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Objectives: This study aimed to evaluate dynamics of antibody levels after exposure to SARS-CoV-2 for 

12 months in Dutch non-vaccinated hairdressers and hospitality staff. 

Methods: In this prospective cohort study, blood samples were collected every 3 months for 1 year and 

analyzed using a qualitative total antibody enzyme-linked immunosorbent assay (ELISA) and a quantita- 

tive immunoglobulin (Ig)G antibody ELISA. Participants completed questionnaires, providing information 

on demographics, health, and work. Differences in antibody levels were evaluated using Mann–Whitney 

U and Wilcoxon signed-rank tests. Beta coefficients ( β) and 95% confidence intervals (CIs) were calculated 

using linear regression. 

Results: Ninety-five of 497 participants (19.1%) had ≥1 seropositive measurement before their last visit 

using the qualitative ELISA. Only 2.1% (2/95) seroreverted during follow-up. Of 95 participants, 82 (86.3%) 

tested IgG seropositive in the quantitative ELISA too. IgG antibody levels significantly decreased in the 

first months ( P < 0.01) but remained detectable for up to 12 months in all participants. Older age ( β , 

10-years increment: 24.6, 95% CI: 5.7-43.5) and higher body mass index ( β , 5kg/m ² increment: 40.0, 95% 

CI: 2.9-77.2) were significantly associated with a higher peak of antibody levels. 

Conclusion: In this cohort, SARS-CoV-2 antibodies persisted for up to 1 year after initial seropositivity, 

suggesting long-term natural immunity. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Since the start of the COVID-19 pandemic in early 2020, over 

64 million confirmed cases and over 6 million deaths have been 

eported globally (July 22, 2022) [33] . In the Netherlands (total 

opulation: 17.6 million), 8.3 million inhabitants have officially 

een diagnosed with COVID-19 [34] . This number is an underesti- 

ation of the actual number of cases because not all people were 

ested for severe SARS-CoV-2 infections. Hence, a significant per- 

entage of the population has developed natural immunity against 

ARS-CoV-2 at some point during the pandemic [2] . 

Research on the natural immune response after exposure to 

ARS-CoV-2 could aid a better understanding of the duration of 
iety for Infectious Diseases. This is an open access article under the CC BY license 
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rotective immunity. This information is crucial in assisting public 

ealth decisions, for example, for estimating the effects of restrict- 

ng social activities, but also in weighing the benefit of vaccinating 

ore people worldwide vs providing extra doses to those having 

eveloped natural immunity. 

In most studies examining natural immunity after COVID-19, 

he study population consisted of patients who had a severe infec- 

ion, usually requiring hospitalization or healthcare workers [ 2 , 28 ]. 

owever, such populations may not adequately represent the gen- 

ral population, and it is especially important for policymakers 

o have knowledge of the duration of protective immunity in the 

verall population. 

A small number of studies investigated the immune response 

fter natural SARS-CoV-2 infection in a generic population [ 1 , 3–

 , 14 , 19 , 21 , 26 ]. These studies report contrasting data regarding the

uration of detectable antibody levels. Various factors may have in- 

uenced these seemingly contrasting findings, such as differences 

n assay used or study population. Many studies have a cross- 

ectional design, while the dynamics of antibody development af- 

er infection can vary widely among individuals [21] . Hence, lon- 

itudinal studies are needed to improve our understanding of the 

uration of natural immunity against SARS-CoV-2 in the general 

opulation. 

Previously, we introduced COco, a Dutch cohort study evaluat- 

ng antibodies against SARS-CoV-2 in 497 hairdressers and hospi- 

ality staff [23] . Antibodies were measured for up to 12 months 

n non-vaccinated individuals. Here, we evaluated the dynamics of 

ntibody levels in this healthy population of individuals who fre- 

uently have contact with other people at work, thereby being po- 

entially exposed to the coronavirus while not being trained to take 

easures to prevent infection, similar to the general population. 

e studied both the presence and quantity of antibodies over time 

nd tested whether baseline variables were associated with anti- 

ody peak levels and dynamics. 

ethods 

tudy design and population 

COco is a prospective cohort study that evaluated SARS-CoV- 

 antibodies in non-medical contact-based professions in the 

rovince of North-Brabant in the Netherlands. Its design, recruit- 

ent, and population have been described previously [23] . Hair- 

ressers and hospitality staff (n = 497) were recruited in June/July 

020; individuals were followed for up to 1 year during four visits 

r until vaccination. No participants were hospitalized for COVID- 

9. In the current study, we selected participants who tested 

eropositive before their last visit to analyze antibody titers over 

ime. Participation was voluntary after providing written informed 

onsent. 

