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Objectives: To evaluate if the detection of N antigen of SARS-CoV-2 in plasma by a rapid lateral flow test
predicts 90-day mortality in COVID-19 patients hospitalized at the wards.
Methods: The presence of N-antigenemia was evaluated in the first 36 hours after hospitalization in 600
unvaccinated COVID-19 patients, by using the Panbio COVID-19 Ag Rapid Test Device from Abbott
(Abbott Laboratories Inc., Chicago, IL, USA). The impact of N-antigenemia on 90-day mortality was
assessed by multivariable Cox regression analysis.
Results: Prevalence of N-antigenemia at hospitalization was higher in nonsurvivors (69% (82/118) vs. 52%
(250/482); p < 0.001). The patients with N-antigenemia showed more frequently RNAemia (45.7% (148/
324) vs. 19.8% (51/257); p < 0.001), absence of anti-SARS-CoV-2 N antibodies (80.7% (264/327) vs. 26.6%
(69/259); p < 0.001) and absence of S1 antibodies (73.4% (240/327) vs. 23.6% (61/259); p < 0.001). The
patients with antigenemia showed more frequently acute respiratory distress syndrome (30.1% (100/332)
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Rapid test
vs. 18.7% (50/268); p ¼ 0.001) and nosocomial infections (13.6% (45/331) vs. 7.9% (21/267); p ¼ 0.026). N-
antigenemia was a risk factor for increased 90-day mortality in the multivariable analysis (HR, 1.99 (95%
CI,1.09e3.61), whereas the presence of anti-SARS-CoV-2 N-antibodies represented a protective factor
(HR, 0.47 (95% CI, 0.26e0.85).
Discussion: The presence of N-antigenemia or the absence of anti-SARS-CoV-2 N-antibodies after hos-
pitalization is associated to increased 90-day mortality in unvaccinated COVID-19 patients. Detection of
N-antigenemia by using lateral flow tests is a quick, widely available tool that could contribute to early
identify those COVID-19 patients at risk of deterioration. Raquel Almansa, Clin Microbiol Infect
2022;28:1391.e1e1391.e5
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

The presence of SARS-CoV-2 RNA in plasma (RNAemia) is
associated to host-dysregulated responses, critical illness, and
death in COVID-19 [1e3]. Dissemination of viral components to the
blood could reflect severe alveolitis with damage to the alveolar-
vascular barrier [4]. In turn, viral components could contribute to
induce extra-pulmonary disease by stimulating innate immunity
responses and/or mediating endothelial and tissue damage [2,5].
Although current evidence linking SARS-CoV-2 RNAemia with se-
vere disease and poor outcome is solid, the potential influence of
antigenemia (the presence of viral antigens in blood) on the
prognosis of COVID-19 patients has been poorly explored yet [6,7].
Herein, we evaluated if the detection of N antigen of SARS-CoV-2 in
plasma by a rapid lateral flow test predicted 90-day mortality in
COVID-19 patients hospitalized at the wards.
Methods

The inclusion criteria was the following: consecutive adult pa-
tients with a positive nasopharyngeal swab PCR for SARS-CoV-2
admitted to the wards from 2 July 2020 to 10 March 2021 for
whom an informed consent to participate in the study was feasible
to obtain from the patient or his/her legal representative in the first
36 hours after admission. The plasma from EDTA blood was ob-
tained in these first 36 hours and stored at e80ºC. The exclusion
criteriawas the following: patients showing concomitant infections
at admission, those who had received any dose of a SARS-CoV-2
vaccine, and those for whom informed consent could not be
requested/obtained. The study finally involved 600 patients out of
the 1333 COVID-19 patients admitted to the participant wards
during this period. This was a sub-study of the CIBERES-UCI-COVID
project (Clinicaltrials.gov NCT04457505). Approval of the study
protocol was obtained from the ethics committees of the partici-
pant hospitals. This work has been carried out in accordance with
The Code of Ethics of theWorld Medical Association (Declaration of
Helsinki) for experiments involving humans. Samples were pro-
cessed by the BioSepsis laboratory and by the IRB-Lleida Biobank
(B.0000682)/“Plataforma Biobancos PT17/0015/0027". N-anti-
genemia was defined as a positive result for the presence of N an-
tigen of SARS-CoV-2 in plasma by using the Panbio COVID-19 Ag
Rapid Test (Abbott Laboratories Inc., Chicago, IL, USA). Anti-SARS-
CoV-2 S1 and N-antibodies were profiled using the SARS-CoV-2
IgG II Quant/SARS-CoV-2 IgG assays on an Alinity platform
(Abbott Laboratories Inc.) Viral RNA load in plasma was profiled
using droplet digital PCR as previously described [2]. Statistical
analysis was performed using IBM SPSS Statistics Version 25.0 (IBM
Corp., Armonk, NY, USA). The level of significance was set at
p ¼ 0.05. The factors associated to 90-day mortality were identified
by multivariable Cox regression analysis. Those variables of the
Table 1 yielding p < 0.100 in the univariable analysis were used as
adjusting variables.

