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Background. $e direct effect of SARS-CoV-2 on the lungs results in increased hospitalization rates of patients with pneumonia.
Severe COVID-19 patients often develop ARDS which is associated with poor prognosis. Assessing risk factors for COVID-19
severity is indispensable for implementing and evaluating therapeutic interventions. We investigated the temporal associations
between the SARS-CoV-2 antigen (Ag), total Immunoglobulin (Ig) levels, and several laboratory parameters in hospitalized
patients with varying degrees of COVID-19 severity.Methods. $e SARS-CoV-2 nucleocapsid protein (NP) and total Ig Spike (S)
protein-specific antibodies were determined for each patient with lateral flow assays through repeated sampling every two days.
Hematological and biochemical parameters were evaluated at the same time points. Results. 40 Greek COVID-19 patients (31
males, 9 females) with a median age of 59.50± 16.21 years were enrolled in the study. $e median time from symptom onset to
hospitalization was 8.0± 4.19 days. A significant negative correlation was observed between the SARS-CoV-2 Ag and total Ig
levels. $e temporal correlation patterns of the SARS-CoV-2 NP Ag and anti-S total Ig levels with laboratory markers varied
among patients with differing degrees of COVID-19 severity. Severe-critical cases had lower SARS-CoV-2 Ag and increased total
Ig levels as compared to mild-moderate cases. Conclusions. Distinct temporal profiles of the SARS-CoV-2 NP Ag and anti-S total
Ig levels may distinguish different groups of COVID-19 severity.

1. Introduction

$e coronavirus disease 2019 (COVID-19), caused by the
severe acute respiratory coronavirus 2 (SARS-CoV-2), leads to
high rates of hospitalizations due to pneumonia [1]. A major
determinant of high mortality in severe COVID-19 patients is
the acute respiratory distress syndrome (ARDS) secondary to
viral pneumonitis [2]. A systematic review andmeta-analysis of
28 studies reported that the overall pooled mortality estimate
among 10.815 ARDS cases in COVID-19 patients was 39% [2].
Alveolar damage and pulmonarymicrovascular thrombosis are
thought to be the major causes of acute lung injury in COVID-
19, yet the underlying mechanisms of SARS-CoV-2-related
coagulopathy are still under study [3].

Risk factors for COVID-19 severity and mortality have
been in the focus of research as requisites for the identifi-
cation of cohorts at high risk and the evaluation of thera-
peutic interventions. SARS-CoV-2 viral load (especially
plasma viraemia) has been associated with increased re-
spiratory disease severity, systemic inflammation, and
mortality [4]. However, it has also been reported that se-
verely ill patients produce very high anti-SARS-CoV-2
antibody titres and have lower viral load as compared to
those with mild disease [5]. Inconsistent results regarding
the viral load and antibody dynamics during the course of
SARS-CoV-2 could be attributed to the considerable het-
erogeneity of assays used, population characteristics, and
outcomes measured [6].
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Greece has suffered 12.935 deaths among 487.709
confirmed cases over a period of 18months (https://covid19.
who.int/region/euro/country/gr). Studies focusing on fac-
tors affecting the severity of COVID-19 in Greek patients are
limited [7, 8]. In addition, consecutive data to investigate
these factors have not been collected. Serial measurements of
virus- and host-associated variables are important for un-
derstanding the disease course of SARS-CoV-2 infection. In
addition, knowledge of the viral and host dynamics during
hospitalization is key to optimizing therapeutic interven-
tions. We investigated the temporal associations of the
SARS-CoV-2 nucleocapsid protein (NP) and anti-Spike (S)
total Immunoglobulin (Ig) levels with clinical and laboratory
parameters in hospitalized patients with varying degrees of
COVID-19 severity.

