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Abstract: We aimed to estimate the proportion of the population infected with SARS-CoV-2 in the 
first year of the pandemic. The study population consisted of outpatient adults with mild or no 
COVID-19 symptoms, and was divided into subpopulations with different levels of exposures. Of 
the subpopulation without known previous COVID-19 contacts 4143, of the subpopulation with 
known COVID-19 contacts 594 persons were investigated. IgG- and IgA-seroprevalence and 
RT-PCR positivity were determined in context with COVID-19 symptoms. We hope to have con-
tributed to the understanding of the significance of the asymptomatic and mild infections in the 
long persistence of the pandemic. 
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1. Introduction 
The World Health Organization (WHO) declared the outbreak of the Coronavirus 

Disease-19 (COVID-19) caused by the Severe Acute Respiratory Syndrome Corona-
virus-2 (SARS-CoV-2) a Public Health Emergency of International Concern under Inter-
national Health Regulations in January of 2020 (WHO, 2020.01.30)[1], and a pandemic on 
March 11, 2020 [2].  

The appearance of SARS-CoV-2 in Hungary, based on the first detection of the virus 
in the swab samples of two foreign university students living in the capital, Budapest, 
was reported in March 2020 [3]. In a few days after the detection of the viral RNA in these 
two students, the viral RNA was demonstrated in small clusters of university students in 
Budapest, some with COVID-19 symptoms. The pandemic has started in Hungary.  

Relatively to the short time (less than 2 years), since the official recognition of the 
SARS-CoV-2 in January 2020 [1], causing deadly diseases in the human population, a 
great number of results have been published about the characteristics, the diagnosis, the 
possible mechanisms of the disease, about the immune responses to the SARS-CoV-2 in 
people suffering from COVID-19 and about the virus itself [4–7]. Much less is known 
about the SARS-CoV-2 infections causing mild COVID-19 symptoms with no need of 
hospitalization or special medical treatment of the patients, or subclinical infections with 
no symptoms at all. However, there are more and more data suggesting that individuals 
experiencing mild disease or symptomless infections spread the virus to other people 
with the possibility of causing new cases of severe COVID-19 with deadly outcome or 
even new waves of the pandemic [8–10] .  
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Our aim was to determine the prevalence and some characteristics of asymptomatic 
and mild forms of COVID-19 in an outpatient subpopulation of Budapest, from April 
2020 to March 2021. The outpatients included individuals of whom none needed hospi-
talization during the study period. The patients were evaluated for cold symptoms and 
their samples were tested for the antibody responses by IgG- and IgA- specific ELISA and 
for the presence of viral genetic material by real time reverse-transcription polymerase 
chain reaction (RT-PCR). 

2. Materials and Methods 
2.1. Collection of blood and nasopharyngeal swab samples 

The blood samples and the nasopharyngeal swab samples were collected at the 
Complex Medical Center (CMC) South Clinic, Budapest. CMC is a private outpatient 
clinic located in a residential area of the first district of Budapest, serving outpatient in-
dividuals with various health problems. The CMC is also functioning as a laboratory for 
SARS-CoV-2 testing in Hungary. Typically, no university students are the outpatient 
visitors of the clinic and no university is located in the neighborhood. The participants of 
the study include patients who visited the CMC clinic during the time period of April 
2020 and March 2021 with mild symptoms, supposedly of COVID-19, or because of some 
COVID-19 unrelated medical problems, but were interested in their possible 
SARS-CoV-2 infection, or were the employees of the clinic, or persons who needed to 
know their SARS-CoV-2 related status for business or travel purposes.  

Collection of data was based on WHO recommendation for every sample tested in 
the laboratory [11]: laboratory identification number, sample collection date 
(dd/mm/yyyy), symptoms, type of sample, type of test, the date of test (dd/mm/yyyy), 
the results, i.e., SARS-CoV-2-antibody and RT-PCR results (dd/mm/yyyy). All the per-
sons attended for testing signed informed consent (available in paper form) and some 
agreed to follow-up testing. In case of antibody testing, blood sample, in case of viral 
RNA detection, nasopharyngeal swab samples were obtained. The data collection was 
managed according to the current version of the declaration of Helsinki and approved by 
the local Ethics Committee. All data were stored in an electronic database.   

ELISA and RT-PCR were carried out at the laboratories of the Department of Mi-
crobiology and Infectious Diseases of the University of Veterinary Medicine, Budapest, 
and of the Veterinary Diagnostic Directorate of National Food Chain Safety Office, Bu-
dapest. Mild COVID-19 is defined as symptomatic disease without evidence of viral 
pneumonia or hypoxia [12]. 

 
2.2. Questionnaire 

Participants completed a pseudonymized questionnaire at the study site at the be-
ginning of the study. The questionnaire contained the name, address, demographic data 
as well as symptoms, if reported, such as fever (≥ 38 ○C), chills, fatigue, myalgia, sore 
throat, cough, rhinitis, shortness of breath, chest pain, headache, anosmia, dysgeusia, and 
gastrointestinal symptoms. The severity of symptoms was not recorded. Yes or no ques-
tions were asked regarding co-existing diseases, such as heart-disease, hypertension, 
diabetes, high cholesterol-level, asthma, allergy and tumors. Self-reported information on 
SARS-CoV-2 RT-PCR test in the past 10 days, as well as on previous close contacts with 
COVID-19 cases were included. The SARS-CoV-2 vaccination program started in De-
cember 2020 in Hungary, but none of the participants included in the study in Janu-
ary-March 2021 were vaccinated. 

 
2.3. SARS-CoV-2 RT-PCR 

Detection of SARS-CoV-2 in nasopharyngeal and pharyngeal wash samples was 
performed by RT-PCR amplification of SARS-CoV-2 N-gene fragments. Two hundred 
microliters (200 µL) of the pharyngeal washes (swabs washed in DNase, RNase free wa-
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ter) were first processed for RNA extraction in the Thermo Scientific™ KingFisher™ Flex 
Purification System (Thermo Fisher Scientific, Waltham, MA USA), using the IndiMag® 
Pathogen Kit (QIAGEN® GmbH, Hilden, Germany). Subsequently, the detection of 
N-gene of SARS-CoV-2 was performed by using the 2019-nCoV-2 RUO kit (Integrated 
DNA Technologies, Inc., Coralville, Iowa, USA) and One-Step RT-PCR Kit (QIAGEN® 
GmbH) on a Rotor-Gene Q real-time PCR cycler (QIAGEN® GmbH). The amplification 
protocol consisted of a reverse transcription step at 50°C for 30 minutes, a denaturation 
step at 95°C for 15 minutes and subsequent 45 cycles at 95°C/56°C/72°C for 30/30/60 
seconds, respectively. A positive result was defined as amplification of N-gene in a sam-
ple with each cycle threshold value (ct) less than 37. Virus shedding time was defined as 
the interval between the date of the first PCR positive test and date of the last PCR posi-
tive test. 