Results

Patients dying in the first 90 days after hospitalization (19.6%,
118/600) were older than the survivors, presented more frequently
hypertension, cardiovascular disease, cerebrovascular disease,
atrial fibrillation and renal disease (Table 1). Nonsurvivors arrived
to the hospital earlier since the onset of the symptoms and pre-
sented with more severe disease, showing slightly higher
Sequential Organ Failure Assessment (SOFA) scores. Of the patients,
9.5% (57/600) were transferred to the intensive care unit (ICU) over
the course of hospitalization to the wards (Table 1).

The prevalence of N-antigenemia in the first 36 hours after
hospitalization was higher in nonsurvivors (69% (82/118) vs. 52%
(250/482); p < 0.001) who showed also higher viral RNA levels in
plasma and lower concentrations of SARS-CoV-2 anti-N and anti-S1
antibodies (Table 1). Interestingly, the patients with N-antigenemia
presented earlier at the hospital since disease onset (5 days vs.
6 days in median, p ¼ 0.003), showed with more frequency viral
sepsis at hospitalization (63.6% (211/332) vs. 48.1% (129/268);
p < 0.001) (as defined by the SEPSIS-3 consensus) [8], along with
higher levels of C-reactive protein (CRP) (81 [91] vs. 68 [108] mg/L;
p ¼ 0.050). Lactic acid dehydrogenase (LDH) (343 [273] vs. 297
[258] UI/L; p ¼ 0.012), and lower concentrations of lymphocytes
(0.8 [0$7] vs. 1.0 [0.7]� 1000 cells/mm3; p < 0.001), monocytes (0.4
[0.4] vs. 0$5 [0.4] cells/mm3; p < 0.001) and platelets (159 [73] vs.
223 [132] 1000 cells � 103/mL; p < 0.001) (values are provided as
median [IQR]). Patients with N-antigenemia showed more
frequently RNAemia, but were less frequently seropositive for anti-
SARS-CoV-2 N and S1 antibodies (see Supplementary material, File
1). Developing ARDS was more common in patients with N-anti-
genemia (30.1% [100/332] vs. 18.7% [50/268]; p ¼ 0.001). They also
suffered more often from nosocomial infections (13.6% [45/331] vs.
7.9% [21/267]; p ¼ 0.026).

The multivariable analysis showed higher odds of 90-day mor-
tality associated with the presence of N-antigenemia, whereas anti-
SARS-CoV-2 N antibodies represented a protective factor (Fig. 1 and
Supplementary materisl, File 2). N-antigenemia, or the absence of
anti-N antibodies, translated into a significant reduction in survival
time (Fig. 1). Other factors independently associated with mortality
were age, Sequential Organ Failure Assessment score, hyper-
natremia, high CRP or neutrophil levels, and developing an acute
arrythmia (Fig. 1 and Supplementary material, File 2).

Discussion

The presence of SARS-CoV-2 N-antigenemia at admission to the
hospital wards is a stand-alone predictor of 90-day mortality in



