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coronavirus type 2 among asymptomatic, RT-PCR-negative 

members of the Croatian First League 

Venkatesh B1,Pavan kumar2 

 

Abstract 
The Croatian Football Federation used a novel concept of pre-season systematic evaluation of football players during the 

COVID-19 pandemic, with the goal of identifying asymptomatic cases of SARS-CoV-2 infection and stopping their 

spread among the team's players. Using a commercial ELISA antibody assay on paired serum samples collected 2 months 

apart, this study aimed to determine the prevalence and dynamics of SARS-CoV-2 IgA and IgG antibodies in a cohort of 

asymptomatic and SARS-CoV-2 PCR-negative professional football players in the Croatian First Football League. 

Methods From May-July of 2020, a group of 305 asymptomatic football players and club staff members underwent 

serology testing. Euroimmun ELISA was used in May and July to screen matched blood samples for IgA and IgG (S1 and 

NCP) antibodies, and real-time polymerase chain reaction (RT-PCR) was used on three separate occasions to identify 

SARS-CoV-2 from nasopharyngeal swabs.

 Keywords:COVID-19; seroprevalence; football; antibodies; ELISA; asymptomatic 

Introduction 
Professional sports are not immune to the ripple effects of 

the COVID-19 pandemic [1]. Professional leagues 

throughout the world have canceled their games and 

practices to prevent the spread of the disease, and players 

are now limited to individual training schedules [2]. Since 

SARS-CoV-2 virus may live on many surfaces for several 

hours or even days [3,4], it is mostly spread by droplets and 

aerosol formed by sneezing, coughing, and talking, as well 

as through infected hands. Clinical criteria, 

epidemiological context, and molecular detection of viral 

RNA in clinical samples all contribute toaCOVID-

19diagnosis. 
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Serological assays that detect specific antibodies to 

SARS-CoV-2 can be useful in various settings to 

identify the individuals that remained asymptomatic 

but should not be used as a standalone test to detect 

acute infection [5,6]. 

 
The median time to onset of symptoms for persons 

infected with SARS-CoV-2 is 5 days [7]. Studies 

suggest that the proportion of asymptomatic COVID- 

19 cases ranges from 17.9% to 78% [8–10]. There is 

increasing evidence that asymptomatic or minimally 

symptomatic persons can spread the virus, particularly 

during the late incubation period, so it is of utmost 

importance to detect the asymptomatic spreaders 

timely to prevent rapid disease tran- smission [11,12]. 

The immune response in asy- mptomatic individuals 

has not been completely understood [13]. The football 

community worldwide is keen to return to football 

activities, but the return to sporting activities requires 

risk assessment based on SARS-CoV-2 prevalence 

within a given cohort and implementation of strict 

epidemiologic pre- ventive measures accordingly [14]. 

During lock- down in Croatia, the football 

championship was inte- rrupted as it was the case 

worldwide. The Croatian Football Federation has 

launched a new model of pre-season systematic 

examination of football pla- yers, coaches and staff 

members, with a particular emphasis on diagnosing 

asymptomatic SARS-CoV-2 infection to prevent 

further virus spr-ead and to continue safely with 

training and matches. The model includes 

epidemiological interviews combined with molecular 

and serological testing of players before and during the 

re-starting phase of the first league championship to 

enable the continuation of the first league games, 

although without spectators [15]. 

 
As repeated molecular testing of SARS-CoV-2 from 

 

nasopharyngeal swabs was negative in all tested 

individuals in our cohort, in this paper we analyzed the 

serological findings to explore the possibility of 

asymptomatic exposure to the virus. Earlier studies 

have found that serum antibodies begin to rise one 

week after a coronavirus infection with IgA and IgM 

peaking in the first 5-7 days and decline after 28 days, 

while IgG antibodies can be detected 7-10 days after 

infection, reaching the peak 7 weeks later, with long-

term memory plasma cells persisting for a long time, 

protecting individuals against reinfection [16,17]. 

