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Abstract

Background COVID-19 remains a complex health challenge. We analysed the characteristics and outcomes of
COVID-19-related hospitalisations during JN.1 variant dominance.

Methods Conducted in a hospital serving a socioeconomically deprived population, this study included all adults
hospitalised with COVID-19 from 1st November 2023 to 31st August 2024. The primary outcome was in-hospital
mortality, analysed in relation to demographic, clinical, and laboratory parameters.

Results Among 122 individuals (median age 76 years, 58.2% males, median comorbidity index 5), 114/122
(93.4%) had received = 1 SARS-CoV-2 vaccination, with a median of 23 months elapsed since the last dose. Fever
(67/122,54.9%) and dyspnoea (49/122, 40.2%) were common presenting symptoms, with 78/122 (64%) showing
CT evidence of SARS-CoV-2 pneumonia; 25/122 (20%) had purely neurological presentations. Treatment included
remdesivir (115/122, 94.3%) and/or nirmatrelvir/ritonavir (9/122, 7.4%), sotrovimab (15/122, 12.3%), corticosteroids
(61/122,50.0%), and oxygen supplementation (76/122, 62.3%). Whereas 107/122 (87.7%) were discharged after

a median of seven days, in-hospital mortality was 15/122 (12.3%) after a median of 16 days. Baseline factors
associated with mortality were neutrophil-lymphocyte ratio > 8, D-dimer = 1800 ng/mL, procalcitonin > 1.0 ng/mL,
and albumin < 3.2 g/dL; during admission, nasopharyngeal SARS-CoV-2 antigen positivity persisting for > 12 days,
hospitalisation for > 10 days, higher oxygen requirements with the resulting corticosteroid use, and healthcare-
associated bacteraemia were associated with increased odds of mortality.

Conclusions Baseline laboratory parameters and persistent SARS-CoV-2 antigen positivity despite antiviral therapy
offer readily available prognostic insights for patients hospitalised with COVID-19. It is imperative to advocate for
up-to-date COVID-19 vaccination among older people and other vulnerable groups.
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Introduction

Despite a notable decline in the burden of COVID-19
and related mortality [1], SARS-CoV-2 continues to pose
a threat to human health through successive epidemic
waves of varying transmissibility and severity [2]. The
Omicron variant emerged in late 2021 and was followed
by several subvariants [3, 4]. The JN.1 subvariant was
dominant in November 2023-August 2024 when it circu-
lated alongside other subvariants of interest, such as EG.5
and XBB [1]. During November 2023-January 2024, the
World Health Organization (WHO) reported increasing
COVID-19 cases and associated deaths. These epidemic
patterns were also documented in Italy, where numbers
peaked on 17-24 December 2023 with 66,300 cases and
466 deaths [1], associated primarily with JN.1, followed
by another surge in August 2024 [5].

In addition to viral determinants, factors including
age, sex, vaccination status, pre-existing morbidities and
coinfections modulate the severity of COVID-19 [6].
Pneumonia remains the leading cause of COVID-19-re-
lated hospitalisation [2]. Extrapulmonary manifestations
may include cardiovascular, coagulation, renal, gastroin-
testinal, hepatobiliary, endocrinological, and neurological
disorders [7], which, unless recognised as SARS-CoV-
2-related, can result in diagnostic delays [8].

The introduction of vaccination represented a turning
point in the COVID-19 pandemic [9]. In 2021-2022, Italy
adopted strict vaccination policies, making it mandatory
for large sectors of the population to receive primary vac-
cination followed by one additional vaccine dose [10].
Further vaccine doses were recommended for at-risk
groups, primarily focusing on older people [10-12]. As of
24th September 2023, 90% of the Italian population over
12 had completed primary vaccination, and 85% of those
eligible had received at least one additional vaccine dose
[10].

As the characteristics of individuals affected by
COVID-19 may evolve with successive epidemic waves
and vaccination policies, the aim of this study was to
analyse the demographic and clinical profiles of patients
hospitalised for COVID-19 in the Infectious Disease
(ID) Unit of a tertiary hospital serving an area of socio-
economic deprivation in Italy. The analysis spanned the
period November 2023—August 2024. To help improve
the management of future surges, we explored factors
associated with the outcomes of hospitalisation, which
we categorised as discharge from the ID Unit versus in-
hospital mortality.

Methods

Study design and setting

This single-centre, observational, retrospective study was
based at the ID Unit of the Tor Vergata University Hospi-
tal in Rome, Italy, a large tertiary hospital located in the
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southern suburbs of Rome, serving a population with a
high prevalence of socioeconomic deprivation [13].