ata collection and analyses 

Blood samples were collected from each participant at four 

imepoints for approximately 1 year. During venipuncture, 3.5 ml 

lood was drawn, and serum was analyzed by the Microvida Labo- 

atory for Medical Microbiology using the qualitative Wantai SARS- 

oV-2 total antibody enzyme-linked immunosorbent assay (ELISA) 

Wantai Biological Pharmacy Enterprise Co., Ltd., Beijing, China) per 

he manufacturer’s instructions [23] . The manufacturer defined an 

bsorbance to a cut-off ratio (A/C.O.) ≥1.1 as seropositive, A/C.O. 

.9-1.0 borderline seronegative, and A/C.O. < 0.9 seronegative. Ad- 

itionally, we divided seropositivity with an A/C.O. ≥10.0, 2.0- 

.9, and 1.1-1.0 into strongly seropositive, seropositive, and weakly 

eropositive, respectively. As such, these test results were evaluated 

ualitatively and semi-quantitively, similar to earlier studies [24] . 
156 
For the additional quantitative analyses, we included all sam- 

les from all participants who had a seropositive (A/C.O. ≥1.1) or 

orderline seronegative (A/C.O. 0.9-1.0) sample in the qualitative 

LISA at a measurement before their final visit. These samples al- 

owed evaluation of antibody dynamics after an initial seropositive 

easurement. In addition, we randomly selected several partici- 

ants who were seropositive at their final visit only to evaluate 

greement between the two assays. The samples were analyzed by 

he National Institute for Public Health and the Environment us- 

ng the Anti-SARS-CoV-2 QuantiVac ELISA (immunoglobulin [Ig]G) 

est (EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, Ger- 

any). This is a quantitative ELISA determining the concentra- 

ion of IgG antibodies against the S1 antigen (including receptor- 

inding domain [RBD]) of SARS-CoV-2. It was performed on partic- 

pants’ serum using the EUROIMMUN Analyzer I platform per the 

anufacturer’s instructions. This ELISA has an estimated sensitivity 

nd specificity of 90.3% and 99.8%, respectively [7] . Antibody levels 

11 relative units per milliliter (RU/ml) were considered seroposi- 

ive, ≥8- < 11 RU/ml borderline, and < 8RU/ml seronegative. For in- 

epth analyses of IgG antibody dynamics, we selected all partici- 

ants with ≥1 seropositive result before their final visit. Addition- 

lly, we considered inclusion of participants with ≥1 borderline 

est result before their final visit. Three participants had a border- 

ine test result but no seropositive test result before the last visit. 

ne participant was included for in-depth analyses, as the partici- 

ant had a borderline test result followed by a seropositive test re- 

ult during the last two visits. The other two participants with bor- 

erline test results were excluded from the analyses: these partic- 

pants only had borderline and seronegative test results using the 

uantitative ELISA, while all four test results using the more sen- 

itive qualitative ELISA were seropositive. Therefore, we assumed 

hat the quantitative measurements were incorrect, and therefore, 

e excluded these from the analyses. 

To signify the development of IgG antibody levels, we calcu- 

ated differences between participants’ highest and lowest anti- 

ody levels. When antibody levels had decreased by 50% or in- 

reased by 100%, this was labeled as decreasing or increasing an- 

ibody levels, respectively. Doubled antibody concentrations after 

n initial ≥50% decrease were considered fluctuating antibody lev- 

ls. Other changes were labeled as stable antibody levels. To calcu- 

ate rates (percentage in antibody level changes per 3 months), we 

ubtracted the highest from the baseline antibody concentration 

nd divided it by the time between those measurements if par- 

icipants had increasing antibody levels; for those with decreasing 

ntibody levels, the antibody level peak and antibody concentra- 

ion at the last visit were used. Participants with fluctuating an- 

ibody levels were censored for rate calculations when antibodies 

ncreased. 