Seroconversion is faster and more robust in patients 

with severe disease [6]. The duration of detectable 

antibodies and their neutralizing capacity is still being 

studied [18,19]. For a more accurate interpretation of 

the serological result, paired serum specimens from 

the same individual should be collected at least several 

weeks apart [6]. Various commercial assays utilizing 

different techniques that measure the binding of IgG, 

IgM, and/or IgA antibodies have been developed. The 

performance of the serologic assays varies in different 

testing cohorts and it has not been fully understood yet 

[20–22]. The cross-reactivity to other coronaviruses 

and other viruses can lead to false-positive results [23]. 

 
The aim of this study is to analyze the prevalence and 

dynamics of SARS-CoV-2 IgA and IgG antibodies in 

the cohort of asymptomatic and SARS-CoV-2 RT- 

PCR negative professional football players in the 

Croatian First Football League during the COVID-19 

pandemic in Croatia by using a commercial ELISA 

antibody assay in paired serum samples taken two 

months apart during COVID-19 pandemic in Croatia. 

 
1. Material and Methods 

1.1 Study design 
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Prospective cohort study as a part of Croatian 

preseason football preparation in the era of COVID- 

19 performed from April until July of 2020 [15]. 

 
1.2 Study Population 

A total of 350 participants including all registered 

football players and club staff members of the Croatian 

First Football National League participated in this 

study, all of whom were male aged from 17 to 

71 years. All participants were enrolled at the primary 

club setting. The participants strictly fo- llowed the 

Croatian Football Federation protocol that included 

limited social contact and training in small groups. 

None of the participants presented with fever or any 

respiratory symptoms at the time of testing. An 

epidemiological questionnaire was filled out at the 

beginning of the study. One participant was excluded 

from the study for not completing the questionnaire. 

 
At the time of the third sampling 44 participants were 

lost to follow-up; therefore, the final number of 

included participants in the study was 305. 

 
Ethical approval for the study was gained from the 

Ethics Committee of the Institute of Public Health “dr. 

Andrija Štampar” (class: 641-01/20-01/01, 

 

registry number: 381-10-20-07, date of approval: 

11/05/2020). All of the included patients gave a signed 

written consent to be included in the study prior to 

testing. 

 
1.3 Sampling 

The testing was performed in three phases from May 

to July 2020. In phase 1 (last week of May 2020), a 

nasopharyngeal swab was taken for RT-qPCR 

molecular analysis and the epidemiological 

questionnaire was filled out by the participants (Table 

S1). In phase 2 (five days after the initial sampling) 

another nasopharyngeal sample was taken for 

molecular testing and a sample of peripheral venous 

blood was drawn for serology. In phase 3 (last week of 

July), two months after phase 2, both molecular and 

serological testing was repeated. 

 
In all 3 phases sampling was performed in club 

ambulances by the same team doctors. Molecular 

analysis in phases 1 and 2 was performed in the De- 

partment of Microbiology of the Institute for Public 

Health “Dr. Andrija Štampar“, in phase 3 it was per- 

formed in Genos Ltd, DNA Laboratory. The se- 

rological testing was performed in St. Catherine S- 

pecialty Hospital laboratory. 

 

 

 

Table S1: Epidemiological questionnaire 
 

Question 
Possible 

answers 

Have you been outside Croatia in the last 2 weeks? YES/NO 

Have you been in close contact with a COVID-19 patient in the last 2 weeks? YES/NO 

Have you ever been in self-isolation or quarantine as recommended by a doctor? YES/NO 

Has any of your houshold members been in or is currently in self-isolation as recommended by a 

doctor? 
YES/NO 

Does any of your household members have any of the following symptoms: cough, fever, YES/NO 



Indo-Am. J. Agric. & Vet. Sci., 2013                                                                           VOL .2 ,ISSUSE.4  Oct , 2014 

 

 

 

 
 

shortness of breath?  

Have you followed the measures of physical distance and minimized personal contacts in 

accordance to the recommendations? 
YES/NO 

Did you have any of these symptom in the past 2 weeks: feaver, fatigue, sore throat, headache, 

loss of smell, shiver, muscle aches, nose leak, shortness of breath, chest pain, chest whistling? 