Study population and investigations

The analysis included all adults (> 18 years) hospital-
ised with COVID-19 between 1st November 2023 and
31st August 2024. We recorded the interval between
the self-reported onset of symptoms and the admission
date. Demographic (age and sex) and clinical data were
extracted from the medical records. Laboratory data
were retrieved from the hospital’s electronic records.
COVID-19 vaccination records were retrieved from the
national vaccine registry, including the number of vac-
cine doses and the date of the last dose. The diagnosis of
COVID-19 was based on clinical parameters accompa-
nied by the laboratory-based detection of SARS-CoV-2
antigen in >1 nasopharyngeal swab (NPS). During
admission, the NPS was repeated every five days until
negative. Molecular tests for detecting SARS-CoV-2 and
other respiratory viruses in NPS were also conducted
upon admission, along with routine clinical biochemistry
and haematology, immunological profile (CD3+, CD3+
CD4+, CD3+ CD8+, CD19+, CD4:CD8 ratio), d-dimer,
procalcitonin, blood cultures, and a chest CT scan. Other
baseline investigations and investigations during admis-
sion were guided by clinical need.

Management of COVID-19

In line with guidelines [14], management of COVID-
19 included dexamethasone (6 mg daily for 10 days) in
patients who required oxygen supplementation. Oxy-
gen requirements were classified as none, conventional
oxygen (i.e., Venturi mask), high-flow nasal cannula, or
non-invasive ventilation (HFNC/NIV). Specific treat-
ments included antiviral therapy with remdesivir (200 mg
on day 1 followed by 100 mg/day for 3-5 days) or nir-
matrelvir/ritonavir (300/100 mg daily for 5 days) and,
in selected individuals with immunocompromise, the
monoclonal antibody sotrovimab (500 mg as a single
intravenous infusion).

Analysis

The primary endpoint was the dichotomous outcome of
discharge from the ID Unit or in-hospital mortality. The
characteristics of the study population were summarised
as categorical variables (expressed as counts and propor-
tions) and continuous variables (expressed as medians
with interquartile range [IQR]). We calculated the Charl-
son Comorbidity Index (CCI), which considers 16 comor-
bid conditions and age to estimate survival at 10 years,
with a higher score associated with higher risk [14]. Cal-
culating severity scores at admission was not part of rou-
tine practice. The duration of SARS-CoV-2 positivity was
defined as the interval between the first positive and the
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first negative NPS if a negative test was obtained during
hospitalisation. Bacterial and fungal infections detected
concomitantly or following the COVID-19 diagnosis
were defined as secondary; those with onset>48 h post-
admission were considered healthcare-associated. Vari-
ables associated with in-hospital mortality were explored
by univariable logistic regression analysis. Where clini-
cally meaningful, continuous variables were transformed
to binary, based on laboratory reference ranges, pub-
lished data, and data distribution in the population.
Only variables with clinical or biological justification and
binary variables with at least three deaths occurring in
the smallest group were modelled to reduce the chance of
Type I and II errors. Due to the small number of deaths
and the co-linearity of several variables, performing mul-
tivariable logistic regression was not considered feasible.
The analyses were performed using STATA (Version 18.0
College Station, Texas, USA).

Ethics

The study was approved by the Ethics Committee of Fon-
dazione PTYV, University of Rome Tor Vergata (register
number 164/20). The requirement for informed consent
was waived by the Ethics Committee, considering the
retrospective, observational nature of the study, pro-
vided the electronic database was anonymised after data
collection. We followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guidelines.

Results

Characteristics of the study population at the time of
hospital admission

The study population comprised 122 consecutive indi-
viduals admitted to the ID Unit with COVID-19 between
1st November 2023 and 31st August 2024. Their charac-
teristics are summarised in Table 1. The median age was
76 years, with males comprising a slight majority. Most
participants had previously received > 1 and usually >
3 doses of a COVID-19 vaccine, whereas 7/122 (5.7%)
were unvaccinated. The median time from the last vac-
cine dose to the date of admission was 23 months; only
12/122 (9.8%) had received a vaccine dose in the previous
12 months.

There was a high prevalence of comorbidities, with a
median comorbidity index of 5. Prevalent comorbidities
comprised cardiovascular disease (predominantly hyper-
tension), neurovascular disease, chronic pulmonary dis-
ease (including chronic obstructive pulmonary disease,
emphysema, and obstructive sleep apnoea syndrome),
and type II diabetes (Table 1). Overall, 31/122 (25.4%)
had immunocompromise as a result of haematological
and solid neoplasms, long-standing (approximately 10
years) immunosuppressive therapy following cardiac or
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renal transplantation, treatment for rheumatoid arthritis
with methotrexate, or HIV infection. The two individu-
als with HIV infection were receiving virologically sup-
pressive antiretroviral therapy (plasma HIV-1 RNA <100
copies/mL) but had a low CD4 count recorded before
admission (191 and 17 cells/mm?, respectively).