2. Materials and Methods

2.1. Subject Enrollment and Study Design. We prospectively
studied 40 patients with real-time reverse-transcription
polymerase chain reaction- (RT-PCR-) confirmed SARS-
CoV-2 infection who were admitted to the COVID-19
Department of the University Hospital of Larissa, Greece,
from December 6th, 2020, to January 17th, 2021. $e
subjects were followed up until discharge from the COVID-
19 department or death. Follow-up was concluded on
January 30, 2021. $e study was approved by the Research
Ethics Committee of the University Hospital of Larissa
(36660/21.09.2020), and written informed consent was ob-
tained from each subject involved. Patients’ demographic
and baseline characteristics including smoking and past and
current medical history were documented. Time from
symptom onset to hospitalization was also recorded.
COVID-19 severity was defined according to the Chinese
management guidelines (released on March 3, 2020) [9].
Patients were divided into two groups (mild-moderate cases;
severe-critical cases).

2.2. Laboratory Investigation. Nasopharyngeal swab and
whole blood specimens were collected from each patient
every two days since admission, for the semiquantitative
determination of the SARS-CoV-2 NP antigen (Ag) and the
semiquantification of the IgA, IgM, and IgG (total Ig) spike
protein-specific antibodies, respectively, with lateral flow
immunochromatographic assays (Catalog numbers: V1310/
1330 and V1210/V1230, Prognosis Biotech, Larissa, Greece).
$is technology has been previously used by our group and
the method description partly reproduces our wording [10].

A control line served as a procedural control for the
assays used. $e absence of a colored line in the control
region was indicative of an invalid test result. In the case of
the SARS-CoV-2 Ag lateral flow immunoassay, an initial
dilution of 1000 ng NP per ml running buffer was made,
followed by 6 serial dilutions. $ese dilutions were used as
standards. In each standard, 10 lateral flow strips were used.
At the end of the test’s procedure (after 15 minutes), the test
strips were scanned in the S-flow reader.$e scanner has the
ability to measure the density of the test line and the control

line and to automatically create their ratio (T/C). In a similar
manner, 8 standards of recombinant antibodies were used in
order to create the standard/ratio curve for the anti-spike
total Ig semiquantification.

According to the manufacturer, clinical performance
with 528 nasal specimens (prior confirmed with RT-PCR
assay) showed 98.59% sensitivity and 99.74% specificity for
the Rapid Test Ag 2019n-CoV (https://www.prognosis-
biotech.com/products/covid-19/rapid-test-ag-2019-ncov/)
while the clinical diagnostic sensitivity and specificity for the
Rapid Test 2019-nCoV Total Ig were 98.75% and 100%,
respectively (https://www.prognosis-biotech.com/products/
covid-19/rapid-test-2019-ncov-total-immunoglobulins/).

Additional blood and serum samples were collected on
the same dates for the evaluation of hematological and
biochemical parameters: blood count, D-dimer (D-D),
ferritin, C-reactive protein (CRP), lactate dehydrogenase
(LDH), lactic acid, urea, creatinine, and alanine transami-
nase (ALT).

2.3. Statistical Analysis. Statistical analysis was performed
using the SPSS v 19.0 software (IBM). $e Kolmogor-
ov–Smirnov normality test was used to assess data distri-
bution. Associations between quantitative variables were
evaluated with the Pearson (r) or the Spearman (ρ) corre-
lation coefficients as appropriate. $e Mann–Whitney test
was used to assess significant differences of continuous
nonparametric data between the two groups of patients. $e
chi-square test was used to determine associations between
categorical variables. Statistical significance was set at the
p< 0.05 level.

3. Results

3.1. Baseline Characteristics of the Study Population. $e
demographic and clinical characteristics of the study pop-
ulation are presented in Table 1. $e most common com-
plication at admission was pneumonia followed by acute
kidney damage. Out of 40 patients, 30% (12) were grouped as
mild-moderate cases and 70% (28) were classified as severe-
critical cases. Within the latter group, 3 subjects were
designated as critically ill. All subjects had at least one
coexisting comorbidity. Length of stay in the COVID-19
Department ranged from 4 to 16 days. Total inpatient days
were in the range of 4 to 60. $e 3 patients with critical
COVID-19 died by the end of the study period. $e
remaining subjects were discharged home or to rehabilita-
tion centres.