  
2.4. SARS-CoV-2 culture, inactivation and purification 

The experiments with active SARS-CoV-2 were performed in the BSL-3 facilities of 
the Veterinary Diagnostic Directorate of the National Food Chain Safety Office, Buda-
pest. Vero E6 cells were grown to a confluence of 80–90% and infected with the 
SARS-CoV-2/Hungary/CMC-1/2020 (GISAID No…….) strain at a MOI 1 in serum free 
RPMI-1640 medium () completed with non-essential amino acids (ThermoFisher) and 
Penicillin-Streptomycin (ThermoFisher, 10,000 U/mL). The infected cells were incubated 
for 4 days at 37°C with 5% CO2 when cytopathic effect was visible. Virus containing su-
pernatant was ultrafiltered using 0,22 µm pore size filter. The filtered supernatant was 
inactivated with 1:2000 diluted formaldehyde solution at 25°C for 18 h. The inactivated 
supernatant was purified by ultracentrifugation at 29,000 rpm (Thermo Scientific™ 
S58-A Fixed Angle Rotor) for 1.5 h and 4°C. The pellet was resuspended in PBS. Inacti-
vation was validated by inoculation of Vero E6 cell monolayers. The virus preparation 
was analyzed by RT-PCR assay. The total protein content was tested by a BRC assay kit 
(Sigma-Merck).  

 
2.5. Anti-SARS-CoV-2 IgG and IgA antibody testing  

IgGs against SARS-CoV-2 were assessed on serum samples obtained from the par-
ticipants during the period of April – August 2020, by a commercially available ELISA kit 
(Dia.Pro Diagnostic Bioprobes S.r.L.Sesto San Giovanni, Milan, Italy), as suggested by the 
manufacturer. This assay is based on a microplate coated with a recombinant antigen of 
both nucleocapsid and spike proteins, the reported sensitivity and specificity were 98% 
and ≥90%, respectively. To achieve the maximal sensitivity of the antibody detection, an 
ELISA based on inactivated whole-virion (IWV) of SARS-CoV-2 was developed in our 
laboratory, and serum samples obtained from the participants during the period of Sep-
tember 2020 to March 2021 were tested by this ELISA. Coating conditions were opti-
mized by antigen dilution and testing with convalescent sera collected from 50 
SARS-CoV-2 RT-PCR-positive patients and 50 pre-pandemic control serum sam-
ples(Serum Collection of the National Public Health Center, Budapest). Validation of the 
IWV-based ELISA was based on a comparative analysis with the Dia.Pro Diagnostic Bi-
oprobes S.r.L. kit.  

Briefly, 96-well MaxiSorp ELISA plates (Nunc, Thermo Fisher Scientific, NY, USA) 
were coated with inactivated and purified SARS-CoV-2 whole virus antigen diluted 1:10 
in PBS overnight, then were blocked with 3% bovine serum albumin (BSA) for 2 hours at 
room temperature. The plates were then washed three times with washing-diluting PBS 
containing 0.05% Tween 20 (Diavet Ltd., Budapest, Hungary). The serum samples di-
luted 100-fold with washing-diluting buffer were added to each well in a volume of 100 
µl. After 1 h incubation at 370C, the wells were washed three times. One hundred µl of a 
peroxidase-conjugated goat anti-human IgG (H+L) or a goat anti-human IgA alpha chain 
(Abcom, Cambridge, UK) diluted 10,000-fold with PBS-Tween-20 buffer was added to 
wells, respectively. After 1 h incubation and washing procedure 100 µl of tetra-
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methylbenzidine substrate (TMB) (Diavet Ltd.) was added into the wells for 5 minutes. 
The color reaction was stopped with 4N H2SO4 solution. The absorbance was measured at 
450 nm using a FLUOstar Optima (Thermo Fisher Scientific, Waltham, MA USA) micro-
plate reader. Positive and negative controls were included in the respective wells in the 
test. Cut-off values were determined as the mean plus 2 SD of a set of 10 negative refer-
ence sera. Randomly selected 100 sera obtained from the study participants in 
April-August 2020 and tested by the Dia.Pro Diagnostic Bioprobes S.r.L. ELISA kit were 
retested with our IWV ELISA; a full (100%) matching was observed as for IgG positivity 
or negativity of the sera.  Further, 100 pre-pandemic control serum samples (Serum 
Collection of the National Public Health Center, Budapest) were tested by the IWV 
ELISA; 8% of the sera showed positive reaction with the IWV antigen, suggesting 
cross-reactivity with antibodies to other human coronaviruses, as was reported by mul-
tiple studies [5,13] 

Seroprevalence was defined as the prevalence SARS-CoV-2 specific IgG antibodies 
at or above a designated OD value in the IgG ELISA. The main analysis is based on IgG 
antibodies, because these isotypes are elevated for a longer period post-infection than 
IgM and IgA antibodies [14]. However, since the IgA response in the early stage of the 
disease seems to be more pronounced than IgM [15], IgA detection for the serology as-
sessment was included.  

 
2.6. Statistical analysis 

For evaluation of the data, we used the seroprevalence estimate and 95% CIs. Cate-
gorical variables were presented as percentages and were compared by the Z-probe test. 
A two-tailed p-value of less than 0.05 was statistically significant. 

3. Results 
The immunological and clinical consequences of different levels of exposures were 

evaluated by dividing the participants into two groups: 1. participants without known 
previous COVID-19 contacts, or 2. participants with known previous COVID-19 contacts. 
Only data from the first sample collection were analyzed in both groups to limit selection 
bias. The characteristics of SARS-CoV-2 infection were also investigated by testing blood 
and swab samples obtained at consecutive occasions from 33 selected participants.  
3.1. Clinical symptoms, seroprevalence and RT-PCR positivity  of participants without known 
COVID-19 contacts 

Table 1 shows the results of the first wave and the following time period with a 
low-level infection rate from April to August 2020; 12.6% of the persons reported symp-
toms and 3.81% of the tested persons had detectable levels of IgG antibodies. Table 1 also 
shows the results of participants obtained in the period of September 2020 to March 2021, 
the time frame comprising partially the second and third waves of the pandemic in Bu-
dapest. Symptoms, serum IgG antibodies, IgA antibodies and viral RNA were detected in 
11.51%, 16.34%, 7.35% and 8.42%, respectively. During the overall study period of April 
2020 to March 2021 COVID-19 symptoms were observed in 11.51% of the tested partici-
pants and SARS-CoV-2-specific serum IgG antibodies were detected in 12.94% samples.  

Table 1. Symptoms, seroprevalence and RT-PCR positivity of participants without known COVID-19 contacts 

Characteristics Total No. Time No. of persons % of positive                               
 of tested period with positive persons 
 persons  results (95% CI) 

Symptoms 1023 of 1023 04.2020–08.2020 129 12.6 (10.64-14.80) 
IgG antibodies 1023 of 1023 04.2020–08.2020 39 3.8 (2.72-5.17) 

     
Symptoms 3120 of 3120 09.2020–03.2021 348 11.1 (10.07–12.31) 
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IgG antibodies 2748 of 3120 09.2020–03.2021 449 16.3 (14.98–17.78) 
IgA antibodies 2409 of 3120 09.2020–03.2021 177 7.3 (6.34–8.46) 

Viral RNA 2423 of 3120 09.2020–03.2021 204 8.4 (7.34-9.6) 
     

Symptoms 4143 of 4143 04.2020–03.2021 477 11.5 (10.56–12.52) 
IgG antibodies 3771 of 4143 04.2020–03.2021 488 12.9 (11.89–14.05) 

 
Figure 1 shows that the monthly distribution of participants with symptoms 

broadly followed the epidemic curve of Budapest, especially in the second and third 
waves of the pandemic. The results demonstrated that in April 2020, 2.4%, from May to 
August 14.4%–21.0%, and from September 2020 to March 2021 7.6%–16.9% of the partic-
ipants experienced some of the COVID-19 symptoms (Figure 1A). 

