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Abstract

Long‐term care facilities (LTCFs) are high‐risk settings for SARS‐CoV‐2 infection.

This study aimed to describe SARS‐CoV‐2 seropositivity among residents of LTCFs

and health‐care workers (HCWs). Subjects were recruited in January 2021 among

unvaccinated HCWs of LTCFs and hospitals and residents of LTCFs in Northern

Italy. Information concerning previous SARS‐CoV‐2 infections and a sample of

peripheral blood were collected. Anti‐S SARS‐CoV‐2 IgG antibodies were measured

using the EUROIMMUN Anti‐SARS‐CoV‐2 QuantiVac ELISA kit (EUROIMMUN

Medizinische Labordiagnostika AG). For subjects with previous COVID‐19 infection,

gender, age, type of subject (HCW or resident), and time between last positive

swab and blood draw were considered as possible determinants of two outcomes:

the probability to obtain a positive serological result and antibody titer. Six

hundred and fifty‐eight subjects were enrolled. 56.1% of all subjects and 65% of

residents presented positive results (overall median antibody titer: 31.0 RU/ml).

Multivariable models identified a statistically significant 4% decrease in the es-

timated antibody level for each 30‐day increase from the last positive swab.

HCWs were associated with significant odds for seroreversion over time (OR:

0.926 for every 30 days, 95% CI: 0.860–0.998), contrary to residents (OR: 1.059,

95% CI: 0.919–1.22). Age and gender were not factors predicting seropositivity

over time. Residents could have a higher probability of maintaining a seropositive

status over time compared to HCWs.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) was declared a Public

Health Emergency of International Concern (PHEIC) on January 30,

2020.1 As of June 18, 2021, there have been 177 million confirmed

cases worldwide, including 3.8 million deaths.2,3 Italy was one of the

first EU countries hit by the pandemic. The Italian Council of Minis-

ters declared a state of emergency throughout the country on Jan-

uary 31, 2020.4 Since then, Italy has faced three epidemic waves and

in response, the government has implemented increasingly strict

containment measures.5–8 Currently, Italy has reported 7 611 614

cases of COVID‐19 and 138 651 deaths.9

The gold standard for COVID‐19 diagnosis is the detection of

SARS‐CoV‐2 by real‐time reverse‐transcription polymerase chain

reaction (real time‐RT‐PCR).10,11 However, it is possible that many

asymptomatic or mildly symptomatic patients remain undetected,

contributing to the spread of the virus.12 In this context, serological

investigations can be used to evaluate previous exposure to the virus,

as well as the presence of an immune response.11 Seroprevalence

studies could represent a fundamental tool to generate a more rea-

listic estimate of the cumulative incidence of disease,13 especially in

countries where PCR testing was insufficient in the initial stages of

the epidemic due to a contingent allocation of resources.14

It is not yet clear whether the antibody titer is a marker of

protective immunity, nor whether there is a protective immunity

threshold against the virus.15 Further, the duration of adaptive im-

munity to SARS‐CoV‐2 after natural infection remains to be

determined.16–18

Long‐term care facilities (LTCFs) are high‐risk settings for SARS‐

CoV‐2 infection, both for residents and personnel. The purpose of

this multicentric study was to describe the antibody response to

SARS‐CoV‐2 among individuals at high risk of exposure due to the

environment in which they live or work: residents of LTCFs and

health‐care workers (HCWs) of acute‐care hospitals and LTCFs, fol-

lowing the first two pandemic waves in Italy (January 2021). It is

important to state that the vaccination campaign against SARS‐CoV‐

2 in Italy began on December 27, 2020. All subjects analyzed in this

study were therefore unvaccinated at the time of blood sample

collection.

