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Summary
Background Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has undergone different
molecular changes, sprouting genetic variants of the
original wildtype. Clinical comparisons between pa-
tients infected with alpha versus delta are scarce.
Methods In this retrospective observational study,
adult patients hospitalized with coronavirus disease
2019 (COVID-19) due to confirmed SARS-CoV-2 alpha
or delta infection were included. Patient characteris-
tics, virologic and laboratory parameters, as well as
the clinical course were compared in patients infected
with alpha vs. delta variants.
Results A total of 106 patients infected with alpha
and 215 patients infected with delta were included.
Patients infected with the delta variant were admitted
to hospital earlier after symptom onset (6 vs. 7 days,
p< 0.001). Blood levels of C-reactive protein (43.3 vs.
62.9mg/l, p= 0.02) and neutrophil count (3.81 vs.
4.53G/l, p=0.06) were lower in delta patients. Fur-
thermore, at hospital admission cycle threshold (CT)
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values were significantly lower in patients infected
with the delta variant (22.3 vs. 24.9, p< 0.001). Patients
infected with the delta variant needed supplemental
oxygen less often during disease course (50% vs. 64%,
p= 0.02). Furthermore, there was a statistically non-
significant trend towards a lower ICU admission rate
among delta patients (16% vs. 24%, p= 0.08)
Conclusion Patients diagnosed with the delta variant
were admitted to the hospital earlier, had a less severe
course of disease and a higher viral replication on ad-
mission. This may provide a window of opportunity
for antivirals in the hospital setting.

Keywords Pandemic · COVID-19 · Viral load ·
Pneumonia · Hospitalization

Introduction

Severe acute respiratory syndrome corona virus 2
(SARS-CoV2) has caused a global pandemic result-
ing in deaths in excess of about 3 million [1]. Since
the first clinical cases of coronavirus disease 2019
(COVID-19) emerged in late 2019 [2], it has acquired
numerous mutations resulting in the appearance and
spread of viral variants. In September 2020, mutations
of the spike protein on the surface of SARS-CoV-2
were responsible for the emergence of variant B.1.1.7
(alpha variant) [3]. Further down the road in Decem-
ber 2020, it was deemed a “variant of concern” (VoC),
implying higher transmissibility, virulence and/or im-
munity to previously built antibodies [4]. In addition
to the D614G mutation which arose in Europe as B.1
[5] in early 2020 and is now found in all SARS-CoV-2
strains, B.1.1.7 is defined by a total of 23 mutations in-
cluding the N501 mutation resulting in higher affinity
to the receptor binding domain (RBD) of angiotensin-
converting enzyme 2 (ACE2) receptors [6]. B.1.1.7
has been suspected to precipitate higher viral loads
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and a reduction by a small proportion in neutral-
ization though RBD antibodies [7] and is associated
with higher hazards for hospitalization and all cause
death [8]; however, the virus kept mutating, spawn-
ing new variants over the course of this pandemic.
With the earliest documented sample in India dur-
ing October 2020, B.1.617.2. (delta variant) soon was
deemed a VoC after first findings indicated a higher
transmission rate [9] and a lower responsiveness to
convalescent antibodies [10]. B1.617.2 which only has
the D614G mutation in common with B.1.1.7 [11] has
been associated with significantly higher viral loads in
infected persons [12] and a higher risk for hospitaliza-
tion [13]. The virologic differences between the alpha
and delta variant have been well-characterized but
comparisons of clinical characteristics remain scarce.
In this study we aimed to describe and compare pa-
tient characteristics, the symptomatology, and clinical
course of patients infected with the alpha and delta
variants in one large treatment center in Austria.

Methods

Study design and accumulation of data

This retrospective study was performed at the depart-
ment of Tropical Medicine and Infectious Diseases at
the Clinic Favoriten in Vienna, Austria. All consecu-
tive patients hospitalized for the treatment of COVID-
19 from 1May 2021 to 31 August 2021, were included if
they had PCR proven SARS-CoV-2 infection and had
information available on the SARS-CoV-2 variant as
assessed by PCR. The time frame for this explorative
study was chosen to enable a realistic comparison be-
tween the two genetic variants, since the delta variant
became increasingly more prevalent in Austria after
June 2021. Patients in whom infection was not con-
firmed by PCR testing were excluded. Furthermore,
patients in whom the mutation was not determined
were excluded from this study.

Patient medical records were used to collect data
on patient characteristics including demographic in-
formation and information on comorbidities, comed-
ications, laboratory and clinical follow-up data.

