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Abstract 

We present the results from ELISA IgG/IgM tests vs rtPCR diagnostic testing of individuals both with 
and without clinical symptoms, travel arrangements and cross-border movement, in an effort to contain the 
COVID-19 pandemic during the entire 2021. rtPCR test results were a prerequisite for any planned trip, 
requirement for diagnosis and protocol treatment. The collected data are cumulative and the statistics might 
become helpful to each individual in deciding on a particular line of action. Our Molecular Diagnostics 
Unit is licensed within the territory of Bulgaria. Our methods present strict protocols from the guidelines 
of the National Center for Infectious and Parasitic Diseases, the kits used were all CE, the overall concept 
in sync with the global regulations per CDC and the WHO. The cumulated results for each month show 
high correlation between the levels of IgM and the number of patients testing positive for COVID with 
the rtPCR. We present retrospective data of utmost importance for the regions near border crossing point 
in a situation of pandemic with involvement of local and international authorities. Determining the titer of 
Covid antibodies provides important information with regard to vaccination and compare levels of titers 
of acute elevated IgM titers in patients with severe COVID-19 with positive PCR results in an attempt to 
implement more ELISA testing as a significant, informative and important part of establishing a patient’s 
status, given the easier access to rapid tests when triaging patients for admission to hospital and with the 
need for emergency resuscitation. 
Keywords: COVID-19, SARS-CoV-2, global pandemic, testing rtPCR, IgM/IgG IgG and IgM antibody 
titers
Резюме

Представяме резултати от ELISA IgG/IgM тестове и rtPCR диагностични изследвания от 
индивиди с или без клиника, с планове за пътувания през граница в усилията за ограничаване 
на COVID-19 пандемията през цялата 2021. Резултати от rtPCR изследвания бяха задължителни 
при пътуване, както и изискване при постъпване в болница за лечение. Събраните данни са общи 
и статистиката може да се окаже от помощ при вземането на решение за здравето на отделните 
хора. Звеното за Молекулярна диагностика към Микробиологична лаборатория на МБАЛ „д-р 
Атанас Дафовски“ е лицензирано на територията на България. Методите ни за изследвания следват 
протоколите на Националният център за заразни и паразитни болести в България, китовете които 
сме използвали са били CE, цялостният концерт базиран на насоките на Центъра за Контрол на 
Болестите и Световната Здравна Организация. Резултатите за всеки месец показват корелация между 
повишените нива на IgM и броят на пациенти с положителни COVID rtPCR.  Настоящият доклад 
представя ретроспективно важни данни за райони в близост до гранични пропускателни пунктове в 
условията на пандемия и ангажираност от страна на местни и международни власти. Определянето 
на титри Covid за антитела  дава важна информация по отношение на имунизирането, но нашият 
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Introduction 
The COVID-19 pandemic that the world has 

experienced over the past few years has been dev-
astating, with enormous consequences in terms of 
deaths, long term illnesses, protracted health condi-
tions, exhaustion of health systems, overwhelmed 
healthcare workers, as well as a huge economic 
impact. With time, we have seen some effect from 
the treatment protocols, and have witnessed and ex-
perienced the results of the newly discovered vac-
cinations. 

With vaccine development and mass immu-
nizations globally, many researchers have initiated 
comparison of immune responses, antibodies and 
titers to provide clarification. The current FDA 
guidelines for assessing immunity suggest antibody 
testing was not recommended after vaccination for 
COVID-19. Antibodies comprise specific proteins 
which are synthesized by the immune system after 
infection or vaccination. SARS-CoV-2 antibody or 
serology tests look for antibodies in a blood sample 
to determine if an individual has had a past infec-
tion with the virus that causes COVID-19. The U.S. 
Food and Drug Administration (FDA) suggests that 
results from currently authorized SARS-CoV-2 an-
tibody tests should not be used to evaluate a per-
son’s level of immunity or protection from COV-
ID-19 at any time, and especially after the person 
has received a COVID-19 vaccination.

While a positive antibody test result can be 
used to help identify people who may have had 
a prior SARS-CoV-2 infection, more research is 
needed in people who have received a COVID-19 
vaccination. Currently authorized SARS-CoV-2 
antibody tests have not been evaluated to assess the 
level of protection provided by an immune response 
to COVID-19 vaccination. Currently authorized 
COVID-19 mRNA vaccines induce antibodies to 
the spike protein and not to nucleocapsid proteins 
that are likely detected only after natural infections. 
Therefore, COVID-19 vaccinated people who have 
not had previous natural infection will receive a 
negative antibody test result if the antibody test 
does not detect the antibodies induced by the COV-
ID-19 vaccine. If antibody test results are interpret-
ed incorrectly, there is a potential risk that people 
may take fewer precautions against SARS-CoV-2 
exposure, which can increase their risk of SARS-
CoV-2 infection and may result in the increased  

 
spread of SARS-CoV-2.