Presenting symptoms most frequently included fever
and dyspnoea (Table 1). However, 51/122 (41.8%) had
neurological symptoms, especially altered mental sta-
tus (33/122, 27%) or seizures (4/122, 3.3%), and less fre-
quently cephalgia, diplopia, hemiparesis and dizziness.
Neurovascular or cardiovascular syncope was the pre-
senting symptom in 15/122 (12.3%). In 8/122 (6.5%) the
presentation was with generalised pain or having suffered
a fall. The chest CT scan showed changes consistent with
SARS-CoV-2 pneumonia in 78/122 (63.9%) patients on
admission. Of the 51 patients with neurological symp-
toms, 25 lacked CT scan evidence of pneumonia, result-
ing in 25/122 (20.5%) individuals with purely neurological
presentations. Laboratory test results are summarised in
Table 1.

The course of hospital stay

Overall, 76/122 (62.3%) participants had a SARS-CoV-2
antigen-negative NPS documented a median of five
(5—12) days after admission. Of the remaining 46, 39 were
discharged with a positive NPS, whereas seven died while
still testing positive for SARS-CoV-2. Of the 104/122
(85.2%) individuals who underwent NPS molecular test-
ing, 93/104 (89.4%) had SARS-CoV-2 RNA detected,
whereas 11/104 (10.5%), all sampled 3-5 days after the
initial SARS-CoV-2 antigen positive NPS, tested SARS-
CoV-2 RNA negative. Most participants (76/122, 62.3%)
required oxygen supplementation, with the use of a Ven-
turi mask in 49/122 (40.2%) and HENC/NIV in 27/122
(22.1%). A total of 61/122 (50.0%) individuals received
corticosteroids (usually dexamethasone), including 59
who needed oxygen supplementation and two who did
not but were already on systemic steroids at admission.
Seven individuals with minimal oxygen supplementa-
tion did not receive corticosteroids. Antiviral therapy
comprised remdesivir in 115/122 (94.3%) and nirma-
trelvir/ritonavir in 9/122 (7.4%); two patients, one with
non-Hodgkin lymphoma and one with prostatic cancer,
received sequential therapy with both antivirals. In addi-
tion, 15/122 (12.3%) patients, all with immunocompro-
mise, received sotrovimab.

Other infections

Four individuals (3.3%) had concomitant molecular
detection of SARS-CoV-2 and either rhinoviruses (7= 3)
or both influenza HIN1 and parainfluenza type 4 (n=1);
all detections were within 48 h of admission (Table 1).
Either at or during admission, 74/122 (60.6%) individuals
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Characteristics Total Outcome
(n=122) Discharge (n=107) Mortality (n=15)

Age, median years (IQR) 76 (69-84) 76 (67-84) 78 (72-84)
Male sex, n (%) 71(582) 63 (58.9) 8(53.3)
COVID-19 vaccine, None 7(5.7) 7 (6.5) 0(0)
n (%) 1 dose 1(0.8) 0(0) 1(6.7)

2 doses 8 (6.6) 8 (7.5) 0(0)

3 doses 67 (54.9) 57(53.3) 10 (66.7)

>3 doses 39(32.0) 35(32.7) 4(26.7)
Time since last vaccination, median months (IQR) 233(17.7-254) 23.3(17.6-25.6) 233(21.9-24.2)
Comorbidity index, median (IQR) 5 (4-6) 5 (4-6) 5(4-7)
Comorbidities, Cardiovascular disease 91 (74.6) 82 (76 6) 9 (60.0)
n (%) Neurovascular disease 4 (27.9) 0(28.0) 4(28.6)

Immunodeficiency? 1(254) 26 (24.3) 5(33.3)

Pulmonary disease® 4(19.7) 19(17.8) 5(33.3)

Diabetes (type II) 0(24.6) 28(26.2) 2(13.3)

Chronic renal disease 18 (14.8) 18 (16.8) 0(0)

Obesity 8(6.6) 6 (5.6) 2(133)
Symptoms, n (%) Fever 67 (54.9) 61 (57.0) 6 (40.0)

Dyspnoea 49 (40.2) 40 (37.4) 9 (60.0)

Neurological® 51(41.8) 45 (42.1) 6 (40.0)
Time since symptoms onset, median days (IQR) 25(1-6) 2 (1-6) 3(1-7)
SARS-CoV-2 pneumonia, n (%) 78 (63.9) 65 (60.7) 13 (86.7)
Secondary infection?, n (%) Any 50(41.0) 45 (42.1) 5(333)