Multiple choice 

question. 

Have you visited your doctor or been to the hospital in the last 2 weeks? YES/NO 

Have you been previously tested for SARS-CoV-2 YES/NO 

Did you get vaccinated against the flu this season? YES/NO 

Do you have any chronic health condition? Open question. 

 

1.4 RT-PCR 

Nasopharyngeal swabs were transported in 1.5 mL of 

Hanks' Balanced Salt Solution (prepared following in 

 

 
 

In phases 1 and 2, isolation of RNA was performed by 

EZ1 Virus Mini Kit v2.0 (Qiagen, Hilden, Germany 

on EZ1 Advanced XL instrument for aut- omated 

purification of nucleic acids (Qiagen, Hilden, 

Germany). Amplification and detection of SARS- 

CoV-2 were performed using GeneFinder COVID-19 

Plus RealAmp Kit (Osang Healthcare Co. Ltd., Any- 

ang (Dongan), Gyeonggi, South Korea) on Cobas Z 

480 Instrument (Roche Diagnostics GmbH, Man- 

nheim, Germany) according to the manufacturer’s 

protocol. The assay identifies the virus by multiplex 

real-time RT-PCR targeting three virus genes: the 

envelope protein (E), the nu-cleocapsid protein (N) 

and RNA-dependent RNA po-lymerase (RdRp) 

genes. Besides primers for targeted genes, the kit 

includes the RNase P (RP) primer and probe set for 

detection of human RP in order to control for specimen 

quality and demonstration that nucleic acid was 

generated by the extraction process. 

 
In phase 3 iAMP COVID-19 Detection Kit (ATILA 

BioSystems, Mountain View, CA, USA) was used for 

SARS-Cov-2 RNA detection. Raw samples 

without the RNA extraction process were used. Option 

C1 - centrifugation method (Recommended validation 

procedures for iAMP COVID-19 Detection Kit v 2.2, 

April 2020; protocol provided by the kit manufacturer) 

was followed for specimen processing and reaction 

assembly for isothermal amplification. Reverse 

transcription and amplification of target RNA 

sequences were performed on MIC device (Bio 

Molecular Systems, Upper Coomer QLD, Australia), 

using SARS-CoV-2- specific N/ORF-1ab primer sets. 

 
1.5 Serology 

For serologic testing in our cohort, we have decided to 

use the CE marked commercial ELISA assay (Anti-

SARS-CoV-2 IgA, Anti-SARS-CoV-2 IgG S 

and Anti-SARS-CoV-2 IgG NCP, Euroimmun Me- 

dizinische Labordiagnostika AG, Lübeck, Germany) 

which detects IgA and IgG antibodies to the S1- 

domain of spike protein, as well as IgG antibodies to 

nucleocapsid antigen (NCP), which is the antigen with 

the strongest immune dominance in the coronavirus 

family. This assay has been validated in numerous 

studies, showing adequate sensitivity and specificity 

[24–30]. The assay is intended for use as an aid in 

identifying individuals with an adaptive immune 

response to SARS CoV-2, indicating recent or prior 

infection [30]. The test was performed on 
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Euroimmun I-2P ELISA analyzer (Euroimmun 

Medizinische Labordiagnostika AG, Lübeck, 

Germany) according to the instructions of the 

manufacturer. After adding the conjugate, a sample's 

immunoreactivity was determined by measuring 

optical density at 450 nm (OD450) and then divided 

by the OD450 of the calibrator provided to minimize 

the inter-assay variation. The semiquantitative results 

were expressed in arbitrary units as OD ratio and 

interpreted as positive, borderline or negative 

according to the manufacturer's proposed cut-off 

values (≥ 1.1 positive; ≥ 0.8 – < 1.1 borderline; < 0.8 

negative). The internal quality control was performed 

by parallel testing of 6 positive samples from patients 

who were symptomatic and RT-qPCR confirmed 

COVID-19, 4-8 weeks before serology testing. The 

OD ratios from positive controls were: IgA (S1): 0.81-

2.58; IgG (S1): 1.65-7.43; IgG (NCP): 3.48- 

5.07. 

