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Abstract

Background: There is a knowledge gap about the charac-
teristics of neutralizing antibody (NAb) response in patients
who recovered COVID-19. In this study, it is aimed to eluci-
date the factors affecting the presence and titers of antibodies
up to 30-days after onset.
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Materialand methods: A total of 129 laboratory-confirmed
COVID-19 patients were enrolled. Clinical data were ob-
tained retrospectively. SARS-CoV-2 specific NAb, IgM, and
IgG antibody responses were analyzed.

Results: SARS-CoV-2 specific NAb, IgM and IgG, were
detected at the time of hospital discharge in 60.5%,
30.2%, and 51.9% of the patients, respectively. The median
time for obtaining serum samples for antibody tests
after symptoms’ onset was 11 days. The median titer of
neutralizing antibody (SNso) was significantly higher in
severe patients (25 vs. 7.5, p=0.009). Of the 23 severe pa-
tients, 52.2% (n=12) had higher NAb titers (i.e., SN5¢>1:25)
when compared to that in non-severe patients (OR=2.89;
95%CI=1.15-7.28, p=0.021), yet, the potential effect of
follow-up time on NAb status and titers could not be ruled
out.

Conclusions: The presence of antibody response is not the
only determinative factor for recovery. The presence and
higher titers of NAb were detected more in severe patients
than their non-severe counterparts. Survival analysis sug-
gested that this difference could at least be partially
explained by the length of follow-up through antibody
testing (at discharge) after symptoms’ onset.

Keywords: antibody response; COVID-19; humoral immunity;
IgM and IgG; neutralizing antibodies.

0z

Amacg: COVID-19’ dan iyilesen hastalarda notralize edici
antikor (NAb) yanitinin karakteristikleri hakkinda bilgi
eksikligi bulunmaktadir. Bu ¢alismada, hastalik baslangi-
cindan 30 giin sonrasina kadar gecen dénemde, antikor
yanit1 ve antikor titresi iizerine etkili olabilecek faktorlerin
belirlenmesi amaclandi.

Gereg¢ ve Yontem: Calismaya laboratuvar tarafindan kanit-
lanmis toplam 129 COVID-19 hastasi dahil edildi. Klinik
veriler retrospektif olarak elde edildi. SARS-CoV-2 spesifik
NAb, IgM, ve IgG antikor yamtlar analiz edildi.
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Bulgular: Hastaneden taburculuk sirasinda, hastalarin
sirastyla %60,5’i, %30,2’si ve %51.9’'unda SARS-CoV-
2’ye 6zgii NAb, IgM ve IgG tespit edildi. Semptomlarin
baslangicindan sonra, antikor testleri icin serum numune-
lerinin alinmasina kadar gegen ortanca siire 11 giin idi.
Notralize edici antikor (SN50) ortanca titresi, siddetli hasta-
liga sahip hastalarda anlamli derecede daha yiiksek saptand1
(7.5’e kars1 25, p = 0.009). Siddetli hastaliga sahip 23 has-
tanin %52.2’si (n = 12), siddetli hastaliga sahip olma-
yanlara kiyasla daha yiiksek NAD titresine (SN50 > 1:25)
sahipti (OR = 2.89; %95 CI = 1.15-7.28, p = 0.021), ancak
takip siiresinin NAb yanit1 ve titresi lizerine potansiyel
etkisi goz ard1 edilemez.

Sonug: Antikor yamitinin varligi, iyilesme icin tek belirle-
yici faktor degildir. Siddetli hastaliga sahip olan hastalarda
NAb yanit1 ve titresi digerlerine kiyasla daha yiiksek sap-
tandi. Sagkalim analizi, bu farkin en azindan kismen,
semptom baslangicindan sonra antikor test zamanina
(taburculuk) kadar gecen siirenin etkisi ile aciklanabile-
cegini diislindiirmektedir.

Anahtar kelimeler: antikor yamiti; COVID-19; humoral
immunite; IgM ve IgG; notralizan antikorlar.

Introduction

COVID-19 pandemic threatens global public health with
heavy economic/social impacts. The protective immune
response elicited by primary infection is crucial to prevent
re-infection. Limited information is available about the
elicited protective immunity by SARS-CoV-2. In an animal
study, acquired immunity due to primary infection with
SARS-CoV-2 presented protection against subsequent in-
fections [1]. Although humoral antibodies in recovered
COVID-19 patients have been reported, the titers were very
low in some patients [2, 3].

Neutralizing antibodies (NAbs) are crucial compo-
nents of protective immunity. The S-protein is the main
determinant of SARS-CoV-2 infection, responsible for viral
attachment, fusion, and entry into host cells [4]. Conven-
tional virus-neutralizing assay (VNA) is the gold standard
for determining NAbs [5].

