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Abstract

COVID-19 spread in two pandemic waves in Italy between 2020 and 2021. The aim of this study is to compare the first with
the second COVID-19 wave, analyzing modifiable and non-modifiable factors and how these factors affected mortality in
patients hospitalized in Internal Medicine wards. Consecutive patients with SARS-CoV-2 infection and dyspnea requiring O,
supplementation were included. The severity of lung involvement was categorized according to the patients’ oxygen need. Six
hundred and ten SARS-CoV-2 hospitalized patients satisfied the inclusion criteria. The overall estimated 4-week mortality
was similar in the two pandemic waves. Several variables were associated with mortality after univariate analysis, but they
lacked the significance after multivariable adjustment. Steroids did not exert any protective effect when analyzed in time-
dependent models in the whole sample; however, steroids seemed to exert a protective effect in more severe patients. When
analyzing the progression to different states of O, supplementation during hospital stay, mortality was almost exclusively
associated with the use of high-flow O, or CPAP. The analysis of the transition from one state to the other by Cox—Markov
models confirmed that age and the severity of lung involvement at admission, along with fever, were relevant factor for
mortality or progression.
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Introduction

In December 2019, a new coronavirus was recognized as
the cause of an international outbreak of respiratory dis-
eases, which began in Wuhan, the capital of central Chi-
na’s Hubei province, and rapidly spread around the world.
The virus was named SARS coronavirus 2 (SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2) and the
related disease was termed by the World Health Organiza-
tion (WHO), COVID-19 (coronavirus disease 2019).

SARS-CoV-2 has been reported to cause an extensive
spectrum of clinical features, ranging from mild flu-like
symptoms to severe interstitial pneumonia (15-20% of
cases) eventually leading to acute respiratory distress
syndrome that may require intensive care support (5-6%
of cases) [1]. Common symptoms include fever, cough,
fatigue and dyspnea, but even olfactory and gustatory dys-
function, myalgia, sore throat, diarrhea, ocular symptoms,
headache and skin rash have been reported.

At the end of May 2021, approximately 165,770,000
confirmed cases have been reported worldwide, account-
ing for approximately 1,134,000 deaths; in Italy, more than
4,159,000 cases and about 124,000 deaths were reported
[2]. Several comorbidities have been associated with an
increased risk of death secondary to COVID-19: age,
hypertension, diabetes, chronic obstructive pulmonary
diseases or cardiovascular diseases [3—-5]. SARS-CoV-2
infection is plagued by high hospitalization rates [6], espe-
cially in frail subjects, putting the health-care systems at
stake. During the COVID-19 pandemic wave(s), several
treatments have been eagerly tested and repurposed and
their overall efficacy or inefficacy was reported on the
basis of retrospective case series or, sometimes, of con-
trolled trials. In most cases, the efficacy of these drugs on
28-day mortality was not unequivocal, that is the case of
remdesivir [7-13], hydroxychloroquine [14], and lopina-
vir—ritonavir [15]. On the contrary, the efficacy of dexa-
methasone was suggested in randomized trials [16—18]
and other studies have tried to elucidate if other steroids
could be useful in treating SARS-CoV-2 infection [19, 20]
or the optimal strategy to treat hospitalized patients with
dexamethasone [21]. Some more recent studies showed the
benefit of other drugs in severely ill hospitalized patients,
and namely tocilizamab [22] or low molecular weight hep-
arin (LMWH), especially in those with increased D-Dimer
levels [23].

COVID-19 spread in two pandemic waves, the first hit
Italy from March to June 2020 and the second from Octo-
ber 2020 to February 2021. It is thought that the first wave
hit harder because of the limited knowledge of the disease
and the lack of established therapeutic protocols as well as
of specialized equipment. Nonetheless, during the second
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wave, a much higher number of infections were observed,
thus challenging the capabilities of health-care systems.
Some estimates indicate that the mortality between the
two waves was similar in intensive care unit (ICU) patients
[24] but detailed data are scant. The aim of this study
is to compare the first with the second COVID-19 wave,
analyzing modifiable and non-modifiable factors such as
gender, age, comorbidities prescribed therapies and how
these factors affected mortality in hospitalized patients.

