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a b s t r a c t 

Objectives: We aimed to compare the clinical severity and outcome among laboratory-confirmed Omicron variant 
cases admitted between January and December 2022. 
Methods: This is a cross-sectional study conducted in Hasan Sadikin General Hospital between January and De- 
cember 2022. We enrolled patients aged ≥ 18 years with laboratory-confirmed Omicron infection. Data were col- 
lected from clinical records and a whole genome sequencing database. We compared the risk of severe symptoms 
and mortality using a logistic regression analysis adjusted for sex, age, comorbidities, and vaccination status. 
Results: We enrolled 255 patients and the main sub-lineages were BA.1 (16.1%), BA.2 (11.4%), BA.5 (35.7%), XBB 
(22.7%), and BQ.1 (14.1%). Compared with BA.1/BA.2, BA.5 sub-lineages were associated with severe symptoms 
(adjusted odds ratio of 2.9, 95% confidence interval 1.1-8.2, P < 0.05). The highest risk of severe symptoms and 
mortality was linked with a high number of comorbidities (adjusted odds ratio of 7.8, 95% confidence interval 
1.7-22.4, P < 0.05). Booster vaccination was protective of severity and mortality. 
Conclusions: Disease severity was associated with BA.5 sub-lineages and multiple comorbidities. Good manage- 
ment is particularly important for people with comorbidities. Furthermore, booster vaccination is also required 
to reduce severity and mortality. 
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After Delta, Omicron is one of the SARS-CoV-2 variants, first
dentified in South Africa in November 2021 and quickly classified as
 “variant of concern ” by the World Health Organization (WHO) [ 1 ].
ompared with the previous variants of concern such as Alpha (B.1.1.7),
eta (B.1.351), and Delta (B.1.617.2), the Omicron (B.1.1.529) variant
as unique mutations in the spike protein that could potentially affect
he virus’ transmissibility, severity, and ability to evade immunity
 2 , 3 ]. There are several sub-lineages of the Omicron variant, each
ith unique mutations in the virus’ spike protein. These sub-lineages

nclude BA.1(B.1.1.529.1), BA.2 (B.1.1.529.2), BA.3 (B.1.1.529.3),
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A.5 (B.1.1.529.5), BQ.1(B.1.1.529.5.3.1.1.1.1.1), and XBB, among
thers [ 2 , 4 , 5 ]. 

To date, the Omicron variant has been reported as the predominant
ineage in the world, including Indonesia. Until April 2023, the Global
nitiative on Sharing All Influenza Data registered 8 million Omicron
ases of infections worldwide. The initial lineages were BA.1 and BA.2
etected in January 2022, followed by BA.4 and BA.5 that were de-
ected in January and February 2022 in South Africa [ 6 ]. Later, BQ.1
nd BQ.1.1 were identified in Nigeria in early July and expanded to Eu-
ope, North America, and Asia, followed by XBB and XBB.1, which were
rst distinguished in India in mid-August [ 5 ]. BQ.1 and BQ.1.1 evolved

rom BA.5, whereas XBB and XBB.1 were recombinants between two
tri) . 
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Figure 1. Study flow chart of patient recruitment. 
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A.2 lineages (BJ.1 and BA.2.75) [ 5 ]. In early January 2023, XBB.1.16
rst appeared in India causing a surge of hospitalizations and it was
amed Arcturus on March 13, 2023 [ 7 ]. 

Omicron has been reported as more contagious than previous vari-
nts, with the transmissibility of the Omicron variant being ∼3.2 times
hat of Delta [ 2 ]. Although more contagious, Omicron was found to be
ess severe than the previous Delta variants [ 8–10 ]. The virus is less
athogenic due to Omicron spikes mainly rely on the endocytic path-
ay to enter the cells, which leads to a decrease in replication in the

ung parenchyma and an enhanced ability to infect the upper respira-
ory tract [ 2 ]. The severity of illness due to BA.1 and BA.2 was more
r less the same, with overall odds ratio (OR) ranging between 0.2 and
.65 [ 9 ]. In addition, greater immune escape has been observed in BA.5
han its parent BA.2. These data have been largely based on genomic
nd laboratory data [ 11 , 12 ]. 