The dynamics of NAb titers in COVID-19 and its associ-
ation with clinical severity may have a significant impact on
predictions about protective use of convalescent serum,
implementation of plasma therapies, and effectiveness of
vaccines. A case series of 129 laboratory-confirmed COVID-19
patients, subsequently hospitalized between March 15
and April 30, 2020, were investigated retrospectively in a
tertiary care university hospital. Indirect enzyme-linked
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immunosorbent assay (ELISA) and VNA results at the time
of hospital discharge were used in the analyses. The primary
aim of the present study was to determine the factors affecting
the presence and titers of antibodies up to 30-days after the
onset of symptoms. The secondary aim was to compare in-
house ELISA test results and VNA results and determine the
ELISA kit’s sensitivity and specificity.

Materials and methods
Ethical statement

Official permission was obtained from the Ministry of Health, and the
Ethical Committee approved the study protocol of Ankara City Hos-
pital (E1-20-532,7.5.2020).

Study design and participants

Data from 129 adult COVID-19 patients admitted to Ankara City Hos-
pital. All participants met the diagnostic criteria according to WHO
interim guidance [6] (Figure 1).

Demographic, clinical, chest computer tomography (CT) findings,
oro/nasopharyngeal swab sample RT-PCR results for SARS-CoV-2 were
extracted from electronic medical records and case follow-up forms.

Two patients were asymptomatic at admission and were
excluded in analyses based on the time from symptoms to testing.
Patients were classified as severe and non-severe cases according to
the National Institutes of Health (NIH) classification, in assessing
whether severity was associated with immunological response [7].

Serum samples were obtained from patients on the day of hospital
discharge to analyze antibody response. SARS-CoV-21gG was analyzed in
sera samples using ELISA. The presence and titers of NAbs were analyzed
with VNA. The cut-off for NAb positivity was 1:5, and it was used for
comparing NAb positive and negative patients. The median NAb titer
detected in this study (1:25) was used to compare patients with higher and
lower titers (patients with 1:25 or higher vs. lower titers) to determine the
potential factors that may elicit higher NAD titers.

The time from symptoms onset to collection of serum samples
was recorded for each patient for statistical analyses. Before per-
forming the tests, the serum samples were heat inactivated at 56 °C for
30 min and stored at —20 °C until used.

To determine the factors affecting the presence of antibodies in
the early convalescent period, NAbs-positive patients were compared
with NAbs-negative ones. Additionally, patients with higher and lower
titers of NAbs were compared to elucidate the factors that may have an
impact on eliciting higher NAD titers.

Production of in-house ELISA for detection of SARS-CoV-2
I1gG and IgM

The receptor-binding domain (RBD) of SARS-CoV-2 (MN908947) spike
protein was expressed in the HEK-293T cells (ATCC® CRL-3216), puri-
fied, and used as the ELISA antigen. The details about the production
method of recombinant RBD-antigen for in-house ELISA tests are
summarized in Supplementary file 1[8]. For negative controls (NCs) in
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¢ 144 suspected COVID-19 patients were

evaluated by Deparment of Infectious *
Diseases between March 15- April 30,

2020.

SARS-CoV-2 PCR or antibody (IgM, IgG,
NAb) negative, and clinically diagnosed
15 patients were excluded.

}

¢ 97 were SARS-CoV-2 PCR positive, 32 had only SARS-CoV-2 specific antibodies

¢ 129 confirmed patients were enrolled.

¢ 27 patients were includedin all .
analyses.

2 patientsdid not haveany symptom.
Interval of symptoms onset to antibody
test was not calculated. They were

excluded from related analysis.

Figure 1: Flowchart of the study.

tests, serum samples from nine healthy volunteers were randomized
into 3 groups and pooled to obtain 3 different NC samples. Each patient
sample and the NC material were assayed in triplicates, and means of
absorbance values were used for interpretation. The samples with
mean optical densities (ODs) equal to or greater than 0.22 were eval-
uated positive, and negative were equal to or less than 0.18. OD values
between these values were deemed indeterminate.

Virus neutralization assay (VNA)

VNA was performed in microtiter plates as described by Hanifehnezhad
et al. [9]. Briefly, two-fold diluted serum samples, starting from 1:5
(the threshold dilution for positivity), were mixed with an equal vol-
ume of 100TCIDsq SARS-CoV-2 Ank1 isolate (1:10,000) in quadrupli-
cates and incubated for 1h at 37 °C for neutralization. The serum-virus
mixtures were subsequently inoculated onto 90% confluent Vero E6
cells grown in 96-well plates. VNA was evaluated via an inverted
microscope when 100% cytopathic effect (CPE) was observed in virus
control wells. Seroconversion detected in 1:5 dilution of test serums
was accepted as the threshold. The positive serum samples were
subsequently five-fold diluted starting from 1:10 dilution. The mean
NAD titer was taken as the dilution factor in which 50% of the infection
of the 100TCID50 virus was blocked. For instance, if the virus-
neutralization was recorded 0/4 in 1:5 dilution and 4/4 in 1:10 dilution,
the mean NAD titer (SN50) of the given virus was accepted as 1:7.5.