Methods
Patients

Consecutive patients referring to Internal Medicine wards of
our institution with a confirmed SARS-CoV-2 infection by
molecular nasopharyngeal swab were considered for inclu-
sion. All the patients referred to the emergency ward in the
period spanning from the beginning of March 2020 to the
end of April 2020 (1st pandemic wave) or in November 2020
(2nd pandemic wave) and were hospitalized due to the per-
sistence of dyspnea requiring O, supplementation because
of a severe lung involvement, defined according to the
local guidelines published by the AGenzia NAzionale per
i Servizi sanitari regionali (AGENAS) [25] as a respiratory
rate > 30 breaths/min OR oxygen saturation <92% at rest
OR PaO,/fraction of inspired oxygen (FIO,) <300 mmHg
AND/OR lung infiltrates > 50% on chest X-rays. Anamnestic
data regarding the presence of the following comorbidities
(according to literature) at baseline were collected: diabe-
tes, cardiovascular diseases (coronary artery disease, heart
failure and atrial fibrillation), neurological diseases (Alz-
heimer’s disease, Parkinson’s disease and dementia), renal
diseases, hypertension, malignancy and chronic obstructive
pulmonary disease [4, 26]. Baseline laboratory variables,
including C-reactive protein (CRP), ferritin, lymphocyte
absolute count [26, 27] and D-Dimer were retrieved, where
available.

The daily pulse oximetric saturation (SpO,)/FIO, (S/F)
was recorded along with the daily presence of fever and
exposure to hydroxychloroquine, remdesivir, steroids (meth-
ylprednisolone mg/day or equivalents), antibiotics and low
molecular weight heparin (LMWH) given at prophylactic or
anticoagulant dosing. The severity of SARS-CoV-2-related
lung involvement was categorized according to the patients’
oxygen need: (1) no need, room air; (2) low-flow, supple-
mental oxygen up to 36% FIO,; (3) high-flow, supplemental
oxygen >40% FI10,; (4) continuous positive airway pressure
(CPAP); (5) mechanical ventilation or death [28].

The time from the first symptoms attributable to SARS-
CoV-2 infection to the referral to the emergency ward (time
of hospitalization) was recorded. The total length of stay
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in the hospital was calculated from the time of hospitali-
zation to death or to discharge if the patient had a stable
SpO, >94% at room air.

The study was approved by the local ethic committee
(Comitato Etico Area B, approval number, 342_2020).

Statistical analysis

Baseline clinical variables of the 1st and the 2nd pandemic
waves were compared by means of the #-Student’s or the
Chi-square test, in case of continuous or categorical data,
respectively.

Time-to-event analysis was conducted to determine
the variables associated with mortality. The total length
of hospital stay until death was used as primary outcome
and cases requiring mechanical ventilation or dismissed
to rehabilitation wards with oxygen supplementation were
right-censored. Cox-regression analysis with time-dependent
covariates was used to model survival and variables with
an uncorrected p value < 0.1 were entered in a multivari-
able model. Cox—Markov Models [29] were used to model
transitions from one lung severity state to the other. Survival
analysis was restricted to 4 weeks.

For explorative purposes, the effect of steroids was
assessed in multivariable Cox-regression models where the
use 6 mg dexamethasone or equivalent [16] was evaluated
along with age and the S/F ratio at admission.

For all the analyses, the R statistical software and related
libraries were used [30].

Results

Baseline demographic characteristics are summarized in
Table 1. Overall, 610 SARS-CoV-2 hospitalized patients
satisfied the inclusion criteria, 397 from the 1st and 213
from the 2nd pandemic waves. Patients from the 2nd pan-
demic wave were older and with a higher prevalence of
comorbidities. The severity of lung involvement at referral
to the emergency ward was similar with a S/F ratio equal to
275.2+109.5 and 272.3 +111.3 in the 1st and 2nd pandemic
waves, respectively.

