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Abstract

In this study, we present an 18-month serological follow-up of 294 patients with COVID-19 pneumonia. The aim was to
assess the dynamics of serological response and its correlation with clinical worsening, as well as to describe clinical wors-
ening determinants. Results of the study showed an early immunoglobulin M response, which clearly diminished starting
at 4 months, but nonetheless, a small group of patients remained positive. As for immunoglobulin G, levels were higher up
to 6 months in patients who presented clinical worsening during hospitalization. High titers of the immunoglobulin were
maintained in all patients during follow-up, which would indicate that humoral immunity due to infection is long-lasting.
Male sex, presence of myalgias and extensive radiological affectation were significantly correlated with clinical worsening.
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Introduction

Millions of cases and deaths have been confirmed around
the world due to the disease (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
more than 2 years after this coronavirus emerged in Wuhan
(Hubei Province, China).
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In the context of respiratory outbreaks, accurate and rapid
diagnosis is crucial to isolate those people affected in time to
stop epidemics [1]. Currently, there are three types of tests to
assess SARS-CoV-2 infection: (1) nucleic acid amplification
tests such as real-time polymerase chain reaction (RT-PCR)
assay, which remains the standard diagnostic technique, (2)
antigen tests and (3) serology tests. The first two types are
used to diagnose acute infection whereas serology is mostly
used for epidemiological surveillance [2].

However, in the first wave of the pandemic in our country,
there were no antigen tests, and since RT-PCR tests were
scarce, they were mostly performed on patients admitted to
hospital. In addition, a test sensitivity as low as 60-70% [3,
4] was reported at that time, meaning that a considerable
number of patients were not diagnosed.

Compared to RT-PCR assays, serological tests are less
expensive, easier to use and accessible to untrained labo-
ratory personnel. Moreover, antibody response might be
prompted in the infection course and can be monitored
across time, meaning that it can help define treatment and
immunization strategies. For these reasons, serological tech-
niques still play a role in viral infections’ assessment and can
complement molecular techniques [5].

In viral infections, following an initial innate response,
the adaptative immune system is activated with T cells
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destroying infected cells and B cells working in parallel to
produce effective neutralizing antibodies against the virus
[6]. After an initial immunoglobulin M (IgM) response,
class-switched antibodies are generated, mostly immuno-
globulin G (IgG). In the case of acute respiratory syndrome
coronavirus 1 (SARS-CoV-1) and Middle East Respira-
tory Syndrome-Coronavirus (MERS-CoV), both IgM and
IgG became detectable in patients’ serum as early as 11 to
15 days post-illness onset. On the other hand, individuals
who suffer from seasonal coronaviruses tend to maintain
immunity for about 1 year, while antibody quantification
from SARS-CoV-1 and MERS-CoV infection significantly
decreases 2 to 3 years following the onset of symptoms.
Furthermore, these pathogens tend to alter their structure
to escape the immunity given by antibodies developed from
previous infections and hence, individuals are susceptible
to reinfection [7, 8].

Regarding SARS-CoV-2, immune response has been
broadly studied since the beginning of the pandemic [9-11].
A similar scenario has been observed in patients with
COVID-19 as IgM and IgG have been detected from 5 to
14 days after initial symptoms [12], with a slower response
in less severe cases. In addition, a correlation between
severe COVID-19 and higher levels of antibodies has been
described [13, 14]. However, immunoglobulin titers seem
to start declining between 4 and 6 months from the onset of
infection, with patients with milder disease presenting an
earlier reduction [15]. It has been observed that this decrease
is related to the immunoglobulin peak response, the sub-
types of antibodies implied and the varying contribution of
short-lived and long-lived plasma cells to the circulating IgG
levels [6]. Despite that, reinfection by the same variant is
uncommon, given that antigen-specific memory B cells are
rapidly activated and T cellular response also plays a major
role [16]. Nonetheless, as seen with seasonal coronaviruses,
new variants of SARS-CoV-2 have been arising from muta-
tions in antibody epitopes in the S glycoprotein, compro-
mising neutralization by antibodies produced from prior
infection and vaccination [6, 17-20]. Currently, immunity
induced by vaccination still offers considerable protection
against severe forms of the disease caused by the new vari-
ants, but it is plausible that viral evolution will eventually
overcome this protection [21].