In addition, three web-based questionnaires were collected. The 

aseline questionnaire, collecting information such as demograph- 

cs, has been published previously [23] . After enrollment, partici- 

ants answered weekly a follow-up questionnaire (Supplementary 

uestionnaire 1), which collected information on health and work 

n the past week. Once every 3 months, the weekly questionnaire 

as expanded with questions regarding SARS-CoV-2 transmission 

isk outside work (Supplementary questionnaire 2). We analyzed 

ata from the baseline questionnaire; the variables we used are 

escribed in more detail in the Supplementary data. Furthermore, 

e analyzed several variables from the follow-up questionnaires: 

ymptoms possibly related to COVID-19, positive polymerase chain 

eaction (PCR) test result (yes/no), not shaking hands as a measure 

o prevent SARS-CoV-2 transmission (yes/no), being part of contact 

racing (yes/no) and have had contact with someone who tested 

ositive for SARS-CoV-2 (yes/no). The severity of COVID-19-related 

ymptoms was divided into two categories based on whether par- 

icipants did or did not report fever. 
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Figure 1. Flow chart depicting the percentage of participants with a seropositive test result a , per visit, as evaluated using the qualitative enzyme-linked immunosorbent 

assay. 
a Participants were excluded if their first seropositive test was at the last visit. 

A/C.O.: absorbance to cut-off ratio; A/C.O. < 2.0: weak seropositive; A/C.O. ≥10: strong seropositive; LFU: lost to follow-up (either due to last visit or no-show). 
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tatistical analyses 

Descriptive statistics and frequencies were used to analyze 

aseline characteristics. Baseline characteristics were compared us- 

ng chi-square tests or Fisher’s exact test (for cell frequency n ≥5 

r n < 5, respectively) for dichotomous categorical variables and 

ann–Whitney U tests for numerical variables. The ordinal cat- 

gorical variable education (low, middle, and high) was analyzed 

sing a Mann–Whitney U test. Seroreversion curves were con- 

tructed using the Kaplan–Meier method [17] . Differences in an- 

ibody levels were evaluated using Mann–Whitney U tests for in- 

ependent samples (e.g., comparing participants with and without 

ever) and Wilcoxon signed-rank tests for dependent samples (dif- 

erences in antibody levels within individuals at different visits). 

on-parametric tests were used due to the non-normal distribu- 

ion of antibody levels, as determined using Shapiro–Wilk tests. 

ni- and bivariable linear regression models were used to calcu- 

ate beta coefficients ( β) and their respective 95% confidence inter- 

als (CIs) for variables associated with the IgG antibody level peak. 

nivariable logistic regression model was used to calculate odds 

atios and their respective 95% CIs for variables predicting a de- 

rease in antibody levels over time. P < 0.05 was considered statis- 

ically significant. Trend lines were drawn based on the mean an- 

ibody levels of all participants at 0, 3.25, 7.25, and 10.75 months. 

nalyses were conducted using SPSS Statistics 24.0. The survival 

urve and boxplot were plotted using R4.1.2; scatterplots, includ- 

ng trend lines and 95% CIs, were constructed using Microsoft 

xcel. 

esults 

In total, 497 individuals were included in the COco-study. 

n June/July 2020, 11.3% (56/497) of participants tested posi- 

ive for SARS-CoV-2 antibodies using the qualitative total anti- 

ody ELISA. This percentage increased to 13.7% (62/454), 25.1% 

103/410), and 32.0% (110/344) in subsequent measurements in 

eptember/October 2020, January 2021, and February-June 2021, 

espectively. In total, 95 participants (19.1%) had at least one 
157 
eropositive measurement before their last follow-up visit. Six of 

5 participants (6.3%) had a weak seropositive test result at their 

rst seropositive measurement, while 69.4% (65/95) had a strong 

eropositive test result ( Figure 1 ). Of the 65 strongly seropositive 

articipants, all but one (98.5%) remained strongly seropositive at 

ll follow-up visits. In the study population, only two participants 

eroreverted (Supplementary Figure 1); both initially had weak 

eropositivity ( Figure 1 ). Antibody levels of the other four partic- 

pants with initial weak seropositive test results increased at sub- 

equent visits. All participants who had an A/C.O ≥2.0 at their first 

eropositive measurement kept having seropositive measurements 

f A/C.O ≥2.0 at follow-up visits ( Figure 1 ). Hence, the qualitative 

otal antibody ELISA suggested limited seroreversion. 

Of the 95 participants with a seropositive measurement before 

heir last follow-up visit in the qualitative ELISA, 82 participants 

ere SARS-CoV-2 IgG seropositive before their last follow-up visit 

n the QuantiVac IgG ELISA. Baseline characteristics of the 82 par- 

icipants are summarized in Table 1 . The majority (72.0%) were 

omen, had a middle-level education (56.1%), and worked in the 

ospitality industry (61.0%). The median age was 39 years (range 

8-68 years). Most participants were born in the Netherlands 

97.6%), had no chronic disease (77.8%), did not smoke (82.9%), and 

sed alcohol (90.2%, of whom 56.8% on average ≤1 alcohol unit per 

ay). Median self-reported body mass index (BMI) was 25 kg/m ²
range 16-38 kg/m ²). 