The overall estimated 4-week mortality was similar in
the two pandemic waves (Fig. 1) albeit a trend toward a
worse long-term survival in the 2nd pandemic wave could
be inferred from the graphical analysis. At 4 weeks from
admittance, the estimated survival in the whole cohort was
0.621 (Cly5=0.552-0.699).

HCQ was mostly used during the 1st pandemic wave
while remdesivir during the 2nd. Exposure to steroids was
much higher in the 2nd pandemic wave than in the 1st
(steroids yes: 2452/2863 days [86.5%] vs 1268/5083 days
[24.9%], p <0.0001); similarly, a higher use of LMWH

was observed in the 2nd pandemic wave than in the 1st
(LMWH yes: 2545/2863 days [82.2%] vs 3285/5083 days
[64.6%], p<0.0001).

Several variables were associated with mortality after
univariate analysis (Table 2). In determining the independ-
ent contribution of explanatory variables in multivariable
analysis (Table 3), we observed that the severity of SARS-
CoV-2 infection at presentation as assessed by the S/F ratio
(the higher the better) and age (the lower the better) were
the strongest predictors of mortality; distribution densities
for age and S/F ratio are reported in Supplemental Fig. 1.
The persistence of fever was associated with a nearly two-
fold relative risk of fatal outcome compared to deferves-
cence. The use of LMWH approximately halved the risk
of death, while other therapies did not have any influence
on survival. HCQ use was mostly reserved to younger
patients (HCQ yes: 53 +4.2 vs HCQ no: 71.6 + 14.6 years,
p=1.03x10"'?) while remdesivir (according to Italian
prescription guidelines) to patients with a higher S/F
ratio at admittance (remdesivir yes: 350.5 + 82.6 vs rem-
desivir no: 270.7 £ 111.2 S/F ratio, p=1.41 X 10_6), thus
explaining their protective effect after univariate analysis
and their consequent lack of significance after multivari-
able adjustment. The use of remdesivir in patients with
milder disease was also testified by lower CRP (remdesivir
yes: 7.3 +5 vs remdesivir no: 9.4+ 7.2 mg/dL, p=0.022)
and D-Dimer values (remdesivir yes: 1136.6 +1213.6 vs
remdesivir no: 2737.2+7388.6, p=7.2 X 10_5) in treated
patients. It is worth noting that according to local prescrib-
ing guidelines, remdesivir is indeed reserved to patients
with mild disease, with disease duration < 10 days and
undergoing low-flow oxygen therapy. Restricting the anal-
ysis to such cases (n=183), we just observed 10 deaths
(5.4%), none in the remdesivir group (p =not significant).
Similarly, antibiotics had an apparent detrimental effect
because used in patients with worse baseline respiratory
conditions (antibiotics yes: 265 + 110.5 vs antibiotics no:
314.6 +105.7 S/F ratio, p=4.77 X 1()_6) and increased
CRP values (antibiotics yes: 10.4+7.2 vs antibiotics
no: 5.2+5.1 mg/dL, p=4.49 x 10~ %), CRP, along with
D-Dimer, was indeed the main laboratory parameter
associated with an increased mortality in SARS-CoV-2
patients (Table 4).