Statistically calculated median NAb titer of the patients detected
in this study (1:25) was used in the comparison of the patients. To
determine the “median” NAb titer, NAD titers of the individuals were
ranked from the lowest to the highest. The value of the middle
observation was taken in cases for odd number of observations, and
the arithmetic average of the two observations in the middle was taken
for an even number of observations.

VNA was accepted as a reference test for validity analysis. Sen-
sitivities and specificities of 1gM and 1gG ELISA tests were calculated
with the following formulas: sensitivity=(number of 1gG or IgM, and
NAbs positives)/number of NAbs positives with VNA) x 100, specif-
icity=(number of 1gG or IgM, and NAbs negatives/number of NAbs
positives with VNA) x 100.

Statistical analysis

Statistical analyses were performed using SPSS v.21.0 (Armonk,
NY, USA). The Kolmogorov-Smirnov test was performed to check
the normality of the variables. Descriptive analysis was pre-
sented using mean + SD for normally distributed variables and
median (minimum-maximum) for non-normally distributed var-
iables. Demographic and laboratory data were compared with the
student’s t-test for parametric and the Mann-Whitney U test for
non-parametric variables. Comparisons for categorical variables
were executed using the Chi-square test or Fisher’s exact test.
Kruskal Wallis test was used for comparisons of more than two
groups.

The odds ratio is defined as the odd that an outcome may occur
given a particular exposure compared to the odds of the outcome
occurring in the absence of that exposure.

The rate ratios and confidence intervals were calculated using the
“rate ratio. test” package in the R software (version 3.6.1).

Potential associations between disease severity and the NAb
status were studied using the Kaplan-Meier analysis via the time
through the date of hospital discharge (i.e., time of testing).

Distributions of NAb titers among different patient sub-categories
were analyzed with Mann—-Whitney U test and plotted by GraphPad
Prism version 9 (GraphPad Software, San Diego, California, USA).
Statistical significance was defined as p<0.05.
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Results

antibody tests (n=111, 86%). The mean age of the patients was
46.4 + 15.8 years, and 54.3% of them were male. The median

Clinical and radiological characteristics of length of hospital stay was 7 days (min—max: 1-24 days). NAb

COVID-19 patients

positivity was significantly higher on admission in patients
with fever (69.5%, Chi-Square test, p=0.05) and dyspnea
(74.3%, chi-square test, p=0.05) (Tablel).

All patients had chest CT findings and/or concordant symp- Serum samples were obtained to test for antibodies
toms for SARS-CoV-2 infection, in addition to laboratory against SARS-CoV-2. Patients were grouped for analyses
confirmation with a positive PCR (n=97, 75.2%) and/or into three, as 5-9, 10-14, and 15-28 days after symptom

Table 1: Demographic, clinical, and radiologic characteristics of the patients with COVID-19.

Total

n=129 (%)*

NAbs NAbs Pvalue*  SN5o>1:25 SNso< 1:25 P value®®
positive negative n=41(%)* n =288 (%)"
patients patients

n=78 (%)* n=51 (%)"

Age, mean + SD, years 46.4+£15.8 48.1+14.7 44 +17.5 >0.05 49.7 +16.4 44.9 +16.4 0.076
Male gender 70 (54.3) 45 (64.3) 25(35.7) »0.05 27 (38.6) 43 (61.4) 0.07
Healthcare professional 10 (7.8) 5 (50.0) 5(50.0) >0.05 2 (20.0) 8(80.0) >0.05
PCR confirmation 97 (75.2) 55 (56.7) 42 (43.3) >0.05 25 (25.8) 72 (74.2) 0.011
IgG antibody

Positive 67 (51.9) 53 (79.1) 14 (20.9) <0.001 37 (55.2) 30 (44.8) <0.001
Negative 59 (45.7) 22(37.3) 37 (62.7) 2(3.4) 57 (96.6)
Indeterminate 3(2.3) 3(100.0) - 2(66.7) 1(33.3)

IgM antibody

Positive 39 (30.2) 37 (94.9) 2 (5.1) <0.001 28 (71.8) 11 (28.2) <0.001
Negative 88 (68.2) 39 (44.3) 49 (55.7) 13 (14.8) 75 (85.2)
Indeterminate 2(1.6) 2 (100.0) — — 2(100.0)

