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ABSTRACT
Objectives  This study aimed to estimate and compare 
the prevalence of the virus-specific antibodies against the 
SARS-CoV-2 nucleoprotein antigen (anti-SARS-CoV-2 N) in 
healthcare workers and an all-comer paediatric and adult 
patient population.
Design, setting and participants  A longitudinal study 
enrolling healthcare professionals and concurrent serial 
cross-sectional studies of unselected all-comer patients 
were conducted at an Austrian academic medical centre. 
Healthcare workers were tested at enrolment and after 
1, 2, 3, 6 and 12 months. The cross-sectional studies in 
patients were conducted at three time periods, which 
roughly coincided with the times after the first, second 
and third wave of SARS-CoV-2 in Austria (ie, 24 August–7 
September 2020; 8–22 February 2021 and 9–23 
November 2021). Anti-SARS-CoV-2 N antibodies were 
measured using a sandwich electrochemiluminescence 
assay (Roche).
Results  In total, 2735 and 9275 samples were measured 
in 812 healthcare workers (median age: 40 years, 78% 
female) and 8451 patients (median age: 55 years, 52% 
female), respectively. Over the entire study period, anti-
SARS-CoV-2 N antibodies were detected in 98 of 812 
healthcare workers, resulting in a seroprevalence of 12.1% 
(95% CI 10.0% to 14.5%), which did not differ significantly 
(p=0.63) from that of the all-comer patient population at 
the end of the study period (407/3184; 12.8%, 95% CI 
11.7% to 14.0%). The seroprevalence between healthcare 
workers and patients did not differ significantly at any 
time and was 1.5-fold to 2-fold higher than the number 
of confirmed cases in Austria throughout the pandemic. 

In particular, there was no significant difference in the 
seroprevalence between paediatric and adult patients at 
any of the tested time periods.
Conclusion  Throughout the pandemic, healthcare staff 
and an adult and paediatric all-comer patient population 
had similar exposure to SARS-CoV-2.
Trial registration number  ​ClinicalTrials.​gov Identifier: 
NCT04407429.

BACKGROUND
The global spread of the SARS-CoV-2 
represents the worst pandemic crisis since the 
1918 ‘Spanish flu’ influenza pandemic and 
has demanded rapid responses from national 
healthcare providers and governments. 
Containment measures, which ranged from 
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	⇒ A large number of all-comer adult and paediatric 
patients (n=8451) and healthcare workers (n=812) 
were enrolled at a single tertiary medical centre in 
Austria, which had one of the highest numbers of 
PCR tests conducted per capita.

	⇒ Because of the slow recruitment, the planned num-
ber of healthcare workers was not achieved.

	⇒ However, because the true seroprevalence in our 
sample was lower than anticipated, this study re-
mained well powered and provided estimates with 
narrow CIs.
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indoor masking, social distancing and the prohibition of 
crowd gatherings, to school closures, limiting freedom of 
movement and all the way to full lockdowns, were based 
primarily on the number of confirmed new cases with 
the goal of estimating the trajectory of hospitalisation 
and overburdening of healthcare systems. In accordance 
with the WHO recommendations, Austria established 
a comprehensive testing strategy in the winter of 2020, 
with one of the highest numbers of PCR tests conducted 
per capita worldwide aimed at tracking the spread of the 
virus and limiting transmission.1 2 Despite these efforts, 
undertested populations, including children and under-
served populations, as well as false-negative results due to 
sampling errors can result in erroneously low numbers. 
In addition, asymptomatic carriers may inadvertently 
contribute to the spread of the disease. Hence, serosur-
veys are critical to determining SARS-CoV-2 exposure 
and enabling population-level surveillance including 
estimating the number of unreported infections, which 
directly impacts the proper scale of necessary contain-
ment measures. Virus-specific antibodies against the 
SARS-CoV-2 nucleoprotein antigen (anti-SARS-CoV-2 N) 
are usually detectable 10–14 days after exposure to SARS-
CoV-2 and may persist at least for several months.3 Detec-
tion of these antibodies is largely specific for a previous 
infection, as they are not produced in response to vacci-
nation with the currently used mRNA, vector or peptide 
vaccines.