Studies assessing Omicron’s clinical characteristics and outcomes
re still limited. We, therefore, aimed to compare the clinical severity
nd outcome among laboratory-confirmed Omicron variants admitted
o the Hasan Sadikin General Hospital between January and December
022. 

ethods 

tudy design and population 

This is a cross-sectional study of admitted COVID-19 cases admit-
ed to Hasan Sadikin General Hospital between January and Decem-
er 2022. The cases included in the analysis were (i) adult patients
ged 18 years or older and (ii) had polymerase chain reaction results of
onfirmed Omicron (B.1.1.529) infection, including its respective sub-
ineages: BA.1, BA.2, BA.4, BA.5, BQ.1, and XBB. The sub-lineages of
he Omicron variants were analyzed using whole genome sequencing
WGS) with next-generation sequencing Illumina. The sequencing was
arried out according to the manufacturer’s guide [ 13 ]. Furthermore,
xclusion criteria are patients without WGS data. The study flow chart
s presented in Figure 1 . 

ata collection 

Clinical records of patients with confirmed COVID-19 admitted in
022 were screened, collected, and managed using RedCap (Research
lectronic Data Capture) hosted at Hasan Sadikin General Hospital. The
aseline clinical characteristics, including age, sex, the presence of co-
orbidities, vaccination status, symptom severity, hospitalization status
2

outpatients or hospitalized), and outcomes (died or discharged alive),
ere extracted from medical records. 

tudy variable definition 

Comorbidities present in this study were hypertension, diabetes, car-
iovascular diseases, neurological diseases, pulmonary diseases, chronic
idney diseases (CKDs), malignancies, and infection of HIV/AIDS. Hy-
ertension was defined as a blood pressure of ≥ 140/90 mm Hg [ 14 ].
iabetes was defined as an increase in plasma glucose level of more

han 126 mg/dL (7.0 mm/L) or HbA1C ≥ 6.5 [ 15 ]. Cardiovascular
iseases were all cardiac diseases, including coronary artery disease,
eart failure, and arrhythmia. Pulmonary diseases include tuberculosis,
sthma, and chronic obstructive pulmonary disease. CKD was defined
s either kidney damage or a decreased glomerular filtration rate of < 60
l/min/1.73 m2 for at least 3 months [ 16 ]. The severity of COVID-19
as defined according to the WHO guidelines; patients with severe
isease were those with oxygen saturation below 90% (room air) or
espiratory rate exceeding 30 breaths/min or signs of severe respiratory
istress [ 17 ]. 

tatistical analysis 

The basic clinical characteristics are presented as descriptive statis-
ics. The comparison of categorical variables was analyzed using chi-
quare or Fisher exact test, as appropriate. OR and 95% confidence in-
ervals (CIs) were analyzed using bivariate and multi-variate logistic re-
ression analysis to estimate the association between the variants’ sub-
ineages and outcomes (severity and mortality) adjusted for age, sex, co-
orbidities, and vaccination status. All statistical tests were two-sided,

nd P < 0.05 were considered statistically significant. In the sensitivity
nalysis, we examined the difference in baseline characteristics (age,
ex, and severity) between the analyzed patients with Omicron com-
ared with the total patients (Supplementary Table 1). All data were
nalyzed using the Statistical Product and Service Solution Windows
ersion 25.0 (IBM, USA) and GraphPad PRISM version 9. 

thical considerations 

This study was approved by the ethics committee with ethics number
B.02.01/X.6.5/100/2020, May 6, 2020. Secondary data from medical
ecords of patients with COVID-19 were used in this study, thus waiving
nformed consent by the ethics committee. The study was conducted
n accordance with the Declaration of Helsinki, and all data were kept
nonymous. 
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Figure 2. Omicron subtypes prevalence based on periods. 
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Figure 3. Adjusted odds ratios of Omicron variants and other factors associated 
with (a) severity and (b) mortality. 
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We enrolled a total of 255 patients with COVID-19 with laboratory-
onfirmed Omicron variants. The main sub-lineages of Omicron ob-
erved were BA.1, BA.2, BA.5, XBB, and BQ.1, with percentages of
6.1%, 11.4%, 35.7%, 22.7%, and 14.1%, respectively. As seen in
igure 2 , the BA.1 sub-lineage was largely found in January and Febru-
ry, the BA.2 sub-lineage between March and June, and the BA.5 sub-
ineage from July until November, whereas the BQ.1 and XBB sub-
ineages appeared in November and December of 2022. 