The lack of clarity about the immune response 
is being addressed and many scientific groups are 
currently involved in conducting retrospective anal-
ysis, as well as prospective research to bring more 
evidence of the benefits of COVID premonitions 
and suitable titer levels. A study group in France 
(Dimeglio et al., 2022) measured the antibody ti-
ters in 8758 healthcare workers, vaccinated and 
unvaccinated, soon after the first epidemic wave 
occurred in France (10 June–10 July, 2020). Total 
SARS-CoV-2 antibodies were measured in longi-
tudinal samples with a quantitative enzyme-linked 
immunosorbent assay (ELISA). Analysis of their 
data indicated that an ELISA concentration be-
tween 13 and 141 BAU/ml provided only 12.4% 
protection against SARS-CoV-2, a concentration 
between 141 and 1700 BAU/ml provided 89.3% 
protection, and a concentration of 1700 BAU/ml 
and above provided full protection. In their relevant 
participant group, none of the two dose-vaccinated 
had an ELISA concentration below 141 BAU/ml 
one month after the second injection, unlike 79.3% 
of the HCWs three months after a natural infection.

Published research by Ahmed et al. (2022) 
explored post-vaccination antibody titers as a prog-
nostic biomarker in patients with autoimmune 
rheumatic disease (AIRD). They studied 630 pa-
tients with rheumatic arthritis. In their results, the 
antibody titer was 854.1 were good responders, 143 
inadequate responders, and 107 non-responders. 
Subsequent infections occurred in 47 patients at a 
mean follow-up of 147.3 days and were proportion-
ately the highest in the NR group, followed by the 
IR group, and the fewest in the GR group. Subse-
quent infections occurred in 7.4% of patients and 
were associated with seronegativity following vac-
cination. According to the authors, the results could 
be a basis for exploring post-vaccination antibody 
titers as a biomarker in patients with AIRD.

mRNA BNTb262 vaccine was studied by 
Furier et al. (2022) and found immunogenic in the 
majority of patients with autoimmune inflammato-
ry rheumatic diseases, AIIRD, with an acceptable 
safety profile. Treatment with glucocorticoids, 
rituximab, MMF, and abatacept was associated 
with a significantly reduced BNT162b2-induced 
immunogenicity. 

фокус е да сравним повишените титри на акутни IgM с положителни PCR резултати, като покажем 
необходимостта от повече ELISA, значима и информативна част при установяване статуса на даден 
пациент, имайки предвид по-лесния достъп до бързи тестове при триаж на пациенти за постъпване 
в болница и с необходимост от спешна реанимация. 
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Another study provided comparison between 
antibody titers before and after a third dose of the 
SARS-CoV-2 BNT162b2 vaccine in adults aged 
≥60 years (Eliakim-Raz et al., 2021). Among the 97 
study participants, the median age was 70 years and 
61% were women. Before the third dose 94 par-
ticipants were seropositive. The median titer level 
increased significantly after the third dose, from a 
median of 440 AU/mL to 25 468 AU/mL and all 
participants became seropositive. No significant 
correlation was observed between age and IgG ti-
ters. No variable was significantly associated with 
higher IgG titers, including age, sex, days after first 
vaccination, and comorbidities. No major adverse 
events were reported.

Kurano et al. (2022) measured the SARS-
CoV-2 antibody titers to predict accuracy of COV-
ID-19 maximum severity by machine learning tool 
in non-vaccinated patients. Serum samples were 
tested after routine clinical examination of 134 sub-
jects who had been diagnosed as having COVID-19 
by RT-PCR assay between April 2020 and January 
2021. None of the subjects had been vaccinated 
against SARS-CoV-2. The subjects were classified 
into four groups according to the disease maximum 
severity: severity group 1 (did not require oxygen 
supplementation), severity group 2a (required ox-
ygen supplementation at low flow rates of under 4 
L/min via a nasal cannula), severity group 2b (re-
quired oxygen supplementation at relatively high 
flow rates, but not mechanical ventilatory support), 
and severity group 3 (required mechanical ventila-
tion). 

As previously reported (Yordanova et al., 
2022) evidence towards the global understanding 
of the spread, contagiousness, significance, mor-
bidity and mortality of COVID in our area and the 
data representing cumulative numbers of pandemic 
development, we have recorded significant infor-
mation regarding antibody titers. We have shown 
the dynamics in the spread of COVID near border 
crossing points and the significance of restrictive 
measures locally (Yordanova et al., 2021). 