The monthly distribution of the IgG positive sera reflects the 2–3 weeks seroconver-
sion period, low rates in April–August 2020 (1.8%–3.3%), except for the high 13.9% IgG 
positivity in June 2020. The lowest rate of IgG positivity was observed in September 
(0.5%), then it slowly increased in October–November, followed by a sharp increase of 
14%–48,9% in December 2020 to March 2021 (Figure 1B). The monthly distribution of 
IgA-positive serum samples showed relatively high rates (16.3%–9.1%) in September to 
October, then low rates in November to December (3.2%–3.4%), that followed by an in-
crease in January to March 2021 (4.9–17.7%) (Figure 1C). The monthly distribution of PCR 
positivity showed low rates in September 2020 (1.7%) and January 2021 (1.8%), and the 
highest rate in November (11.9%) and March 2021 (11.4%), while relatively similar rates, 
between 6.7% and 8.3%, in the rest of the months (Figure 1D). 
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Figure 1A Budapest epidemic curve No. of  participants analyzed for COVID-19 symptoms

No. and (%) of participants with symptoms
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Figure 1B Budapest epidemic curve No. of serum samples tested No. and (%) of IgG positive samples
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Figure 1C Budapest epidemic curve No. of serum samples tested No. and (%) of IgA positive samples
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Figure 1. Monthly distribution and results of samples obtained from participants with no known 
COVID-19 contacts. The participants were investigated for IgG and IgA antibodies by ELISA, for 
symptoms by analyzing the Questionnaire, and for the presence of SARS-CoV-2 RNA in naso-
pharyngeal swab samples by RT-PCR. (A) Monthly distribution of participants with COVID-19 
symptoms (B) Monthly distribution of serum samples tested for IgG results. (C) Monthly distribu-
tion of serum samples tested for IgA results (D) Monthly distribution of swab samples and 
PCR-results 

The gender distribution of the IgG seroprevalence showed that of the 2353 female 
participants 296 (12.58%) and of the 1938 male participants 263 (13.57%) were IgG posi-
tive, indicating no difference in seroprevalence between genders in the group of partici-
pants without COVID-19 contacts. 
3.2. Symptoms, seroprevalence and RT-PCR positivity of participants with known COVID-19 
contacts 

Table 2 shows the summarized data of 182 participants who were tested for IgG an-
tibodies and symptoms in April, and 3 participants in May 2020. Of the 185 participants 
80 (43.2%) reported symptoms and 9 persons (4.9%) were IgG positive. From March, 
Hungary applied physical distancing measures, such as workplace and school closures, 
wearing face masks, cancellation of public events and stay-at-home requirements, which 
reduced the transmission of SARS-CoV-2, thus no persons with previous contacts asked 
for COVID-19 testing at CMC from May to August 2020.  

 

Table 2. Symptoms, seroprevalence and RT-PCR positivity of participants with known COVID-19 contacts 

Characteristics Total No. Time No. of persons % of positive                               
 of tested period with positive persons 
 persons  results (95% CI) 

Symptoms 185 of 185 04.2020–05.2020 80 43.2 (35.99–50.71) 
IgG antibodies 185 of 185 04.2020–05.2020 9 4.9 (2.25–9.03) 

     
Symptoms 409 of 409 09.2020–03.2021 233 57.0 (52.01–61.82) 

IgG antibodies 386 of 409 09.2020–03.2021 52 13.5 (10.23–17.29 
IgA antibodies 320 of 409 09.2020–03.2021 31 9.7 (6.68–13.47) 
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Figure 1D
Budapest epidemic curve No. of swab samples tested No. and (%) of PCR-positive samples
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Viral RNA 335 of 409 09.2020–03.2021 47 14.0 (10.46–18.16) 
     

Symptoms 594 of 594 04.2020-03.2021 313 52.6 (48.59-56.77) 
IgG antibodies 571 of 594 04.2020-03.2021 61 10.6 (8.27-13.51) 

 
However, 409 individuals previously in contact with COVID-19 cases requested 

COVID-19 testing in the period of September 2020 to March 2021. These participants re-
ported COVID-19 symptoms with a rate of 57.0%. Of the 409 individuals 52 (13.5%) were 
shown to have SARS-CoV-2-specific IgG antibodies at or above the designated OD level 
to define a seropositive result. IgA antibodies were detected in 31 (9.7%) of the tested 
participants. Nasopharyngeal swab samples were tested by RT-PCR; 47 (14.0%) of these 
samples proved to be positive. During the overall study period of 04.2020 to 03.2021 
COVID-19 symptoms were reported by 52.6% of the individuals and 10.6% had detecta-
ble level of IgG antibodies. 

As shown in Figure 2, the number and percentage of participants with symptoms 
was 44.0% in April 2020 and varied within a range of 45.2%–68.0% from September 2020 
to March 2021 (Figure 2A). The monthly distribution of the IgG positive sera showed 
4.9% positive samples in April 2020, the rate of seroprevalence continuously increased 
from September 2020 to March 2021 from 0% to 55.2% (Figure 2B). The monthly distri-
bution of IgA positive serum samples showed low rates (or low number of tested per-
sons) in September 2020–January 2021, and higher rates of positivity in February and 
March 2021 (26.0% and 19.2%) (Figure 2C). Monthly distribution of the PCR-positive 
samples varied between 16.7%–5.6% from September 2020 to January 2021, the highest 
rates of 28.0% and 25.6% PCR positivity were detected in February and March 2021 
(Figure 2D). 
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Figure 2B Budapest epidemic curve No. of serum samples tested No. and (%) of IgG positive samples
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Figure 2. Monthly distribution and results of samples obtained from participants with known 
COVID-19 contacts. The participants were investigated for IgG and IgA antibodies by ELISA, for 
symptoms by analyzing the Questionnaire, and for the presence of SARS-CoV-2 RNA in naso-
pharyngeal swab samples by RT-PCR. (A) Monthly distribution of participants with COVID-19 
symptoms (B) Monthly distribution of serum samples tested for IgG results. (C) Monthly distribu-
tion of serum samples tested for IgA results (D) Monthly distribution of swab samples and 
PCR-results. 

 

Similarly to participants without known COVID-19 contacts, there were no gender 
differences between male and female participants for the rate of IgG, IgA and PCR posi-
tivity (not shown). 