2 | MATERIALS AND METHODS

2.1 | Enrollment of subjects

Subjects were recruited on a voluntary basis in January 2021, among

a convenience sample of HCWs (medical doctors, nurses, and ancil-

lary staff) of LTCFs and one hospital (total n = 495; LTCFs = 372;

hospital = 123) and residents of LTCFs (n = 163) in the region of

Piedmont, in Northern Italy. Subjects were enrolled at six LTCFs and

the main hospital of the city of Alessandria, two LTCFs of Cuneo, and

five LCTFs of Turin. All the subjects were unvaccinated, as the

samples were collected the day before vaccination was scheduled.

2.2 | Data collection

Demographic characteristics of enrolled subjects, as well as in-

formation concerning previous SARS‐CoV‐2 infections confirmed by

RT‐PCR testing, were collected from the Health Directorates of the

involved facilities and checked on the regional database in which all

official swabs are registered. Further, participants were asked whe-

ther they had previously been infected by SARS‐CoV‐2 and if so,

when. After acquiring the written consent from all subjects, a sample

of peripheral blood was collected.

2.3 | Laboratory analysis

The analysis was carried out at the Laboratory of Serology and Mi-

crobiology applied to Hygiene of the Department of Public Health

and Paediatrics of the University of Turin. Blood samples were de-

livered to the laboratory and, after centrifugation, sera were ex-

tracted and stored at −20°C until analysis. SARS‐CoV‐2 IgG

antibodies were measured using the EUROIMMUN Anti‐SARS‐CoV‐

2 QuantiVac ELISA kit (EUROIMMUN Medizinische Labordiagnostika

AG). The kit allows the specific detection of IgG antibodies using the

S1 domain of the spike protein including the immunologically relevant

receptor‐binding domain (RBD). Sera were analyzed in a 100‐fold and

1000‐fold dilution, and IgG results were expressed in relative units

per milliliter (RU/ml) using a 6 point calibration curve. A peroxidase‐

based revelation system was used, and, after color development,

optical density at 450 nm was determined. The IgG antibodies titers

were determined using the calibration curve obtained from

standards.

The result should be interpreted as negative if lower than 8 RU/ml,

borderline if between 8 and 11 RU/ml, and positive if ≥11RU/ml, ac-

cording to the instructions of the kit manufacturer. A conversion factor

of 3.2 has been identified by the manufacturer to convert relative units

to binding antibody units/ml (BAU/ml); this measurement unit has been

indicated by the WHO as a standard unit and conversion factors have

been identified by the manufacturers.19

2.4 | Statistical analysis

Descriptive characteristics were presented as medians and inter-

quartile ranges or means and standard deviations following the re-

sults of corresponding statistics yielded by the Shapiro‐Wilk

normality test.

For subjects with a previous positive swab confirming COVID‐19

infection, gender, age, type of subject (HCW or resident), and time

between last positive swab and blood draw were considered as

possible determinants of two outcomes: the probability to obtain a

positive serological result and, for subjects who showed detectable

antibodies, the actual antibody titer. Consequently, multivariable re-

gression models (logistic and log‐linear, respectively) were built to

evaluate the impact of explanatory variables on each outcome, by
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TABLE 1 Descriptive characteristics
of participants

(A) According to subject types: Health‐care workers (HCWs) versus residents of long‐term care
facilities (LTCFs)

All
participants
(n = 658) HCWs (n = 495)