 
 

To exclude the acute Epstein-Barr virus (EBV) 

infection and the presence of heterophilic antibodies 

that could cause cross-reactivity in tested samples, 

serological analyses were performed to determine 

 

IgM and IgG class antibodies against Epstein-Barr 

virus capsid antigen (Anti-EBV-CA IgM and Anti- 

EBV-CA IgG, respectively) and IgG against EBV 

nuclear antigen 1 (Anti-EBNA-1 IgG) supplied by 

Euroimmun Medizinische Labordiagnostika AG, 

Lübeck, Germany. 

 
1.6 Statistical Analysis 

The analysis was performed using SAS 9.4 program, 

SAS Institute, Cary, North Carolina. Continuous 

variables were presented as mean, standard deviation, 

median and 25/75 percentile. Categoric variables were 

presented as frequencies and percentages. The 

confidence interval for the proportion of IgA and IgGs 

was calculated using the Wilson scoring interval [31]. 

We have compared groups of IgA positive and 

negative individuals. Statistical significance was 

determined by the Mann-Whitney test for continuous 

variables and the chi-squared test for categoric 

variables; for small sample sizes, the exact test was 

performed. The frequency of positivity in two pe- riods 

was compared with the McNemar test for dependent

 samples (Table S2). 

 

 

 

Table S2: IgA antibody status by the sampling phase. Even though the overall number of IgA positive serums did not 

change, there were significant changes (McNemar p<0.001) of the IgA status in the groups due to newly found positive 

results and the loss of positivity. 

Time of sampling IgA antibody status 

Negative Positive Total 

Phase 3 262 

 
(85.90%) 

43 

 
(14.10%) 

305 

Phase 2 264 41 305 
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Time of sampling IgA antibody status 

Negative Positive Total 

 
(86.23%) (13.77%) 

 

total 526 84 610 

 

2. Results 

 

2.1 RT-PCR 

In phases 1 and 2, all of the tested participants had 

negative RT-PCR results for the presence of SARS- 

CoV-2 in nasopharyngeal samples. In phase 3, SARS-

CoV-2 was not detected for 299 nasopharyngeal 

samples analyzed with the iAMP COVID-19 

Detection Kit. Internal control amplification failure 

was observed for 6 samples even after the test was 

repeated. However, the serologic results were negative 

for those participants in phases 2 and 3, therefore they 

were considered negative for the presence of SARS-

CoV-2. 

 
2.2 Sociodemographics 

For the sociodemographic data analysis, we present 

the data collected from 349 participants included in 

phases 1 and 2 who answered the epidemiologic 

questionnaire. 

 
 

Because we have noticed that most of the individuals 

tested positive for IgA, we decided to show the data 

according to IgA positivity or negativity. The mean 

age in our cohort was 28.5 years, median 25 years, 

272 (77.9%) of participants were active football 

players, 43 (12.3%) were coaches and 26 (7.4%) were 

the medical staff. There were no significant 

differences in IgA positivity according to age, nor 

function in the club (Table 1). 

 
There was also no statistical significance in IgA 

positivity regarding self-reported epidemiologic 

history related to higher exposure to COVID-19 

infection including self-isolation, traveling outside 

Croatia, or being in close contact with SARS-CoV-2 

positive patients (Table 2). 

 

 

 

Table 1: Age and club functions of participants (N=349) by SARS-CoV-2 IgA antibody status 
 

 IgA negative 

(N=301) 

IgA positive 

(N=48) 

Total 

(N=349) 

p-value 

Age  0.354 

Mean 28.8 26.8 28.5  

SD 9.3 7.7 9.1  

Median 25 24 25  

25th percentile 23 22 22  

75th percentile 32 29 31  
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Club function  0.983 

Player 234 (77.7%) 38 (79.2%) 272 (77.9%)  

Coach 36 (12.0%) 7 (14.6%) 43 (12.3%)  

Medical staff 24 (8.0%) 2 (4.2%) 26 (7.4%)  

Other 7 (2.3%) 1 (2.1%) 8 (2.3%)  

IgA, immunoglobulin A; SD, standard deviation. 