Pneumonia 24 (19.7) 22 (20.6) 2(13.3)

UTl 15(123) 15 (14.0) 0(0)

Bacteraemia 8 (6.6) 8(7.5) 0(0)

Other® 3(2.5) 3(2.8) 0(0)

> 1 microorganism identified 31(254) 29(27.1) 2(133)
Respiratory virus', n (%) 4(33) 2(19) 2(13.3)
Haemoglobin, median g/dL (IQR) 114(9.9-12.8) 11.5(10.0-12.9) 10.8(9.3-12.5)
MCH, median pg (IQR) 33(30-34) 33(30-34) 31 (29-34)
Platelets, median cells x10°/uL (IQR) 184 (127-237) 182 (132-227) 186 (113-288)
WBC, median cells x 10%/L (IQR) 5 (4.8-9.5) 5(4.8-94) 9.1 (4.1-11.7)
Neutrophil count, median cells x 10%L (IQR) 2(3.2-8.0) 9(3.1-7.8) 7.6(4.8-10.3)
Lymphocyte count, median cells x 10%L (IQR) 09(0.5-1.3) 09 (06-14) 0.6 (0.3-1.1)
Neutrophil-lymphocyte ratio, median (IQR) 7(3.1-9.6) 8(2.9-8.8) 129 (6.6-15.2)
Monocyte count, median cells x 10%/L (IQR) 5(0.3-0.7) 5(0.3-0.7) 0.4 (0.2-0.6)

CD3+ median cells/pL (IQR)
CD3+CD4+ median cells/uL (IQR)
CD3+CD8+ median cells/uL (IQR)
CD19+median cells/uL (IQR)
CD4:CD8 ratio

Creatinine, median mg/dL (IQR)
AST, median U/L (IQR)

Albumin, median g/dl (IQR)

Blood glucose, median mg/dL (IQR)
Ferritin, median ng/ml (IQR)

CRP, median mg/mL (IQR)

LDH, median U/L (IQR)

D-dimer, median ng/mL (IQR)

804 (463-1041)
437 (252-624)
244 (153-395)
59(32-113)

1.9 (1.1-3.1)
0.99 (0.75-1.37)
27 (20-42)
34(3.0-3.8)

105 (85-132)
401 (165-956)
65.8 (31.6-140)
217 (185-282)
1305 (733-2451)

812 (468-1100)
484 (257-630)
249 (159-424)
58 (32-116)
204 (1.1-3.1)
1.0(0.73-1.37)
26 (20-40)
34(3.1-3.8)
104 (84-129)
401 (168-805)
64.9 (31.6-129)
216 (180-277)
1199 (636-2177)

485 (257-766)
283 (162-435)
201 (93-281)
59 (34-90)

14 (1.1-21)
0.96 (0.8-1.67)
35 (24-56)
29(2.6-37)
127 (98-152)
446 (137-1399)
137 (25.6-185.1)
252 (189-302)
3334 (1755-4363)
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Table 1 (continued)
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Characteristics Total Outcome

(n=122) Discharge (n=107) Mortality (n=15)
BNP, median pg/mL (IQR) 191 (88-394) 184 (90-375) 280 (70-488)
Procalcitonin, median ng/mL (IQR) 0.14 (0.05-0.71) 0.13 (0.05-0.55) 1.24(0.11-2.84)

Including haematological (n=13) and solid (n=4) neoplasms, history of cardiac or renal transplantation (n=2), immunosuppressive treatment for rheumatoid
arthritis (n=2), and HIV infection (n=2). °Including chronic obstructive pulmonary disease, emphysema, and obstructive sleep apnoea syndrome. ‘Including altered
mental status, syncope, seizures, cephalgia, diplopia, hemiparesis, and dizziness. dNumber of patients with suspected infection with onset within 48 h of admission.
€Comprising two cases of endocarditis (methicillin-sensitive and methicillin-resistant S. aureus, respectively) and one cholecystitis (no microorganism identified).
fComprising three cases with rhinovirus and one case with both influenza HIN1 and parainfluenza type 4, all detected within 48 h of admission. Abbreviations: AST,
aspartate aminotransferase; BNP, B-type natriuretic peptide; CRP, C-reactive protein; IQR, interquartile range; LDH, lactate dehydrogenase; MCH, mean corpuscular

haemoglobin; UTI, Urinary tract infection; WBC, white blood cells

Table 2 Events during hospitalisation overall and by outcome

Events Total Outcome
(n=122) Discharge (n=107) Mortality (n=15)

Secondary infection?, n (%)

Any 24(19.7) 7(15.9) 7(46.7)