Table 1
Clinical characteristics of the patients

Clinical characteristics and outcomes All cohort 90-Day mortality

Survivors Nonsurvivors p

N 600 482 118 d

Age, median years (IQR) 72.0 (24.0) 67.5 (23.0) 85.0 (10.0) <0.001
Male, n (%) 335 (55.8) 273 (56.6) 62 (52.5) 0.422
Smoking, n (%) 23 (3.8) 20 (4.1) 3 (2.5) 0.415
Comorbidities
Hypertension, n (%) 321 (53.5) 243 (50.4) 78 (66.1) 0.002
Dyslipidemia, n (%) 214 (35.7) 180 (37.3) 34 (28.8) 0.083
Diabetes, n (%) 132 (22.0) 103 (21.4) 29 (24.6) 0.451
Obesity, n (%) 118 (19.7) 102 (21.2) 16 (13.6) 0.063
Chronic cardiovascular disease, n (%) 100 (16.7) 64 (13.3) 36 (30.5) <0.001
Chronic cerebrovascular disease, n (%) 36 (6.0) 23 (4.8) 13 (11.0) 0.010
Chronic atrial fibrillation, n (%) 73 (12.2) 46 (9.5) 27 (22.9) <0.001
Chronic renal disease, n (%) 70 (11.7) 44 (9.1) 26 (22.0) <0.001
Chronic respiratory disease, n (%) 86 (14.3) 64 (13.3) 22 (18.6) 0.136
Cancer, n (%) 63 (10.5) 50 (10.4) 13 (11.0) 0.838
Status at hospital admission
Days since symptoms onset to hospital admission, median years (IQR) a596 5.0 (6.0) 6.0 (5.0) 3.0 (5.0) <0.001
SOFA score, median (IQR) 2.0 (2.0) 2.0 (1.0) 2.5 (3.0) <0.001
Sepsis, n (%) 340 (56.7) 256 (53.1) 84 (71.2) <0.001
Bilateral pneumonia in the chest x-ray, n (%) 369 (61.6) 289 (60.00) 80 (68.4) 0.100
PaO2/FIO2 (<400), n (%) 192 (32.0) 161 (33.4) 31 (26.3) 0.137
MAP (<70 mmHg), n (%) a599 568 (94.8) 455 (94.6) 113 (95.8) 0.608
Glasgow (<15), n (%) 40 (6.7) 19 (3.9) 21 (17.8) <0.001
Laboratory parameters at hospital admission
Hyperglycemia (glucose >126 mg/dL), n (%) 254 (42.3) 194 (40.2) 60 (50.8) 0.037
Creatinine �1.2 mg/dL, n (%) 141 (23.5) 88 (18.3) 53 (44.9) <0.001
Bilirrubin �1.2 mg/dL, n (%) a599 30 (5.0) 23 (4.8) 7 (6.0) 0.590
Hypertransaminasemia (ALT >40 UI/L), n (%) a596 157 (26.3) 137 (28.7) 20 (16.9) 0.010
Hypernatremia (Na >145 mmol/L), n (%) 43 (7.20) 13 (2.70) 30 (25.40) <0.001
LDH >250 UI/L, n (%) a588 397 (67.50) 314 (66.50) 83 (71.60) 0.300
Lactate >2 mmol/L, n (%) 116 (19.30) 83 (17.20) 33 (28.00) 0.008
Hemoglobin <13 g/dL, n (%) 463 (77.20) 384 (79.70) 79 (66.90) 0.003
D-Dimers >500 ng/mL, n (%) a592 319 (53.90) 237 (49.80) 82 (70.70) <0.001
Thrombocytopenia (platelets <150 cell � 103/mL), n (%) 185 (30.08) 141 (29.30) 44 (37.30) 0.090
C-reactive protein >150 mg/L, n (%) 101 (16.80) 69 (14.30) 32 (27.10) 0.001
Lymphopenia <1000 cells/mm3, n (%) 322 (53.70) 245 (50.80) 77 (65.30) 0.005
Neutrophilia >7500 cells/mm3, n (%) a599 119 (19.90) 80 (16.60) 39 (33.10) <0.001
Monocytopenia <200 cells/mm3, n (%) a599 41 (6.80) 31 (6.40) 10 (8.50) 0.434
Positive N-antigenemia (Abbott), n (%) 332 (55.30) 250 (51.90) 82 (69.50) <0.001
RNAemia (YES), n (%) a581 199 (34.30) 140 (29.90) 59 (52.70) <0.001
Viral RNA load in plasma (copies N1/mL) a581 0.00 (209.92) 0.00 (142.03) 158.24 (932.45) <0.001
Viral RNA load in plasma (copies N2/mL) a581 0.00 (252.34) 0.00 (187.50) 134.52 (1206.57) <0.001
Seropositive for anti-SARS-CoV-2 N antibodies �1.4 AU/mL, n (%) a586 253 (43.20) 217 (46.00) 36 (31.60) 0.005
anti-SARS-CoV-2 N antibodies, AU/mL a586 0.68 (4.25) 0.96 (4.49) 0.19 (2.81) 0.006
Seropositive for anti-SARS-CoV-2 S1 antibodies �50 AU/mL, n (%) a586 285 (48.60) 243 (51.50) 42 (36.80) 0.005
anti-SARS-CoV-2 S1 antibodies, AU/mL a586 36.45 (362.17) 61.10 (455.13) 6.35 (178.25) 0.001
Treatments
Remdesivir, n (%) 58 (9.70) 51 (10.60) 7 (5.90) 0.126
Heparin, n (%) a599 440 (73.50) 361 (74.90) 79 (67.50) 0.105
Corticoids, n (%) a599 443 (74.00) 351 (72.80) 92 (78.60) 0.199
Tocilizumab, n (%) 97 (16.20) 80 (16.60) 17 (14.40) 0.562
Azithromycin, n (%) 270 (45.00) 206 (42.70) 64 (54.20) 0.024
Complications
ARDS, n (%) 150 (25.00) 118 (24.50) 32 (27.10) 0.553
Acute cardiac failure, n (%) *598 42 (7.00) 26 (5.40) 16 (13.80) 0.001
Acute renal failure, n (%) *598 35 (5.90) 25 (5.20) 10 (8.60) 0.157
Acute arrhythmia, n (%) 43 (7.20) 24 (5.00) 19 (16.10) <0.001
Nosocomial infection, n (%) *598 66 (11.00) 46 (9.50) 20 (17.20) 0.018
ICU admission, n (%) 57 (9.50) 43 (8.90) 14 (11.90) 0.328
Length of hospital stay, median days (IQR) 8.00 (9.00) 8.00 (7.00) 10.50 (11.00) 0.008