NADbs titer (SN50), median (min-max) 7.5 (0-1250) 25 (5-1250) — 25 (25-1250) 0 (0-10) <0.001
Severe patients 23 (100.0) 18 (78.3) 5(21.7) 0.05 12(52.2) 11 (47.8) 0.021
Non-severe patients 106 (100.0) 60 (56.6) 46 (43.4) 29 (27.4) 77 (72.6)

Onset of symptoms to antibody test*, 11 (5-28) 12 (5-28) 8(5-22) <0.001 12 (7-28) 9 (5-23) <0.001
median day (min-max)

Abnormalities on chest CT 111 (86) 74 (66.7) 37 (33.3) <0.001 41 (36.9) 70 (43.1) <0.001
Early stage** 75 (58.1) 46 (61.3) 29 (38.7) 0.012 23 (30.7) 52(69.3) 0.012
Advanced stage*** 36 (35.2) 28 (77.8) 8(22.2) 18 (50.0) 18 (50.0)

The onset of symptom to hospital admis- 5 (0-15) 5(1-15) 4 (0-14) 0.05 6 (1-15) 5(0-15) >0.05
sion*, median day (min-max)

Length of hospital stay, median day (min-max) 7 (1-24) 8 (3-24) 7 (1-15) 0.012 8 (3-24) 7 (1-16) 0.046
ICU requirement (n=9) 9(7) 8 (88.9) 1(11.1) 0.087 5(55.6) 4 (44.4) >0.05
APACHE Il score, median (min-max) 6 (3-40) 8 (3-40) 3 >0.05 10 (3-11) 4.5 (3-40) »>0.05
Comorbidity 40 (31.0) 24 (60.0) 16 (40.0) >0.05 12 (30.0) 28 (70.0) >0.05
Diabetes 11 (8.5) 8(72.7) 3(27.3) >0.05 4 (36.4) 7 (63.6) >0.05
Hypertension 26 (20.2) 16 (61.5) 10 (38.5) >0.05 9 (34.6) 17 (65.4) >0.05
COPD 10(7.8) 5(50.0) 5(50.0) >0.05 2 (20.0) 8(80.0) >0.05
Cardiovascular disease 7 (5.4) 4 (57.1) 3 (42.9) >0.05 2 (28.6) 5(71.4) >0.05
Respiratory rate (/min), median (min-max) 22 (16-36) 22(16-28) 22 (16-36) >0.05 22 (18-36) 22(16-28) <0.001
Sign and symptoms on hospital admission

Asymptomatic 2 (1.6) 2 (100.0) - NA 1 (50.0) 1(50.0) NA
Fever 59 (45.7) 41 (69.5) 18 (30.5) 0.05 20 (33.9) 39 (66.1) >0.05
Dry cough 83(64.8) 49 (59.0) 34 (41.0) >0.05 26 (31.3) 57 (68.7) >0.05
Dyspnea 35(27.1) 26 (74.3) 9 (25.7) 0.05 18 (51.4) 17 (48.6) 0.003
Diarrhea 7 (5.4) 5(71.4) 2 (28.6) >0.05 1(14.3) 6(85.7) >0.05
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Total NAbs NAbs Pvalue*  SN5o>1:25 SNso < 1:25 P value®
n=129 (%)* positive negative n=41 (%)* n =88 (%)"
patients patients

n=78 (%)* n=51 (%)"*
Oxygen support
Nasal cannula 28 (21.7) 20 (71.4) 8(28.6) >0.05 13 (46.4) 15 (53.6) 0.027
High-flow nasal cannula 1(0.7) 1(100.0) 0 NA 0 1(100.0) 0.035
mv 1(0.7) 1(100.0) 0 NA 1 (100.0) 0 -
Treatment (single or combined)
Chloroquine 121 (93.8) 75 (62.0) 46 (38.0) >0.05 39 (32.2) 82 (67.8) >0.05
Favipiravir 20 (15.5) 13 (65.0) 7 (35.0) >0.05 8 (40.0) 12 (60.0) >0.05
Oseltamivir 29 (22.5) 23 (79.3) 6(20.7) >0.05 12 (41.4) 17 (58.6) >0.05
Death 1(0.8) 1(100.0) 0 NA 0 1(100.0) -

Data are median (minimum value-maximum value) or n (%). *Row percentage, #ine percentage, P values® comparing patients with NAbs
positive and negative. P values** comparing higher NAbs titers and lower NAbs titers. NA, non-applicable; NAbs, neutralizing antibodies; ICU,
intensive care unit; COPD, chronic obstructive pulmonary disease; MV, mechanical ventilation; SN50, median NAbs titers. *Two asymptomatic
patients could not be included in this analysis. **Single or multiple patchy ground glass opacities predominantly in the peripheral areas of the
lungs, ***bilateral multi-lobar ground glass opacities, and consolidation.