LTCFs
residents
(n = 163) p‐value

Gender, female 531 (80.7%) 416 (84.0%) 115 (70.6%) 0.0003

Age (years) ‐ ‐ ‐ < 0.0001

Median (Q1–Q3) 51 (43–65) 47 (38–54) 86 (80–90) ‐

Range 19–106 19–76 51–106

≥1 previous
positive swab

402 (61.1%) 298 (60.2%) 104 (63.8%) 0.4589

Days between
last positive swab
and blood testa

‐ ‐ ‐ < 0.0001

Median (Q1–Q3) 72 (45–262) 83 (57–267) 61 (30–262) ‐

Range 13–327 13–327 22–289 ‐

Serological test result ‐ ‐ ‐ 0.0028

Negative (<8 RU/ml) 261 (39.6%) 214 (43.2%) 47 (28.9%) ‐

Borderline (8–11 RU/ml) 28 (4.3%) 18 (3.7%) 10 (6.1%) ‐

Positive (>11 RU/ml) 369 (56.1%) 263 (53.1%) 106 (65.0%) ‐

IgG titerb (RU/ml) 0.0078

Median (Q1–Q3) 31.0 (10.7–77.3) 27.7 (10.3– 65.1) 42.6 (13.6–114.3) ‐

(B) According to presence/absence of previously diagnosed SARS‐CoV‐2 infection
≥1 previous positive
swab (n = 402)

No previous positive
swabs (n = 256) p‐valuec

Gender, female 326 (81.1%) 205 (80.0%) 0.7618

Age (years) ‐ ‐ 0.4863

Median (Q1–Q3) 51 (43–67) 51 (42–65) ‐

Range 19–106 22–95 ‐

Subject type ‐ ‐ 0.4589

HCWs 298 (74.1%) 197 (77.0%) ‐

LTCFs residents 104 (25.9%) 59 (23.0%) ‐

Serological test
result

‐ ‐ < 0.0001

Negative (<8 RU/ml) 73 (18.2%) 188 (73.4%) ‐

Borderline
(8–11 RU/ml)

16 (4.0%) 12 (4.7%) ‐

Positive (>11 RU/ml) 313 (77.8%) 56 (21.9%) ‐

IgG titerb (RU/ml) ‐ ‐ < 0.0001

Median (Q1–Q3) 35.6 (14.0–82.5) 11.6 (3.3–46.9) ‐

aConsidering only subjects with at least one positive swab.
bConsidering only subjects with detectable antibodies.
cFisher's exact test and Mann–Whitney–Wilcoxon U test were used for categorical and quantitative
variables respectively.
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allowing also for the presence of possible interactions between de-

terminants. Nonlinear effects of continuous variables (age and time

between swab and blood draw) were also investigated through re-

stricted cubic splines regression.

The significance of interactions in the model was evaluated

through likelihood ratio tests, to keep the simplest model with ex-

planatory power.20 Relevant diagnostics for final models were con-

ducted, including the analysis of variance inflation factors (VIFs) to

check for multicollinearity and the verification of residual normality

assumption. Optimism due to overfitting was quantified through

validation via bootstrap by resampling 1000 times.21

2.5 | Statistical parameters and computing
software

The significance level was set at α = 0.05 for all analyses, except for

likelihood ratio tests, where a level of 0.1 was chosen for a more

conservative approach towards interactions

The statistical software R (version 4.0.5)22 was used for all

computation and plotting: models and diagnostics were performed

using the “rms”23 and “lmtest” packages.24

3 | RESULTS

3.1 | Descriptive statistics

A total of 658 subjects were enrolled in the study, including 495

(75.2%) HCWs (LTCFs: 372; hospital: 123) and 163 (24.8%) residents.

The vast majority of participants were female (80.6%). Age distribu-

tion was bimodal (median 51 years), consistently with the two cate-

gories of participants. Among all enrolled subjects, 402 (61.1%) had

previously been diagnosed with COVID‐19, while 256 (38.9%) had no

previous positive RT‐PCR results.

For the 402 previously positive participants, owing to the dy-

namics of the pandemic waves (with a limited number of cases during

the warm season) and to the study design (all serum samples acquired

approximately at the same time), the lag between swab date and

blood draw varied among subjects, with 239 samples (59.5%) drawn

55 ± 23 days after the last positive swab (range: 13–139) and 162

(40.3%) collected 276 ± 24 days after the last positive swab (range:

216–327). For one participant, this information was not available.

