccination (Johnson & Johnson’s Janssen). 
2 For two patients, this was unknown. 
3 For one patient, this was unknown. 
4 For 49 patients, this was unknown. 
5 For eight patients, this was unknown. 
6 For nine patients, this was unknown. 
7 For 56 patients, this was unknown. 
8 For 10 patients, this was unknown. 
9 For 11 patients, this was unknown. 
10 For 5 patients, this was unknown. 
11 For 27 patients, this was unknown. 
12 For 30 patients, this was unknown. 
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