Table 2: Comparison of demographic, clinical, and radiologic characteristics of the severe and non-severe patients with COVID-19.

Total n=129 (%) Severe n=23 (%) Non-severe P value*
patients n=106 (%)
Age, mean + SD, years 46.4 +15.8 60.9 +13.5 43.4 +14.7 <0.001
Male gender 70 (54.3) 13 (56.5) 57 (53.8) >0.05
Healthcare professional 10 (7.8) 1(4.3) 9(8.5) >0.05
PCR confirmation 97 (75.2) 18 (78.3) 79 (74.5) >0.05
NAbs positivity 78 (60.5) 18 (78.3) 60 (56.6) 0.054
NAbs titer (SN50), median (min—-max) 7.5 (0-1250) 25 (0-1250) 7.5 (0-1250) 0.009
IgG antibody
Positive 67 (51.9) 19 (82.6) 48 (45.3) 0.006
Negative 59 (45.7) 4(17.4) 55(51.9)
Indeterminate 3(2.3) 0 3(2.8)
lgM antibody
Positive 39(30.2) 9(39.1) 30 (28.3) 0.25
Negative 88 (68.2) 13 (56.5) 75 (70.8) >0.05
Indeterminate 2(1.6) 1(4.3) 1(0.9)
The onset of symptoms to antibody test*, median day (min—-max) 11(5-28) 15 (7-28) 9 (5-23) <0.001

onset. The median time from onset of symptoms to anti-
body test was 11 days (5-28 days). It was median 9 days
(5-23; min—-max) in mild patients and median 15 days
(7-28; min-max) in severe ones (Table2).

NAD positivity was significantly higher in patients with
abnormalities on chest CT (66.7% vs. 33.3%, chi-square
test, p<0.001). Bilateral multi-lobar ground-glass opacities
and consolidation on admission were determined in 35.2%
of the patients. Patients with advanced stage abnormalities
on chest CT (such as bilateral multi-lobar ground glass

opacities and consolidation) had significantly higher NAb
titers at hospital discharge (chi-square test, p=0.012)
(Tablel).

The distribution of NAb titers obtained in the discharge
serum of the patients were plotted by age, gender, disease
severity, and chest CT findings at the time of admission
(Figure 2). Age and gender had no significant impact on
NAD titers (Figure 2A and B). The median NAD titer (SNs)
was 1:25 (interquartile range (IQR) 1:42.5) in severe patients
and 1:7.5 (IQR 1:25) in non-severe counterparts (Mann—
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A 1044 p=0.57 B 104 p=0.07 significantly higher in samples obtained after ten days
from symptom onset (10-14 days and 15-28 days were
103 ° | 10%- - combined) than in samples obtained within ten days after
- m onset (75% vs. 42.4%, respectively. chi-square test,
g 102 = . g 102~ et p<0.001).NAb positivity was the highest (79.5%) among
§ - ‘Z_ - those who were tested 10-14 days after symptom onset
SRS, e e (chi-Square test, p<0.001) (Figure 3).
101_ - ® 101— - = .
. N . — IgM and IgG antibody response were 20.3% and 44.1%
. ; among patients who were sampled on days 5-9 since
10 T T 10 T T 0, 0 14 0 0,
€0 56D Female Male onset, 34.1 /0 and 47.7% on days 10-14; 50% and 83‘.3 %%
among patients who were sampled on days 15-28 since
Age Gender .
onset (Figure 3).
C 10 p=0.008 D 104  p=0.006 IgG response was determined in 82.6% of the severe
 — 1 patients and 45.3% of the non-severe patients as of their
1034 . . 1034 ¢ & hospital discharge (chi square test, p=0.006) (Table2).
@ . . 2 . . NAbs occurred in eight of the nine patients (88.9%) who
g 104 - wan < 107 : = needed ICU care (Table 1). The median SNs, level was
= . = —-— determined as 1:25 in severe patients and it was 1:7.5 in the
107- 10"+ - non-severe group (Mann-Whitney U test, p=0.009) (Ta-
- ble2). Only two male patients had the highest (>1:1250) ti-
0.
100 10 Q: ; ters of NAb; one of them was 36 years old with non-severe
‘q[ ‘,; ,}19 ‘}'29 SARS-CoV-2 infection and tested on day 12 after symptom
9040 ,oe;‘e ,,,&\* o&b onset. The other was 50 years old, with severe COVID-19,
eo‘\ v&q’ and was tested on day 28.