Serological tests proved negative for 261 subjects (39.7%): 162

(24.6%) were completely negative (no detectable circulating anti-

bodies) and 99 (15.1%) had antibody titers below 8 RU/ml. Only a

few borderline results were observed (28, 4.2%), whereas 369

(56.1%) obtained a frankly positive result (above 11 RU/ml). In two of

these positive samples, antibody titers exceeded the maximum

quantifiable level (1200 RU/ml). As expected, negative results

(<8 RU/ml) were reported mostly (72%) in subjects never diagnosed

with COVID‐19: while the proportion of negative results attained

73.4% in subjects with no positive swabs (188/256), it appeared to be

as low as 18.2% in previously infected patients (73/402). Among all

residents, 65.0% (106/163) reported a frankly positive antibody titer

(>11 RU/ml). Positive antibody titers were identified in 53.58% of

HCWs (81.30% among hospital personnel and 43.31% among LTCFs

workers).

On the other hand, considering all samples with detectable an-

tibodies, the median antibody titer was 31.0 RU/ml (Q1–Q3 range:

10.7–77.3, geometric mean: 31.5 RU/ml), and antibody levels de-

tected were higher (p < 0.0001) among previously infected partici-

pants (median: 35.6 RU/ml, IQR: 14.0–82.5) than among participants

with no previous positive swab (median: 11.6 RU/ml, IQR: 3.3–46.9).

Descriptive characteristics are reported in further detail in Table 1,

and the distribution of antibody titers according to previous PCR

positivity is presented in Figure 1.

3.2 | Regression analyses

As age and type of subject were evidently collinear, each of the two

variables was used separately in any multivariable model. The multi-

variable logistic regression analysis failed to identify any significant in-

fluence of age in modifying the persistence of a positive antibody titer

over time (p = 0.2679). A scatterplot representing antibody titers ac-

cording to age and number of days since the last positive swab is pre-

sented in Figure 2. Conversely, persistence of SARS‐CoV‐2 antibodies

appeared to differ between subject types in the logistic regression

analysis, the probability of a positive titer decreasing significantly for

HCWs (OR: 0.926 for every 30 days, 95% CI: 0.860–0.998) but not for

residents (OR: 1.059, 95% CI: 0.919–1.22). No significant differences

emerged in relation to gender (p= 0.1764, Table 2A).

On the other hand, considering the subset of subjects with de-

tectable SARS‐CoV‐2 antibodies, the log‐linear regression showed

that age was not significant, neither when considered linearly

(p = 0.0809) nor in the restricted cubic splines model (p = 0.1752), in

determining the estimate of the antibody titer at a given time. Gender

and type of subject did not show any particular confounding effect.

Interestingly, all adjusted models suggest a similar value for the

probability of antibody loss over time, with a decrease in antibody

titer by 4.01%–4.61% every 30 days (Table 2B).

It must be noted that, in log‐linear models, the interaction between

age (or subject type) and time since the last positive swab could not be

evaluated because of collinearity, which conversely was not an issue in

any of the logistic regression models (VIFs ≤ 2.5). Optimism evaluated by

bootstrapping was lower than 0.25, thus confirming the validity of the

results obtained. No violation of residual normality assumption was

detected in the log‐linear regression models.

4 | DISCUSSION

Understanding the profile of serum antibody responses to SARS‐

CoV‐2 is critically important to guide epidemiological surveillance,

infection control measures, antiviral treatment, and vaccination.25
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Conflicting results have been published regarding the durability of

IgG levels over time, an issue with crucial relevance for vaccination

strategy.16 This study adds to a growing body of literature on the

duration of IgG persistence following natural immunity, by presenting

seroprevalence data from 658 unvaccinated subjects at high risk of

exposure to SARS‐CoV‐2.