Laboratory analysis

At the hospital, infection with SARS-CoV-2 was diag-
nosed using the cobas® SARS-CoV-2 kit with material
from nasopharyngeal swabs on the Cobas 6800 (Roche
Molecular Systems, Branchburg, NJ, USA) platform by
Roche and CT values were used as a surrogate for viral
loads [14]. Swabs were routinely obtained on admis-
sion and repeated at the discretion of the attending
physician until discharge. Variants were detected by
melting curve analysis using the VirSNiP SARS-CoV-2
Spike Kits by TIB MOLBIOL on the cobas® z480 by
Roche. All samples were processed and analyzed at
the hospital department of laboratory medicine.

Definition of variables and endpoints

The self-reported first day of COVID-19 symptoms
(e.g. headache, fever, cough, rhinitis, dyspnea, fatigue,
myalgia, and arthralgia) were recorded and defined as
day 1 of symptomatic infection. Need for nasal oxygen
supplementation and development of severe respira-
tory failure with at least need for high flow oxygen
therapy (HFOT) were chosen as primary outcome pa-
rameters. Furthermore, time of symptom onset until
hospitalization as well as length of stay were calcu-
lated.

Statistical analysis

P-values< 0.05 were considered as statistically signifi-
cant. For statistical analysis, SPSS 27 software (SPSS,
Inc., Chicago, IL, USA) was used. For statistical anal-
ysis, mainly non-parametric tests were conducted.
Mann-Whitney U-test was applied for evaluation of
disparities in a parameter between two groups. The
χ2-test was used to evaluate frequencies between
two groups. In cases of expected frequencies of an
event below five observations, Fisher’s exact test was
applied. Illustrations of the collected data, such as
boxplots, were created using GraphPad Prism 9 and
cleared of outliners to improve visualization.

The study was approved by the local ethics com-
mittee.

Results

Characteristics of hospitalized patients

From May 1st to August 31st, 2021, 408 patients were
hospitalized for COVID-19 and 87 patients had to be
excluded because of missing results of the mutation
analysis. Therefore, 321 patients were included in the
analysis. Of these 106 tested positive for the alpha
variant, whereas 215 tested positive for the delta vari-

Fig. 1 Incidence of SARS-CoV-2 variants in hospitalized pa-
tients
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Table 1 Patient demographics and baseline characteristics stratified by viral mutation
Parameter Entire cohort

(N= 321)
Alpha
(N= 106)

Delta
(N= 215)

P-values

Gender N % N % N % –

Male 159 49.53% 60 56.60% 99 46.05% 0.08

Female 162 50.47% 46 43.40% 116 53.95% N/A

Characteristics

Hypertension 136 42% 48 45.28% 88 40.93% 0.46

Diabetes 75 23% 20 18.87% 55 25.58% 0.18

Coronary disease 31 10% 8 7.55% 23 10.70% 0.37

COPD 22 7% 8 7.55% 14 6.51% 0.74

Fully vaccinated a 36 11% 2 1.89% 34 15.81% 0.02

– Median IQR Median IQR Median IQR –

Age in years 53 43–64 55 45–64 52 41–65 0.13

BMI in kg/m2 29.4 25–33.7 29.3 24.8–34 29.4 25.3–33.5 0.73

Breath/min 20 18–24 20 18–24 20 16–25 0.9

Temperature in °C 37.9 36.9–38.5 37.8 37–38.7 37.9 36.9–38.5 0.83

02 in litre 1 (1–3) 2 (0–4) 0 (0–3) 0.09

WHO score 4 (3–4) 4 (3–4) 3 (3–4) 0.18

Symptom onset to hospital
admission (days)

6 (4–9) 7 (5–10) 5 (3–8) <0.001

BMI body mass index, COPD chronic obstructive pulmonary disease, IQR interquartile range
a Fully vaccinated= as defined by the US guidelines

ant. The first patient at the hospital with the delta
variant was admitted on the 5th of June and the last
patient with a detected alpha variant was admitted
on the 11th of July (Fig. 1). Among all patients, gen-
der was evenly distributed but there was a tendency
towards more women being hospitalized with delta
compared to admissions with the alpha variant (54%
vs. 43%, p=0.08). The median age in the alpha and
the delta group were 55 years (interquartile range,
IQR 45–64 years) and 52 years (IQR 41–65 years), re-
spectively (p=0.17). More baseline characteristics are
shown in Table 1.

Admission and course of disease

Time from symptom onset to hospital admission was
significantly shorter in patients with the alpha variant
compared to those with delta (6 vs. 7 days, p< 0.01,
Fig. 2).