The age distribution of IgG seroprevalence of participants without COVID-19 con-
tacts and of the participants with known COVID-19 contacts (Figure 3 A and B) showed 
that the highest number of participants appeared for testing belonged to the age group of 
40-49 years old, followed by the age group of 30–39-year-olds, then the 50–59-year-olds, 
20–29-year-olds and 60–96-year-olds, in both groups. The results did not show major 
differences in the IgG seroprevalence in the age groups of participants without 
COVID-19 contacts (10.7%–13.7%) or with contacts (7.6%–15.5%). Surprisingly, however, 
in the groups of participants without contacts the number of persons with symptoms was 
significantly higher in the group of 20–29-year-old persons than in all the older age 
groups (p< 0.05). As expected, the percentage of participants with symptoms was higher 
in the group with contacts than in the group without contacts: 61.5% (CI 51.5–70.9) vs. 
17.5% (14.7–20.7) (20–29-year-old); 53.2% (CI 45.1–61.3) vs. 13.5% (CI 11.3–15.8), 
(30–39-year-old); 50.0% (42.4–57.6) vs. 11.8% (CI 10.1–13.7) (40–49-year-old); 54.8% (CI 
43.5–65.7) vs. 7.5% (CI 5.7–9.7) (50–59-year-old); 60.5% (43.4–76.0) vs. 6.3% (4.3–8.9) 
(60–96-year-old). The p-value was <0.001 in all age groups. (Figure 3A and B). 
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Figure 3. Age distribution of IgG-positive and symptom-positive persons in the group of partici-
pants without known COVID-19 contacts (A) and in the group with known COVID-19 contacts (B) 

3.3. The relation of IgG and IgA antibodies in the participants without or with previous COVID-19 
contacts 

In the group of participants without COVID-19 contacts the relation of IgG to IgA 
antibodies in serum samples obtained in September 2020 to March 2021 showed a lower 
rate of IgA than that of the IgG antibody responses (7.35% IgA vs. 16.34% IgG) (Table 1.). 
Similarly, in the group of participants with known COVID-19 contacts the percentages of 
IgA (9.7%) were lower than that of the IgG (13.5%) responses (Table 2). The difference 
between the IgA levels in the participants without or with contacts was not significant 
(p=0.138). Further, IgA responses were higher at the beginning of the second wave of the 
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pandemic in the no contact group of participants, and higher at the beginning of the third 
wave in the contact group (Figure 1.C. and Figure 2.C.), indicating that at the beginning 
of the waves more persons were in an acute phase of the infection at the time of blood 
sampling than at later phases of the waves. However, the low number of IgA positive 
persons in both groups did not allow a statistical calculation for this observation. 

 
3.4. Coexisting diseases and COVID-19 symptoms in context with PCR positivity in participants 
without or with previous COVID-19 contacts 

Concerning coexisting diseases such as heart disease, diabetes, cancer, asthma and 
allergy, no significant differences were observed between PCR positive and PCR nega-
tive persons in either group of participants (not shown). However, as Table 3 summa-
rizes, the PCR-positive persons demonstrated a significantly higher percentage 
(1.5%–19.6%) of all the symptoms except shortness of breath, than the PCR-negative 
persons (0.6%–1.5%), in case of participants without COVID-19 contacts. The order of the 
frequency of the symptoms is listed in Table 3. 

 

Table 3. Clinical characteristics of 2423 PCR-tested participants without COVID-19 contacts 

symptoms* 
PCR positive partici-

pants  % 
PCR negative par-

ticipants % p-value 
  n=204  n=2219    

cough 40 19.6 68 3.1 <0.001 
fatigue 33 16.2 98 4.4 <0.001 

headache 33 16.2 125 5.6 <0.001 
sore throat 27 13.2 80 3.6 <0.001 

rhinitis 24 11.8 84 3.8 <0.001 
chills 21 10.3 32 1.4 <0.001 

myalgia 23 11.3 38 1.7 <0.001 
anosmia 15 7.4 19 0.9 <0.001 

dysgeusia 15 7.4 19 0.9 <0.001 
fever 14 6.9 19 0.9 <0.001 

chest pain 7 3.4 22 1.0 0.002 
gastrointestinal symptoms 6 2.9 13 0.6 <0.001 

shortness of breath 3 1.5 13 0.6 0.135 

*the number and % of the participants with the indicated symptoms are shown  
 

Table 4 shows that in the group of participants with known COVID-19 contacts, 
except for the gastrointestinal manifestations, headache and shortness of breath, the 
COVID-19 symptoms were present in a significantly higher percentage (10.6%–48.9%) in 
the PCR positive participants than in the PCR negative ones (3.1%–35.1%). The myalgia 
was present in the highest percentage of PCR-positive participants, (55.3%), while head-
ache was the most frequent symptom in the PCR-negative participants (35.1%). 
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Table 4. Clinical characteristics of PCR-tested participants with COVID-19 contacts 

symptoms* 
PCR positive partici-

pants  
PCR negative par-

ticipants   
 n=47 % n=288 % p-value 

sore throat 22 46.8 59 20.5 <0.001 
cough 20 42.6 41 14.2 <0.001 
fatigue 23 48.9 57 19.8 <0.001 
rhinitis 20 42.6 57 19.8 0.001 

headache 20 42.6 101 35.1 0.322 
myalgia 26 55.3 22 7.6 <0.001 
anosmia 11 23.4 9 3.1 <0.001 

dysgeusia 11 23.4 9 3.1 <0.001 
chills 12 25.5 20 6.9 <0.001 
fever 10 21.3 9 3.1 <0.001 

chest pain 5 10.6 8 2.8 0.010 
shortness of breath 5 10.6 15 5.2 0.145 

gastrointestinal symptoms 0 0.0 19 6.6 0.070 
*the number and % of the participants with the indicated symptoms are shown  

3.5. Direct comparison of PCR-positivity and symptoms in participants without or with previous 
COVID-19 contacts 

Table 5 presents that 53 of 204 (26%) PCR-positive participants in the group of per-
sons without contacts exhibited mild COVID-19 symptoms, while 151 (74.0 %) 
PCR-positive persons were symptomless. In the group of participants with previous 
COVID-19 contacts symptoms were detected in 36 of the 47 PCR-positive participants 
(76.6%), and 23.4% of the persons in this group remained symptomless SARS-CoV-2 car-
riers at the time of testing. These results indicate significantly higher percentage of par-
ticipants with symptoms in persons with contacts then in the group with no contacts. 

 

Table 5. Direct comparison of PCR positivity with COVID-19 symptoms in groups of participants without or with COVID-19 
contacts from 09.2020 to 03.2021 

Groups No. of PCR positive No. and (%) No. and % of 

  persons PCR-positive persons PCR-positive persons 

   with symptoms with no symptoms 

Participants    
without 204 53 (26.0)*+ 151 (74.0)+ 

COVID-19 contact    
        

Participants    
with 47 36 (76.6)*× 11 (23.4)× 

COVID-19 contact    
*=p<0.001, +=p<0.001 , ×=p<0.001 
The PCR-positive persons were divided according to the presence or absence of symptoms as rec-
orded in the Questionnaire. 
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3.6. Repeated sampling and testing of 33 selected participants: IgG-positivity, PCR-positivity and 
symptoms. 
 