In this analysis of serum samples provided by residents of LTCFs

and HCWs working in LTCFs and hospitals in Northern Italy during

the third epidemic wave, positive IgG titers were identified in 65% of

residents and over 50% of HCWs (81.30% for hospital personnel and

43.31% for LTCFs workers). A previous study of adult volunteers

from two bordering Northern Italian regions performed in

March–April 2020 estimated a seroprevalence in the general popu-

lation of 11% and in LTCF residents of 41.5%; in a 2021 evaluation

on healthy blood donors, a ≃15% prevalence was identified.26,27 The

seroprevalence for HCWs in our survey was over five times higher

than the overall seroprevalence among HCWs in screening settings

estimated by a meta‐analysis of studies published through August

F IGURE 1 Distribution of SARS‐CoV‐2 anti‐S IgG titers, stratified according to the presence/absence of previous positive swabs. All
subjects are included (n = 658). The x‐axis represents the percentile of each distribution, while the y‐axis denotes the antibody titer (in RU/ml,
positive values are expressed on a logarithmic scale)

F IGURE 2 Scatterplot representing SARS‐CoV‐2 anti‐S IgG titers (outcome) according to age and number of days since the last positive
swab. The outcome is represented in scaled colors from light (low titers) to dark blue (high titers). Only a gradient on the horizontal axis (lower
IgG levels at longer times) can be appreciated, as forecast by adjusted models
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2020, which included several studies performed in Northern Italy.12

The higher seroprevalence found among HCWs in our study could be

due to the inclusion of personnel working in both acute‐care settings

and LTCFs. A recent study comparing seropositivity among HCWs in

hospitals and nursing homes in Rhode Island found a significantly

higher seroprevalence in nursing home staff compared to hospital

staff (13.1% vs. 3.1%).28

In this study, nearly 30% of subjects without a previous positive

swab presented frank antibody positivity, compared with an assay

specificity of 99.8%. This finding suggests a considerable number of

infections in the healthcare settings we investigated were un-

detected, which might have contributed to the circulation of SARS‐

CoV‐2 within facilities and complicated infection control efforts.29

These infections were presumably asymptomatic or mildly sympto-

matic as they did not lead to PCR testing and were associated with

significantly lower titers, consistent with previous findings of a po-

sitive correlation between clinical severity and antibody levels.15,30,31

On the other hand, 4% of subjects in our study with a documented

previous positive swab did not present any detectable antibodies, and

a further 14% did not reach the threshold of 8 RU/ml after a median

time of 70 days. These may represent an artifact of assay performance,

as the tests we employed have a sensibility of 93.2% after 20 or more

days from symptom onset or positive swab. Despite this test being one

of the first releases in the market, it has been duly validated and

comparison studies with subsequently released assays have confirmed

the equivalence and accuracy.32–34 Although other possible explana-

tions are that these subjects seroreverted in the considered timeframe

or never seroconverted at all. Declining antibody titers have been

documented after several months of observation,13,15,16,35 as seen

with seasonal coronaviruses.36 Consistent with these findings, our

model identified a statistically significant 4% decrease in the estimated

antibody level for each 30‐day increase in time from the last positive

swab. However, the potential for waning immunity remains a debated

issue and further investigation is required to assess the timing and

extent of this phenomenon.13

According to the results of the multivariable analysis we per-

formed, being an HCW was associated with significant odds for

seroreversion over time whereas being a resident of an LTCF was

not, after adjustment for age and gender. This finding suggests re-

sidents could have a higher probability of maintaining a seropositive

status over time. LTCFs represent high‐risk congregate settings with

long‐standing infection control challenges,28,37 and LTCF residents

are exposed to a significantly higher risk of SARS‐CoV‐2 infection

compared to LTCF personnel.29,38 Higher peak viral loads and pro-

longed viral shedding among residents represent additional risk fac-

tors for continued inter‐facility transmission of SARS‐CoV‐2.25,28 The

natural boosting of antibodies due to repeated exposure could ex-

plain the more durable antibody response over time found in re-

sidents in this study. Moreover, LTCF residents represent a frail and

older population at increased risk for severe disease, which has been

associated with more robust and durable antibody responses.39

This study has several limitations. First, participation was vo-

luntary among a convenience sample, which may have affected re-

presentativeness therefore a selection bias cannot completely be

excluded, also due to the fact that in Italy, especially in the first

waves, Piedmont and Lombardy were the epicenters of the epidemic.