Patients’ severity Thorax CT abnormality

Figure 2: Distribution of neutralizing antibody titers against severe
acute respiratory syndrome-Coronavirus-2 in different patient groups.
CT, computed tomography, NAb: neutralizing antibody.

Whitney U test, p=0.008) (Figure 2C). The median NAb
titers were 1:17.5 (IQR 1:20) and 1:7.5 (IQR 1:17.5) in patients
with advanced and early stage findings on thorax CT,
respectively (Figure 2D).

Severe patients constituted 17.8% (n=23) of the total
patients, of whom nine (39.1%) required ICU support dur-
ing the follow up. The mean age of the severe and non-
severe patients was 60.9 + 13.5 and 43.4 + 14.7 years,
respectively (Student’s t-test, p<0.001) (Table2).

Seroconversion characteristics of NAbs,
lgM, and IgG against SARS-CoV-2

The seroconversion rates at the time of hospital discharge
were 60.5%, 30.2%, and 51.9% for NAb, IgM, and IgG,
respectively. Using the VNA as the reference test, the
sensitivity and the specificity of the IgG test was deter-
mined to be 67.9% and 72.5%, respectively. The median
time to testing (discharge) were longer (12 vs. 8 days,
Mann-Whitney U test, p<0.001) in the group with NAb
positivity at discharge (Table 1). NAb positivity was

Comparison of the VNA and ELISA

A total of 129 discharged serum samples of the patients were
analyzed with both in-house ELISA kit and VNA assay. We
found that 39 (30.2%), 67 (51.9%), and 78 (60.5%) samples
were IgM, IgG, and VNA positive, respectively. In addition,
out of all 129 serum samples of the patients, 53 (53/129:
41.1%) samples were positive, and 37 (37/129: 28.7%) were
negative in both IgG ELISA and VNA assays. Fourteen
samples were VNA-negative but IgG ELISA positive, whilst
22 samples were VNA-positive but IgG ELISA negative. Three
samples were indeterminate in IgG ELISA while positive
with VNA (Tablel). Accordingly, sensitivity and specificity
values for IgG ELISA were 67.9% and 72.5% and 47.4% and
96.1% for IgM ELISA, respectively.

Subgroup analyses of patients sampled at least ten
days after symptom onset showed that both sensitivity and
specificity values for IgG ELISA were 70.6%. These values
were 49.0% and 88.2% for 1gM ELISA, respectively.

Association of disease severity with NAb
presence and higher titers of NAb

In the study, the length of hospital stays of the patients
varied largely, and so were the timing of antibody testing
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Figure 3: Seroconversion characteristics of severe acute respiratory syndrome-Coronavirus-2 specific neutralizing antibody (NAb), immu-

noglobulin M (IgM), and immunoglobulin G (1gG).

after the detection of the first symptoms. To adjust for
follow-up times, incidence rate and rate ratios were calcu-
lated for individual groups and group comparisons. Inci-
dence rate corresponded to the number of patients with
NAbs positivity at hospital discharge divided by person-
days. The rate ratio equals the relative incidence rate of the
risk group of interest vs. the control group’s. The rate ratios
for the presence of NAb (any vs. none) at hospital discharge
were 1.16 (95% CI=0.67-2.01, p=0.68) and 0.66 (95%
CI=0.33-1.27, p=0.24), comparing patients with discharge at
days 10-14 and 15-28 after symptoms onset, respectively,
considering the patients discharged within 10 days after
symptoms onset as the reference group. In Kaplan—Meier
analyses, the presence of NAb seems to get positive earlier in
the follow-up compared to that in severe cases. Yet, NAb
positivity among severe cases surpasses that in the non-
severe cases as the length of stay increases. The study design
hinders our ability to detect the initial time for NAb pro-
duction; instead, NAbs were assessed only once in each
patient at discharge. To control for the potential confound-
ing effect of the timing of NAb measurement, Kaplan—Meier
curves were further stratified on follow-up time periods,
such as days 5-9, 10-14, and 15-28 after symptom-onset.
These analyses revealed no statistically significant differ-
ence between severe and non-severe cases regarding time-
to-NAb presence in any of the time periods (log rank test

p-values were 0.32, 0.31 and 0.60, for days 5-9, 10-14, and
15-28 after symptom-onset, respectively) (Figure 4A-C).
Overall, a significant difference was obtained for higher NAb
titers (i.e., 1:25 or higher vs. lower titers) favoring severe
cases (OR=2.89, 95% CI=1.15-7.28, chi square test, p=0.021)
(Table 1). This difference disappeared in survival analysis
when time-to-event (i.e., testing) was adjusted (log rank test
p=0.15) (Figure 4D).