The baseline characteristics of the patients are presented in Table 1 .
 similar number of male and female patients were observed (51% vs
9%), with a median age of 48 years (interquartile range [IQR] 31-63).
atients with BA.5 infections were older than those with BA.1/BA.2,
ith a median age of 52 (IQR 33-68) years versus 39 (IQR 28-48) years.
ost of the patients (183 of 255 [81.3%]) have received a full-dose

accination and 77 of 255 patients or 30.9% already had boosters. Be-
ause there was a time difference in the appearance of the sub-variants,
 higher number of patients already had booster vaccine for BA.5, XBB,
nd BQ.1 infection than the BA.1/BA.2, with percentages of 40.0%,
6.8%, 38.9% vs 9.1%, respectively. 

A higher number of comorbidities were observed in BA.5, XBB, and
Q.1 sub-lineages infection than the BA.1/BA.2 sub-lineage. The main
omorbidities reported were hypertension (51 of 255 or 24.5%), dia-
etes (31 of 255 or 14.9%), and cardiovascular diseases (31 of 255 or
4.9%). Significant differences between each sub-lineage in were ob-
erved in diabetes, neurological disease, and HIV/AIDS comorbidities.
he highest number of diabetes and neurologic diseases comorbidities
ere reported in BQ.1 compared with BA.1/BA.2. In addition, a high
umber of HIV/AIDS comorbidities was reported in BA.1/BA.2 (15.7%)
han in XBB (1.9%) or BQ.1 (0.0%). 

Overall, patients with Omicron reported asymptomatic to mild symp-
oms (143 of 255, 56.1%), followed by moderate (61 of 255, 23.9%) and
evere symptoms (51 of 255, 20.0%). A significant difference in dis-
ase severity was reported in the BA.5 sub-lineage compared with the
A.1/BA.2 sub-lineage ( P = 0.001). Patients with BA.1/BA.2 infection
ostly reported asymptomatic to mild symptoms, with only 11.4% re-
orting severe symptoms. Compared with BA.1/BA.2, a higher number
f patients with the BA.5 infection reported severe symptoms, 30.8% vs
1.4%, respectively. 

Because most patients had mild symptoms, 42.9% of patients with
A.1/BA.2 were discharged and 57.1% were hospitalized. Furthermore,

n other sub-lineages, a higher number of patients were hospitalized.
3

he mortality rate of all Omicron variant cases reported in this study
as 18.4%. Higher mortality rates were observed in BA.5, XBB, and
Q.1 than the BA.1/BA.2 sub-lineages, with a mortality rate of 23.1%,
4.1%, and 16.7% vs 8.6%, respectively. 

A logistic regression analysis was performed to evaluate the variables
ssociated with severity ( Table 2a and Figure 3 a). The bivariate analy-
is showed that BA.5 was associated with more severe symptoms, with
n OR of 3.4 (95% CI 1.4-8.1). Other associated factors were age and
ultiple comorbidities, with ORs of 3.6 (95% CI 1.9-6.7) and 7.2 (2.9-
8.1), respectively. Vaccination was protective of severe symptoms; a
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Table 1 

Baseline characteristics of patients with Omicron by sub-variants/lineages (n = 255). 

Characteristics Total, n (%) BA.1/BA.2 (n = 70) BA.5 (n = 91) XBB (n = 58) BQ.1 (n = 36) P -value 

Sex (n = 255) 0.945 0.846 0.416 0.735 
Male 130 (51.0) 35 (50.0) 47 (51.6) 27 (46.6) 21 (58.3) 
Female 125 (49.0) 35 (50.0) 44 (48.4) 31 (53.4) 15 (41.7) 

Age category (n = 255) 0.000 b 0.000 b 0.013 a 0.000 b 

18-29 50 (19.6) 18 (25.7) 15 (16.5) 13 (22.4) 4 (11.1) 
30-49 85 (33.3) 36 (51.4) 25 (27.5) 9 (15.5) 15 (41.7) 
50-69 83 (32.5) 13 (18.6) 32 (35.2) 29 (50.0) 9 (25.0) 
70- 37 (14.5) 3 (4.3) 19 (20.9) 7 (12.1) 8 (22.2) 

Vaccination status (n = 249) 0.000 b 0.001 b 0.000 b 0.000 b 

None 66 (26.5) 18 (27.3) 22 (24.4) 13 (22.8) 13 (36.1) 
Full dose 106 (42.6) 42 (63.6) 32 (35.6) 23 (40.4) 9 (25.0) 
Booster 77 (30.9) 6 (9.1) 36 (40.0) 21 (36.8) 14 (38.9) 