 
 

Table 2: SARS-CoV-2 IgA antibody status of participants (N=349) for  selected self-reported epidemiological 

categories 

 IgA negative 

(N=301) 

IgA positive 

(N=48) 

Total 

(N=349) 

p-value 

Self-isolation  0.985 

Yes 11 (3.7%) 2 (4.2%) 13 (3.7%)  

No 290 (96.3%) 46 (95.8%) 336 (96.3%)  

 

Traveling abroad  0.845 

Yes 19 (6.3%) 2 (4.2%) 21 (6.0%)  

No 282 (93.7%) 46 (95.8%) 328 (94.0%)  

 

Close contact with a COVID-19 

positive person 

 0.852 

Yes 2 (0.7%) 0 2 (0.6%)  

No 299 (99.3%) 48 (100%) 347 (99.4%)  

IgA, immunoglobulin A. 

 
 

2.3 Serology 

For the analysis of serology, we present the data from 

305 participants for whom the results of paired serum 

samples were available. The serological testing results 

in phases 2 and 3 are presented in Tables 3 and 4 

respectively. A total of 61 (20%) out of 305 

participants sera were reactive in one or two classes 

 

of SARS-CoV-2 antibodies at first and/or follow-up 

serology testing. The majority of participants (331, 

94.8%) had positive IgG antibodies to EBV-VCA and 

EBNA. Not a single case of acute EBV infection was 

detected that could cross-react with SARS-CoV- 

2 antibodies. 
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Table 3: Results of SARS CoV-2 serological testing of participants (N=305) in phase 2 
 

Serological testing phase 2 (N=305) 

Result IgA IgG S1 IgG NCP 

N / % [95% CI] N / % [95% CI] N / % [95% CI] 

Positive 24 / 7.87 [5.34-11.44] 2 / 0.66 [0.18-2.36] 1 / 0.33 [0.0006-1.83] 

Borderline 17 / 5.57 [3.51-8.74] 4 / 1.31 [0.05-3.32] 1 / 0.33 [0.0006-1.83] 

Negative 264 / 85.56 [82.27-89.93] 299 / 98.03 [95.78-99.1] 303 / 99.34 [97.64-99.82] 

CI, confidence interval; IgA, immunoglobulin A; IgG S1, immunoglobulin G against S1 domain of the SARS CoV- 

2 spike protein; IgG NCP, immunoglobulin G against SARS CoV-2 nucleocapsid protein 

 
Table 4: Results of SARS CoV-2 serological testing of participants (N=305) in phase 3 

 

Serological testing phase 3 (N=305) 

Result IgA IgG S1 IgG NCP 

N / % [95% CI] N / % [95% CI] N / % [95% CI] 

Positive 21 / 6.89 [4.55-10.30] 0 3 / 0.98 [0.34-2.85] 

Borderline 21 / 6.89 [4.55-10.30] 1 / 0.33 [0.0006-1.83] 5 / 3.78 [0.70-1.83] 

Negative 263 / 86.23 [81.91-89.65] 304 / 99.67 [98.17-99.94] 297 / 97.38 [94.91-98.67] 

CI, confidence interval; IgA, immunoglobulin A; IgG S1, immunoglobulin G against S1 domain of the SARS CoV- 

2 spike protein; IgG NCP, immunoglobulin G against SARS CoV-2 nucleocapsid protein 

 

The first serology testing (phase 2) showed that 13.4% 

(95% CI=10.7-17.7) of sera tested borderline or 

positive for IgA, 2% (95% CI=0.9-4.2) of sera were 

borderline or positive for IgG (S1) and 0.7% (95% 

CI=0.2-2.4) were borderline or positive for IgG (NCP). 