3.2. Correlation between the SARS-CoV-2 NP Ag and Anti-S
Total Ig Antibody Levels with Laboratory Biomarkers. $e
mean values of all laboratory data are shown in Table 2. $e
scatter plot of all Ag-total Ig values is presented in Figure 1.
In the initial pooled analysis, a significant negative corre-
lation was observed between the SARS-CoV-2 Ag and total
Ig levels (ρ� −0.489/p< 0.001). SARS-CoV-2 Ag levels were
inversely correlated with ALT (ρ� −0.408/p< 0.001), white
blood cells (WBC) (ρ� −0.227/p � 0.002), platelet (PLT)
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Table 1: Baseline characteristics of the study population.

All patients
(N� 40)

Mild-moderate cases
(N� 12)

Severe-critical cases
(N� 28)

p

values
Age, years, median (range) 59.5 (30–90) 56.5 (30–87) 59.5 (34–90) ns
Time from symptom onset to hospitalization, days,
median (range) 8 (1–18) 6.5 (1–15) 8.5 (1–18) ns

Male sex, n (%) 31 (77.5%) 8 (66.7%) 23 (82.1%) ns
Positive smoking history, n (%) 16 (40%) 5 (41.7%) 11 (39.3%) ns
Comorbidities
Hypertension, n (%) 24 (60%) 4 (33.3%) 20 (71.4%) 0.024
Dyslipidemia, n (%) 12 (30%) 2 (16.7%) 10 (35.7%) ns
Diabetes, n (%) 11 (27.5%) 1 (8.3%) 10 (35.7%) ns
Coronary disease, n (%) 9 (22.5%) 1 (8.3%) 8 (28.6%) ns
Obesity, n (%) 8 (20%) 1 (8.3%) 7 (25%) ns
Immunosuppression, n (%) 4 (10%) 1 (8.3%) 3 (10.7%) ns
Chronic obstructive pulmonary disease, n (%) 3 (7.5%) 1 (8.3%) 2 (7.1%) ns
Any malignancy, n (%) 2 (5%) 1 (8.3%) 1 (3.6%) ns
Chronic renal disease, n (%) 1 (2.5%) 0 (0%) 1 (3.6%) ns
Other comorbidities, n (%) 27 (67.5%) 8 (66.7%) 19 (67.9%) ns

Symptoms at admission
Fever, n (%) 39 (97.5%) 12 (100%) 27 (96.4%) ns
Shortness of breath, n (%) 22 (55%) 5 (41.7%) 17 (60.7%) ns
Cough, n (%) 21 (52.5%) 6 (50%) 15 (53.6%) ns
Weakness, n (%) 14 (35%) 5 (41.7%) 9 (32.1%) ns
Arthralgia, n (%) 8 (20%) 4 (33.3%) 4 (14.3%) ns
Headache, n (%) 5 (12.5%) 2 (16.7%) 3 (10.7%) ns
Nausea, n (%) 4 (10%) 3 (25%) 1 (3.6%) 0.038
Chest pain, n (%) 3 (7.5%) 1 (8.3%) 2 (7.1%) ns
Diarrhea, n (%) 3 (7.5%) 0 (0%) 3 (10.7%) ns
Confusion, n (%) 1 (2.5%) 0 (0%) 1 (3.6%) ns

Complications at admission
Pneumonia, n (%) 34 (85%) 9 (75%) 25 (89.3%) ns
Acute kidney damage, n (%) 7 (17.5%) 1 (8.3%) 6 (21.4%) ns
Acute respiratory distress syndrome, n (%) 3 (7.5%) 0 (0%) 3 (10.7%) ns
Cardiovascular damage, n (%) 2 (5%) 0 (0%) 2 (7.1%) ns
Multiple organ failure, n (%) 2 (5%) 0 (0%) 2 (7.1%) ns

Table 2: Descriptive statistics of the SARS-CoV-2 and host-associated variables that were serially measured in this study.