The two participants who seroreverted in the qualitative ELISA 

ere not IgG seropositive (or borderline) in the quantitative as- 

ay. We further examined these two participants. Both reported 

OVID-19-related symptoms before the initial qualitative seroposi- 

ive test result, including fever in one participant. However, both 

articipants did not have PCR-confirmed COVID-19, as they had 

ymptoms before recruitment when PCR testing was limited avail- 

ble in the Netherlands. Both participants were women aged 17-30 

ears and 30-50 years. They did not have a chronic disease, did 

ot smoke, reported minimal or no alcohol use, and had a BMI be- 

ow 25 kg/m 

2 . As such, we were unable to identify potential deter- 

inants for their weak immune response but also cannot confirm 

hat they had truly been SARS-CoV-2 infected. 
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Table 1 

Baseline characteristics of participants with at least one seropositive SARS-CoV-2 immunoglobulin G test result before the last follow-up visit. 

Total group (N = 82) 

Decreasing antibody 

levels (N = 38) 

Non-decreasing antibody 

levels (N = 44) P -value 

Sex Male 23 (28.0%) 14 (36.8%) 9 (20.5%) 0.100 

Female 59 (72.0%) 24 (63.2%) 35 (79.5%) 

Age, in years Median (minimum-maximum) 39 (18-68) 42 (18-62) 37 (18-68) 0.477 

18-29 years 25 (30.5%) 11 (28.9%) 14 (31.8%) 

30-50 years 33 (40.2%) 13 (34.2%) 20 (45.5%) 

51-68 years 24 (29.3%) 14 (36.8%) 10 (22.7%) 

Born in the Netherlands No 2 (2.4%) 1 (2.6%) 1 (2.3%) 1.000 b 

Household size Median (minimum-maximum) 3 (1-15) 3 (1-5) 3 (1-15) 0.784 

One person (participant lives alone) 6 (7.3%) 1 (2.6%) 5 (11.4%) 

Two persons 27 (32.9%) 16 (42.1%) 11 (25.0%) 

Three persons 22 (26.8%) 8 (21.1%) 14 (31.8%) 

Four persons 19 (23.2%) 11 (28.9%) 8 (18.2%) 

Five persons 5 (6.1%) 2 (5.3%) 3 (6.8%) 

> 5 persons 3 (3.6%) 0 (0.0%) 3 (6.8%) 

Education level Low 16 (19.5%) 6 (15.8%) 10 (22.7%) 0.716 

Middle 46 (56.1%) 23 (60.5%) 23 (52.3%) 

High 20 (24.4%) 9 (23.7%) 11 (25.0%) 

Work setting Hairdresser 32 (39.0%) 13 (34.2%) 19 (43.2%) 0.406 

Hospitality industry 50 (61.0%) 25 (65.8%) 25 (56.8%) 

Workplace location Breda 40 (48.8%) 22 (57.9%) 18 (40.9%) 0.585 c

Roosendaal 18 (22.0%) 6 (15.8%) 12 (27.3%) 

Etten-Leur 5 (6.1%) 1 (2.6%) 4 (9.1%) 

Oosterhout 4 (4.9%) 2 (5.3%) 2 (4.5%) 

Other municipalities 15 (18.3%) 7 (18.4%) 8 (18.3%) 

Working hours Median (minimum-maximum) 30 (8-70) 35 (8-60) 26 (8-70) 0.166 

8-20 hours 24 (29.3%) 11 (28.9%) 13 (29.5%) 

21-40 hours 33 (40.2%) 12 (31.6%) 21 (47.7%) 

≥ 40 hours 25 (30.5%) 15 (39.5%) 10 (22.7%) 

Chronic disease Yes a 19 (23.2%) 12 (31.6%) 7 (15.9%) 0.094 

Body mass index, in kg/m 

2 Median (minimum-maximum) 25 (16-38) 24 (17-33) 25 (16-38) 0.320 

Normal weight 46 (56.1%) 22 (57.9%) 24 (54.5%) 

Overweight 29 (35.4%) 14 (36.8%) 15 (34.1%) 

Obesity 7 (8.5%) 2 (5.3%) 5 (11.4%) 

Current smoker Yes 14 (17.1%) 7 (18.4) 7 (15.9%) 0.763 

Current smokers: number of 

cigarettes per day 

Median (minimum-maximum) 7 (1-20) 10 (1-20) 2 (1-10) 0.128 

< 10 8 (57.1%) 2 (28.6%) 6 (85.7%) 