The results were similar at the follow-up 

testing (phase 3): 13.8% (95% CI=10.3-18.9) 

borderline or positive results for IgA, only 0.3% (95% 

CI=0.0006-1.83) IgG (S1) reactive, but 2.6% 

(95% CI=1.3-5.1) became borderline or positive for 

IgG (NCP). The dynamics of the antibody reactivity 

for   each   participant   is   shown   in   Figure   1. 
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Figure 1: Heat map of participants serologically positive for SARS-CoV-2 antibodies. Most of the participants were 

positive in only one class of antibodies. There were only seven cases of double positivity: 2 participants in phase 2: 

one IgA positive + IgG (S1) positive (participant no. 8) and one IgA borderline + IgG (NCP) positive (participant no 

41), 5 participants in phase 3: two IgA positive + IgG (NCP) positive (participants no. 24 and 41), two IgA positive 

+ IgG (NCP) borderline (participants no 5 and 22) and one IgG (S1) borderline + IgG (NCP) borderline (participant 

no. 60). When we look at the dynamics at the follow-up testing for double-positive sera; the participant no. 8 IgA + 

IgG (S1) positive stayed borderline in IgA class, but lost IgG antibodies, the participant no. 41 that was IgA borderline 

and IgG (NCP) positive became IgA and IgG (NCP) positive. Looking at the double positives in the follow-up sera, 3 

participants (no. 5, 22 and 24) were already IgA positive at the first serology testing, participant no. 41 was already 

IgA borderline and IgG (NCP) positive in the first test, and participant no. 60 was IgG (NCP) borderline, so we can 

conclude that in 6 (2%) out of 305 participants, previous asymptomatic contact with SARS- CoV-2 was fully 

suspected. Green box, negative; Orange box, borderline; Red box, positive; IgA, immunoglobulin A; IgG S, 

immunoglobulin G against S1 domain of the SARS CoV-2 spike protein; IgG NCP, immunoglobulin G against SARS 

CoV-2 nucleocapsid protein. 
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Participants who were borderline and positive only 

for the presence of IgA antibodies at baseline were 

observed with interest at follow-up, because of their 

relatively high number in the cohort. Thirteen out of 

305 (4.2%) participants that were IgA positive (OD 

ratio >1,1) in the first testing stayed positive in the 

follow-up, 8/305 (2.6%) IgA positives became IgA 

borderline at the follow-up, and 3 participants lost 

their positivity. Out of 17/305 (5.6%) borderline IgA 

(OD ratio 0.8-1.1), 4/305 (1.3%) became positive 

(OD  

 

ratio >1.1) in the follow-up, 5/305 (1.6%) stayed 

borderline and 8/305 (2.6%) lost their positivity

. 

 

 
2.4 Assumed SARS-CoV-2 Contact 

We assumed contact with SARS-CoV-2 when at least 

2 types of antibodies were detected at any testing 

phase and/or when the same class antibody reactivity 

was found at follow up (mostly IgA). We estimated, 

according to the dynamics of the antibodies in paired 

serum samples, that in 5,9% of participants previous 

contact with SARS-CoV-2 was possible (Table 5). If 

 

the borderline results in one of the testing points are 

regarded as positive, we cannot exclude the previous 

contact with SARS-CoV-2 in additional 14 (4.6%) 

participants, therefore a total of 10.5% of participants 

in our cohort can be suspected of having previous 

exposure to the virus (Table 5). However, the finding 

of borderline IgA at both testing points was not 

assumed as probable contact due to the low specificity 

of IgA antibodies reported [25–27]. 

 

 

 

Table 5: Possible contact with SARS-CoV-2 based on SARS-CoV-2 serology dynamics in paired serum samples of 

Croatian football players. All of the paired serum combinations are presented. 

1st serology 

(Phase 2) 

2nd serology 

(Phase 3) 

Number of 

participants 

Possible contact with SARS- 

CoV-2 

IgA+ IgA+ 10 10 

IgA+ IgA+/- 7 *7 

IgA+, IgG S1+ IgA+/- 1 1 

IgA+ IgA+, IgG NCP+ 1 1 

IgA+ IgA+, IgG 

NCP+/- 

2 2 

IgA+ IgG NCP+ 1 1 

IgA+ - 2 0 

IgA+/- IgA+ 3 *3 

IgA+/- IgA+/- 5 0 

IgA+/-, IgG NCP+ IgA+, IgG NCP+ 1 1 

IgA+/- - 8 0 

IgG S1+ - 1 1 
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IgG S1+/- - 4 *4 

IgG NCP+/- IgG S1+, IgG 

NCP+ 

1 1 

- IgA+ 4 Newly detected 

- IgA+/- 8 ? 