Number of comorbidities (n = 211) 0.057 0.025 a 0.005 a 0.027 a 

0 73 (34.6) 22 (43.1) 30 (38.0) 12 (22.6) 9 (32.1) 
1 69 (32.7) 20 (39.2) 22 (27.8) 22 (41.5) 5 (17.9) 
≥ 2 69 (32.7) 9 (17.6) 27 (34.2) 19 (35.8) 14 (50.0) 

Comorbidities 
Hypertension 51 (24.5) 8 (16.0) 21 (26.9) 13 (25.0) 9 (32.1) 0.208 
Diabetes 31 (14.9) 1 (2.0) 14 (17.9) a 8 (15.4) a 8 (15.4) a 0.014 a 

Cardiovascular 31 (14.9) 5 (10.0) 12 (15.4) 10 (19.2) 4 (14.3) 0.407 
Neurologic diseases 27 (13.0) 2 (4.0) 11 (14.1) 5 (9.6) 9 (32.1) a 0.004 a 

Pulmonary diseases 26 (12.4) 7 (13.7) 9 (11.5) 9 (17.3) 1 (3.6) 0.205 
Chronic kidney diseases 16 (7.7) 2 (4.0) 8 (10.3) 3 (5.8) 3 (10.7) 0.223 
Malignancies 15 (7.2) 2 (4.0) 3 (3.8) 7 (13.5) a 3 (10.7) 0.152 
HIV/AIDS 12 (5.7) 8 (15.7) 3 (3.8) 1 (1.9) a 0 (0.0) a 0.002 a 

Severity (n = 255) 0.001 b 0.200 0.100 0.002 a 

Asymptomatic-mild 143 (56.1) 51 (72.9) 38 (41.8) 35 (60.3) 19 (52.8) 
Moderate 61 (23.9) 11 (15.7) 25 (27.5) 17 (29.3) 8 (22.2) 
Severe-critical 51 (20.0) 8 (11.4) 28 (30.8) 6 (10.3) 9 (25.0) 
Hospital admission (n = 255) 0.001 b 0.000 b 0.047 a 0.000 b 

Hospitalized 193 (75.7) 40 (57.1) 74 (81.3) 51 (87.9) 28 (77.8) 
Outpatients 62 (24.3) 30 (42.9) 17 (18.7) 7 (12.1) 8 (22.2) 

Outcomes (n = 255) 0.051 0.044 a 0.569 0.067 
Discharged alive 208 (81.6) 64 (91.4) 70 (76.9) 44 (75.9) 30 (83.3) 
Died 47 (18.4) 6 (8.6) 21 (23.1) 14 (24.1) 6 (16.7) 

a P < 0.05 
b P ≤ 0.01 

Table 2a 

Multivariable logistic regression analysis evaluating the association between 
Omicron sub-lineages and severity. 

Variables OR (95% CI) P -value Adjusted OR (95% CI) P -value 

Sex (Male) 1.5 (0.8-2.8) 0.212 1.4 (0.6-2.9) 0.411 
Age ( ≥ 60 years) 3.6 (1.9-6.7) 0.000 a 1.5 (0.7-3.1) 0.378 
Comorbidities 

0 Ref Ref 
1 2.0 (0.7-5.4) 0.178 2.1 (0.7-6.4) 0.173 
≥ 2 7.2 (2.9-18.1) 0.000 a 7.7 (2.7-22.3) 0.000 a 

Vaccination status 
Unvaccinated Ref Ref 
Full dose 0.9 (0.4-1.8) 0.747 1.8 (0.7-4.2) 0.199 
Booster 0.3 (0.1-0.8) 0.019 a 0.6 (0.2-1.7) 0.344 

Variants’ strains 
BA.1/BA.2 Ref Ref 
BA.5 3.4 (1.4-8.1) 0.005 a 2.8 (1.0-7.8) 0.047 a 

BQ.1 2.6 (0.9-7.4) 0.078 1.8 (0.5-6.3) 0.401 
XBB 0.9 (0.3-2.7) 0.845 0.5 (0.1-1.8) 0.304 

CI: confidence interval; OR: odds ratio; Ref: reference. 
a Statistically significant. 
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Table 2b 

Multivariable logistic regression analysis evaluating the association between the 
Omicron sub-lineages and mortality. 