Discussion

The characteristics and dynamics of NAb response to
SARS-CoV-2 infection remain poorly understood. There are
many questions to be explained, including the percentage
of patients eliciting NAb after primary infection in protec-
tive titer, and whether there is a correlation between the
clinical course of COVID-19 and the NAb response.

In this study, we investigated IgM, IgG, and NAb
response in sera of confirmed COVID-19 patients at the time
of hospital discharge. Proportional prevalence of IgM was
reported lower than IgG prevalence in a study aiming to
investigate acute antibody responses in a cohort having
various clinical aspects of COVID-19 [10]. In addition, the
initial occurrence of IgM and IgG antibodies was found
different in various patients. Wang et al. also reported two



>

SEVEREINONSEVERE

—Non-severe

—MSevere
+~Non-severe-censored

—+—Severe-censored

1.25

1.00

0.75

Cumulative Hazard (NAbs presence)

0 2 4 6 8 10

Onset of symptoms to antibody test (days)

(@)

25 SEVEREINONSEVERE
~Non-severe
—Severe
~—Non-severe-censored
—+Severe-censored

Cumulative Hazard (NAbs presence)

0 5 10 15 20 5
Onset of symptoms to antibody test (days)

Figure 4: Hazard curves of NAbs by the severity of patients.

Bastug et al.: Neutralizing antibody response and associated factors

DE GRUYTER

30 SEVERE/INONSEVERE
—Non-severe

+  —TSevere
—Non-severe-censored
—+Severe-censored

p=0.31

Cumulative Hazard (NAbs presence)

.0 25 5.0 75 10.0 125

Onset of symptoms to antibody test (days)

25 SEVEREINONSEVERE
~Non-severe
—Severe
~Non-severe-censored
—+—Severe-censored

Cumulative Hazard (NAbs titer > 1:25)

Onset of symptoms to antibody test (days)

(A) Association between NAbs presence and severity of disease was not statistically significant log rank test p-value=0.32 (strata 1=5-9 days).
(B). Association between NAbs presence and severity of disease was not statistically significant log rank test p-value=0.31 (strata 2=10-
14 days). (C). Association between NAbs presence and severity of disease was not statistically significant log rank test p-value=0.60 (strata
3=14-28 days). (D). Association between NADb titer (21:25 vs. <1:25) and severity of disease was not statistically significant log rank test

p-value=0.15.

patients with confirmed COVID-19 pneumonia failed to
produce either IgM or IgG even 40 to 50 days after their
symptom onset [11]. Similarly, IgM was found under the
detection limit in 69.8% of the patients in our study. It was
expected that there would be more patients with IgM re-
sponses during this time. Opposing to NAb prevalence over
60%, the low IgM positivity may indicate the limited per-
formance of the ELISA protocol in detecting RBD-specific
IgM antibodies. This limitation needs to be confirmed by re-
testing the samples using ELISA protocols targeting anti-
body responses specific to N-protein [12]. In the present
study, antibody testing was conducted at the time of hos-
pital discharge to maximize the time interval between
testing and the onset of symptoms. Given that patients
varied in clinical severity at admission, the period of hos-
pitalization varied, as well. The median time to antibody
test were 11 days (ranged 5-28 days) after the onset of
symptoms. It was significantly shorter in patients with mild
clinical disease (9 vs. 15 days). This limitation in the study
leads to varying durations between the onset of symptoms
and time for testing, which might have hindered our ability

to detect NAb presence among those discharged from the
hospital early.

Yuchun et al. reported that 85.9% of the patients with
SARS-CoV infection had positive NAb responses, which was
first detectable from day 5 after the onset of symptoms and
reached a peak level in days 20-30 [13]. NAb was detected in
60.5% of the patients in our study population. The highest
NAD positivity was seen in patients discharged at 10-14 days
after symptom onset, while lower levels were detected in
those hospitalized longer than 15 days. The inability to pre-
sent a dose-response effect (if any) could be linked to the
detection bias in the study, given that these tests were not
longitudinal measurements in the same cohort. Furthermore,
the antibody response may be different due to variations in
patient profiles, which could be a direct predictor of hospital
stay. Future cohorts of adequate size and serial sampling are
clearly required to reveal the exact pattern(s) of antibody
levels over time, extending to months and even years,
following COVID-19 infection.