Pneumonia 8 (6.6) 2(13.3)

UTl 9(74) 2(13.3)

Bacteraemia 7(5.7) 4(26.7)

Other® 6 (4.9) . 2(133)

> 1 microorganism identified 21(17.2) 5(14.0) 6 (40)
Oxygen, n (%)

None 46 (37.7) 45 (42.1) 1(6.7)

Venturi mask 49 (40.2) 44 (41.1) 5(33.3)

HFNC/NIV 27 (22.1) 18 (16.8) (60.0)
Therapies, n (%)

Antiviral therapy (any) 122 (100.0) 107 (100.0) 15 (100.0)

Remdesivir 115(94.3) 100 (934) 15 (100.0)

Nirmatrelvir/Ritonavir 9(7.4) 9(84) 0(0.0)

Corticosteroids 61 (50.0) 47 (43.9) 14 (933)

Sotrovimab 15(12.3) 14 (13.1) 1(6.7)
Time to negative NPSS, median days (IQR) 5(3-11) 5(3-8) 12.5(8-15)
Length of hospital stay, median days (IQR) 7 (4-15) 7 (4-12) 16 (3-26)

Number of patients with onset of infection>48 h of admission. bComprising 3 cases of C. difficile colitis, 2 cases of candidemia (C. albicans and C. parapsilosis), and
one wound infection with vancomycin-resistant enterococcus. “Interval between the first positive and the first negative NPS if a negative test was obtained during
hospitalisation. Abbreviations: HFNC, high flow nasal cannula; IQR, interquartile range; NIV, non-invasive ventilation; NPS, nasopharyngeal swab; UTI, urinary tract

infection

had >1 suspected secondary bacterial infection based
on clinical and, where appropriate, imaging findings,
for which they received antimicrobial therapy. Among
these, 52/122 (46.6%) had > 1 microorganism identi-
fied, including 21 with bacterial pneumonia (primar-
ily S. pneumoniae, P. aeruginosa, and H. influenzae), 24
with urinary tract infection (UTI) (primarily E. coli, E.
faecalis, and K. pneumoniae), and 13 with bacteraemia
(primarily coagulase-negative staphylococcus, S. aureus,
and K. pneumoniae). Whereas most secondary bacterial
infections were diagnosed concomitantly or soon after
the COVID-19 diagnosis (Table 1), 24/74 (32.4%) indi-
viduals with a suspected infection and 21/52 (48.1%) of
those with =1 microorganism identified were considered
to have acquired the infection while in hospital based on
onset >48 h post-admission (median 8 days [IQR 6-16])
(Table 2).

Outcomes

No patient underwent admission to intensive care. A total
of 107/122 (87.7%) individuals were discharged from the
ID Unit after a median of seven days (IQR 4—15), whereas
15/122 (12.3%) died while still in the Unit after a median
of 16 (IQR 3-26) days of hospitalisation The cause of
death was attributed to respiratory (n=12), cardiovascu-
lar (n=3) or gastrointestinal (n=1) complications, sepsis
(n=3), and progression of underlying malignancy (n=2).

Factors associated with in-hospital mortality

Results of the univariable analysis exploring factors asso-
ciated with in-hospital mortality are shown in Table 3.
We did not see marked differences according to age and
sex, number of COVID-19 vaccine doses, comorbidi-
ties, presenting symptoms, or the occurrence of second-
ary infections within 48 h of admission. Baseline factors



Zace et al. BMC Infectious Diseases

Table 3 Univariable analysis of factors associated with in-hospital mortality

Page 6 of 11

Variable OR (95% Cl) P
Characteristics at admission
Age

Per 1 year older 1.02 (0.97-1.07) 038
Sex

Female REF

Male 0.79 (0.26-2.36) 0.68
COVID-19 vaccine

1-3 doses (n=76) REF

>3 doses (n=39) 0.67 (0.20-2.27) 0.52
Interval last vaccine dose to admission

Per 1 month higher 1.01 (0.93-1.1) 0.68
Comorbidity Index

Per 1 point higher 1.22 (0.91-1.65) 0.17
Comorbidities (yes vs. no)

Cardiovascular disease 045 (0.14-1.40) 0.17

Neurovascular disease 0.93 (0.27-3.16) 091

Immunodeficiency 1.55 (0.48-4.97) 045

Pulmonary disease 2.31(0.70-7.55) 0.16
Symptoms (yes vs. no)

Fever 0.50 (0.16-1.51) 022

Dyspnoea 2.51(0.83-7.58) 0.10

Neurological 0.91 (0.30-2.76) 0.88
Interval symptom onset to admission

Per 1 day longer 1.02 (0.95-1.1) 0.53
SARS-CoV-2 pneumonia (yes vs. no) 4.2 (0.90-19.6) 0.06
Secondary infection < 48 hours (yes vs. no)