In this study, we present a long 18 months serological fol-
low-up of patients with COVID-19 pneumonia. The aim of
the study is twofold: first, to assess serological response and
its behavior over time, considering not only persistence of
antibodies, but also their levels. It was expected that immune
response, especially IgM, would develop very early, and that
IgG would be maintained over time and with similar levels of
antibodies throughout evolution. Moreover, we analyzed the
predictors of immunoglobulin dynamics. Second, to assess
the factors associated as well as the serological response to
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clinical worsening during hospitalization, considering that
patients who presented progression of the infection would
exhibit higher immunoglobulins titers.

Materials and methods
Design

This is an observational prospective Spanish cohort study of
294 hospitalized patients with COVID-19 pneumonia fol-
lowed up during 18 months.

Patients and data collection

All patients admitted for hospital care with a clinicoradio-
logical diagnosis of COVID-19 pneumonia between March
28th and June 15th 2020 were evaluated. Serum samples
were extracted and IgM and IgG responses to COVID-19
pneumonia along this period were analyzed.

Patients’ selection
Inclusion criteria were:

1. Adults older than 18 years old
Grant verbal informed consent, which was recorded in
medical history

3. Reliable diagnosis of SARS-CoV-2 infection confirmed
by RT-PCR tests on nasopharyngeal and/or oropharyn-
geal swabs

4. Chest X-ray compatible with pneumonia

5. Hospital admission either due to the presence of pneu-
monia or to other severity criteria that justified admis-
sion.

Definitions

A case was defined as a patient with symptoms compatible
with SARS-CoV-2 infection, pneumonia confirmed by chest
X-ray or thoracic computed tomography (CT) scan and RT-
PCR positive for SARS-CoV-2.

Severe cases were defined when at least one of the fol-
lowing criteria was met: (1) need for mechanical ventilation;
(2) arterial partial pressure of oxygen (PaO,)/fraction of
inspired oxygen (FiO,) ratio (PF ratio, [PFR]) <100 mmHg
(1 mmHg =0.90 kPa); (3) shock; (4) multiorgan failure; or
(5) chest X-ray images showing an evident progression of
previous lesions in 24—48 h and a PFR <200 mmHg.

Moderate cases were defined with at least one of the fol-
lowing criteria: (1) respiratory rate 2 30 breaths/min; (2)
peripheral oxygen saturation (SpO,) <93% at rest; or (3)
PFR <300 mmHg.
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Finally, mild cases were defined when one of the fol-
lowing criteria was presented: (1) SpO,>93% at rest; (2)
respiratory rate < 30 breaths/min; or (3) PFR > 300 mmHg.

Clinical worsening was defined as progression during
hospitalization from mild to moderate disease or from mod-
erate to severe disease.

Samples obtention

Antibody detection was performed from serum samples
collected in appropriate separator tubes, using DiaSorin
Liaison-XL SARS-CoV-2 immunoglobulin G (IgG) anti-
spike S1/S2 assay (DiaSorin). The Liaison SARS-CoV-2
is an assay designed to detect IgG antibodies in the serum
of subjects exposed to SARS-CoV-2. The assay consists of
paramagnetic microparticles coated with S1 and S2 frag-
ments of the viral surface spike protein. Recombinant fusion
antigens were expressed in human cells to ensure proper
folding, oligomer formation and glycosylation, providing
capture moieties which are more similar to those of the viral
spike proteins, as processed by natural cellular cleavage.

A precision study was performed to validate the analyti-
cal and clinical performance of this assay, with satisfactory
results, as previous research has reported [22].

The Liaison SARS-CoV-2 uses the spike protein S1/
S2 from an ancestral strain, which has shown to be highly
immunogenic. S protein has already been proved before and
it is widely recognized as the most specific with regard to
production of protective and neutralizing antibodies. It has
good sensitivity and specificity: sensitivity at 15 days 97.9%
and specificity 95.7% (according to manufacturer’s specifi-
cations) [23].

In the last determination, we performed an assay designed
to detect antibodies target to the nucleocapsid in the serum
of patients that have suffered COVID-19 pneumonia and
that have been vaccinated. The Elecsys Anti-SARS-CoV-
2assay (Roche diagnostics), an Electro-chemiluminescence
immunoassay (ECLIA), uses a recombinant protein repre-
senting the nucleocapsid (N) antigen for the determination
of antibodies against SARS-CoV-2.