The continuous variables are represented as median (IQR) and the categorical variables as absolute count (%). The differences between groups were assessed using the chi-
squared or Fisher's Exact Tests for the categorical variables and the Mann-Whitney U test for the continuous variables.
Abbreviations: ARDS, acute respiratory distress syndrome; ALT, alanine aminotransferase; AU: arbitrary units; ICU, intensive care unit; LDH, lactic acid dehydrogenase; MAP,
mean arterial pressure; SOFA, Sequential Organ Failure Assessment.
aFor those variables with missing values, the sample size is detailed following the superscipt letter. Significant p values are highlighted in bold letter.
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COVID-19. Using either single molecule array, ELISA or CLEIA based
tests, other authors had already evidenced the link between anti-
genemia and COVID-19 severity. Ogata et al. reported that high
concentrations of S1 in plasma upon presentation to the hospital
correlate with cases of COVID-19 requiring immediate intubation [6].
Perna et al. observed that the serum levels of SARS-CoV-2 N antigen
were higher in COVID-19 patients admitted to ICU [7]. Wang et al.
found that plasma antigen concentration at COVID-19 diagnosis was
associated with ICU admission [9]. As far as we know, our study was
the first in demonstrating higher odds of 90-daymortality associated



Fig. 1. Left: Forest plot showing the adjusted HR from the Cox multivariate analysis to predict 90-day mortality (see Supplementary material, File 2). Right: Kaplan-Meier curves for
90-day mortality.
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to N-antigenemia. Antigenemia was accompanied by a number of
signatures indicating severitydshorter course of the disease before
hospitalization, higher frequency of viral sepsis at admission [10],
and ARDS and nosocomial infections over the course of hospitali-
zation, lower platelet, lymphocyte and monocyte counts, along with
the activation of the inflammatory response paralleling tissue
destruction, denoted by the presence of higher levels of CRP and
LDH. Perna et al. had already reported that the concentration of N
antigen in serum correlatedwith CRP levels in COVID-19 patients [7].
Olea et al. found significantly higher serum levels of ferritin, LDH,
CRP, and D-dimers in ICU patients with positive SARS-CoV-2 N an-
tigen in plasma [11]. Our results evidenced that patients with N-
antigenemia admitted to the wards presented frequently with
RNAemia and the absence of anti-SARS-CoV-2 antibodies, as re-
ported also in critically ill COVID-19 patients [12]. This suggested that
patients with N-antigenemia have impaired immune responses
leading to uncontrolled viral replication. Interestingly, the presence
of anti-N antibodies represented a protective factor againstmortality.

We did not evaluate whether N-antigenemia responded to the
presence of live virus in blood, although mounting evidence sup-
ports the infection of distant tissues by SARS-CoV-2 in some pa-
tients [13e15]. The results have to be validated also in the current
scenario of predominant circulation of Omicron.

In summary, the presence of N-antigenemia or the absence of
anti-SARS-CoV-2 N antibodies after hospitalization is associated to
increased 90-day mortality in COVID-19. Detection of N-anti-
genemia by using lateral flow tests is a widely available tool that
could contribute to early identify those patients at risk of deterio-
ration. N-antigenemia could represent an important factor to un-
derstand the effect of antivirals in this disease.
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