Participants who provided samples 2-3 times after the first visit were selected. The 
results are summarized in Tables 6 and the details are shown in Table S1. 

 

Table 6. Results of samples obtained from participants sampled and tested 3-4 times. 

Participants PCR-positive  IgG-positive IgG-negative 

10 with symptoms 4 (1 sample is positive of 3-4 samples)  2 2 

 6 (more than 1 samples are positive of 3-4 samples)  2 4 

     
23 without symptoms 8 (1 sample is positive of 3-4 samples)  3 5 

 12 (more than 1 samples are positive of 3-4 samples)  1 11 

 3 (intermitting positive and negative samples)  1 2 
Samples were obtained repeatedly from participants and tested by PCR and ELISA. A significantly 
lower (p=0.004) rate of IgG positivity in participants without symptoms (5/23) than in participants 
with symptoms (4/10)  

 
Tables 6 and S1 present that of the participants who were PCR-positive at least once 

or more than 1 time of the 4 sampling and testing, 10 (30.3%) reported symptoms (par-
ticipants identification numbers 1, 2, 9, 10, 13, 16, 19, 27, 29 and 33), while 23 (69.7%) 
participants were symptomless. Of the participants without symptoms intermitting viral 
RNA shedding was detected in 3 participants (participants identification numbers 7, 18, 
23), i.e. PCR-positivity was followed by a PCR-negative result, that is followed by a 
PCR-positive result by tests carried out by using swab samples obtained from the same 
person at different times during the investigation period. The duration of shedding was 
detected as at least 30 days (participant identification number 13). There were 9 IgG re-
sponder persons (27.3%), while 24 persons remained IgG-nonresponder (72.7%), includ-
ing 6 persons with symptoms (participants identification numbers 9, 10, 13, 16, 19, 28). 

 

4. Discussion 
Epidemiological, statistical and mathematical analyses summarized the first one and 

a half years of the pandemic in Hungary. The first wave of the pandemic, concentrating 
in Budapest and Pest-county, started in March 2020. A flat curve of the COVID-19 cases 
was seen, ending in July. The middle of July is considered to be the beginning of the 
second wave, characterized first by a slowly, then a rapidly increasing number of cases 
until 19 December 2020, then slowing down until the middle of February 2021. It is con-
sidered that the third wave started on 17 February 2021 [16–18]. The Budapest epidemic 
curve showed an earlier peak of the second wave in the middle of November 2020 [19]. 

 
In April–July 2020 we tested 983 outpatients without COVID-19 contacts by ELISA 

(Figure 1B). An interesting finding was that even in the first month after the official be-
ginning of the pandemic in Hungary, i.e. in April 2020, a surprisingly high rate of IgG 
seroconversion (3.3%) was seen. Similarly, of the 182 sera collected in April from partic-
ipants with known contacts 4.9% were IgG positive (Figure 2B). These results indicate 
that the spread of the virus started earlier in Hungary than the presence of the virus was 
officially recognized in university students with typical COVID-19 symptoms in March 
2020 [3]. Interestingly, SARS-CoV-2 RNA was identified in an oropharyngeal swab 
specimen collected from a child with suspected measles in early December 2019, 3 
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months before the first identified COVID-19 case in Italy [20]. In addition, the presence of 
the SARS-CoV-2 RNA was demonstrated in the untreated wastewater of Milan, Italy, as 
early as mid-December 2019, suggesting the beginning of the outbreak in Europe as late 
autumn 2019 [21]. In our study, in case of the participants without contacts, the IgG curve 
in the first wave was flat, with the highest rate of IgG positive participants (13.9%) in 
June. Considering the 2 weeks incubation time of the infection and the 2–3 weeks IgG 
seroconversion time, the 13.9% IgG positivity in June might reflect the highest rate of ac-
tive COVID-19 cases in May in Budapest, reported earlier [18]. Participants with 
COVID-19 contacts appeared at the CMC clinic for testing from September 2020, the 
highest percentages of IgG-positivity were determined in February to March 2021. IgA 
antibodies were determined in lower rate than the IgG antibodies, but were present in a 
higher percentage in the participants with known COVID-19 contacts than in participants 
without contacts. Also, higher rates of IgA antibodies were observed at the beginning of 
the second and third waves than at later stages of the waves (Figure 1C and 2C). These 
results are in correlation with published results reporting 88% IgG and 10% IgA positiv-
ity rate in PCR-positive ambulatory patients [15]. A case study identified a connection 
between the early appearance of IgA antibodies and disease severity [15], confirming the 
importance of IgA detection in COVID-19 laboratory diagnosis. 

 
In a representative, cross-sectional population survey of Hungarian individuals the 

number of active infections and prevalence of seroconversion was investigated using 
swab and serum samples collected in May 2020 [22]. The investigated individuals were 
selected from the population registry from several regions of the country. In this survey a 
low active SARS-CoV-2 infection rate (0.029 %) and a low overall seropositivity rate 
(0.68%) was identified considering the whole country, while higher prevalence of sero-
positivity (0.9%) was found in Budapest [22]. Since our study population included out-
patients with mild COVID-19 symptoms and symptomless individuals visiting the CMC 
clinic, the 3.3%-1.8% (Figure1B) and 4.9%-0% (Figure 2B) IgG seroprevalence we ob-
served in April-May 2020, may be comparable with the 0.9% seropositivity in Budapest 
detected by Merkely et al. [22] in individuals selected from the population registry. 

 
Our data showed no significant differences in the IgG seroprevalence between the 

age groups, neither in the no contact, nor in the contact groups of participants. Elder age 
has been accepted as risk factor for severe COVID-19 infections. The age-dependent 
susceptibility to infection may explain the more common severe illnesses in the elderly, 
or the increase in severity may be the result of the elder age and the existence of comor-
bidities, which is likely with aging [23]. Our results support the second idea, i.e., young 
and elderly persons can be infected at a similar rate. No significant differences in sus-
ceptibility for younger adults versus older adults were found in earlier studies [23–25]. 
However, surprisingly, in our study, higher number of individuals were found with 
symptoms in the age group of 20–29-year-olds than in the elder groups of the no contact 
participants (Figure 3A). Our interpretation of the age groups does not differentiate be-
tween persons tested at the beginning or at the end of the 1-year period we investigated. 
It was reported that early in the pandemic in the USA COVID-19 incidence was highest 
among older adults, but in June–August 2020, COVID-19 incidence was highest in per-
sons aged 20 to 29 years, constituting the largest proportion of cases, and indicating a 
decline of median age of COVID-19 cases [25. A similar age shift in 2020 was reported in 
Europe [26].  

 
We observed that in the participants without or with COVID-19 contacts who de-

veloped a mild disease, the most frequent symptoms were cough, fatigue, headache, sore 
throat, rhinitis, and similarly to an earlier study [9], fever was only the 10th in the order 
of frequency of the 13 symptoms we documented. In a study of 656 severe cases of 
COVID-19 high fever (88.7%) cough (57.6%) and shortness of breath (45.6%) were the 
most prevalent manifestations [4]. We report a significantly higher frequency of most of 
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the 13 symptoms in the PCR-positive groups than in the PCR-negative groups of the in-
vestigated participants (Tables 3 and 4).  