Variables OR (95% CI) P -value Adjusted OR (95% CI) P -value 

Sex (Male) 2.1 (1.1-4.1) 0.025 a 2.0 (0.9-4.4) 0.080 
Age ( ≥ 60 years) 4.9 (2.5-9.7) 0.000 a 2.5 (1.1-5.6) 0.021 a 

Comorbidities 
0 Ref Ref 
1 2.9 (0.9-8.6) 0.061 1.8 (0.5-5.9) 0.357 
≥ 2 9.3 (3.3-25.9) 0.000 a 5.3 (1.7-16.5) 0.004 a 

Vaccination status 
Unvaccinated Ref Ref 
Full dose 0.8 (0.4-1.7) 0.592 1.4 (0.6-3.4) 0.437 
Booster 0.3 (0.1-0.8) 0.017 a 0.5 (0.2-1.5) 0.213 

Variants’ strains 
BA.1/BA.2 Ref Ref 
BA.5 3.2 (1.2-8.4) 0.019 a 2.9 (0.8-9.9) 0.090 
BQ.1 2.1 (0.6-7.2) 0.220 1.4 (0.3-6.5) 0.661 
XBB 3.4 (1.2-9.5) 0.020 a 3.2 (0.9-11.6) 0.070 

CI: confidence interval; OR: odds ratio; Ref: reference. 
a Statistically significant. 

e  
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s  

t  
ooster dose reduced the risk of severe symptoms by 70% ( P = 0.019).
ven after adjusting for sex, age, vaccination status, and comorbidities,
A.5 remained significantly associated with having severe symptoms. 

Similar results were also observed in the analysis of factors associ-
ted with mortality ( Table 2b , Figure 3 b). Sex, age, and a high number of
omorbidities increased the mortality risk; however, boosters reduced it.
igher mortality rates were observed in XBB and BA.5 infections, with
R of 3.4 (95% CI 1.2-9.5) and 3.2 (95% CI 1.2-8.4), respectively. How-
4

ver, after adjusting for other factors, none of the sub-variants showed
 significant association with mortality. 

iscussion 

The appearance of Omicron variant sub-lineages observed in this
tudy was in line with previous reports where BA.1 and BA.2 were
he initial lineages, followed by BA.5 in mid-2022 and BQ.1 and XBB
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ub-lineages in the last months of 2022. Because the BA.5, XBB, and
Q.1 sub-lineages occurred later, a higher proportion of patients had al-
eady received a booster vaccine than the BA.1/BA.2 sub-lineages. This
emonstrated that these sub-lineages could evade protection provided
y immunization. Previous research in the United States from April to
uly 2022 found that BA.4/BA.5 infections occurred among subjects
ith higher levels of immunity against SARS-CoV-2 than time-matched
A.2 infections [ 12 ]. This supports previous findings that BA.4 and BA.5
howed a more robust immune evasion ability than the BA.1 and BA.2
ub-lineages [ 4 ]. Data showed that the BA.5 subvariant could substan-
ially escape neutralizing antibodies induced by vaccination, previous
nfection, or both because neutralizing antibody titers against BA.5 are
ower than those against BA.1 and BA.2 [ 18 ]. Overall, patients reported
symptomatic to mild symptoms, followed by moderate and severe
ymptoms. Patients with BA.1/BA.2 infection mainly reported asymp-
omatic to mild symptoms. In addition, more patients with BA.5 infec-
ion had severe symptoms than those with BA.1/BA.2. The regression
nalysis after adjusting for sex, age, vaccination status, and comorbidi-
ies showed that BA.5 and a high number of comorbidities ( ≥ 2) was
ignificantly associated with severe disease, with adjusted ORs of 2.9
95% CI 1.1-8.2) and 7.8 (95% CI 2.7-22.4), respectively. As previously
eported, the presence of comorbidities, mainly, CKD, diabetes mellitus,
ypertension, and coronary heart disease, contributed to severe COVID-
9 and subsequently to higher mortality [ 19 ]. 