Any 0.66 (0.21-2.05) 047
Haemoglobin (g/dL)

<12 (n=75) REF

>12(n=47) 0.77 (0.24-2.42) 0.66
MCH (pg)

<33(n=57) REF

>33 (n=65) 0.39(0.12-1.22) 0.10
Platelets (cells x1 OS/HL)

<150 (n=41) REF

>150(n=81) 0.72(0.24-2.21) 0.57
WBC (cells x 10/L)

<10.0 (n=95) REF

>10.0 (n=27) 1.93 (0.59-6.23) 0.27
Neutrophil count (x 10%/L)

<7(n=76) REF

>7.0(n=46) 0.6 (0.41-0.87) 0.007
Lymphocyte count (x 10°/L)

<1.0(n=65) REF

>1.0(n=57) 0.52 (0.16-1.65) 0.27
Neutrophil-lymphocyte ratio

<8(n=83) REF

>8(n=39) 537(1.69-17.1) <0.01
Monocyte count (x 10%/L)

<500 (n=64) REF

>500 (n=58) 0.96 (0.32-2.83) 094

CD3+ (cells/uL)
<500 (n=25)

REF
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Table 3 (continued)
Variable OR (95% CI)

>500n (=97) 0.45 (0.14-1.49) 0.19
CD3+CD4+ (cells/ul)

<300 (n=27) REF

>300 (n=95) 0.51(0.16-1.67) 0.27
CD3+CD8+ (cells/uL)

<300 (h=49) REF

>300 (n=73) 0.54 (0.18-1.61) 0.27
CD19+ (cells/uL)

<60 (n=41) REF

>60 (n=81) 1.01 (0.32-3.18) 0.98
CD4:CD8 ratio

<2 (n=42) REF

>2 (n=80) 0.76 (0.25-2.30) 062
Creatinine (mg/dL)

<12(n=55) REF

>1.2(n=31) 1.21 (0.40-3.65) 073
AST (U/L)

<35(n=82) REF

>35 (n=40) 1.96 (0.65-5.86) 0.22
Albumin (g/dl)

>32(n=81) REF

<32 (n=41) 3.51(1.15-10.69) 0.02
Blood glucose (mg/dL)

<100 (n=55) REF

>100 (h=67) 1.75(0.56-5.47) 033
Ferritin (ng/ml)

<275 (n=30) REF

>275(n=92) 0.88 (0.25-3.00) 0.84
CRP (mg/L)

<50 (n=45) REF

>50(n=77) 1.70 (0.50-5.72) 038
LDH (U/D)

<220 (n=63) REF

>220(n=59) 1.71 (0.56-5.14) 033
D-dimer (ng/mL)

<1800 (n=72) REF

>1800 (n=50) 4.80(1.42-16.1) 0.01
BNP (pg/mL)

<200 (n=43) REF

>200 (n=79) 1.57 (047-5.29) 046
Procalcitonin (ng/mL)

<1.0(n=88) REF

>1.0(n=34) 3.56 (1.17-10.76) 0.02
Events during hospitalisation
Secondary infection >48 h (yes vs. no)

Any 463 (1.48-14.47) <0.01

Bacteraemia 12.60 (2.49-63.75) <0.01
Oxygen supplementation

None/venturi mask REF

HFNC/NIV 2.72(1.53-4.84) <0.01
Therapy (yes vs. no)

Corticosteroids 9.67 (2.07-45.03) <0.01

Time to negative NPS
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Table 3 (continued)
Variable OR (95% CI) P

<12 days (n=63) REF

>12 days (n=59) 3.38(1.01-11.29) 0.04
Length of hospital stay

<10 days (n=80) REF

>10days (n=42) 3.36(1.10-10.22) 0.03

Abbreviations: AST, aspartate aminotransferase; BNP, B-type natriuretic peptide; CRP, C-reactive protein; HFNC, high flow nasal cannula; IQR, interquartile range;
LDH, lactate dehydrogenase; MCH, mean corpuscular haemoglobin; NIV, non-invasive ventilation; NPS, nasopharyngeal swab; UTI, urinary tract infection; WBC,

white blood cells

associated with increased odds of in-hospital mortality
included N/L ratio>8 (OR 5.37), D-dimer levels > 1800
ng/mL (OR 4.80), procalcitonin levels>1.0 ng/mL (OR
3.56), and albumin levels<3.2 g/dL (OR 3.5). During
admission, factors associated with increased odds of
mortality were duration of hospital stay > 10 days (OR
3.36 vs. <10 days) and time to first negative NPS >12
days (OR 3.38 vs. <12 days). Other associated param-
eters included requiring HENC/NIV (OR 2.72), receiving
corticosteroid therapy (OR 9.67), and the occurrence of
healthcare-associated bacteraemia (OR 12.60).