 
When analyzing the 33 participants sampled and tested at consecutive occasions 

(Tables 6 and S1), our serology test determined only 4 seropositive persons of the 10 
outpatients with mild disease. Five persons (15.1%) of the 23 symptomless, but PCR pos-
itive persons had detectable level of IgG antibodies in 30 days after the first results of 
PCR positivity. Much higher rate of seropositivity was reported for patients hospitalized 
for COVID-19; nearly 100% of these individuals exhibited IgG seropositivity [8,27,28]. 
One of the reasons of the low seropositivity rate in our groups of PCR positive persons 
might be that the virus replication in persons with mild infection was limited, thus pro-
ducing less antigenic stimuli for the immune system. These results indicate that there are 
differences between PCR positive cases as for the magnitude of viral exposure and rep-
lication, suggesting the importance of the ct values of the RT-PCR runs of the swab sam-
ples. The ct values would indicate the severity of the COVID-19 cases, thus would be 
informative for the estimation of seroconversion [29]. Our results show a significantly 
(p=0.004) lower rate of IgG positivity in asymptomatic PCR positive outpatients (5/23 
persons) than in PCR positive ones experiencing mild symptoms of COVID-19 (4/10 
persons). We observed a duration of the virus shedding up to 30 days in one participant 
with mild COVID-19 symptoms. However, since swab samples were not obtained at later 
days in our study, the virus shedding might exist longer than we observed. Earlier stud-
ies documented a variable duration of viral shedding of 19 days [8] or 5-16 days [30]. It 
should be noted, however, that PCR-positivity does not necessarily mean active virus 
infection, but it can be the result of a previous infection with the presence of not infec-
tious viral RNA fragments in the swab sample.  

 
Further, in 3 cases (identification numbers: 7, 18 and 23) of the 33 selected outpa-

tients intermitting PCR positivity was observed (Tables 6 an S1). Similar results were 
reported earlier by other investigators [31, 32]. False-positive RT-PCR results are highly 
improbable because repeated RT-PCR assays on the same swab samples revealed con-
sistent results. False-negative RT-PCR results may occur because of inadequate swab 
type and time since symptom or infection [31,32]. In our study nasopharyngeal swab 
samples were used, which provide more reliable RT-PCR results than oropharyngeal 
samples. We observed that after a negative RT-PCR results repeated testing could lead to 
positive PCR results, and that PCR testing at a single time point can underestimate the 
number of infected persons with no symptoms.  

 
Monthly distribution of PCR-positive samples and the symptoms showed similar 

pattern in the groups of participants without or with COVID-19 contacts (Figure 1A and 
D; Figure 2A and D), indicating a relationship between the detectability of viral RNA and 
the development of symptoms in the patients. Direct comparison of PCR-positivity and 
the presence of symptoms showed that depending on the study population, 23.4% (group 
of persons with known COVID-19 contacts), 74.0% (group of persons without known 
COVID-19 contacts) and 70.5% (group of consecutively sampled and tested persons) 
were symptomless at the time of positive PCR results (Table 5 and Table S1). However, 
since the symptoms were assessed at a single time point, or with a relatively short fol-
low-up period in some cases of the consecutively tested persons, it is not clear how many 
of these symptomless participants had pre-symptomatic or post-symptomatic infections 
or were truly persistently asymptomatic. An appropriate follow up to capture 
pre-symptomatic or post-symptomatic cases should include the maximum duration of 
the incubation period of 14 days, excluding pre-symptomatic cases, and the median du-
ration of nasopharyngeal swab shedding of 22 days [33] or 30 days (our observation) to 
exclude post-symptomatic cases [34]. Nevertheless, it is of great public health signifi-
cance to identify and manage asymptomatic individuals and their close contacts to con-
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trol possible outbreaks. In an earlier study the proportion of patients with asymptomatic 
infections was 20.8% [8].  

 
Limitations of our study include that the serum and swab samples were not ob-

tained always according to a well-designed plan, but were collected according to the 
availability and request of the participants. Individual differences in time in serum and 
swab sampling since symptom onset may influence the RT-PCR and ELISA results in 
mild COVID-19 cases, which might be true for asymptomatic persons as well. Some im-
perfections arose from the limited availability of certain laboratory diagnostic methods at 
the very early phase of the pandemic, i.e., IgA-specific ELISA and RT-PCR were not 
available at the beginning of the pandemic, and at the beginning of our study but were 
included in the study later. Also, the number of participants in certain settings was low, 
thus calculation of percentages might not be accurate, and the results should be con-
firmed. 

5. Conclusions 
Our observational study on symptomless or mildly infected persons has begun at 

the very early phase of the pandemic, providing valuable data for this period. It shows a 
surprisingly high, 3.3%- 4.9% seroprevalence in April 2020, indicating a fast spread or 
early appearance of SARS-CoV-2 in Budapest. Our study also shows a 12.9% IgG sero-
prevalence in the group of participants without COVID-19 contacts in the 
one-year-period of April 2020 to March 2021 in Budapest, comparing with the 7% regis-
tered COVID-19 cases in Budapest [19,35] during the same time. Our results suggest no 
significant age- and gender-related differences between participants for IgG positivity 
but indicate that COVID-19 symptoms were the most frequent in persons aged between  
20 and 29 years old. We identified 23.4%–74.0% PCR-positive persons, depending on the 
study population, who were symptomless SARS-CoV-2 carriers at the time of the inves-
tigation, and a duration of viral shedding up to 30 days in one person. We also recog-
nized that 72.7% of the PCR-positive persons remained seronegative within 30 days or for 
a longer period of time after the first PCR-positive results, indicating the need for vac-
cination after an asymptomatic or mild SARS-CoV-2 infection.  

More work needs to be done to estimate the rate of the asymptomatic and mild in-
fections with SARS-CoV-2 in various clinical settings and in the general population. It is 
of great importance to understand the significance of these infections in the long persis-
tence and repeated outbreaks of the pandemic, as well as its possible role in achieving a 
herd immunity of the population. The goal is challenging for many reasons, including the 
emerging mutated variants of the virus. 

 
Supplementary Materials: Table S1: Results of samples obtained at the first visit of the participants 
at the CMC Clinic and days (in brackets) after the first visit. 

Author Contributions:  Conceptualization, Cecília Müller1 and István Jankovics1; methodology, 
István Jankovics1, Béla Dénes2, Péter Malik2, Márta Lőrincz3, Ágnes Hasitz4; validation, István 
Jankovics1, Béla Dénes2, Márta Lőrincz3; formal analysis, Éva Gönczöl1, Ildikó Visontai1, Júlia 
Sarkadi1, István Varga1; investigation, István Jankovics1; Béla Dénes2 Dávid Kuti1, Krisztina Ur-
su2, Borbála Bányász2; resources, Cecília Müller1; data curation, István Jankovics1, István Varga1; 
writing—original draft preparation, Éva Gönczöl1, István Jankovics1, Béla Dénes2, Márta Lőrincz3; 
writing—review and editing, Éva Gönczöl1, Ildikó Visontai1, István Varga1, Béla Dénes2; visualiza-
tion, István Varga1; supervision, Cecília Müller1 and István Jankovics1. All authors have read and 
agreed to the published version of the manuscript.  