Steroids did not exert any protective effect when ana-
lyzed in time-dependent models. In the exploratory analysis
with time-independent models that accounted for age and
S/F ratio at steroid initiation, a trend toward a protective
role of dexamethasone > 6 mg was observed (HR =0.735,
Clys=0.515-1.051, p=0.092); this effect was found to
be significant when the analysis was restricted to patients
with an S/F ratio <315, that correspond to a P/F ratio equal
to 300 according to [31] (HR=0.634, Cly5=0.43-0.935,
p=0.0214).
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Table 1 Baseline demographic characteristics

Variable Overall (n=610) 1st wave (n=397) 2nd wave (n=213) p
Age, years 66.8+15.4 64.4+15.2 71.2+14.7 1.75x1077
Age by groups, n (%)

18-29 6 (1%) 6 (1.5%) 0 (0%)

30-39 16 (2.6%) 14 (3.5%) 2 (0.9%)

40-49 60 (9.8%) 44 (11.1%) 16 (7.5%)

50-64 199 (32.6%) 143 (36%) 56 (26.3%)

65-74 199 (32.6%) 127 (32%) 72 (33.8%)

75-84 85 (13.9%) 42 (10.6%) 43 (20.2%)

>85 45 (7.4%) 21 (5.3%) 24 (11.3%)
Males, n (%) 410 (67.2%) 264 (66.5%) 146 (68.5%) 0.608
Sa0, to FIO, ratio 274.2+110.1 275.2+109.5 272.3+111.3 0.761
Sa0, to FIO, ratio by groups, 1 (%)

<200 229 (37.5%) 155 (39%) 74 (34.7%)

200-299 128 (21%) 78 (19.6%) 50 (23.5%)

300-399 137 (22.5%) 87 (21.9%) 50 (23.5%)

>400 116 (19%) 77 (19.4%) 39 (18.3%)
Time to hospitalization, days 6.5+4.7 6.8+5.1 5.8+3.8 0.018
Hypertension, n (%) 262 (43%) 169 (42.6%) 93 (43.7%) 0.795
Diabetes, n (%) 108 (17.7%) 70 (17.6%) 38 (17.8%) 0.949
Cardiac involvement, n (%) 116 (19%) 64 (16.1%) 52 (24.4%) 0.013
Malignancy, n (%) 77 (12.6%) 43 (10.8%) 34 (16%) 0.069
COPD, n (%) 71 (11.6%) 49 (12.3%) 22 (10.3%) 0.46
Neurological involvement, n (%) 50 (8.2%) 25 (6.3%) 25 (11.7%) 0.02
Renal involvement, n (%) 34 (5.6%) 20 (5%) 14 (6.6%) 0.431
N comorbidities 0.292

0 215 (35.2%) 143 (36%) 72 (33.8%)

1 194 (31.8%) 131 (33%) 63 (29.6%)

2 114 (18.7%) 77 (19.4%) 37 (17.4%)

3+ 82 (13.4%) 46 (11.6%) 36 (16.9%)
CRP, mg/dL 9.3+7.1 89+7 10x+7.1 0.06
Lymphocytes, cells/fmm3 1013.3+571.5 1035+590.2 972.3+533.2 0.2
Ferritin, pg/mL 831.5 (460.5-1391) 916 (465-1528) 731 (457.5-1140.5) 5.12x107°
D-Dimer, ng/mL 936 (560.5-1580.5) 875 (534-1412) 1009 (613-1918) 0.027
4-week crude mortality 128 (21%) 74 (18.6%) 54 (25.4%) 0.052

All continuous values expressed as mean + standard deviation or by median (interquartile range)

Significant p values (<0.05) are highlighted in bold

When analyzing the progression to different states (Fig. 2) it
can be observed that all the patients required O, supplementa-
tion during the hospital stay and that the vast proportion of sub-
jects required high-flow O, or CPAP; differences between the
two waves are detailed in Supplemental Fig. 2. Notably, when
considering the number of days spent in each state, mortality
was almost exclusively associated with the use high-flow O, or
CPAP (Supplemental Tables 1-3). The analysis of transition
from one state to the other by Cox—Markov models confirmed
that age and the severity of lung involvement at admission,
along with the persistence of fever, were relevant factor for
mortality or progression (Supplemental Table 4).