Mean± std. error of mean
p values∗V∗∗

Mild-moderate cases Severe-critical cases
Ag (A.U.) 166.63± 52.85 43.51± 15.98 0.002
Total Ig (A.U.) 6.98± 1.02 9.51± 0.51 0.011
White blood cells (number/mm3) 8263.27± 479.54 8592.37± 259.11 ns
Neutrophils (number/mm3) 6410.41± 423.51 6593.36± 251.32 ns
Lymphocytes (number/mm3) 1193.47± 88.14 1136.34± 54.61 ns
Platelets (number/mm3) 297265.31± 17308.34 295992.37± 10156.99 ns
Ferritin (ng/ml) 539.77± 153.76 948.17± 103.89 <0.001
C-reactive protein (mg/dl) 2.85± 0.78 3.18± 0.31 0.040
D-dimer (ng/ml) 392.06± 37.14 417.82± 23.78 ns
Lactate dehydrogenase (U/L) 249.06± 10.69 267.20± 8.26 ns
Lactic acid (mmol/L) 0.87± 0.04 0.92± 0.02 ns
Urea (mg/dl) 38.74± 2.23 46.48± 1.74 0.005
Creatinine (mg/dl) 0.78± 0.03 0.89± 0.03 ns
Alanine transaminase∗∗ (U/L) 80.78± 32.76 51.28± 3.43 0.004
∗Mann–WhitneyU test; ∗∗the mean ranks for Ag, total Ig, ferritin, C-reactive protein, urea, and ALT in mild-moderate cases were 105.43; 74.42; 57.50; 77.43;
72.84; and 72.29 versus 84.92; 96.52; 102.84; 95.39; 97.11; and 97.31 in severe-critical cases, respectively.
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(ρ� −0.327/p< 0.001), and lymphocyte (LYMP) levels
(ρ� −0.216/p � 0.004). Total Ig levels positively correlated
with ALT (ρ 0.288/p< 0.001), LDH (ρ� 0.207/p � 0.005),
ferritin (ρ� 0.199/p � 0.008), WBC, neutrophils (NEU),
PLT, and LYMP levels (ρ� 0.257/p � 0.001, ρ� 0.259/
p< 0.001, r� 0.262/p< 0.001, and r� 0.161/p � 0.031),
respectively.

Subsequent pooled analyses of the data by disease se-
verity showed that, in the group of patients with mild-
moderate disease, the SARS-CoV-2 Ag was inversely cor-
related with total Ig levels (ρ� −0.442/p � 0.001), PLT
(ρ� −0.439/p � 0.002), ferritin (ρ� −0.386/0.006), and ALT
(ρ� −0.386/p � 0.006). Total Ig levels positively correlated
with WBC (ρ� 0.329/p � 0.021), LYMP (ρ� 0.430/
p � 0.002), ferritin (ρ� 0.402/p � 0.004), and ALT (ρ� 0.338/
p � 0.017). A significant negative correlation was observed
between the total Ig levels and D-D (ρ� −0.411/p � 0.003), as
well as lactic acid levels (ρ� −0.288/p � 0.045).

In the group of severe-critical cases, the SARS-CoV-2 Ag
was inversely correlated with the levels of total Ig
(ρ� −0.440/p< 0.001), WBC (ρ� −0.177/p � 0.044), LYMP
(ρ� −0.252/p � 0.004), PLT (ρ� −0.283/p � 0.001), and ALT
(ρ� −0.346/p< 0.001). $e SARS-CoV-2 Ag positively
correlated with CRP (ρ� 0.201/p � 0.022), lactic acid
(ρ� 0.271/p � 0.002), and urea levels (ρ� 0.240/p � 0.006).
Total Ig levels positively correlated with WBC (ρ� 0.191/
p � 0.029), NEU (ρ� 0.253/p � 0.004), PLT (ρ� 0.331/
p< 0.001), and D-D (ρ� 0.176/p � 0.044). A significant
negative correlation was observed between the total Ig and
creatinine levels (ρ� −0.298/p � 0.001).

$e means of the NP Ag and anti-S total Ig titres over
time by group are presented in Figure 2. $e values of the
SARS-CoV-2 Ag, anti-S total Ig, ferritin, ALT, urea, and
CRP over time in mild-moderate and severe-critical cases
are demonstrated in Figure 3.