Previous studies have shown that some recovered
COVID-19 patients had very low NAb titers against
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SARS-CoV-2 [3, 14]. In our study, more than two-thirds of
the patients (88/129) had low titers (SN5y<1:25) of NAbs,
although all (except one) recovered successfully. This may
be due to the insufficient time for antibody development
during sample collection for testing. These results may also
suggest that cellular immunity may impact the recovery of
the patients in the absence of detectable protective humoral
immune response. T cell-mediated immunity’s important
role in controlling infection was reported previously [15].
Similarly, Yazici et al. also reported that nearly one-fifth of
the patients had no or low titers of NAbs against SARS
CoV-2. They also concluded that recovery was not only
dependent on high titers of NAbs [14].

On the other hand, in the present study, two male
patients had remarkably high SNs, levels (>1:1250). One of
them was 36 years old with non-severe SARS-CoV-2 infec-
tion; tested on day-12 after symptom onset. The other was
50 years old, with severe COVID-19, and was tested on day
28 after symptom onset. Both were discharged healthy.

Previous studies have reported a significant correla-
tion between disease severity and NAb titers [14, 16]. Zhao
et al. reported that antibody titers could be an independent
factor predicting the clinical severity of SARS-CoV-2
infection [16]. Moreover, it was reported earlier that lung
damage and worsening in clinical course by the second
week of SARS-CoV infection may be due to the exaggerated
immune response rather than uncontrolled viral replica-
tion [13, 17]. Moderbacher et al. also reported no significant
associations between SARS-CoV-2 antibodies and disease
severity, while associations were found between strong
specific T cell responses and low COVID-19 disease
severity [15]. In our study, out of 23 severe patients, 52.2%
(n=12) had higher NAbD titers (SN5,>1:25), the odds ratio of
high NAbs was 2.89 among severe patients compared to
non-severe patients (95% CI=1.15-7.28, chi square test,
p=0.021). However, when time-to-event was controlled,
NAb presence was not statistically significantly associ-
ated with disease severity. In this study, the variation in
the timing of NAb testing after symptom onset among
patients, which is mainly dependent on the fact that
length of the hospital stay is subject to disease severity,
and patients are tested for their NAb levels right before
hospital discharge, might have systematically biased the
actual potential for NAb formation. Furthermore, varia-
tions in the definition of severity (with or without control
for potential confounders, including patient character-
istics and the time elapsed between symptom onset and
sampling for antibody test) may lead to inconsistent
findings in different studies. Future studies are clearly
required to elucidate the mechanisms underlying NAb
response in COVID-19 patients.
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Wu et al. reported that the NAb titers were positively
correlated with age [3]. There was no significant associa-
tion between age and the NAb titers in our study. Chen et al.
reported that patients with more profound lung involve-
ment had higher titers of NAbs [18]. In line with this report,
our patients with advanced stage CT findings had signifi-
cantly higher NAD titers.

The relationship between VNA and ELISA results was
also evaluated in the present study. The positive results of
IgG ELISA were found similar to the VNA results (51.9% vs.
60.5%). In patients sampled at least ten days after symp-
tom onset, both sensitivity and specificity values for IgG
ELISA were increased to 70.6%. These values were deter-
mined as 49.0% and 88.2% for IgM ELISA, respectively. On
the other hand, there were 14 patients with positive I1gG
ELISA results but negative NAb results. These results
indicate that not all produced antibodies are capable to
neutralize the growth of the virus in vitro, as reported
previously [14], in line with the fact that the neutralizing
capacity of an antibody is related not only to its epitope
specificity but also to its maturation.

As seen in Figure 3, the IgM negativity detected within
10 days after onset was quite higher than the IgM negativity
detected in the samples taken 10 days after onset, and also
a decrease was detected in the IgG negativity between
these two periods. This finding indicates that either IgM
and IgG antibody response occurred almost simulta-
neously during the first 10-12 days as described before [19]
or the ELISA system was not fully capable of differentiating
IgM and IgG immune responses.

There are some limitations to our study. Studying the
potential association between the time of testing and the
onset of symptoms might have obscured the dose-response
effect (if any), given that convalescent sera were obtained
only once.

In addition, the “high NAb titer” was determined in the
study based on the median SNs, level (1:25) in the study
population. Further studies are needed to assess the ac-
curacy of predictors of higher titers of NAbs such as SN
levels=1:250.

Despite its limitations, our study revealed significant
associations between clinical findings on admission and
higher NAbD titers, suggesting that such factors should be
considered in future studies on the immune response to
COVID-19. Finding of non-significant association between
disease severity and NAb presence/titers deserves special
attention in developing alternative pathophysiological
explanations. Time dependent analysis of NAbs among
COVID-19 patients is required for the valid investigation of
the nature of immunological response and its implica-
tions on various therapeutic interventions and herd
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immunity. Large, heterogeneous cohorts of COVID-19 pa-
tients are clearly required to investigate immune response
after recovery.
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