@ Springer

Discussion

In our retrospective observational study, we evaluated 610
consecutive patients admitted to Internal Medicine wards
of our Institution during two pandemic waves of SARS-
CoV-2 infection (beginning of March 2020 to the end of
April 2020 and November 2020). All the patients were first
evaluated in the emergency room and then hospitalized
due to the presence of respiratory insufficiency according
to previously published criteria [32] while patients requir-
ing mechanical ventilation were excluded from the analysis
or right-censored. Our results are hardly comparable with
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Fig. 1 Estimated survival. Estimated survival (Kaplan—Meier curves)
in the 1st (black line) and 2nd (red line) pandemic waves

previously published reports due to different inclusion cri-
teria or characteristics of patients. Subjects with a negligible
lung involvement, not requiring hospitalization or O, supple-
mentation due to respiratory insufficiency are often included

in other studies, or conversely subjects requiring invasive
support may constitute a relevant proportion of analyzed
cases. These characteristics may explain the wide mortality
range (14-65%) described in the literature as summarized
in [33], and indeed, we found that the progression to severe
form of disease state requiring high-flow O, supplementa-
tion or CPAP use is relevant in determining the mortality
risk (Supplemental Table 4). The mortality we observed in
patients requiring noninvasive ventilation (n=313) is simi-
lar, yet slightly higher, to in-hospital fatality rates previously
reported [34] (at 3 weeks =0.414; data not shown). The fact
that CPAP was the ceiling of treatment in the majority of
our patients may justify the high mortality we observed in
patients who underwent noninvasive ventilation, according
to previously published evidences [35].

To evaluate hypoxemia as well to determine the presence
of acute respiratory distress syndrome (ARDS), we used
the S/F ratio, an easy-to-use and noninvasive tool that also
allowed us to daily monitor patients’ respiratory condition.
Its use in COVID-19 patients has already been advocated
by others [36, 37], and indeed, we were able to confirm,
as shown in literature, that a decrease in the S/F ratio, as a
surrogate of the P/F ratio, increases the mortality risk [37,
38]. Similarly, the increased risk associated with age is in

Table 2 Clinical variables associated with mortality by time-dependent Cox regression by univariate analysis

Overall (n=610)

1st wave (n=397)

2nd wave (n=213)

Variable HR (Clys) p HR (Clys) P HR (Clys) p
$a0,/Fi0, ratio® 0.992 (0.99-0.994)  3.04x10°'2  0.993 (0.99-0.997)  2.16x10~*  0.993 (0.99-0.996)  1.92x10~°
Age 1.076 (1.059-1.093)  2.22x10~'°  1.088 (1.065-1.112)  2.56x10~'*  1.063 (1.035-1.092) 6.17x10°¢
Gender (male) 0.75 (0.52-1.077) 0.1192 0.588 (0.367-0.942)  0.027 0.758 (0.432-1.331)  0.336
Hypertension 1.623 (1.444-2.30)  0.007 1.986 (1.245-3.168)  0.004 1.148 (0.671-1.963)  0.615
Diabetes 1.437 (0.959-2.153)  0.079 1.779 (1.07-2.954)  0.026 0.937 (0.471-1.865)  0.852
Cardiovascular disease  2.947 (2.061-4.212)  3.04x10~°  3.895 (2.049-6.297) 2.88x10~%  2.096 (1.208-3.638)  0.008
Malignancy 1.639 (1.071-2.508)  0.023 1.675 (0.948-2.959)  0.07 1.474 (0.775-2.803)  0.236
COPD 2.04 (1.333-3.125)  0.001 2.137 (1.228-3.719)  0.007 1.951 (0.993-3.832)  0.053
Neurological disease 2.128 (1.32-3.432) 0.002 3.277 (1.761-6.098)  1.79x10* 1.272 (0.6-2.695) 0.53
Renal disease 2482 (1.47-4.193)  6.68x10~*  2.779 (1.38-5.595)  0.004 3.03 (1.355-6.775)  0.007
Time to hospitalization ~ 0.952 (0.909-0.998)  0.04 0.96 (0.903-1.02) 0.184 0.938 (0.862-1.021)  0.141
Fever 1.613 (2.176-2.136)  8.6x10~* 1.756 (1.048-2.942)  0.033 1.419 (0.842-2.39)  0.188
HCQP 0.571 (0.40-0.815)  0.002 0.357 (0.211-0.602)  1.14x10™* NA NA
Remdesivir® 0.146 (0.02-1.015)  0.052 NA NA 0.134 (0.019-0.974)  0.047
Use of antibiotics® 2.19 (1.251-3.837)  0.006 1.473 (0.75-2.895)  0.262 2.068 (0.742-5.764)  0.165
LMWH