Individuals seeking medical care in tertiary referral 
centres frequently belong to a vulnerable patient popu-
lation. Moreover, a proportion of these patients may 
not develop immunity after infection or immunisation 
because of their underlying disease or concurrent treat-
ments, such as immunosuppressive therapy, and are 
therefore at higher risk of hospitalisations and death. 
Studies have suggested that patients requiring healthcare 
might avoid medical services during the pandemic due to 
concerns about infection with SARS-CoV-2, which might 
further contribute to higher death rates.4–8 Therefore, 
knowledge of the exposure risk of SARS-CoV-2 among 
healthcare workers and patients in hospitals is critical. 
However, only limited data on change in SARS-CoV-2 
exposure over time, with a direct comparison of adult 
and paediatric patients versus healthcare workers, are 
available.

The present study aimed to estimate and compare the 
prevalence of anti-SARS-CoV-2 N antibodies in healthcare 
workers and an all-comer paediatric and adult patient 
population at a tertiary academic medical centre in 
Austria.

METHODS
Study design
The Vienna-versus-Virus study (​ClinicalTrials.​gov Identi-
fier: NCT04407429) was designed as a prospective, obser-
vational study to assess the seroprevalence of SARS-CoV-2 
antibodies in healthcare workers and an all-comer patient 

population at Vienna General Hospital and the Medical 
University of Vienna. The present study consisted of two 
parts: a longitudinal study enrolling healthcare profes-
sionals and serial cross-sectional studies of unselected all-
comer patients.

Vienna General Hospital is a tertiary referral and 
academic medical centre that was designated as a primary 
non-COVID-19 hospital at the onset of the pandemic. As 
such, Vienna General Hospital was contracted to provide 
care for non-COVID-19 related emergencies (except 
for dedicated COVID-19 classification units responsible 
for screening and transferring patients to designated 
COVID-19 hospitals) or to provide enhanced intensive 
care medicine. Therefore, patients admitted to the ward 
were typically required to have no signs of active SARS-
CoV-2 infection and a negative SARS-CoV-2 PCR test. 
In addition, hospital containment policies in Austria 
included regular PCR testing of healthcare workers and 
testing of hospitalised patients on admission, visitor 
restrictions and the wearing of face masks for healthcare 
workers and visitors.

Healthcare workers
Eligible healthcare workers were physicians, nursing 
staff, midwives, medical-technical assistants (ie, medical, 
therapeutic and diagnostic healthcare staff, and medical 
and nursing assistants) and administrative personnel 
with patient contact. Serial blood samples were collected 
at enrolment and after 1, 2, 3, 6 and 12 months. Bioma-
terial was processed and stored according to standard 
operating procedures in an ISO 9001:2015-certified envi-
ronment by the biobank facility of the Medical University 
of Vienna.9 Information on demographic characteristics, 
the professional environment and health status, including 
comorbidities, clinical symptoms and possible expo-
sure to SARS-CoV-2 were obtained through electronic 
questionnaires.

Unselected all-comer patient population
All patients who received medical care at Vienna General 
Hospital and the Medical University of Vienna with avail-
able residual serum samples (which were collected based 
on the clinical indication by the patients’ treating physi-
cian) were included consecutively at three different time 
periods (period A: 24 August–7 September 2020; period B: 
8 February–22 February 2021; period C: 9 November–23 
November 2021). These time points roughly coincided 
with the times after the first, second and third waves of 
SARS-CoV-2 in Austria.

Antibody testing was done using leftover diagnostic 
serum samples. The results were linked with the electronic 
health records at the individual patient level (including 
patients’ demographics, medical history, available echo-
cardiograms and laboratory measurements).

Anti-SARS-CoV-2 N antibody testing
Anti-SARS-CoV-2 N antibodies were measured using 
a sandwich electrochemiluminescence assay on cobas 
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e602 modular analyzers (Elecsys Anti-SARS-CoV-2, 
Roche Diagnostics, Rotkreuz, Switzerland) at the 
Department of Laboratory Medicine of the Medical 
University of Vienna (with a quality management 
system accredited according to ISO 15189:2012). Anti-
SARS-CoV-2 N antibodies are detected after natural 
infection with SARS-CoV-2, whereas antibodies against 
the SARS-CoV-2 spike arise as a response to both effec-
tive SARS-CoV-2 vaccination and infection.