Type of reported symptoms showed no disparities
between groups and need for supplemental oxygen
at the time of admission was not significantly dif-
ferent (59% vs 53%, p=0.32). Total duration of hos-
pitalization was comparable between alpha (median
9 days, IQR 7–16) and delta (median 9 days, IQR 6–14,
p= 0.65). About 55% of all admitted patients needed
oxygen at some point during hospitalization. Patients
with the alpha variant needed supplemental oxygen
in 64% of the cases as compared to 50% of patients
with the delta variant (p=0.02) without a significant
difference in the proportion of patients requiring high
flow oxygen in both groups (37% vs. 32%, p=0.31).

Of the patients with the alpha variant 26 (24%) were
admitted to the ICU, compared to 35 (16%) patients
with the delta variant (p=0.08), 24 (7.5%) patients
infected with alpha and 18 patients (8.4%) infected
with delta died (p=0.39). Overall risk for oxygen sup-
plementation during hospitalization was lower in pa-
tients with delta vs. alpha (odds ratio, OR= 0.52; 95%

Fig. 2 Days from symptom onset until hospitalization strati-
fied by variant
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Table 2 Baseline laboratory parameters stratified by viral mutation
Parameter Entire cohort

(N= 321)
Alpha
(N= 106)

Delta
(N= 215)

P-values

Baseline laboratory Median IQR Median IQR Median IQR

Leucocytes (G/l) 5.55 (4.07–7.75) 5.88 4.52–7.71 5.31 3.88–7.76 0.1

Neutrophils (G/l) 4.05 (2.74–5.75) 4.53 3.18–5.86 3.81 2.56–5.74 0.06

Lymphocytes (G/l) 0.99 (0.72–1.36) 0.91 0.65–1.36 1.01 0.78–1.36 0.14

Eosinophils (G/l) 0 (0–0.02) 0 0–0.01 0 0–0.02 0.56

RDW (%) 13.1 (12.5–13.9) 13 12.3–13.8 13.1 12.5–14 0.22

CRP (mg/l) 48.9 (18.4–107.1) 62.9 28.9–110.4 43.3 14.6–100 0.02

Sodium (mmol/l) 137 (134–139) 136 133–138 137 134–139 0.21

Potassium (mmol/l) 3.8 (3.6–4.1) 3.8 3.6–4.1 3.8 3.6–4.1 0.56

Creatinine (pmol/l) 0.86 (0.68–1.04) 0.87 0.68–1.09 0.85 0.68–1.01 0.75

CK (U/l) 102 (61–231) 93 58–254 115 61–229 0.48

Troponin-T (µg/l) 7.08 (3.28–13.6) 6.98 3.82–12.3 7.24 3–14.45 0.68

AST (U/l) 40 (29–57) 43 29–61 40 29–53 0.61

ALT (U/l) 32 (21–49) 33 21–54 31 21–47 0.62

Bilirubin (mg/dl) 0.43 (0.31–0.58) 0.45 0.31–0.59 0.42 0.3–0.56 0.29

LDH (U/l) 289 236–401 311 240–432 283 232–396 0.32

CT value (in cycles) 23.32 19.86–27.01 24.9 21.06–28.18 22.3 19.03–26.3 <0.001

IQR interquartile range, RDW red cell distribution width, CRP C-reactive protein, CK creatinine kinase, AST aspartate transaminase, ALT alanine transaminase,
LDH lactate dehydrogenase, CT cycle threshold

confidence interval, CI 0.32–0.83). Patients infected
with the alpha variant tended to have a higher risk for
an ICU admission (OR= 0.6; 95% CI 0.34–1.06).

Baseline laboratory and viral load at admission

Laboratory parameters at time of admission are de-
picted in Table 2. C-reactive protein (CRP) was sig-
nificantly higher in patients who tested positive for
the alpha mutation with a median of 62.9mg/l (IQR
28.9–110.4mg/l) compared to 43.3mg/l (14.6–100mg/l)
in the delta group (p= 0.02). CRP itself highly corre-
lated with the need for at least HFOT as well as
ICU admissions (p< 0.001) Neutrophil count also
tended to be higher in alpha (median 4.53G/l, IQR
3.18–5.66G/l) versus delta patients (median 3.81G/l,
IQR 2.56–5.74G/l, p= 0.06, Table 2).

Furthermore, CT-values at the day of hospitaliza-
tion were significantly lower in alpha patients. The
median values were 24.9 cycles for alpha and 22.3 cy-
cles for delta (p<0.001, Fig. 3).

Vaccination status

In patients with the alpha variant 40/106 patients
had information on vaccination status. Among those,
33 were unvaccinated, 5 partially and 2 fully vacci-
nated. In patients with the delta variant, data were
available in 168/215 patients. Of those, 127 were
unvaccinated, 7 had received one dose and 34 were
fully vaccinated. The percentages of fully vaccinated
patients in their respective groups were 2% in alpha
and 15% in delta.