3.3. Comparisons of Demographic andClinical Characteristics
between Mild-Moderate Cases and Severe-Critical Cases.
Age and duration of symptoms from onset until admission
did not differ significantly between the two groups. $e
frequency of hypertension was significantly lower in patients
with mild-moderate disease as compared to the severe-
critical cases (p � 0.044). $e presence of nausea at admis-
sion was more common in mild-moderate cases compared
with the severe-critical cases (p � 0.038).

3.4. Comparisons of the SARS-CoV-2 NP Ag, Anti-S Total Ig
Levels, and Laboratory Values between Mild-Moderate and
Severe-Critical Cases. Compared with mild-moderate cases,
severe-critical cases had lower SARS-CoV-2 NP Ag levels
(p � 0.002) and increased ferritin (p< 0.001), CRP
(p � 0.040), urea (p � 0.005), and ALT (p � 0.004). Patients
with severe-critical disease were also observed to have higher
anti-S total Ig levels (p � 0.011) (mean rank comparisons,
Table 2).

4. Discussion

In this study, we investigated the temporal patterns of the
SARS-CoV-2 NP Ag and anti-S total Ig levels in hospitalized
COVID-19 patients. Our results indicate a significant
negative correlation between the SARS-CoV-2 NP Ag and
anti-S total Ig levels regardless of the severity of COVID-19.
It has been evidenced that IgG and IgM detection proba-
bilities increase from roughly 10% at symptom onset to
98–100% by day 22 while RNA detection probability de-
creases from roughly 90% to zero by day 30 [11]. Our
findings support the abovementioned report.

We also observed a strong dependence of specific lab-
oratory markers with the SARS-CoV-2 NP Ag and anti-S
total Ig levels. Several studies have commented on the he-
matological changes, especially lymphopenia and throm-
bocytopenia, that occur during the course of SARS-CoV-2
infection [12]. In our cohort, low WBC, lymphocyte, and
PLT counts were associated with increased SARS-CoV-2 Ag
levels. Previous research on SARS-CoV has suggested that
the lung damage in SARS patients may induce thrombo-
cytopenia either by increasing the consumption of mega-
karyocytes-platelets or by reducing the production of PLTs
in the lungs [13].

Although no association was found between the SARS-
CoV-2 NP Ag and neutrophil levels, rises in neutrophils
positively correlated with anti-S total Ig levels. SARS-CoV-2-
related neutrophilia has been described as an indicator of
severe respiratory symptoms and poor prognosis [14, 15]. It
has been shown that, in COVID-19 patients, circulating and
lung-infiltrating neutrophils release higher levels of neu-
trophil extracellular traps (NETs) which induce the
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Figure 1: Scatter plot of all Ag-total Ig values. Markers have been
set by case ID.
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apoptosis of lung epithelial cells, thus contributing to the
pathophysiology of severe COVID-19 [16]. Furthermore, it
has been suggested that genetic factors affecting NETs may
be involved in the disparity of COVID-19 severity [17].

Of note, when we analyzed our data by group, we ob-
served that the anti-S total Ig levels positively correlated with
PLT and neutrophil counts only in patients with severe-
critical disease and not in mild-moderate cases. Moreover, in
the latter group of patients, the anti-S total Ig levels inversely
correlated with D-dimers while a positive correlation was
observed between the two variables in severe-critical cases.
$ese results are suggestive of distinct temporal associations
between the anti-S total Ig levels with the values of the
aforementioned hematological parameters in severe and
critically ill patients. Similar conclusions, for the same group
of patients, emerged for the SARS-CoV-2 NP Ag temporal
profile in relation to the WBC and lymphocyte levels.

With respect to the biochemical parameters, we have
previously reported the inverse correlation of ALT serum
levels with the SARS-CoV-2 NP Ag [10], a finding which is
reinforced in this study irrespective of patient categoriza-
tion.$e anti-S total Ig levels positively correlated with ALT,
LDH, and ferritin in the initial pooled analysis, yet different

results were obtained by the group analysis which also
showed differences between the two groups in the temporal
associations of the SARS-CoV-2 Ag and total Ig levels with
creatinine, CRP, lactic acid, and urea. As in the case of
hematological parameters, the temporal correlation patterns
of biochemical markers with the SARS-CoV-2 NP Ag and
anti-S total Ig levels varied depending on the severity of
COVID-19.