10-20 6 (42.9%) 5 (71.4%) 1 (14.3%) 

> 20 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Current alcohol use Yes 74 (90.2%) 34 (89.5%) 40 (90.9%) 0.827 

Current alcohol users: alcohol 

units per week 

Median (minimum-maximum) 6 (0.5-41) 8 (0.5-41) 4 (0.5-34) 0.068 

0.5-7 42 (56.8%) 16 (47.1%) 26 (65.0%) 

8-14 12 (16.2%) 9 (26.5%) 3 (7.5%) 

15-21 8 (10.8%) 4 (11.8%) 4 (10.0%) 

> 21 12 (16.2%) 5 (14.7%) 7 (17.5%) 

Baseline characteristics of participants with decreasing and non-decreasing antibody IgG antibody levels were compared using Wilcoxon rank sum tests (numerical variables) 

or chi-squared tests (categorical variables). 

All values are n (%) unless specified otherwise. 
a Patients were considered to have a chronic disease if they reported a chronic illness and/or used medication chronically. 
b Due to small participant groups (n < 5), a Fisher’s exact test was used. 
c We compared those working in Breda/Roosendaal to those working in other cities or villages. 
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We evaluated longitudinal changes in individuals’ IgG antibody 

evels ( Figure 2 ). Participants were divided into two groups based 

n changes in antibody levels over time: participants with (n = 38, 

6.3%) and without decreasing (n = 44, 53.7%) antibody levels. 

aseline characteristics of these two groups did not differ signif- 

cantly ( Table 1 ). Participants without decreasing antibody levels 

ere further divided into those with stable (n = 36, 43.9%), in- 

reasing (n = 5, 6.1%), and fluctuating (n = 3, 3.7%) antibody levels 

 Figure 2 A), and did not have significantly different baseline char- 

cteristics (Supplementary Table 1). We hypothesized that those 

ith fluctuating antibodies had a rise in antibody levels after an 

nitial decline due to re-exposure to SARS-CoV-2. Indeed, one par- 

icipant with fluctuating antibody levels reported that she tested 

ARS-CoV-2 positive before antibody levels increased again, but 

he other two participants did not report any re-exposure to SARS- 

oV-2. 

Because follow-up time differed between participants, we cal- 

ulated the rate of change of antibody levels per 3 months 
158 
 Figure 2 E). Only a minority (11.0%) of participants had a decrease 

n antibody levels of more than 50% per 3 months; the majority 

69.5%) had a decrease in antibody levels between 0 and 50% per 

 months. 

In addition, we analyzed group changes in antibody levels 

cross the four measurements ( Figure 2 G). Antibody levels de- 

reased significantly both between the first and second (n = 82, 

edian 42 RU/ml, interquartile range [IQR] 25-98 RU/ml vs median 

9RU/ml, IQR 16-75RU/ml, P -value = 0.002) and second and third 

easurements (n = 48, median 27 RU/ml, IQR 14-80 RU/ml vs me- 

ian 20 RU/ml, IQR 10-52 RU/ml, P < 0.001), but not between the 

hird and last measurements (n = 37, median 19 RU/ml, IQR 10-51 

U/ml vs median 21 RU/ml, IQR 10-60 RU/ml, P -value = 0.541). 

f the 37 participants who had three follow-up visits after ini- 

ial seropositivity, all had detectable antibodies at the fourth visit, 

ut IgG levels in six participants (16.2%) were below the border- 

ine of seropositivity (range 6-7 RU/ml). When conducting sub- 

roup analyses evaluating antibody level changes in those with 
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Figure 2. Longitudinal changes in IgG antibody levels of COco-study participants. Participants were included when having at least one follow-up measurement after their 

first seropositive test result. Participants (n = 82) were grouped based on whether they had decreasing or non-decreasing (stable, increasing, or fluctuating) antibody levels 

(A). Longitudinal changes were plotted for the whole group (B) and we separated participants by decreasing antibody levels (n = 38) (C) and non-decreasing antibody levels 

(n = 44) (D). Participants (n = 82) were grouped based on the percentage decrease or increase in antibody concentration per 3 months (E). Antibody levels of the whole 

group per measurement were plotted. The gray line indicates the trendline; red lines indicate 95% confidence intervals (F). Finally, antibody levels were plotted for the group 

of participants reporting a positive PCR test (n = 29). The gray line indicates the trendline; red lines indicate the 95% confidence intervals. The striped orange line indicates 

the median of the first measurement, and the striped, blue line indicates the median of the second measurement after the self-reported positive PCR test (G). 