Discussion

We analysed the clinical presentation of COVID-19 dur-
ing the 2023-2024 JN-1-related surge in admissions to
the ID Unit of a large hospital serving an area with a high
prevalence of socioeconomic deprivation. The popula-
tion requiring admission had a median age of 76 years,
included almost equal numbers of men and women, and
commonly had comorbidities. Although the majority
(~87%) had received COVID-19 vaccination, a minor-
ity (~10%) had received a vaccine dose in the previous
12 months. At admission, most (~64%) had CT find-
ings consistent with SARS-CoV-2 pneumonia; however,
purely neurological presentations without pneumonia
were seen in nearly 20%. Despite standard-of-care ther-
apy and with no patient progressing to intensive care
[15], (one in eight) individuals died during the admission.
Several factors documented at admission were observed
to predict the crude odds of mortality, including higher
N/L ratio, higher d-dimer and procalcitonin levels, and
lower albumin levels. During the admission, prolonged
SARS-CoV-2 positivity (based on antigen testing of NPS),
prolonged hospital stay, higher oxygen requirements with
the resulting use of corticosteroids, and occurrence of
healthcare-associated bacteraemia were associated with
increased odds of mortality.

The characteristics of patients hospitalised with
COVID-19 have evolved through successive epidemic
waves. During the early stages of the pandemic, patients
in our Unit had a median age of 62 years [16], and pneu-
monia was the most common presentation (>94% of
cases). Consistent with recent observations [17], the
2023-2024 population was considerably older. They less

frequently presented with pneumonia, which may reflect
the clinical features of COVID-19 in the post-vaccination
era and improved awareness of other presenting features.
Notably, 42% of patients presented with neurological syn-
dromes, and almost one in two of these had no respira-
tory symptoms. A cohort study similarly found that one
in seven patients with COVID-19 presented without
respiratory symptoms [8], underscoring the importance
of considering extrapulmonary symptoms in managing
COVID-19.

Although we had no admissions to intensive care (vs.
17% in the early stages of the pandemic [16]), the in-hos-
pital mortality was nearly 13% and primarily attributed
to severe respiratory disease. Following guidelines, most
participants received antiviral therapy, typically with
remdesivir rather than nirmatrelvir-ritonavir. We did not
have access to other therapeutic agents such as molnu-
piravir, baricitinib, anakinra, tocilizumab, or vilobelimab.
Recent analyses suggest that nirmatrelvir-ritonavir is
more effective than remdesivir in reducing mortality risk,
intensive care admission, and the need for ventilatory
support in patients hospitalised with COVID-19 [18]. We
added sotrovimab in a subset with immunocompromise.
Although sotrovimab is no longer recommended, a few
studies suggest it may retain some benefit [19, 20]. More
broadly, combining different antivirals or antivirals plus
immunotherapeutics has been proposed for individuals
with or at risk of severe COVID-19 [21-25]. However,
the evidence for combination therapies is inconsistent,
and practice varies [18, 26, 27].

Identifying prognostic factors that can be measured at
admission can help guide therapeutic interventions, and
this has been a research focus. Several severity scores
have been considered to stratify patients with COVID-19
and predict outcomes. Some, like the NEWS2 (National
Early Warning Score 2), use general physiological param-
eters (respiratory rate, oxygen saturation, temperature,
etc.) [28], whereas others are COVID-specific and also
incorporate laboratory parameters, like the 4 C Mortality
Score (urea, CRP) [29] or the COVID-GRAM Risk Score
(N/L ratio, LDH, direct bilirubin) [30]. We did not use
scores in our routine practice. Here, we found that N/L
ratio>8, D-dimer>1800 ng/mL, procalcitonin>1.0 ng/
mL, and albumin <3.2 g/dL at admission were associated
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with increased crude odds of mortality. These findings
are consistent with the proposed prognostic role of these
readily available laboratory biomarkers [31].

The N/L ratio reflects the innate response to systemic
inflammation, injury and stress characterised by lympho-
cytopenia and neutrophilia. Cut-off values have not been
firmly determined, but mean N/L values ranged between
6 and 10 in studies that related the N/L ratio to COVID-
19 severity and mortality [32]. This is consistent with
our proposed cut-off of >8. D-dimer has been previously
identified as an early indicator of altered coagulation and
a predictor of mortality in COVID-19. In a study of 180
patients, the mean admission D-dimer was 1067 ng/ml
among surviving patients vs. 3208 ng/ml among patients
who died, and a level of 1500 ng/ml was suggested as
the threshold for predicting COVID-19-related mortal-
ity [33]. Applying a cut-off of 1800 ng/mL was associated
with almost 5-fold higher odds of mortality in our study,
which increased to 7-fold if lowering the cut-off to 1500
ng/mL (data not shown). Further studies are needed to
refine these thresholds.