In brief, this binding assay uses SARS-CoV-2 nucleop-
rotein antigens, which are either biotinylated or ruthe-
nylated. Anti-SARS-CoV-2 N antibodies (IgG, IgA and 
IgM) present in patient sera are captured by these anti-
gens in a double-antigen sandwich. The biotinylated 
antigen keeps the circulating antibodies attached to 
magnetic microparticles via biotin/streptavidin inter-
action within the measuring cell, whereas the ruthe-
nium complex bound to the second antigen emits an 
electrochemiluminescence signal that rises with the 
antibody concentration. This assay comes with excel-
lent analytical sensitivity (>99%) and specificity (>99%) 
for samples taken >14 days after symptom onset.10 A 
cut-off index (COI) ≥1.0 indicates the presence of 

anti-SARS-CoV-2 antibodies. The reported interme-
diate precision in positive samples was 2.3%–6.5%.

Statistics
We used the median and IQR to summarise continuous 
variables and counts and frequencies for categorical 
data. Comparisons between groups were made using 
the Mann-Whitney U test for continuous variables and 
the χ2 test for categorical variables. We calculated the 
seroprevalence and 95% CIs according to Wilson’s 
score method. All statistical analyses were done using 
R (version 4.1.2, Foundation for Statistical Computing, 
Vienna, Austria). A two-sided p value of 0.05 was consid-
ered significant for all tests.

Sample size considerations
At the time that the study was designed at the onset of 
the pandemic, we did not know the pandemic’s trajec-
tory and assumed that 20% of healthcare workers and 
19% of the subjects in the patient population would 
have detectable antibodies. A sample size of 2908 
healthcare workers (after correction for a finite popu-
lation size of 40000 healthcare workers in Austria), and 
3017 patients was required to estimate the expected 

Table 1  Baseline characteristics of healthcare workers stratified by presence of anti-SARS-CoV-2 N antibodies

Characteristic Overall n=812
Anti-SARS- CoV-2 N
antibodies n=98

No anti- SARS-CoV-2 N
antibodies n=714 P value

Age 40 (30–51) 38 (28–52) 40 (30–51) 0.95

Female sex 633 (78%) 76 (78%) 557 (78%) 0.92

BMI (kg/m2) 23.8 (21.5–27.5) 25.1 (22.4–29.3) 23.7 (21.5–27.1) 0.014

Occupation 0.058

 � Physician 163 (20%) 12 (12%) 151 (21%)

 � Nursing staff 370 (46%) 56 (57%) 314 (44%)

 � Medical technician 208 (26%) 21 (21%) 187 (26%)

 � Administrative personnel 71 (8.7%) 9 (9.2%) 62 (8.7%)

Working hours per week 40 (35–40) 40 (35–40) 40 (35–40) 0.68

Working setting 0.044

 � Inpatient 413 (51%) 61 (62%) 352 (49%)

 � Outpatient 269 (33%) 27 (28%) 242 (34%)

 � Laboratory 130 (16%) 10 (10%) 120 (17%)

Smoking 161 (20%) 12 (12%) 149 (21%) 0.045

Physical activity >2× per week 416 (51%) 49 (50%) 367 (51%) 0.79

Any medication 279 (34%) 38 (39%) 241 (34%) 0.33

Pneumococcal immunisation 123 (15%) 18 (18%) 105 (15%) 0.34

Influenza immunisation 341 (42%) 32 (33%) 309 (43%) 0.046

Number of people living in household 0.021

 � <3 579 (71%) 63 (64%) 516 (72%)

 � 3–4 210 (26%) 28 (29%) 182 (25%)

 � >4 23 (2.8%) 7 (7.1%) 16 (2.2%)

Households with children <10 years 163 (24%) 18 (22%) 145 (25%) 0.59

Continuous data are reported as medians (25th–75th percentile).
BMI, body mass index.
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proportion with 1.4% absolute precision and 95% 
confidence. This sample size would also provide >80% 
power to detect a difference of 3% between the two 
cohorts (assuming a prevalence of 20% in healthcare 
workers). However, recruitment of healthcare workers 
was stopped early before reaching the planned sample 
size due to slow enrolment and a substantially lower 
observed prevalence of SARS-CoV-2 infections than 
anticipated (a smaller sample size is required to 
provide estimates with the same accuracy when the 
true seroprevalence is lower).