Funding: This work was supported by National Public Health Center (Grant No.: 
EFOP-1.8.0-VEKOP-17–2017-00001).  

Institutional Review Board Statement: The study was conducted according to the guidelines of the 
Declaration of Helsinki, and approved by the Institutional Review Board of Complex Medical 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 September 2022                   doi:10.20944/preprints202209.0328.v1

https://doi.org/10.20944/preprints202209.0328.v1


 

 

Center (CMC) South Clinic, Budapest (protocol code: CMX-U2012,  and  date of approval: Nov 3, 
2020 ).  

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: In this section, please provide details regarding where data support-
ing reported results can be found, including links to publicly archived datasets analyzed or gener-
ated during the study. Please refer to suggested Data Availability Statements in section “MDPI 
Research Data Policies” at https://www.mdpi.com/ethics. You might choose to exclude this state-
ment if the study did not report any data. 

 

Acknowledgments: We thank all the study participants. 

We are grateful to the National Food Chain Safety Office (NFCSO) for general support. The authors 
also thank Annamária Gáspárné Stoll (Veterinary Diagnostic Directorate, NFCSO) for technical 
assistance.  

Conflicts of Interest: The authors declare no conflict of interest. 

References 
 

1.  Statement on the Second Meeting of the International Health Regulations (2005) Emergency Committee 
Regarding the Outbreak of Novel Coronavirus (2019-NCoV) Available online: 
https://www.who.int/news/item/30-01-2020-statement-on-the-second-meeting-of-the-international-health-regu
lations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-coronavirus-(2019-ncov) (accessed on 16 
December 2021). 

2.  WHO Director-General’s Opening Remarks at the Media Briefing on COVID-19 - 11 March 2020 Available 
online: 
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-b
riefing-on-covid-19---11-march-2020 (accessed on 16 December 2021). 

3.  Szalai, B.; Hercegh, É.; Magyar, N.; Déri, D.; Rózsa, M.; Molnár, Z.; Kuti, D.; Kis, Z.; Szomor, K.; Takács, M.; et al. 
Detection of the First Appearance of SARS-CoV-2 Virus in Hungary Based on Retrospective Testing of 
Respiratory Samples. Orvosi Hetilap 2020, 161, 1619–1622, doi:10.1556/650.2020.32000. 

4.  Rodriguez-Morales, A.J.; Cardona-Ospina, J.A.; Gutiérrez-Ocampo, E.; Villamizar-Peña, R.; Holguin-Rivera, Y.; 
Escalera-Antezana, J.P.; Alvarado-Arnez, L.E.; Bonilla-Aldana, D.K.; Franco-Paredes, C.; Henao-Martinez, A.F.; 
et al. Clinical, Laboratory and Imaging Features of COVID-19: A Systematic Review and Meta-Analysis. Travel 
Medicine and Infectious Disease 2020, 34. 

5.  Huang, A.T.; Garcia-Carreras, B.; Hitchings, M.D.T.; Yang, B.; Katzelnick, L.C.; Rattigan, S.M.; Borgert, B.A.; 
Moreno, C.A.; Solomon, B.D.; Trimmer-Smith, L.; et al. A Systematic Review of Antibody Mediated Immunity 
to Coronaviruses: Kinetics, Correlates of Protection, and Association with Severity. Nature Communications 2020, 
11, doi:10.1038/s41467-020-18450-4. 

6.  Chen, X.; Chen, Z.; Azman, A.S.; Deng, X.; Sun, R.; Zhao, Z.; Zheng, N.; Chen, X.; Lu, W.; Zhuang, T.; et al. 
Serological Evidence of Human Infection with SARS-CoV-2: A Systematic Review and Meta-Analysis. The 
Lancet Global Health 2021, 9, doi:10.1016/S2214-109X(21)00026-7. 

7.  Rostami, A.; Sepidarkish, M.; Leeflang, M.M.G.; Riahi, S.M.; Nourollahpour Shiadeh, M.; Esfandyari, S.; 
Mokdad, A.H.; Hotez, P.J.; Gasser, R.B. SARS-CoV-2 Seroprevalence Worldwide: A Systematic Review and 
Meta-Analysis. Clinical Microbiology and Infection 2021, 27. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 September 2022                   doi:10.20944/preprints202209.0328.v1

https://doi.org/10.20944/preprints202209.0328.v1


 

 

8.  Long, Q.X.; Liu, B.Z.; Deng, H.J.; Wu, G.C.; Deng, K.; Chen, Y.K.; Liao, P.; Qiu, J.F.; Lin, Y.; Cai, X.F.; et al. 
Antibody Responses to SARS-CoV-2 in Patients with COVID-19. Nature Medicine 2020, 26, 
doi:10.1038/s41591-020-0897-1. 

9.  Kim, G.U.; Kim, M.J.; Ra, S.H.; Lee, J.; Bae, S.; Jung, J.; Kim, S.H. Clinical Characteristics of Asymptomatic and 
Symptomatic Patients with Mild COVID-19. Clinical Microbiology and Infection 2020, 26, 
doi:10.1016/j.cmi.2020.04.040. 

10.  Li, W.; Su, Y.Y.; Zhi, S.S.; Huang, J.; Zhuang, C.L.; Bai, W.Z.; Wan, Y.; Meng, X.R.; Zhang, L.; Zhou, Y.B.; et al. 
Virus Shedding Dynamics in Asymptomatic and Mildly Symptomatic Patients Infected with SARS-CoV-2. 
Clinical Microbiology and Infection 2020, 26, doi:10.1016/j.cmi.2020.07.008. 

11.  Unity Studies: Early Investigation Protocols Available online: 
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/early-investigations 
(accessed on 16 December 2021). 

12.  Living Guidance for Clinical Management of COVID-19 Available online: 
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2021-2 (accessed on 12 January 2022). 

13.  Rockstroh, A.; Wolf, J.; Fertey, J.; Kalbitz, S.; Schroth, S.; Lübbert, C.; Ulbert, S.; Borte, S. Correlation of Humoral 
Immune Responses to Different SARS-CoV-2 Antigens with Virus Neutralizing Antibodies and Symptomatic 
Severity in a German COVID-19 Cohort. https://doi.org/10.1080/22221751.2021.1913973 2021, 10, 774–781, 
doi:10.1080/22221751.2021.1913973. 

14.  Ma, H.; Zeng, W.; He, H.; Zhao, D.; Jiang, D.; Zhou, P.; Cheng, L.; Li, Y.; Ma, X.; Jin, T. Serum IgA, IgM, and IgG 
Responses in COVID-19. Cellular and Molecular Immunology 2020, 17. 

15.  Zervou, F.N.; Louie, P.; Stachel, A.; Zacharioudakis, I.M.; Ortiz‐Mendez, Y.; Thomas, K.; Aguero‐Rosenfeld, M.E. 
SARS‐CoV‐2 Antibodies: IgA Correlates with Severity of Disease in Early COVID‐19 Infection. Journal of Medical 
Virology 2021, 93, 5409–5415, doi:10.1002/jmv.27058. 