Subsequently, we observed an excess of hypertension in
severe and critical cases. It has been reported that underlying
comorbidity, such as myocardial injury and cardiovascular
disease, may relate to the mechanism by which hypertension
leads to increased risk from COVID-19 [18]. Older age,
uncontrolled blood pressure, and cardiovascular disease are
thought as the three interconnected variables which could
explain the observed associations between age, hypertension,
and COVID-19 severity [18].

In our cohort, nausea at admission was most commonly
reported by patients with mild-moderate disease. Recently, a
study provided evidence that COVID-19 severity is signif-
icantly reduced in patients presenting with gastrointestinal
symptoms when compared to those without gastrointestinal
symptoms and that each separate symptom (nausea,
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Figure 2: Mean of NP Ag and anti-S antibody titres over time in mild-moderate and severe-critical cases. TFSO : time from symptom onset
(days).
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vomiting, and diarrhea) is associated with less severe disease
and lower mortality [19].

We also observed that, in comparison to mild-moderate
cases, severe-critical cases had lower NP Ag and higher anti-
S total Ig levels. In the literature, there is a substantial
controversy regarding the prognostic importance of the
SARS-CoV-2 viral load [4, 5, 20–24]. Since SARS-CoV-2 Ag
quantification is indicative of the viral load, our findings
support the notion that subjects with severe and critical
disease have lower viral loads compared to those with mild
and moderate disease. It would be of great interest to assess
the correlation of the NP Ag with viral load in this study;
however, data for viral load were not available for all time
points. Our results with respect to the anti-S total Ig levels
are in line with the inference of an excessive anti-SARS-

CoV-2 antibody production which dampens protective
immune responses in patients with severe COVID-19 [5].

Furthermore, our findings suggest that specific labora-
tory markers ferritin, ALT, urea, and CRP may be indicative
of COVID-19 severity although large prospective studies are
needed for identifying these variables as predictor factors.
Several research groups have reported significant higher
levels of ferritin in severe COVID-19 patients [25, 26].
Intestinal infection with SARS-CoV-2 has been associated
with mild inflammatory response possibly due to the in-
duction of potent neutralizing IgA antibodies which are
mainly produced in the intestines [19]; thus, the underlying
pathophysiological mechanisms of COVID-19-associated
liver dysfunction should further be studied in the context of
hepatocyte immune function [10].
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It has been reported that, by using the machine learning
method, research centers could establish accurate prediction
models of outcome of SARS-CoV-2 pneumonia based on
their laboratory findings [27]. Such a model recently
identified CRP, LDH, and urea as significant prognostic
factors for severe COVID-19 illness [28]. CRP, LDH, and
D-dimer have also been associated with increased mortality
risk in patients with comorbidities [29], while D-dimer and
urea, in combination with troponin, have been identified as
predictors of admission to the intensive care unit [30].

In accordance with our results, severe cases were found
to have higher levels of antibody response and larger
numbers of inflammatory cells and CRP levels in a study
assessing the longitudinal dynamic changes in antibody
responses against SARS-CoV-2 in 84 COVID-19 hospital-
ized patients [31].

Our study has some limitations. Although NP is con-
sidered an ideal target for antigen-based detection [32],
further research for the clinical validation of the lateral flow
assay that we used is required. In addition, our cohort size
was small and time from symptom onset to hospitalization
varied greatly between patients. Larger datasets are needed
so as to evaluate with greater confidence the kinetics of the
SARS-CoV-2 Ag and total Ig responses during the clinical
course of COVID-19. Despite these constraints, in this
study, we performed repeated measurements of SARS-CoV-
2 and host-related variables, thus providing insight into
viral/host temporal dynamics in relation to the severity of
COVID-19. Comprehensive information on virus and host
kinetics during hospitalization and knowledge of SARS-
CoV-2 seroconversion patterns [33] are important for the
evaluation of therapy effectiveness and for clinical outcome
improvement.

5. Conclusions

Distinct temporal profiles of the SARS-CoV-2 NP Ag and
anti-S total Ig levels may distinguish different groups of
COVID-19 severity.
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