Patient and public involvement
The present study did not involve healthcare workers 
and patients in the design, conduct, reporting or 
dissemination plans. However, healthcare workers 
were informed about their antibody testing result.

RESULTS
Study population
In total, 812 healthcare workers and 8451 unselected all-
comer patients were included in the present study. The 
healthcare workers’ median age was 40 years (25th–75th 
percentiles 30–51 years), and 633 (78%) were female 
(table 1).

The majority of healthcare staff were employed at the 
Department of Internal Medicine (24%) and worked on 
wards (51%). Compared with healthcare workers, the 
patient population was older (55 years, 25th–75th percen-
tiles 39–67 years) and had a balanced sex ratio (n=4369, 
52%). Among the included patient population, 25% had 
a history of cancer, 15% had coronary artery disease, 12% 
diabetes and 9% heart failure (table 2).

Most of the characteristics of the patient population 
were similar across the different time periods. However, the 

Table 2  Baseline characteristics of the unselected all-comer patient population stratified by presence of anti-SARS-CoV-2 N 
antibodies

Characteristic Overall n=8451
Anti-SARS-CoV-2 N
antibodies n=658

No anti-SARS-CoV-2 N
antibodies n=7793 P value

Age 55 (39–67) 49 (33–62) 55 (40–68) <0.001

Female sex 4369 (52%) 370 (56%) 3999 (51%) 0.016

Outpatients 6392 (76%) 520 (79%) 5872 (75%) 0.035

Diabetes 987 (12%) 68 (10%) 919 (12%) 0.26

Hypertension 2515 (30%) 143 (22%) 2372 (30%) <0.001

Coronary artery disease 1283 (15%) 74 (11%) 1209 (16%) 0.003

Heart failure 753 (8.9%) 47 (7.1%) 706 (9.1%) 0.10

PAD 238 (2.8%) 11 (1.7%) 227 (2.9%) 0.065

Atrial fibrillation 713 (8.4%) 45 (6.8%) 668 (8.6%) 0.12

CKD 1532 (18%) 86 (13%) 1446 (19%) <0.001

Stroke 512 (6.1%) 31 (4.7%) 481 (6.2%) 0.13

Pneumonia/COPD 737 (8.7%) 49 (7.4%) 688 (8.8%) 0.23

Liver disease 533 (6.3%) 29 (4.4%) 504 (6.5%) 0.037

Cancer 2075 (25%) 114 (17%) 1961 (25%) <0.001

BMI (kg/m2) 26.3 (23.2–30.4) 25.3 (21.8–30.3) 26.4 (23.3–30.4) 0.45

eGFR (mL/min/1.73 m2) 86 (64–106) 93 (70–117) 85 (63–106) <0.001

Serum creatinine (mg/dL) 0.86 (0.71–1.11) 0.80 (0.66–1.03) 0.87 (0.71–1.11) <0.001

Total cholesterol (mg/dL) 174 (143–207) 175 (142–207) 174 (143–207) 0.81

LDL-C (mg/dL) 92 (67–120) 96 (70–123) 92 (67–120) 0.10

Triglycerides (mg/dL) 110 (78–159) 111 (75–162) 109 (78–158) 0.91

WCC (109/L) 7.9 (6.0–10.6) 7.8 (5.9–10.4) 7.9 (6.1–10.6) 0.34

hsCRP (mg/L) 0.6 (0.2–3.0) 0.6 (0.2–3.2) 0.6 (0.2–3.0) 0.29

Hemoglobin A1c (%) 5.70 (5.30–6.20) 5.60 (5.27–6.30) 5.70 (5.30–6.20) 0.19

NT-proBNP (pg/mL) 438 (118–1821) 254 (62–1297) 458 (123–1862) <0.001

Continuous data are reported as medians (25th–75th percentile).

BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated 
glomerular filtration rate; hsCRP, high-sensitivity C reactive protein; LDL-C, Low-density lipoprotein cholesterol; NT-proBNP, 
N-terminal prohormone of brain natriuretic peptide; PAD, peripheral artery disease; WBC, white cell count.
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proportion of patients <18 years (1.4% vs 5.3%) and the 
proportion of inpatients (15% vs 27%) were significantly 
lower in patients recruited in the last cross-sectional anal-
ysis in November 2021 than in patients who were enrolled 
during earlier periods (online supplemental table 1).

Seroprevalence in healthcare workers and in an unselected 
all-comer patient population
A total of 2735 and 9275 samples were assayed from 
812 healthcare workers and 8451 patients, respectively. 
Throughout the study period, anti-SARS-CoV-2 N anti-
bodies we measured in 98 of 812 healthcare workers, 
resulting in a seroprevalence of 12.1% (95% CI 10.0% 
to 14.5%), which was not significantly different from the 
cross-sectional analysis in the all-comer patient popula-
tion at the end of the study period (407/3184; 12.8%, 
95% CI 11.7% to 14.0%, p=0.63; figure 1).

Among healthcare workers with anti-SARS-CoV-2 N 
antibodies, the median relative reduction in SARS-CoV-2 
COI was 26.8% and 50.4% after 3 and 6 months, respec-
tively (figure 2). Four individuals fell below the cut-off for 
positivity (ie, below 1.0) (2 individuals after 2 months, 1 
individual after 3 months and 1 after 6 months), though 

they retained a COI >0.50. One individual who turned 
negative after 6 months experienced reinfection.

Regarding the specific time periods during the study, 
between 29 May and 7 September 2020 (period A), 16 
of 568 healthcare workers and 60 of 3010 patients had 
detectable anti-SARS-CoV-2 N antibodies, resulting in 
a seroprevalence of 2.8% (95% CI 1.7% to 4.5%) and 
2.0% (95% CI 1.6% to 2.6%), respectively (figure 3). In 
the subsequent period (from 8 September 2020 to 22 
February 2021), we measured anti-SARS-CoV-2 N anti-
bodies in 36 of 498 healthcare workers and 288 of the 
3082 patients, yielding a seroprevalence of 7.2% (95% CI 
5.3% to 9.8%) and 9.3% (95% CI 8.4% to 10.4%), respec-
tively. In the final testing period (from 23 February 2021 
to 23 November 2021), we measured anti-SARS-CoV-2 N 
antibodies in 98 of 812 healthcare workers (14.9%, 95% 
CI 12.2% to 18.1%) and in 407 of 3184 (12.8%, 95% CI 
11.7% to 14.0%, figure 2). The seroprevalence of health-
care workers and patients did not differ significantly at any 
of the individual time periods (all p>0.10). However, the 
proportion of both healthcare workers and patients with 
detectable anti-SARS-CoV-2 N antibodies was significantly 
higher than the proportion of confirmed cases in Austria’s 
general population at all time periods (7 September 2020: 
0.3%; 22 February 2021: 5.0%; 23 November 2021: 12.2%; 
all p<0.01).11 These findings remained consistent when 
implementing a lower threshold (ie, COI >0.165) of the 
SARS-CoV-2 assay (online supplemental figure 1).

Seroprevalence in pediatric patients
In total, 371 paediatric patients (median age 13 years, 25th–
75th percentiles 9–16 years; 56% female) were included. 
The seroprevalence in paediatric patients was 1.8% (95% 
CI 0.6% to 5.1%; n/n=3/170), 13.5% (95% CI 9.0% to 
19.7%; n/n=21/156) and 11.1% (95% CI 4.8% to 23.5%, n/
n=5/45) between 24 August and 7 September 2020 (period 
A), 8 February and 22 February 2021 (period B) and 9 
November 2021–23 November 2021 (period C), respectively 
(figure 4). The median age of paediatric patients with anti-
SARS-CoV-2 N antibodies was 13 (25th–75th percentile 8–14 
years) and 48% were female (online supplemental figure 2). 
There was no significant difference in the seroprevalence 
between paediatric and adult patients at any time period 
tested (all p values >0.09).