- IgG NCP+/- 2 Newly detected 

Total  61 18/305 (5,9%) + *14/305 

(4.6%) 

Contact with SARS-CoV-2 is possible in 18 out of 305 participants based on paired serum analysis. If borderline 

results were interpreted as positive, where only one class of antibodies was borderline in any of the 2 samplings, 
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additional 14 participants could have been in contact with SARS-CoV-2 (as indicated with “*”). “+”, positive; “+/- 

“, borderline; “-“, negative for all examined antibody classes; “?”, unknown; IgA, immunoglobulin A; IgG S1, 

immunoglobulin G against S1 domain of the SARS CoV-2 spike protein; IgG NCP, immunoglobulin G against SARS 

CoV-2 nucleocapsid protein. 

 

3. Discussion 

3.1 Study background 

SARS-CoV-2 infection can have various clinical 

presentations: from asymptomatic to severe cases 

with pneumonitis, ARDS, and multiple organ failure; 

and possible long-term health consequences, 

primarily lung fibrosis [32,33]. In young people, most 

of the infections show a mild or asymptomatic course, 

however, severe cases with heart complications have 

also been described [34]. Still, those patients can 

spread the virus to their family, friends and colleagues, 

especially in the last days of incubation when the 

quantity of virus is the highest in the respiratory 

specimens [6]. This is important for football players as 

they have many close contacts during training, 

traveling, matches, etc. and can quickly spread the 

virus among their team, coaches, staff and others. 

Football player’s career development requires a lot of 

time and effort invested into the prevention of injury, 

disease, disability and even death, therefore it is 

crucial to identify the infection early and isolate the 

infected person from the rest of the team in a timely 

manner. In this prospective study, we wanted to 

explore what information on exposition to SARS-CoV-

2 we can obtain from serological data in the cohort of 

first league football players and staff members that 

were preparing for the restart of football season during 

the COVID-19 outbreak in Croatia. During the follow-

up period from May to July 2020 study participants 

were tested three times for SARS-CoV-2 by RT-PCR. 

Not a single case of active infection was detected. All 

of the participants denied having any respiratory 

symptoms or fever throughout the whole study period. 

The seroprevalence of SARS-CoV-2 in the Croatian 

general population has not yet been published, but 

similar studies in cohorts of healthcare professionals 

and factory workers demonstrated that 1.27% and 

2.7% tested individuals were positive for the presence 

of antibodies respectively [35,36]. 

 
3.2 Results comparison 

Altogether in 61 out of 305 participants serum 

reactivity in at least one antibody class was found. We 

detected IgA positivity in 7.9% and 6.9% at baseline 

and follow-up sera, respectively. The prevalence of 

borderline IgA was 5.6% and 6.9% respectively. 

Euroimmun IgA ELISA was already validated in 

different studies. Jääskeläinen and coworkers, while 

evaluating IgG and IgA Euroimmun ELISA test, 

found lower specificity of IgA of 73% for presumably 

negative patients, however, the number of screened 

serum samples was small without follow-up testing. 

Positive IgA was also detected earlier and more 

frequently than IgG in serum samples from confirmed 

COVID-19 patients. The authors conclude that a 

second convalescent serum is needed to obtain reliable 

results [25]. We have found that IgA remained 

positive (OD>1.1) in 13 participants in the second 

testing, so we cannot ignore those results. Nicol et al. 

reported 17.3% false IgA positives among RT-PCR 

negatives, but they had tested only 50 presumably 

negative serum samples on one occasion and the “grey 

zone” was considered positive [26]. In our study, we 

have found 5.6% IgA borderline results at the first 

testing and 6.9% at the 
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second testing. Van Elslande et al. found very low 

ELISA IgA specificity of 73.8% in negative controls 

and pointed out that the ELISA IgA should not be used 

for the screening of asymptomatic persons [27]. 