Ig, immunoglobulin; PCR, polymerase chain reaction; RU/ml, relative units per milliliter. 

159 
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Figure 3. Antibody concentration of the whole group at the first seropositive measurement, divided into decreasing (n = 38), stable (n = 36), increasing (n = 5), and 

fluctuating (n = 3) antibody levels plotted in a boxplot combined with a scatterplot. 

RU/ml, relative units per milliliter. 

Table 2 

Associations between participant characteristics and longitudinal changes in SARS-CoV-2 immunoglobulin G 

antibody levels. 

Dependent variable: Decreasing antibody level (yes/no) 

Independent variable Odds ratio (95% confidence interval) 

Fever (ref: no fever) 1.3 (0.5-3.1) 

Female sex (ref: male sex) 0.4 (0.2-1.2) 

Age (10-years increment) 1.1 (0.8-1.6) 

Chronic disease (ref: no chronic disease) 2.4 (0.9-7.0) 

Body mass index (5 kg/m ² increment) 0.7 (0.4-1.3) 

Current smoker (ref: not currently smoking) 1.2 (0.4-3.8) 

- Smoking (five cigarettes per day increment) 2.7 (0.9-8.3) 

Current alcohol user (ref: currently no alcohol use) 0.9 (0.2-3.7) 

- Alcohol quantity (seven alcohol units per week increment) 1.2 (0.8-1.7) 

Odd ratios and their 95% confidence intervals were calculated using a univariable logistic regression model. 

Ref, reference. 
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onfirmed PCR test results (n = 29), similar results were observed: 

ntibody levels decreased significantly between the first and sec- 

nd measurement (median 42 RU/ml, IQR 26-187 RU/ml vs median 

5 RU/ml, IQR 17-76 RU/ml), P -value = 0.007), but IgG antibod- 

es remained detectable in all participants for the study duration 

 Figure 2 G). 

Next, we aimed to identify variables associated with higher an- 

ibody levels and/or antibody level dynamics. 

First, we evaluated whether antibody levels at the first seropos- 

tive measurement were associated with longitudinal antibody 

esponses ( Figure 3 ). Participants with fluctuating antibody lev- 

ls had the highest concentration of IgG antibodies at baseline 

n = 3, median 76 RU/ml, min-max 14-191 RU/ml), followed by 

articipants with decreasing (n = 38, median 56 RU/ml, min-max 

3-312 RU/ml), stable (n = 36, median 41 RU/ml, min-max 12-660 

U/ml), and increasing antibody levels (n = 5, median 15 RU/ml, 

in-max 9-52 RU/ml). Participants with increasing antibody lev- 

ls had significantly lower baseline antibody levels than those 

ith decreasing ( P -value = 0.006) or stable ( P -value = 0.011)

ntibody levels; no other significant differences were 

bserved. 

In further analyses ( Table 2 ), we did not identify any measured 

aseline characteristic that significantly predicted decreasing anti- 

ody levels. Those with a chronic disease seemed to have more 

requently decreasing antibody levels (odds ratio [OR] 2.4, 95% CI 

.9-7.0), while women seemed to have decreasing antibody levels 
160 
ess frequently (OR 0.4, 95% CI 0.2-1.2), but these differences were 

ot statistically significant ( P -value = 0.099 and P -value = 0.103, 

espectively). 

Because previous studies suggested that those with severe 

isease developed higher antibody levels [ 2 , 22 ], we evaluated 

hether disease severity predicted antibody levels and antibody 

evel dynamics in our cohort ( Figure 4 ). Because participants were 

ot hospitalized for COVID-19, we grouped participants based on 

hether they reported fever. While participants with fever had 

igher antibody levels at every visit, these differences were only 

ignificant at the last measurement (n = 14, mean 83 RU/ml, 

5% CI 20-146 RU/ml vs n = 24, mean 26 RU/ml, 95% CI 16- 

6 RU/ml, P -value = 0.050). However, this difference was partic- 

larly driven by one participant with fever. She reported SARS- 

oV-2 reinfection between the third and fourth measurement, 

nd therefore, antibody levels increased from 22 RU/ml to 412 

U/ml. After excluding her from the analyses, those with fever 

till had higher mean antibody levels at the last visit (n = 13, 

ean 58 RU/ml, 95% CI 25-91 RU/ml vs n = 24, mean 26 

U/ml, 95% CI 16-36 RU/ml), but this difference was not sig- 

ificant ( P -value = 0.095). Both participants with and without 

ever had a tendency toward decreasing antibody levels over time 

 Figure 4 ). 