The diagnostic value of the ELISA-based IgM and IgG
antibody test was based on sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV) and
precision according to manufacturer’s recommendations.

Follow-up

Although there was a defined protocol, organization was
very difficult at the beginning of the pandemic and it was
not possible to collect the first samples for some patients.

Serological follow-up of the patients was carried out at
different stages:

a) At the time of admission, a baseline sample was
obtained, which corresponded to the first determination.

b) 2 weeks after admission or, if that was not possible, on
the day of hospital discharge. This deviation of proto-
col was accepted to avoid unnecessary displacement of
patients during the pandemic period.

¢) 3 weeks after baseline determination.

d) 6 weeks after the first one.

e) Thirteen weeks after the initial determination.

f) 28 weeks from the initial one.

g) 43 weeks after the baseline determination, but at that
point, the majority of patients (especially those over
60 years) had already been vaccinated and, therefore,
the sample was significantly smaller.

h) 60 weeks after the initial one in a small group of patients
that had not been vaccinated yet, just before vaccination.

i) 2 months after patient vaccination, 18 months after the
first determination, which corresponds to the final sero-
logical determination.

Statistical analysis

All statistical analyses were performed with Stata S/E
vs 13.0. Quantitative variables were expressed as mean
(standard deviation [SD]) or median (interquartile range
[IQR] 25-75%) as appropriate. Qualitative variables were
expressed as proportions and confidence intervals 95%
(CI95). The log normal distribution was used to fit the
temporal distribution of the IgM and IgG antibody sero-
positive rate. Furthermore, percentage and CI95 of the
presence of immunology response IgG and IgM (as quali-
tative dependents binary variables yes/no) was calculated
in the baseline and each time defined in the follow-up. Dif-
ferences of IgG titles/logarithms and IgG/IgM seroposi-
tive rates between groups (worsening/no worsening) were
assessed by U Mann—Whitney/Student’s ¢ test or Pearson
Chi2/Fisher’s exact test, as appropriate. In addition, rela-
tion between clinical worsening and other study variables
was analyzed by those statistical tests. We performed
exploratory linear regression models between the IgG
quantitative dynamics, as dependent variables along study
period, with other study variables (age, sex, streptococcal
coinfection, length of hospital stay, immunosuppression,
intensive care unit [ICU] admission as well as lympho-
cytic, C-reactive protein [CRP] and D-dimer counts at
baseline, during hospitalization and at discharge). Those
variables with statistical significance were included in
multivariate linear regression model including the variable
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called “worsening”. A p value <(0.05 was considered sta-
tistically significant.

Results
Demographic and clinical characteristics

A total of 294 patients admitted to hospital during the study
period with a diagnosis of COVID-19 pneumonia were
analyzed. The mean age of the patients was 66 +26 years,
with a predominance of men over women (176/118, 60%).
The most prevalent comorbidities of the cohort were hyper-
tension (38%), diabetes (17.3%), obesity (13.8%), chronic
lung diseases (11.2%) and chronic kidney disease (9.9%),
as shown in Table 1.

At the time of diagnosis, up to 83% of the patients did
not identify any family member as close previous contact
with confirmed COVID-19. Nonetheless, this proportion
was only 30% at the end of the follow-up period. The mean
duration of symptoms until admission was 7.7 +2 days. The
most frequent symptoms were fever (79.9%), cough (62.2%),
dyspnea (50%), myalgia (36.1%) and diarrhea (15.3%). The
mean length of hospital ward stay was 30+ 6 days. Most
of the patients suffered from bilateral pneumonia (76.6%).
Concomitant Streptococcus pneumoniae coinfection was
documented in 66 patients (22.5%).

According to the severity criteria previously defined,
60.2% of the patients presented with mild disease, 34.6% had
moderate disease and in 5.1% of cases it was severe. During
admission, 119 patients (41.9%) presented clinical worsen-
ing, of which 62% were moderate and 31% were severe. 41
patients (14%) required ICU admission with a mean stay of
26 + 12 days. Of these patients, 23 (56%) required invasive
mechanical ventilation, 11 (26.8%) required non-invasive
mechanical ventilation, 2 patients (4.9%) required high-flow
nasal cannula and 5 (12%) were managed with high-flow
oxygen therapy. Mortality rate among patients admitted to
the ICU was 41.5%. Clinical characteristics are displayed in
Table 2 in more detail.