Previous study in hamsters also showed that BA.4/BA.5 was more
athogenic than BA.2 [ 6 ]. Other than a more robust immune evasion
bility, the BA.4/BA.5 sub-lineages can even invalidate the neutraliza-
ion efficiency of antibodies produced by BA.1 infections because of
he presence of F486V and D405N mutations [ 4 ]. All Omicron variants
ere found to considerably evade the neutralizing antibodies from vac-

ination or infection/convalescence. However, BA.5 has shifted back to
sing the angiotensin-converting enzyme 2–transmembrane serine pro-
ease 2 pathway seen in pre-Omicron lineages, which has been associ-
ted with lung infection and increased disease severity in animal models
 11 ]. BA.1 and BA.2 diverged from the angiotensin-converting enzyme
–transmembrane serine protease 2 pathway to another serine/cysteine
rotease, targeting the upper airway; thus, the viral load is higher in
he upper airway, especially in the nose, windpipe, and throat but not
n the lower respiratory system [ 4 , 11 ]. 

Although studies in vitro showed the higher antibody evasion prop-
rties in BA.5, most clinical studies found no significant difference in
everity between BA.5 and BA.1/BA.2 [ 6 , 20 ]. In a study in Japan, BA.5
nfections were associated with more systemic symptoms than BA.2
n vaccinated and unvaccinated persons. However, the two subvariant
roups showed comparable risks for progression to severe disease
 21 ]. A previous study in South Africa also reported no significant
ifference in severity found between the sub-variants, with severe
isease reported in BA.1, BA.2, and BA.4/BA.5, with 33.7%, 26.2%,
nd 27.5%, respectively [ 6 ]. Another study in South Africa in May 2022
lso found a similar adjusted hazard ratio of severity and mortality
n BA.4/BA.5 compared with BA.1. Both showed lower severity and
ortality than Delta infection; however, this study used the time

f infection as a proxy for the variant causing infection rather than
ctual genomic sequencing [ 22 ]. Although our findings showed that
A.5 is associated with higher severity, no Omicron sub-lineages were
ignificantly associated with higher mortality. Factors associated with
ortality in Omicron variants are similar to previous variants, which
ere age and high number of comorbidities. 

Although breakthrough infections still occurred in vaccinated sub-
ects, we discovered that vaccination was associated with less severe
ymptoms. A booster dose is strongly protective of severe symptoms
nd death, with an OR of 0.3 (95% CI 0.1-0.8, P < 0.05). Therefore,
igh-risk individuals should be also encouraged to receive at least three
oses of the vaccination to reduce case fatality rates. A study by Zhou
t al ., confirmed that booster vaccination reduced the risk of death in
atients with Omicron. Patients during the Omicron period also bene-
5

ted from the strong protection against severe disease by the COVID-19
accine [ 23 ]. The WHO has also recommended a third dose of vaccina-
ion (extended primary series), as well as a booster dose (fourth dose)
or immunocompromised patients [ 24 ]. 

However, recent in vitro data show that the geometric mean 50% in-
ibitory dose titers against BA.2 and BA.4/5 are lower than those against
he D614G variant. Compared with the D614G, the neutralization titers
gainst BQ.1, BQ.1.1, XBB, and XBB.1 were also found to be significantly
ower [ 5 ]. This highlights the need for other preventive measures to aid
n infection control, particularly, in people with multiple comorbidities.

There were several limitations of this study, including a small sample
ize and the lack of patient data during the Delta wave outbreak, which
revented us from comparing the Omicron variant to the Delta variant.
urthermore, we did not have complete data on the types of vaccination
eceived and history of COVID-19 infections, which may act as a pro-
ection against severe disease due to additional immunity provided by
revious COVID-19 infections. However, based on the time, the major-
ty of the subjects received inactivated vaccines (Sinovac or CoronaVac);
owever, some patients may have received mRNA vaccines (Moderna,
fizer, and AstraZeneca). Based on the sensitivity analysis (Supplemen-
ary Table 1), there is a difference in baseline characteristics between
he included patients and excluded patients with COVID-19. There were
ignificantly more females and patients with severe disease in the ex-
luded group. There is a higher number of patients with severe disease
n the excluded group because patients might have died before being
ampled for WGS. Due to the reagents’ limitations, between January to
pril 2022, we only include a small proportion of patients because of

he limitation of the WGS test capacity. During that time, we tested in
atients with cycle threshold values below 30. 

onclusion 

In conclusion, BA.5 infections were associated with more severe
ymptoms than BA.1/BA.2 infections. BA.5 might become a greater
hallenge than its predecessor variant. As in previous waves, indi-
iduals with multiple comorbidities had worse outcomes, whereas
ooster vaccinations provided protection against severe symptoms
nd mortality. High-risk individuals should be encouraged to receive
t least three doses of the vaccination to reduce the fatality rates of
micron infections. 
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