The high proportion of previously positive HCWs and LTCF residents

found in this study supports this concern. The cross‐sectional design

of this study has inherent limitations, particularly in light of the po-

tential for waning immunity. Furthermore, it was not possible to

TABLE 2 Output of the multivariable regression models, related to participants with at least one previous positive swab for SARS‐CoV‐2

(A) Logistic regression: The outcome is represented by the probability of a frankly positive (>11 RU/ml) antibody test. Subject category is considered
as an effect modifier, according to the likelihood ratio test for the interaction term (p = 0.0935)

Subject category Variable β coefficient (95% CI) Odds ratio (95% CI) p‐value

Health‐care workers Time: swab to blood test ‐ ‐ 0.042

For a 1‐day increase −0.0025 (−0.005, −0.0001) 0.997 (0.995, 1.000) ‐

For a 30‐day increase −0.0764 (−0.1507, −0.002) 0.926 (0.860, 0.998) ‐

Long‐term care residents Time: swab to blood test ‐ ‐ 0.4164

For a 1‐day increase 0.0019 (−0.0028, 0.0066) 1.002 (0.997, 1.007) ‐

For a 30‐day increase 0.0572 (−0.0846, 0.1989) 1.059 (0.919, 1.220) ‐

Gender (Ref. = female) 0.4679 (−0.2105, 1.1462) 1.597 (0.810, 3.146) 0.1764

(B) Log‐linear regression: These models include participants with detectable antibody titer only (>0 and <1200 RU/ml). In each of the two models,
the outcome is the anti‐S IgG titer and the main explanatory variable is represented by the number of days between swab and blood test. The first
column shows variables for which each model is adjusted

Variables used for
adjustment

β coefficient (log) per day
(95% CI)

Antibody loss every 30
days (95% CI) p‐value

Sex + age −0.0014 (−0.0026, −0.0002) −4.01% (−7.41%, −0.49%) 0.0261

Sex + subject category −0.0016 (−0.0028, −0.0004) −4.61% (−7.98%, −1.13%) 0.0101
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collect information regarding the timing or clinical characteristics of

previous infections. Our results could also have been affected by the

sensitivity and specificity of the assays we employed, as previously

discussed. It must also be noted that seropositivity may not reflect

immunity to reinfection, as other components of the immune re-

sponse may contribute to protective immunity (e.g., T cell im-

munity),15,40 although results of previous studies suggest a strong

correlation exists between anti‐S antibody levels and neutralization

activity.31 In our study, being an LTCF resident was more important

than the effect of age, as no association with seropositivity was

found with age, inconsistent with previous reports.31

5 | CONCLUSIONS

Antibody tests are an essential tool in the long‐term management of

infectious diseases. Seroprevalence studies have the potential of identi-

fying previously infected subjects and could allow generating more ac-

curate estimates of the cumulative incidence of infection compared to the

number of infections reported through public health surveillance systems,

although an adjustment for waning antibody kinetics is required.13,41

A reliable estimate of the cumulative incidence of SARS‐CoV‐2 infection

is essential to assess disease severity, monitor immunity levels in a po-

pulation, inform public health policies and predict the impact of vacci-

nation strategies.13 This study allowed to obtain a more comprehensive

evaluation of previous exposure to SARS‐CoV‐2 and to assess the level of

natural immunity in specific high‐risk populations, providing context for

assessing the success of past infection control policies and interventions.

Results of this study reinforce the concern that antibody levels following

infection wane over time and highlight the importance of improving in-

fection control practices in LTCFs in our region.
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