Regarding treatment, initially 95% of patients received
hydroxychloroquine for a mean of 18.7 days. Lopinavir/
ritonavir treatment was prescribed in 90% of cases and it
was administered concomitant treatment with a beta-lactam
antibiotic or azithromycin in 95% of patients. 164 patients
(56%) received glucocorticoids, most of them dexametha-
sone at a dose of 6 mg every 8 h for a mean of 10.3 days.
Finally, 56 patients (19%) were treated with tocilizumab,
all with a single dose except for 3 patients who received an
additional dose.

A total of 34 patients (11.6%) were diagnosed with
pulmonary embolism concomitant or after COVID-19

@ Springer

Table 1 Patients’ demographic characteristics, total n=294

Characteristic Value

Age, years; mean (standard deviation 66 (26)
[SDD

Men, no. (%) 176 (60)

Toxic habits, no. (%)
Tobacco

Alcohol consumption

Comorbidities, no. (%)
Hypertension
Diabetes

Ischemic cardiopathy
Heart failure

Obesity

Peripheric arteriopathy
Stroke

Dementia

Chronic respiratory diseases

COPD
Asthma
SAHS
Hepatopathy

Chronic renal failure
GF 60—41 ml/min
GF 40-21 ml/min
GF 20 ml/min and below
Hypothyroidism
Malignancy
Solid tumor

Hematologic cancer

Immunosuppression

Chronic immunosuppressive treatment

Active chemotherapy
AIDS

Connective tissue disease

Smokers 18 (6.4)
Former smokers 48 (17)
Active 12 (4.3)

Former 10 (3.6)

112 (38)
Non-complicated 44 (15)
Complicated 7 (2.4)

20 (6.8)

23 (7.8)

39 (13.8)

11 (3.7

15(5.1)

24 (8.1)

23 (7.9)
13 (4.4)
15(5.1)
Mild 5 (1.7)
Severe 3 (1)

32 (10.85)
15(5.1)
3(1.1)
18 (6.1)

Localized 16 (5.4)
Distant 3 (1)
Leukemia 3 (1)
Lymphoma 3 (1)

7(2.4)

3()

2(0.7)
6(2)

pneumonia and received anticoagulant treatment during
a mean of 6 +2 months until the end of follow-up.
In-hospital mortality rate was 7%. Patients were fol-

lowed up for a mean of 275.35 days.
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Table 2 Clinical characteristics of COVID-19

Characteristic Value
Symptoms, no. (%)
Fever 235 (79.9)
Cough 183 (62.2)
Dyspnea 147 (50)
Myalgia 106 (36.1)
Diarrhea 45 (15.3)
Headache 35(11.9)
Anosmia 32 (10.9)
Dysgeusia 11(3.7)
Ageusia 9@3.1)
Asthenia 9@3.1)
Odynophagia 6(2)
Initial severity, no. (%)
Mild 177 (60.2)
Moderate 102 (34.7)
Severe 15(5.1)
Clinical progression, no. (%)
Moderate 74 (62)
Severe 37 (31)
Initial radiological findings, no. (%)
Chest X-ray infiltrate 256 (87.1)
Distribution
Bilateral 196 (76.6)
Extension
Multilobular 132 (51.6)
Diffuse 77 (30.1)
Initial ventilatory support no. (%)
Nasal cannula 43 (14.6)
Venturi oxygen therapy 119 (40.5)
High-flow oxygen therapy 13 (4.4)
High-flow nasal cannula 1(0.4)
Non-invasive mechanical ventilation 3(1)
Invasive mechanical ventilation 3()
Initial analytic parameters; mean (SD)
Lymphocytic count 208 (514)
D-Dimer 1881 (5827)
C-reactive protein 86 (90)
Length of hospital stay, days; mean (SD) 30 (6)

Symptoms duration until admission, days; mean (SD) 7.7 (2)