Procalcitonin is another early marker of systemic
inflammatory responses [34]. Whilst published data have
been discordant, a systematic analysis of 10 studies with
7716 patients concluded that individuals with COVID-
19 and elevated procalcitonin on admission had a 77%
increased risk of mortality [35]. The magnitude of the
effect was reduced upon adjusting for diabetes, but we
could not assess the interaction due to small numbers.
Hypoalbuminemia has been previously linked to disease
severity and mortality among patients with COVID-19
[36, 37]. In one study, the odds of mortality increased
nearly 4-fold among patients with albumin levels<3.5 g/
dl [37], which is consistent with our observations.

The range of proposed prognostic biomarkers in
COVID-19 is broad; we did not find that baseline hae-
moglobin, platelets, creatinine, AST, blood glucose,
CRP, LDH, ferritin, BNP, or CD3+, CD4+, CD8+and
CD19 +cells differed substantially by outcome in this
small cohort. Two parameters appeared to provide a
potentially helpful prognostic indicator during the hos-
pital admission. The first was the ongoing NPS SARS-
CoV-2 positivity, which may serve as an indicator for
intensified or modified antiviral therapy. The second
parameter was admission prolonging for 10 days or more.
The two parameters were found to be related in a study
from China, which showed that prolonged virus shed-
ding was predictive of prolonged hospital stay in patients
with COVID-19 [38]. Since dexamethasone is recom-
mended for individuals with COVID-19 who require oxy-
gen supplementation [14], indicative of greater disease
severity, it was anticipated that both the need for HENC/
NIV and corticosteroid therapy would be associated with
increased mortality odds.
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Concomitant detection of other respiratory viruses was
rare (~3%). Secondary bacterial and, rarely, fungal infec-
tions, mainly pneumonia, UTI and bacteraemia, were
diagnosed in ~47% of patients, increasing to ~61% when
including individuals with a suspected infection but no
identified microorganism. When examining infections
with onset within 48 h of admission, bacterial pneumonia
was diagnosed in ~12% of patients. This is at the higher
end of the spectrum reported in earlier studies [39] but
consistent with recent winter observations [40] and find-
ings among older individuals with comorbidities [41].
The spectrum of microorganisms also aligns with previ-
ous reports [39-42]. A 2016 national point prevalence
survey indicated that ~8% of patients in Italian acute
care hospitals had at least one healthcare-associated
infection on the survey day [43]. The higher proportion
of patients (~17%) with healthcare-associated infections
we observed may indicate limited progress in systematic
prevention measures but also likely reflects increased
COVID-19-related vulnerability due to prolonged hospi-
talisation, frequent invasive procedures, and underlying
comorbidities [44]. We did not find that the occurrence
of bacterial pneumonia differed substantially by outcome;
however, as reported by others [45], there was a higher
incidence of healthcare-associated bacteraemia among
people who died.

In our analysis, only 12 patients had received a COVID-
19 vaccine dose in the previous 12 months. Yet, the
consensus is that updated vaccinations are particularly
beneficial for individuals aged>60 years and immuno-
compromised patients [46, 47]. In Italy, annual vaccina-
tion is recommended for at-risk groups and those aged
> 60 [10]. However, vaccination uptake in Italy overall
and in the Lazio region, including Rome, has declined
for each subsequent dose [10]. As of September 2023,
proportions of the Lazio population that had received a
first, second and third additional dose after completing
primary vaccination were 91%, 19% and 1%, respectively,
among people aged 60-69, 93%, 31% and 2% among
those aged 70-79 years, and 91%, 44% and 5% among
those aged 280 years; similar proportions were observed
in other Central and Northern Italian regions [10]. Given
substantial evidence that vaccine effectiveness against
severe COVID-19 outcomes wanes over time [48-50],
enhanced public health interventions must emphasise
the importance of regular vaccinations for older people
and other vulnerable populations.

This study has limitations. It is a single-centre study
with a small sample size, which limits the generalisability
of the findings and our ability to explore additional asso-
ciations or perform adjusted analyses. Nonetheless, the
data point to several easily measurable prognostic indi-
cators at admission and during admission that may help
guide management strategies in future epidemic surges.
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Studies should be planned to explore the clinical utility of
incorporating these additional indicators in patient strat-
ification scores.
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