Analyses of other baseline characteristics indicated that older 

ge ( β , 10-years increment: 24.6, 95% CI 5.7-43.5) and BMI ( β , 5 

g/m ² increment: 40.0, 95% CI: 2.9-77.2) were significantly asso- 
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Figure 4. Longitudinal changes in the mean immunoglobulin G antibody levels of the whole group. Participants were grouped based on whether they had fever (fever: 

n = 52; no fever: n = 30). Vertical lines indicate 95% confidence intervals. 

RU/ml, relative units per milliliter. 

Table 3 

Associations between participant characteristics and peak of SARS-CoV-2 immunoglobin G antibody levels. 

Dependent variable: Peak of antibody level Univariable Bivariable 

Variables β (95% CI) β (95% CI) after adjusting for fever 

Fever (ref: no fever) 24.2 (–32.6-80.9) - 

Female sex (ref: male sex) –44.2 (–104.5-16.1) –43.4 (–103.9-17.1) 

Age (10-years increment) 24.6 (5.7-43.5) ∗ 25.0 (6.0-43.9) ∗

Chronic disease (ref: no chronic disease) 47.8 (–16.4-112.0) 46.3 (–18.2-110.8) 

Body mass index (5 kg/m ² increment) 40.0 (2.9-77.2) ∗ 42.2 (4.9-79.5) ∗

Current smoker (ref: not currently smoking) –41.7 (–114.0-30.7) –41.4 (–113.9-31.1) 

-Smoking (5 cigarettes per day increment) –8.2 (–40.8-24.3) –10.0 (–40.9-20.9) 

Current alcohol user (ref: currently no alcohol use) 26.7 (–65.7-119.0) 26.9 (–65.6-119.4) 

- Alcohol quantity (7 alcohol units per week increment) –15.0 (–36.4-6.5) –15.0 (–36.4-6.5) 

In the second column, beta coefficients and their 95% CIs were calculated using a univariable linear regression model. The 

last column reports beta coefficients for the variable listed in the first column, after adjusting for severity of COVID-19-related 

symptoms (fever/no fever) using a bivariable linear regression model. 

CI, confidence interval; β , beta coefficient; Ref, reference. 
∗ P < 0.05. 
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iated with antibody peak levels ( Table 3 ). These associations re- 

ained significant after adjusting for disease severity ( β: 25.0, 95% 

I: 6.0-43.9, and β: 42.2, 95% CI: 4.9-79.5, respectively). 

iscussion 

In this longitudinal cohort study on SARS-CoV-2 antibody lev- 

ls in Dutch hairdressers and hospitality staff, we found little evi- 

ence for waning natural immunity. IgG antibody levels decreased 

omewhat in about half of participants during the follow-up of 

p to 12 months but remained detectable. In the qualitative Wan- 

ai SARS-CoV-2 total antibody assay, two participants seroreverted, 

aving a seropositive test result followed by a seronegative test re- 

ult. The seropositivity could not be confirmed by the quantitative 

gG assay. Evaluating the A/C.O. ratio, using the Wantai assay semi- 

uantitatively [24] , these two participants only had weak seropos- 

tivity with an A/C.O. ratio just above the cut-off for seropositivity, 

s determined by the manufacturer. This suggested a very weak 

mmune response or false positive test result. All other participants 

ontinued to have detectable immune responses. 

Abovementioned results match with other published studies on 

atural immunity after COVID-19. Previous studies in healthcare 

orkers or severely ill patients with COVID-19 generally reported 

hat antibodies remain detectable for a long time after natural in- 

ection [ 8 , 9 , 11 , 15 , 20 , 27 , 30 , 35 ]. However, these are subpopulations

hat may not reflect the general population, as healthcare work- 
161 
rs are trained to work with protective equipment, and severely ill 

atients with COVID-19 require hospitalization while most patients 

n the general population do not [32] . Our results demonstrate that 

ntibodies also remain detectable in a group comparable to a gen- 

ral population. 