Figure 1  Prevalence of anti-SARS-CoV-2 N antibodies in 
healthcare workers over the entire study period versus an 
unselected all-comer patient population tested at the end of 
the study. HCW, healthcare workers.

Figure 2  Median relative reduction in anti-SARS-CoV-2 N nucleoprotein antibody cut-off index over time.

https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
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Anti-SARS-CoV-2 N antibody response after positive PCR 
results in patients
In total, 27 220 PCR tests were done ≥14 days before labo-
ratory testing in 4872 patients. Overall, 299 positive PCR 
tests were recorded in 108 patients of which 91 (84.3%) 
patients had detectable antibodies. Among patients with 
a previous positive PCR test and detectable antibodies, 
the median time between the first documented positive 
PCR test and antibody testing was 146 days (25th–75th 
percentiles 67–298 days; figure 5).

Clinical characteristics of individuals with anti-SARS-CoV-2 N 
antibodies
Healthcare workers with detectable anti-SARS-CoV-2 N 
antibodies were similar to those without them in their 
measured baseline characteristics but were more likely 
to live in larger households (table  1). In contrast, the 
prevalence of detectable anti-SARS-CoV-2 N antibodies in 
patients was associated with a better overall health status, 
as reflected in their younger age (49 vs 56), and lower 
rates of cancer, hypertension, coronary artery disease and 
chronic kidney disease (table 2, online supplemental table 
2. There was no significant difference across the hospital 
departments (all p values >0.14; online supplemental 

figure 3 or in the proportion of inpatients versus outpa-
tients with and without anti-SARS-CoV-2 N antibodies 
across the tested time periods (all p values >0.29, online 
supplemental figure 4. Healthcare workers with detect-
able anti-SARS-CoV-2 N antibodies reported a wide range 
of symptoms online supplemental figure 5. Only 13 
(13%) individuals were completely asymptomatic, and 26 
(26.5%) were oligosymptomatic and reported only one or 
two symptoms online supplemental figure 6.

DISCUSSION
In this large-scale study of healthcare workers and patients, 
we found a similar proportion of anti-SARS-CoV-2 N anti-
bodies in healthcare workers and an unselected all-comer 
patient population that was nearly 1.5-fold to two-fold 
higher than the reported number of confirmed cases in 
Austria throughout the pandemic. Moreover, at any time 
during the pandemic, the seroprevalence was similar in 
adult and paediatric patients.

These findings have important clinical implications: 
first, seroprevalence estimates provide a more accurate 
assessment of the true SARS-CoV-2 infection rate than 
reported case numbers would allow, because mild or 

Figure 3  Prevalence of anti-SARS-CoV-2 N antibodies in healthcare workers (HCWs) versus an unselected all-comer patient 
population tested and the number of confirmed cases in Austria. Panel A: confirmed PCR cases per day in Austria. The 
lockdown time periods in Austria are highlighted in red. The black arrows indicate the peaks of each wave during the pandemic. 
Panel B: prevalence of anti-SARS-CoV-2 N antibodies in healthcare workers (HCWs) and an unselected all-comer patient 
population and the cumulative number of confirmed cases in Austria.

https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
https://dx.doi.org/10.1136/bmjopen-2022-063760
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asymptomatic infections may be missed. Despite exten-
sive per capita PCR testing in Austria, which is among the 
most frequently performed worldwide,1 and comprehen-
sive containment policies that resulted in a lower number 
of confirmed cases compared with other European coun-
tries,12 the infection rate in our study was 1.5-fold to 
two-fold higher than the number of confirmed cases in 
Austria throughout the pandemic. However, it is worth 
noting that only few healthcare workers were asymptom-
atic or oligosymptomatic.