Humoral response
IgM and IgG prevalence across time

Results are shown in Fig. 1 regarding time since PCR diag-
nosis. Baseline determination was obtained in 109 patients
with a mean of 6.2 days from admission (1 week), being IgM
present in 63.3% of the cases and IgG in 48.6%. Regarding
the second determination, it was performed in 202 patients

with a mean of 16.4 days from admission (2 weeks), obtain-
ing a prevalence of 72.7% for IgM and 64.85% for IgG. Third
determination was performed in 248 patients with a mean
of 21 days (3 weeks) showing 80.2% of IgM prevalence and
75.8% of 1gG prevalence. Fourth determination was obtained
in 275 patients with a mean of 45 days (6 weeks), revealing a
prevalence of 79.3% for both IgM and IgG. As regards to the
fifth determination, it was performed in 294 patients with a
mean of 90 days (13 weeks), being IgM and IgG both present
in 86.35% of the cases. The sixth determination was taken in
185 patients with a mean of 6.5 months (28 weeks) observ-
ing that IgM prevalence was 43.1% and IgG prevalence
94.1%. Among those who did not present seroconversion
at 6 months (11 patients, 5.9%) there were 4 patients under
immunosuppressive treatment and 1 patient with advanced
neoplasm under no current treatment. Concerning seventh
determination, it was obtained in 53 patients 10 months from
the initial one (43 weeks) detecting IgM in 45.1% of the
cases and IgG in 98.1%. At this point, the sample was signif-
icantly smaller because at the time some patients, especially
those over 60, had already been vaccinated. As for the eighth
determination, it was taken at 15 months (60 weeks) in a
small group of 30 patients just before vaccination, evincing
that IgM prevalence was 33.3%, whereas IgG prevalence was
96.7%. Finally, in a small group of 15 patients, a sample was
obtained at 18 months, 2 months after vaccination. In this
determination, IgM was still present in 28% of the group,
while IgG was detectable in all the patients due to the vac-
cine. Moreover, the nucleocapsid antibody was also positive
in 100% of the cases, meaning that humoral immunity given
by infection was maintained.

Humoral response regarding symptoms onset was also
evaluated and it is represented in Fig. 2, finding a similar
dynamic to that observed from PCR diagnosis.

Quantitative IgG dynamics

As for IgG quantification, it was demonstrated that patients
maintained high immunoglobulin titers in all determinations
throughout follow-up (Fig. 3). At first week, since PCR diag-
nosis, median (IQR 25-75%) IgG levels (UA/mL) were 11
(3.8-43.3), at second week 34.5 (3.8-72.6), at 13 weeks
140.5 (63-228), at 28 weeks (6 months) 118.5 (74.3-166.5),
at 15 months just before vaccination patients still maintained
mean quantitative levels of 158 (109-268) and, finally, at
18 months were 101.5 (45.5-185).

Linear regression models with quantitative IgG along
the study period only found statistical significance between
IgG at 6 months regarding age (regression coefficient:0.92,
CI 95:0.01-1.8; p=0.05) and regarding length of hospital
stay (regression coefficient: 1.5, CI 95: 0.4-2.6; p=0.01).
However, those associations did not longer persist when we
performed multivariate analysis including worsening.
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Fig.1 IgM and IgG prevalence over time since PCR diagnosis in the study cohort. *Evaluated between 5.1 and 7.8 months (mean:
6.5 months +0.39); t evaluated between 9 and 11 months (mean: 9.9 +0.27); ~ evaluated between 13 and 15 months (mean 14.3 +£0.47)
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Fig.2 IgM and IgG prevalence over time since symptoms onset in the study cohort. *Evaluated between 5.1 and 7.8 months (mean:
6.5 months +0.39); 1 evaluated between 9 and 11 months (mean: 10.1 +0.33); ~evaluated between 13 and 15 months (mean 14.6 +0.49)

Clinical worsening determinants and antibody response presence of myalgias (p =0.005) and extensive initial radi-

ological affectation including bilateral (p =0.002), multi-
Determinants for clinical worsening in the cohort were  lobar or diffuse infiltrates (p =0.016) were significantly
analyzed. Results showed that male sex (p =0.003), correlated with clinical worsening during hospitalization.
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Fig.3 Quantitative IgG values expressed as UA/mL over time in the study cohort

In addition, when analyzing laboratory parameters,
results showed a significant correlation between clinical
worsening and lymphocytic count during hospitalization
(p=0.01), CRP at admission and during hospitalization
(p <0.001) and D-dimer peak value (p <0.001. Table 3
includes all the variables analyzed that presented a p
value <0.2 and mortality.

On the other hand, antibody response regarding clinical
worsening during hospitalization was assessed in all deter-
minations during follow-up.