16.  Oroszi, B.; Horváth, J.K.; Túri, G.; Krisztalovics, K.; Röst, G. The Role of Epidemiological Surveillance and 
Mathematical Forecasting in Preventing and Mitigating Pandemic Waves – What Has Been Accomplished and 
What Should Be Achieved. (Hungarian). Scientia et Securitas 2021, 2, 38–53, doi:10.1556/112.2021.00007. 

17.  Röst, G.; Bartha, F.A.; Bogya, N.; Boldog, P.; Dénes, A.; Ferenci, T.; J. Horváth, K.; Juhász, A.; Nagy, C.; Tekeli, T.; 
et al. Early Phase of the COVID-19 Outbreak in Hungary and Post-Lockdown Scenarios. Viruses 2020, 12, 
doi:10.3390/v12070708. 

18.  Uzzoli, A.; Kovács, S.; Páger, B.; Szabó, T. Regional Inequalities in the Waves of the COVID-19 Pandemic in 
Hungary. (Hungarian). Teruleti Statisztika 2021, 61, doi:10.15196/TS610302. 

19.  Koronavírus Available online: https://koronavirus.gov.hu/ (accessed on 16 December 2021). 
20.  Amendola, A.; Bianchi, S.; Gori, M.; Colzani, D.; Canuti, M.; Borghi, E.; Raviglione, M.C.; Zuccotti, G.V.; Tanzi, 

E. Evidence of SARS-CoV-2 RNA in an Oropharyngeal Swab Specimen, Milan, Italy, Early December 2019. 
Emerging Infectious Diseases 2021, 27, doi:10.3201/eid2702.204632. 

21.  la Rosa, G.; Mancini, P.; Bonanno Ferraro, G.; Veneri, C.; Iaconelli, M.; Bonadonna, L.; Lucentini, L.; Suffredini, E. 
SARS-CoV-2 Has Been Circulating in Northern Italy since December 2019: Evidence from Environmental 
Monitoring. Science of the Total Environment 2021, 750, doi:10.1016/j.scitotenv.2020.141711. 

22.  Merkely, B.; Szabó, A.J.; Kosztin, A.; Berényi, E.; Sebestyén, A.; Lengyel, C.; Merkely, G.; Karády, J.; Várkonyi, I.; 
Papp, C.; et al. Novel Coronavirus Epidemic in the Hungarian Population, a Cross-Sectional Nationwide 
Survey to Support the Exit Policy in Hungary. Geroscience 2020, 42, doi:10.1007/s11357-020-00226-9. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 September 2022                   doi:10.20944/preprints202209.0328.v1

https://doi.org/10.20944/preprints202209.0328.v1


 

 

23.  Omori, R.; Matsuyama, R.; Nakata, Y. The Age Distribution of Mortality from Novel Coronavirus Disease 
(COVID-19) Suggests No Large Difference of Susceptibility by Age. Scientific Reports 2020, 10, 16642, 
doi:10.1038/s41598-020-73777-8. 

24.  Rosenberg, E.S.; Dufort, E.M.; Blog, D.S.; Hall, E.W.; Hoefer, D.; Backenson, B.P.; Muse, A.T.; Kirkwood, J.N.; st. 
George, K.; Holtgrave, D.R.; et al. COVID-19 Testing, Epidemic Features, Hospital Outcomes, and Household 
Prevalence, New York State—March 2020. Clinical Infectious Diseases 2020, 71, 1953–1959, 
doi:10.1093/cid/ciaa549. 

25.  Boehmer, T.K.; DeVies, J.; Caruso, E.; van Santen, K.L.; Tang, S.; Black, C.L.; Hartnett, K.P.; Kite-Powell, A.; 
Dietz, S.; Lozier, M.; et al. Changing Age Distribution of the COVID-19 Pandemic — United States, 
May–August 2020. MMWR. Morbidity and Mortality Weekly Report 2020, 69, 1404–1409, 
doi:10.15585/mmwr.mm6939e1. 

26.  Ecdc Coronavirus Disease 2019 (COVID-19) in the EU/EEA and the UK-Eleventh Update: Resurgence of Cases. 
2020. 

27.  Wölfel, R.; Corman, V.M.; Guggemos, W.; Seilmaier, M.; Zange, S.; Müller, M.A.; Niemeyer, D.; Jones, T.C.; 
Vollmar, P.; Rothe, C.; et al. Virological Assessment of Hospitalized Patients with COVID-2019. Nature 2020, 581, 
doi:10.1038/s41586-020-2196-x. 

28.  Kellam, P.; Barclay, W. The Dynamics of Humoral Immune Responses Following SARS-CoV-2 Infection and the 
Potential for Reinfection. Journal of General Virology 2020, 101. 

29.  Wellinghausen, N.; Plonné, D.; Voss, M.; Ivanova, R.; Frodl, R.; Deininger, S. SARS-CoV-2-IgG Response Is 
Different in COVID-19 Outpatients and Asymptomatic Contact Persons. Journal of Clinical Virology 2020, 130, 
doi:10.1016/j.jcv.2020.104542. 

30.  Zhou, R.; Li, F.; Chen, F.; Liu, H.; Zheng, J.; Lei, C.; Wu, X. Viral Dynamics in Asymptomatic Patients with 
COVID-19. International Journal of Infectious Diseases 2020, 96, 288–290, doi:10.1016/j.ijid.2020.05.030. 

31.  Arevalo-Rodriguez, I.; Buitrago-Garcia, D.; Simancas-Racines, D.; Zambrano-Achig, P.; Campo, R. del; 
Ciapponi, A.; Sued, O.; Martinez-García, L.; Rutjes, A.W.; Low, N.; et al. False-Negative Results of Initial 
RT-PCR Assays for COVID-19: A Systematic Review. PLoS ONE 2020, 15. 

32.  Wikramaratna, P.S.; Paton, R.S.; Ghafari, M.; Lourenço, J. Estimating the False-Negative Test Probability of 
SARS-CoV-2 by RT-PCR. medRxiv 2020, doi:10.1101/2020.04.05.20053355. 

33.  Sun, J.; Xiao, J.; Sun, R. ; Tang X, ; Liang C, ; Lin H; et al. Prolonged persistence of SARS-CoV-2 RNA in body 
fluids. Emerging Infecton Diseases. 2020, 26, 1834–1838.  doi.org/10.3201/eid2608.201097 

34.  Meyerowitz, E.A.; Richterman, A.; Bogoch, I.I.; Low, N.; Cevik, M. Towards an Accurate and Systematic 
Characterisation of Persistently Asymptomatic Infection with SARS-CoV-2. The Lancet Infectious Diseases 2021, 
21, e163–e169, doi:10.1016/S1473-3099(20)30837-9. 

35.  Budapest in Numbers Www.Ksh.Hu/Docs/Hun/Xftp/Idoszaki/Regiok/Mesz/01_bp_14.Pdf. 
  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 September 2022                   doi:10.20944/preprints202209.0328.v1

https://doi.org/10.20944/preprints202209.0328.v1