Studies examining natural immunity in the general population 

re more limited and have contrasting results regarding the du- 

ation of detectable antibodies after COVID-19. While most studies 

re in line with our findings [ 1 , 3 ], a study in non-hospitalized indi-

iduals in Chicago reported that only half of the initially seroposi- 

ive participants (N = 87) had detectable IgG SARS-CoV-2 antibod- 

es after 3-4 months [5] . A potential explanation for these seem- 

ngly contrasting data is that sample collection and assay differed. 

emonbreun et al . [5] used a self-sampled dried-blood spot as- 

ay, which may be less accurate, as the estimated sensitivity ranges 

etween 81.5% and 89.4% [25] . Alternatively, our participants may 

ave continued to have detectable antibodies due to frequent re- 

xposure at work, resulting in natural boosting. Regardless, our 

ubpopulation is relatively comparable to the current general pop- 

lation: as most countries have reduced or eliminated restrictive 

easures, people are regularly exposed to the virus, similar to our 

articipants who were exposed due to social interactions at work, 

ut at times, particularly when circulation of the virus increases, 

eople take measures to prevent exposure, similar to our study 

opulation too. As such, our study contributes to an expanding 

ody of literature suggesting long-term natural immunity after a 
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ARS-CoV-2 infection in the general population. This real-world ev- 

dence will aid policymakers and others in making decisions re- 

arding social restrictions and vaccination, both for SARS-CoV-2 

for example, in populations or countries with low vaccine-induced 

mmunity) and potential introductions of new coronaviruses. 

We aimed to identify variables associated with antibody peak 

evels and dynamics. Lower baseline antibody levels were associ- 

ted with increasing antibody levels over time but likely reflected 

 short time between infection and measurement. Older age and 

MI were associated with higher antibody peak levels. This is in 

ontrast with studies that found a negative association between 

ntibody levels and BMI after COVID-19 vaccination [ 18 , 31 ], but is

n agreement with a previous study examining the immune re- 

ponse after natural COVID-19 infection in Dutch blood donors, 

hich used data unrelated to COco [29] . This positive association 

etween antibody peak levels after natural infection and age or 

MI could be related to the increased risk for severe COVID-19 

isease in these populations, eventually resulting in stronger anti- 

ody responses [ 2 , 10 , 22 , 36 ]. Chronic disease seemed to be associ-

ted with decreasing antibody levels in our cohort, potentially due 

o a (relative) immune deficiency, but this difference was not sig- 

ificant. Although not significant either, chronic disease seemed to 

e associated with higher antibody peak levels ( β: 47.8, 95%CI: - 

6.4-110.8). Potentially, comorbidities are associated with increased 

isease severity, which in turn correlates with higher antibody lev- 

ls [10] . 

Previous studies in hospitalized patients similarly suggested 

hat severe illness was associated with higher SARS-CoV-2 anti- 

ody responses [2] . Another longitudinal study, in which the pop- 

lation primarily consisted of recovered, non-hospitalized patients, 

lso found an association between fever and higher IgG concentra- 

ions [29] . Although participants who reported fever generally had 

igher antibody levels in our cohort, these differences were not 

ignificant, potentially due to the small sample size or recall bias. 

A strength of our study is that our participants had di- 

erse levels of education and socioeconomic status, in contrast 

o most studies that overrepresent the highly educated [6] . An- 

ther strength is the longitudinal measurements within individu- 

ls. While more frequent blood sample collection would have been 

referred, we consider our data more reliable than cross-sectional 

ata, as we and others have shown that antibody peak levels vary 

idely between individuals [29] . 

This study has several limitations. We evaluated SARS-CoV-2 to- 

al antibody and IgG levels but did not include neutralizing anti- 

odies. However, the IgG ELISA measured anti-RBD IgG, and be- 

ause RBD is the main target for neutralizing antibodies, we as- 

umed similar results [16] . Second, participants had frequently not 

een tested by PCR due to limited availability, and PCR test re- 

ults were self-reported. As a result, our study may include false 

ositive test results, and we may have missed individuals with- 

ut detectable antibody levels after infection. However, the speci- 

city of both used antibody tests is high ( ≥99%) [ 7 , 13 ], and cross-

eactivity with other respiratory viruses, including non-SARS-CoV- 

 coronaviruses, was non-existent [12] . Third, our population size 

imited the statistical power to identify variables associated with 

ecreasing antibody levels. Pooled analyses may provide more de- 

ails. Finally, we had not objectively confirmed the time of COVID- 

9 infection in all participants, while the time between infection 

nd first measurement will affect antibody levels. However, dy- 

amics remained similar when analyzing the subgroup of partic- 

pants whose date of positive PCR test was available. 

In conclusion, after an initial immune response due to a natu- 

al SARS-CoV-2 infection, we observed a reduction in antibody lev- 

ls in approximately half of the studied seropositive hairdressers 

nd hospitality staff in the Netherlands. However, most partici- 

ants continued to have detectable antibody levels for up to 1 year. 
162 
herefore, our real-world data results suggest long-term immune 

rotection after natural infection. Future studies should investigate 

hether this detectable natural immune response also results in 

ess (severe) reinfections after 1 year, especially considering that 

his virus is continuously evolving into new variants. 
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