In relation to quantitative IgG dynamics, an upward
trend up to 6 months was observed both in the group that
had presented clinical worsening and the one that had not.
Results for the first group at 6 months showed an abso-
lute median of 130.5 (IQR 25-75%: 99.1-173) whereas
second group presented an absolute median of 108 (IQR
25-75%: 157.7-154), with a p value of 0.001. As for loga-
rithmic values, the group that had showed clinical pro-
gression presented a median of 4.8 (SD +0.67), while the
second group presented a median of 4.4 (SD £ 1.1), with
a p value of 0.0009. All groups maintained high IgG lev-
els throughout follow-up although at 15 months a slight
decrease in the immunoglobulin titer in the group that had

not presented clinical progression was observed, without
statistically significant differences. All absolute quantita-
tive values and logarithmic values are shown in Fig. 4a, b.

With respect to IgM prevalence related to clinical wors-
ening, statistical analysis proved that at 45 days (clini-
cal worsening group 87.9% vs not worsening group 73%;
p value =0.002) and 90 days (clinical worsening group
91.9% vs not worsening group 82.3%; p value =0.02)
patients who had presented clinical progression showed
higher IgM prevalence, being the difference statistically
significant. A correlation between IgM prevalence and
clinical worsening was dismissed afterwards. Results are
shown in Fig. 5.

With respect to IgM prevalence related to clinical
worsening, univariate statistical analysis proved that at
45 days (clinical worsening group 87.9% vs not worsen-
ing group 73%; p value =0.002) and 90 days (clinical
worsening group 91.9% vs not worsening group 82.3%; p
value =0.02) patients who had presented clinical progres-
sion showed higher IgM prevalence, being the difference
statistically significant. No association was found between
IgM prevalence and clinical worsening for the rest of the
follow-up. Results are shown in Fig. 5.
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Table 3 Determinants of

s . Characteristic Worsening N (%) Not worsening N (%) p value
clinical worsening
Demographic characteristics
Age? 62.6 (13.9) 59.4 (17.9) 0.09
Male sex 86 (69.9) 90(52.6) 0.003
Former smokers 26 (23) 22 (13.2) 0.10
Comorbidities
Diabetes mellitus 27 (22) 24 (14.1) 0.08
Obesity 21(53.9) 18 (46.2) 0.12
Symptoms
Dyspnea 68 (46.6) 78 (53.4) 0.11
Myalgias 55(45.1) 49 (29) 0.005
Radiological findings
Bilateral infiltrates 97 (85.8) 98 (69.5) 0.002
Multilobar infiltrates 61 (54) 70 (49.7) 0.02
Diftuse infiltrates 40 (35.4) 37 (26.2) 0.02
Mortality 10 (8.1) 9(5.3) 0.32
Analytic parameters®
Lymphocytic count (at admission) (0.7-2) 1.2 (0.8-2) 0.13
Lymphocytic count during hospitalization) 1.0 (0.8-1.8) 1.4 (0.9-2.2) 0.01
C-reactive protein [CRP (at admission) 79.5 (37.5-155) 39.8 (13-92) <0.001
CRP (during hospitalization) 94 (52-180) 41.4 (18-99.6) <0.001
D-Dimer (peak value) 1576 (952-4724) 1121.5 (546-1980) <0.001
“Mean (SD)
"Median (IQR 25-75%)
o No Yes ] No Yes
1° T s . . T =T i |
300 o . . | s 5 } | u
N = ]
200 : 1 —~ } U ‘
| S i 3 | ‘ | .
100 ‘ i ‘ * :
wuagi? ] Hys | THTT . »
.| EIEEL ol | - B
I 1 week [ 2 weeks [ 1 week 1 2 weeks
[ 3 weeks [ 6 weeks [ 3 weeks [ ] 6weeks
l:]_ 13 weeks [ 28 weeks 1 13 weeks [ 28 weeks
Iz | 43 weeks 60 weeks [ 43 weeks 60 weeks

Fig.4 a (left) Absolute IgG values according to clinical worsening (no/yes) since diagnosis of SARS-CoV-2 infection by RT-PCR. b (right)
Logarithm of IgG response according to clinical worsening (no/yes) since diagnosis of SARS-CoV-2 infection by RT-PCR