No (reference) - - - - - -

Low dose 0.488 (0.321-0.741)  7.57x10~4  0.637 (0.376-1.079)  0.094 0.171 (0.085-0.346)  4.55x107

High dose 0.47 (0.292-0.757)  0.002 0.361 (0.183-0.712)  0.003 0.303 (0.152-0.603)  6.78x10~*
Steroid 0.995 (0.989-1.002)  0.168 0.99 (0.981-0.999)  0.031 0.992 (0.98-1.004)  0.206

Significant p values (<0.05) are highlighted in bold

2 At admission

YAt least 1 day of treatment during hospitalization
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Table 3 Clinical variables associated with mortality by time-dependent Cox regression, multivariate analysis

Overall (n=610)

st wave (n=397)

2nd wave (n=213)

Variable HR (Clys) p HR (Clys) P (Clys) P
Sa0,/FiO, ratio® 0.993 (0.991-0.995)  5.61x10~°  0.996 (0.992-0.999)  0.008 0.996 (0.993-0.999)  0.01
Age 1.06 (1.04-1.08) 1.24x107°  1.082 (1.052-1.112)  3.13x10~%  1.046 (1.016-1.077)  0.002
Gender (male) NA NA 0.912 (0.525-1.584)  0.745 NA
Hypertension 1.217 (0.852-1.739)  0.280 1.281 (0.768-2.136)  0.342 NA
Diabetes 1.058 (0.694-1.612)  0.794 1.243 (0.703-2.196)  0.454 NA
Cardiovascular diseases 1.408 (0.939-2.11) 0.097 2.428 (1.392-4.232)  0.002 1.055 (0.548-2.034)  0.872
Malignancy 1.115(0.715-1.736)  0.632 1.63 (0.889-2.989) 0.114 NA
COPD 1.162 (0.746-1.81) 0.507 1.496 (0.832-2.687)  0.178 0.748 (0.36-1.553) 0.436
Neurological diseases 1.333 (0.794-2.237)  0.276 1.542 (0.694-3.429)  0.287 NA
Renal diseases 1.61 (0.922-2.813) 0.094 1.641 (0.77-3.495) 0.199 2.703 (1.047-6.978)  0.039
Time to hospitalization 0.979 (0.938-1.022)  0.338 NA NA NA
Fever 1.965 (1.398-2.762)  9.96x10°5 1.666 (0.957-2.902)  0.071 NA
HCQP 1.06 (0.702-1.603) 0.78 0.884 (0.463-1.688)  0.708 NA
Remdesivir’ 0.464 (0.062-3.452)  0.454 NA NA 0.293 (0.037-2.348)  0.248
Use of antibiotics® 1.347 (0.749-2.421)  0.319 NA NA NA
LMWH
No (reference) - - - - - -
Low dose 0.465 (0.304-0.713)  4.36x10~*  0.675 (0.388-1.174)  0.164 0.253 (0.123-0.521)  1.92x10~*
High dose 0.427 (0.265-0.688)  4.72x10~*  0.303 (0.147-0.626)  0.001 0.401 (0.196-0.82) 0.012
Steroid NA NA 1 (0.989-1.01) 0.931 NA NA
Significant p values (<0.05) are highlighted in bold
#At admission
bAt least 1 day of treatment during hospitalization
Table 4 Laboratory variables (at admission) associated with mortality by Cox regression
Variable Overall (n=610) 1st wave (n=397) 2nd wave (n=213)
HR (Clys) P HR (Clys) P HR (Clys) p
Univariate
CRP, mg/dL 1.064 (1.041-1.088) 3.49x107% 1.046 (1.016-1.077) 0.003 1.059 (1.022-1.09) 0.002
Lymphocytes, cells/mm? 0.9999 (0.9996-1.0002)  0.585 0.9997 (1.00026— 0.345 1.0001 (0.9997-1.0006)  0.475
1.00028)
Ferritin 0.9999 (0.9997-1.00001) 0.426 0.9998 (0.9996-1.00003) 0.099 0.9999 (0.9996-1.0003)  0.744
D-Dimer 1.00003 (1.00002- 1.11x107° 1 (1.00002-1.00009) 0.003 1.00004 (1.00002- 3.73%x10°°
1.00005) 1.00005)
Multivariate
CRP, mg/dL 1.057(1.030-1.084) 22x1075  1.046 (1.0125-1.081) 0.007 1.043 (1.0006-1.089) 0.047
D-Dimer 1.00002 (1.00001- 9.84%10* 1.00006 (1.00002— 0002 1.00003 (1.00001- 0.006
1.00004) 1.0001) 1.00005)