Discussion

In this retrospective observational study, differences
in patients admitted for COVID-19 caused by the al-
pha and delta SARS-CoV-2 variants were observed.
Patients infected with the delta variant had a lower
rate of need for oxygen supplementation at admis-
sion. Furthermore, there was a trend towards a lower
risk for ICU admission during their course of disease.
Additionally, patients with the delta variant showed
significantly decreased inflammation markers includ-
ing CRP and elevated white cell count on admission,
both of which are closely associated with HFOT and
ICU admission in this study as well as being linked to
higher severity of disease in literature [15–17]. Inter-
estingly, there were no significant differences in terms
of patient demographics and comorbidities which
could otherwise explain the discrepancies regarding
disease severity. A difference in mortality or length of
hospital stay could not be detected in the two groups.

Despite the lower disease severity as measured by
the requirement for oxygen supplementation or lab-
oratory inflammation markers, patients infected with
the delta variant were hospitalized 1 day earlier. In
these patients CT-values on admission were signifi-
cantly lower which indicates a higher viral load and
was previously ascribed to infections with the delta
variant in general [12]. It can be speculated that pa-
tients infected with delta had a higher perception and
severity of felt symptoms in the absence of objective
findings of disease severity, which led to a faster ad-
mission; however, a significant difference in the spec-
trum of reported symptoms and the severity between
patients in alpha versus delta could not be found. In
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Fig. 3 CT values at time of admission

addition, a positive correlation ofmore symptoms and
higher viral load was not reported in literature [18].

Another reason for earlier hospitalization could
also be the rising awareness of the disease caused by
the delta variant and the potential for adverse out-
comes in combination with the increased availability
of testing sites. This could have motivated patients
to seek emergency care more readily and family doc-
tors and primary care facilities to send patients more
frequently for admission at the hospital. This is prob-
lematic as hospital beds may rapidly become scarce
amidst a pandemic and alternative care pathways
centered on home-based care could hold off pressure
from hospitals [19].

The increasing availability and uptake of vaccina-
tions which had been increasingly rolled out during
the delta wave, may provide an alternative explana-
tion of the lower disease severity in patients infected
with delta observed at admission [20]; however, only
15% of patients were fully vaccinated and an addi-
tional 7% were partly vaccinated which is unlikely
to fully explain the milder symptoms on admission
although information on vaccination status was not
available in all patients.

Regardless of the reason, patients seeking health-
care early may benefit from therapeutic interventions
like antiviral therapeutics and monoclonal antibodies.
Those seem to provide maximum benefit in terms of
avoiding complications which has been shown in out-
patient setting with agents such as the antiviral drug
molnupiravir and the monoclonal antibody sotro-

vimab [21, 22], which managed to reduce progression
of disease significantly compared to their respective
placebo group; however, similar studies in hospital-
ized patients often failed to show benefits [23, 24]
with the possible exception of seronegative patients
as observed in the RECOVERY trial, where mortality
could be successfully reduced in patients receiving
treatment with monoclonal antibodies [25]. Similarly,
the antiviral remdesivir has recently been shown to
prevent progression when given early [26], whereas
death may not be prevented when started later in
disease among hospitalized patients [27].

With earlier admissions because of emerging vari-
ants including delta or omicron, there may be a new
window of opportunity for antivirals in the hospital
setting which needs to be investigated further [28].

This study provides important insides into chang-
ing patient characteristics in the light of emerging
SARS-CoV-2 variants which is necessary to guide
appropriate care pathways and therapeutic interven-
tions.

There were some limitations. This was a single
center study which only examined a small sample
size over a set period; however, despite fluctuating
incidences of infection, admission practises in this
large treatment center have remained stable over the
4 months of the study. Also, evaluation of symptom
onset often relied on subjective information reported
by the patient; however, when only analyzing patients,
who had a positive test before they developed symp-
toms, the median time until admission was 6 days
in the delta group compared to the alpha group with
a median time of 9 days, supporting the main finding
of our study.

In addition, vaccination status was only known for
a limited number of patients. Therefore, no conclu-
sions regarding a differential vaccine efficacy between
the alpha and delta variant can be drawn within this
study population.

In conclusion, this study describes a cohort of
consecutively hospitalized patients for infection with
SARS-CoV-2at the transition from alpha to delta in
the summer of 2021. Patients infected with the delta
variant had a higher viral replication and were ad-
mitted earlier in the course of disease which may
provide a window of opportunity for early interven-
tions including antiviral substances and monoclonal
antibodies which must be further evaluated in this
setting.
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