Discussion

Our study characterized the dynamics of serum IgM
and IgG antibodies against SARS-CoV-2 and its behav-
ior related to clinical progression by conducting a long
follow-up in a large cohort of hospitalized patients due
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to COVID-19 pneumonia. Two important findings have
emerged from the present study. First, IgG response to
COVID-19 pneumonia is strong and long-lasting. Some
studies have already shown that serological response is
maintained up to 1 year after SARS-CoV-2 infection [24,
25]. In the present study that only includes patients with
pneumonia, we detected high IgG titers in most patients
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Fig.5 IgM prevalence with regard to clinical worsening during hospitalization. *Evaluated between 5.1 and 7.8 months (mean:
6.5 months +0.39); t evaluated between 9 and 11 months (mean: 9.9 +£0.27); =~ evaluated between 13 and 15 months (mean 14.3 +0.47)

during the 18-month follow-up. Second, patients who dete-
riorated during the course of infection seem to present
a more robust antibody response. These patients showed
higher IgG titers during the first 6 months compared to
patients who did not show clinical worsening and who
presented a slight decline in immunoglobulin levels at
15 months. According to regression analyses, at 6 months
IgG titers were lower in elderly patients and those with a
short in-hospital stay, but these differences did not persist
when performing a multivariate analysis including clinical
worsening. This highlights the fact that clinical worsen-
ing is one of the most important predictors of humoral
response. Furthermore, in our study, we found that male
sex, presence of myalgias and extensive radiological affec-
tation as well as lymphocytic count and inflammation
parameters (CRP and D-dimer) are significantly correlated
with clinical worsening during hospitalization.

On the other hand, results exhibit that IgM and IgG
antibodies against SARS-CoV-2 can be detected shortly
after symptoms onset, with an IgM response clearly earlier
than IgG response, as expected. The IgG assay’s sensitiv-
ity increases significantly as the immune response matures.
Likewise, in other studies, less than 3% of patients (most
of them immunocompromised) did not seroconvert during
follow-up.

In most studies, I[gM response appears to decrease stead-
ily from 4 to 6 weeks after symptom onset [26]. In our study,
clinical worsening correlated with higher IgM prevalence up
to 90 days after diagnosis; afterwards, a small proportion
of patients showed IgM positivity more than 1 year after

infection, despite any clinical correlation. This could sug-
gest an inability to class switch efficiently depending upon
the individual patient or it could be related to inflammation
levels as it has been previously described in other viral infec-
tions such as cytomegalovirus and Epstein—Barr [27, 28].

Regarding IgG response, it is remarkable that all 15
patients who were not vaccinated and could be tested at
18 months presented positivity for antibody nucleocap-
sid, which suggests that humoral immunity due to infec-
tion is long-lasting. In addition, this group showed a strong
humoral immune response after vaccination, as it has been
reported before [29].

Overall, cohort characteristics regarding age, gender and
comorbidities are consistent with the literature [9, 13]. The
pneumococcal coinfection rate, also noteworthy, has been
reported broadly albeit with highly variable prevalence
depending on patient’s characteristics as well as diagnostic
technique [30].

Most of our data are for adult populations who are not
immunocompromised. The time course of PCR positivity
and seroconversion may vary in this population and other
groups, such as children and asymptomatic individuals who
go undiagnosed without active surveillance [26]. Therefore,
our results must be interpreted with caution.

An important limitation of our work is the decrease in
the sample size throughout the study due to loss to follow-
up, but especially due to vaccination. In addition, the diffi-
cult organization of the first weeks of the pandemic meant
that despite the existing protocol, some first samples were
not obtained. However, we corroborated that there were
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no significant differences when performing the statistical
analyses only with the patients that had a first sample and,
hence, we finally decided to include all the patients. On the
other hand, standards of laboratory techniques have been
changing during the pandemics, but in our study, we used
the same technique and cutoff points in all determinations.
Although this has allowed us to easily compare results
from different determinations, it makes the extrapolation
of our data to other populations more complex.

In summary, humoral response due to COVID-19 pneu-
monia appears to be maintained and long-lasting, mostly
in the case of IgG. In addition, clinical worsening seems
to be correlated with sex, presence of myalgias and exten-
sive radiological affectation, and IgG response seems to be
more robust in patients who presented clinical worsening
during the course of the disease. Nevertheless, the emer-
gence of variants of concern has challenged protection
from natural infection as well as from vaccination. Recent
studies prove that the different vaccines developed provide
an effective protection limited in time and only for some
variants of concern [31]. Further studies are needed in
order to fully understand the global immune response to
this new pathogen and help design the best possible treat-
ment and immunization strategy.
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