Beavis et al. found 88.4% IgA specificity for 86 

negative samples with borderline samples included in 

the positive results and concluded that results from 

antibody testing should not be used as the sole basis 

to diagnose or exclude SARS-CoV-2 infection or to 

inform infection status [24]. Obviously, there is a 

limitation of ELISA IgA performance due to false- 

positivity in individuals without symptoms, most 

probably caused by cross-reactivity to other human 

coronaviruses. 

 
However, all of the aforementioned studies have 

investigated only single serum samples from 

presumably negative individuals or COVID-19 

patients, so no dynamics in antibody response could be 

observed. On the contrary, we have analyzed paired 

sera and found substantial positive IgA dynamics in 15 

out of 305 (5%) of participants (Table 5, Figure 1). 

Borderline IgA results in asymptomatic patients are 

not easy to interpret, therefore we decided to leave out 

of conclusion the participants that had borderline 

results without any dynamics or presence of IgG 

antibodies simultaneously. IgG (S1) antibodies were 

detected in 6 cases only. Meyer and coworkers suggest 

that higher IgG (S1) cut-off value for seropositivity is 

needed (2.5) to secure an optimal specificity and 

positive predictive value [28]. However, IgG (S1) was 

detectable at baseline only in 6 sera in our cohort, out 

of which 4 were borderline and 2 had positive OD 

ratios (1.37 and 4.25). IgG (S1) positivity was not 

observed in paired sera at follow up 2 months later. 

Ortho-Heller and coworkers found a stronger decrease 

for IgG (NCP) than for S1 specific antibodies looking 

at the 

 

longitudinal kinetics in the cohort of 20 non- 

hospitalized patients. They conclude that a single 

SARS-COV-2 antibody test should not be used to 

exclude or confirm a previous infection [37]. In our 

cohort IgG (NCP) antibodies were detectable only in 

two participants in phase 2, which also persisted 

through phase 3, while 6 new positive participants 

appeared, indicating possible asymptomatic infection 

between the two testing points. This is in line with Van 

Eslandie's retrospective study, which found a shorter 

time to seropositivity for IgG (NCP) compared with 

IgG (S1), with similar specificity for pre-COVID 

samples 94.7% and 96.55, respectively 

[38]. 

 
 

3.3 Limitations and added value 

This study's limitations include relatively small sample 

size, possible cross-reactivity with antibodies to other 

human coronaviruses that were not analyzed, and the 

fact that only one commercial ELISA test was used. 

Also, we were not able to include serum samples from 

the pre-COVID era. The main added value of the study 

is the analysis of paired sera tested for IgA and IgG S 

and NCP antibodies in a homogenous cohort of 305 

healthy young male participants, all negative for the 

presence of SARS- CoV-2 by RT-PCR in 3 testing 

phases and asymptomatic during the observation 

period. 

 
4. Conclusions 

Various patterns of IgA and IgG antibody reactivity 

were found in the cohort of 305 asymptomatic, RT- 

PCR negative Croatian first league football players in 

the paired serum samples collected in the period from 

May to July 2020. IgA reactivity was predominant and 

was found in 13.4% of tested sera at baseline and 

13.8% at follow-up, either as borderline or positive 

following the manufacturer's proposed OD ratios in 
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the ELISA test. According to already published data 

on false-positive IgA results in presumably negative 

serum samples, our results should be interpreted 

cautiously. IgG reactivity was scarce (0.3-2.6%) at 

both testing points. Based on serology dynamics, we 

can conclude that in 5.9%-10.5% of PCR negative 

football players asymptomatic exposure to SARS- 

CoV-2 during pandemics could not be excluded. This 

calls for more frequent testing in asymptomatic 

players, perhaps with rapid antigen tests as point-of- 

care diagnostics for SARS-CoV-2 [39,40]. It is 

obvious that SARS-CoV-2 can be transmitted 

asymptomatically in the cohort of football players, and 

authorities should insist on the strict implementation 

of preventive measures during overall sports 

activities. 
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