Upper panel: univariate analysis; lower panel: multivariate analysis
Significant p values (<0.05) are highlighted in bold

accordance with the literature, including the first data col-
lected in China [26, 39], worldwide [40, 41] and also in the

Italian population[42—44].
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When comparing survival estimates between the two
pandemic waves, we did not find any substantial difference,

albeit ties seem to diverge indicating a worse long-term
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Fig.2 Progression to different states

prognosis in the second wave (Fig. 1), accounting for higher
overall crude mortalities (Table 1). This could due to a more
severe long-term prognosis in frail patients, that is elderly
people, whose prevalence was higher in the second wave
(Table 1 and Supplemental Fig. 1, left panel). Indeed, age
emerged as the strongest predictor of mortality, along with
the severity of lung involvement, in both waves and in the
combined population. Nonetheless, the effect of age seems
largely mitigated by other factors as, for instance LMWH
therapy, whose exposure was higher in the 2nd than in
Ist wave (82.2% vs 64.4%) and globally associated with a
reduced mortality risk in multivariable models (Table 3).
These findings are in line with previous reports showing
that LMWH, given at prophylactic dose, is associated with
prolonged survival [45—47]. Of interest, in our population,
the use of LMWH at anticoagulant doses yielded no supe-
rior benefit compared to the prophylactic dosage. These
results are at variance with another report [48]; the reasons
for these differences are unknown and may be related to
the type of analysis (Cox regression vs Cox regression with
time-dependent covariates) and to the severity of analyzed
patients as indeed the same authors observed that the effect
of high-dose LMWH was restricted to high-intensity care
wards, or in general to the adjustment we made by different
covariates and confounding factors.

Besides LMWH, no other therapy seemed to influence
survival in the time-dependent model. Remdesivir had
an apparent protective effect, yet its use was restricted to
patients with mild disease, as testified by a higher S/F ratio
at admittance, lower CRP and/or D-Dimer values, that is
the two laboratory variables associated with poor survival.
Of interest and despite previous reports indicating a sur-
vival benefit associated with the use of steroids [17, 18],
we could not observe a substantial effect on mortality by