The present findings suggest that healthcare 
workers and patients have a similar risk of exposure to 

SARS-CoV-2. Patients with versus without anti-SARS-
CoV-2 N antibodies were younger and had fewer comor-
bidities, reflecting higher activity in life, suggesting that 
the true infection rate in the general population is likely 
even higher. Because of differences in containment 
policies, availability of personal protective equipment, 
access to healthcare and testing regimen across coun-
tries, substantial regional heterogeneity in the seropreva-
lence and the number of confirmed COVID-19 cases has 
been reported.13–18 Exemplary, a sero-survey conducted 
during the first wave in New York suggested that case-
based surveillance underestimated the number of infec-
tions by a factor of 10 during that time.13 The results of 
the present study thus imply that the established hospital 
containment policies, including regular PCR testing of 
healthcare workers and testing of hospitalised patients 
on admission, visitor restrictions and the wearing of face 
masks for healthcare workers and visitors masking were 
effective.

Second, these findings indicate greater transmission 
in children than had previously been assumed.15 This 
knowledge is essential because vaccination had not been 
approved for children <5 years old.19

High rates of transmission pose other dangers as well: 
in addition to acute SARS-CoV-2 infections, children and 
adults can develop long-term sequelae, such as fatigue,20 
impaired exercise capacity, cognitive disturbances and 
changes in brain structure,21 and cardiovascular compli-
cations,22 including arrhythmias, inflammatory heart 
disease, heart failure and thromboembolic disease. 
Although patients with more severe COVID-19 during the 
acute phase of the infection were more likely to develop 
significant health problems, these risks and burdens were 
evident even among not hospitalised individuals.22 Even 
if the proportion of individuals who develop postacute 
sequelae of SARS CoV-2 infection is small, the abso-
lute numbers will be staggering due to the high global 
burden and will likely have a significant impact on both 
healthcare systems and the economy. At this time, it 
is unclear how long these conditions may persist, and 

Figure 4  Prevalence of anti-SARS-CoV-2 N antibodies 
in paediatric (ie, <18 years) and adults patients across the 
tested time periods.

Figure 5  Distribution between the time of the first documented positive PCR test and antibody testing in patients with (left 
panel) and without (right panel) detectable anti-SARS-CoV-2 N antibodies.
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there is currently no treatment available. As a result of 
the increasing infection rates, future research will need 
to focus on postacute sequelae of SARS CoV-2 prevention 
and mitigation strategies.

The assay used in the present study uses anti-SARS-
CoV-2 nucleoprotein antibodies that represent previous 
infection (but not antibodies that develop after successful 
vaccination). However, at this time, it is not yet clear how 
long the antibodies persist after infection. We noted a 
linear reduction in SARS-CoV-2 COI with an approxi-
mately 50% relative reduction at 6 months. Similar find-
ings have been reported by other groups.23 24 Although this 
assay has excellent sensitivity and specificity and its results 
have been shown to correlate well with neutralising anti-
bodies,10 25–28 this observation should be, however, inter-
preted with caution as the magnitude of the measured 
result above the cut-off may not be a reliable indication 
of the total amount of antibody present in the sample.27 28

Overall, these results shed light on infection rates 
in specific populations, including children, and thus 
provide deeper insight into overall immunity status by 
complementing information about vaccination rates and 
confirmed cases, ultimately informing policies and strate-
gies to contain the spread of the virus.29

Limitations
We acknowledge several limitations of this study. First, 
because of slow recruitment, we did not achieve the 
initially planned number of healthcare workers. However, 
because the true seroprevalence in our sample was much 
lower than anticipated, this study remained well powered 
and provided estimates with narrow CIs. Although 
data suggest that antibody presence to be associated 
with natural immunity,29–34 individual immunological 
responses to SARS-CoV-2 infection can vary significantly. 
Our study cannot determine whether the presence of 
anti-SARS-CoV-2 N antibodies serve a surrogate for immu-
nity. Furthermore, testing from different manufacturers 
may yield different results. Due to the descriptive nature 
of this analysis, no adjustments for multiple testing were 
performed.

CONCLUSIONS
Throughout the pandemic up until the end of 2021, 
healthcare staff and an all-comer patient population at 
a tertiary academic medical centre had similar exposure 
to SARS-CoV-2 that was nearly 1.5-fold to twofold higher 
than the reported number of confirmed cases in Austria. 
Infection rates did not differ between adults and children 
over the entire study period. These findings emphasise 
the need for research that focuses on preventing and 
mitigating long-term complications of SARS-CoV-2.
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