this class of drugs, even if it should be observed that our
study is retrospective and not specifically designed to evalu-
ate the effect of steroids in COVID-19 patients. It should
be observed that post hoc analysis of the RECOVERY trial
showed that the benefit of dexamethasone is related to the
severity of illness, at least in those patients receiving respira-
tory support and that it is restricted to subjects experienc-
ing symptoms > 7 days [21]. In our population, exposure to
steroids was much higher in the 2nd wave than in the 1st
wave (97.2% vs 24.7%) and unrestricted to the severity of the
disease, age at presentation or disease duration; moreover,
we did not discriminate between dexamethasone or methyl-
prednisolone as the effect on COVID-19 is not theoretically
related to a specific class [49]. We cannot tell whether these
aspects could have influenced our results and we cannot
completely rule out a potential benefit of steroids, albeit this
benefit in unselected hospitalized COVID-19 patients seems
dwarfed by other factors. Indeed, in the exploratory analysis
we conducted, 6 mg dexamethasone or equivalent reduced
the mortality risk only in severely ill patients and in relation
to age and the severity of lung involvement. This finding
is in accordance with published guidelines that suggest the
possible use of dexamethasone 6 mg/day in inpatients with
COVID-19 requiring oxygen supplementation (strength of
recommendation: weak; certainty of evidence: low) [50].

Fever is one of the cardinal presenting symptoms of
COVID-19, yet data about its significance as a predictor
of mortality are scant. Previous reports have described the
persistence of fever as a prognostic factor for progression of
COVID-19 in patients with mild or moderate disease [51]
that is related with overall mortality in hospitalized [52] as
well as in ventilated patients [53]. Our results shed new light
on these findings as fever seems the only predictive clinical
symptom predictive of poor prognosis after correction for
other relevant risk factors, such as age or the severity of
hypoxia. Of interest, it has been observed that targeted tem-
perature management did not have an effect on outcomes in
critically ill COVID-19 patients [38], yet we cannot exclude
that pursuing normothermia in non-ICU patients is benefi-
cial just because in the time-dependent analysis deferves-
cence is associated with a reduced mortality.

The present study has advantages and limitations. Among
the strengths of our research, we can list the through and
daily collection of data to better evaluate in a time-dependent
manner the medical intervention conditioned on the patient’s
evolving state; moreover, we confronted the first and second
waves to understand possible difference in clinical manage-
ment and risk factors between two different periods for the
same disease before the availability of SARS-CoV-2 vac-
cines. A shortcoming of our study is the relatively small
sample size of the second wave, this is mainly due because
we collected who arrived during its peak weeks to represent
the main population characteristics of that period. We cannot
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tell for sure whether the different sample size between the
two waves could have influenced the results, even though
this seems unlikely as the main predictors of mortality do
not change between the two waves (Table 2). This is also
a retrospective single-center study and hence the studied
population could be biased by local referral rules of patient
to the hospital as well as local practice guidelines. In our
analysis, we focused on risk factors known by the literature
during data collection, hence other variables of potential
interest could have been overlooked, yet their role cannot
be further explored because medical records and data were
manually extracted and not systematically collected. In our
study, we limited the observation to 4 weeks, being this a
reasonable time in survival studies of hospitalized patients
and because just only a fraction of patients was hospital-
ized for longer period (n=34, 5.5%), not allowing reliable
long-term estimates. Lastly, frail patients were enriched in
the second wave for some unknown reason; we may only
speculate that a better preparedness of the health system
as well as a more appropriate domiciliary use of therapies
could have prevented the hospitalization of younger patients
in the second wave [54].

In conclusion, despite the evolving knowledge about
COVID-19 pandemic, the overall outcome of SARS-CoV-2
infection seemed unchanged over time between the 1st and
2nd pandemic waves. An improved knowledge and better
use of available therapies as well as a timely assistance of
affected subjects could actually improve the overall out-
comes at the net effect of frailty of patients. Novel therapies
as those listed in the a portfolio of 10 potential COVID-
19 therapeutics released by the European Commission and
including antiviral monoclonal antibodies, oral antivirals
and immunomodulators [55] may offer new possibilities and
improve the overall outcome of hospitalized subjects; further
efforts are needed to elucidate their effect on the bedside in
unselected patients as those we describe in our paper and as
the pandemic keep on striking the world with new variants
that may have a clinical and epidemiological impact [56].
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tary material available at https://doi.org/10.1007/s11739-022-03052-3.
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