With the current work, we aim to show COV-
ID results at regional level with regard to short and 
long-term forecast, as well as the further impact on 
the spread and containment of the infection in sup-
port of place-based policies to establish and change 
existing vaccination protocols. 
Case Report

We present statistical data based on the results 
collected directly from patients tested in our hospi-
tal on a daily basis. Our methods were the ELISA 

IgM/IgG semi-quantitative/quantitative methods 
for COVID-19 and rtPCR, according to the glob-
al standards of the WHO and the CDC guidelines. 
Our methodology utilized measures of antibody ti-
ters on serum from whole blood samples obtained 
and tested the same day without the need to store, 
thus avoiding freeze-thaw cycles. Results from the 
plate reader of an assay with colorimetric TMB/
H2O2 detection were obtained separately for IgM 
and IgG. The IgM protocol was semi-quantitative 
and each ratio<0.8 was read negative, between>0.8 
to<1.1 – borderline and>1.1 – positive, where the 
result represented a ratio of sample or control vs 
calibrator. The IgG assay was quantitative and the 
results were calculated when plotted against a stan-
dard curve. The results were expressed as U/ml and 
further converted to BAU/ml (according to WHO’s 
International Binding Antibody Units) when multi-
plied by the correction coefficient 2.1. 

For the molecular diagnostics method, isola-
tion of RNA from patient samples or Magic prep 
(Diagnovital A1 Life Science Fast Extraction Kit) 
was utilized. The rtPCR was run in the Applied 
Biosystems Step One Real-Time PCR System. The 
supporting methods of testing were the rapid tests 
with whole blood or plasma, as well as nasopharyn-
geal swab antigen testing. The reagents used were 
procured from different sources, governmental offi-
cial central supply, local grants or purchases. All of 
our reagents and kits were CE. 

For the logs, the following data were collect-
ed from the patients: (a) key dates which includ-
ed the date of onset of disease, date of admission 
to hospital, date of confirmation of infection, and 
dates of travel; (b) demographic information about 
the age and sex of patients/cases; (c) geographic in-
formation at the highest resolution available down 
to district level, with the right amount of precau-
tion, due to patient confidentiality,  this information 
was subdivided into administrative units (county, 
city, and, where available, specific locations); (d) 
symptoms, (e) any additional information, such 
as exposure to specific places with higher density 
of people, record of exposure to infected individ-
uals, if known. All the information collected with 
the results was entered into the national system for 
COVID for Bulgaria within the same day. 

Table 1 further presents the combined ELI-
SA results for each month. Antibody testing was 
separated in groups of inpatients and outpatients. 
Due to the specific ELISA methods, we only used 
cumulative results of positive and negative but did 
not compare titers. Results from IgM, IgG and rt-
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PCR for each month were plotted on a graph pre-
sented in Figure 1 below. Each month is plotted on 
the X axis, and the Y axis shows the total number 
of tests. The IgG, IgM and the PCR test results are 
expressed in percentage, thus allowing easy com-
parison. The blue bars represent the total number 
of SARS-CoV-2 antibodies tests done each month. 
The red line represents the severe COVID cases 
confirmed with rtPCR. The yellow line gives infor-
mation about high IgMs titers of tested patients, not 
necessarily the same ones who tested positive on a 
PCR test. The red and the yellow lines mimic each 
other’s patterns, as the increased percentage of acute 
cases started in February and reached April, then de-
creased and peaked again in August and November.

IgGs, on the other hand, decreased in April, 
August, November and December.  We noticed in-
creased numbers of acute IgM patients with each 
wave of the pandemic, which was self-explanato-
ry and anticipated. For each drop in IgGs percent-
age, we observed an increase in total positive rtP-
CR numbers. During the summer months traveling 

across borders was possible only with evidence of 
a negative PCR test. We recorded mainly negative 
and healthy individuals traveling through earlier 
on, but with the shift of seasons, the number of pa-
tients with positive PCR tests increased. We have 
no information on record about the purpose of peo-
ple’s travels and the need of border crossing, but 
we assume that travel during the summer months  
was connected with vacation, family trips and due 
to regular business for people with seasonal jobs 
across Europe, as well as trade (Fig. 1). 

Figure 2 presents the total number of antibody 
tests by month. The bars give information about 
the positive monthly tests and an overview of each 
new wave. The increase in positive tests is linked to 
more individuals tested, but in relation to each sub-
sequent surge of the infection. Each wave led to a 
further increase in morbidity and mortality (data not 
presented), a large number of patients with a need 
of hospitalization by far exceeding the numbers of 
available hospital beds, and exhausting hospital re-
sources and staff.

Table 1. Results from monthly angibody testing throughout 2021 in MHPAT Kardzhali

Month Type IgM positive IgM total 
groups IgM total IgG positive IgG total 

groups IgG total 

January 
outpatients 2 4

4
42 66

66
inpatients 0 0 0 0

February
outpatients 1 6

6
35 79

79
inpatients 0 0 0 0

March
outpatients 0 3

7
91 136

140
inpatients 3 4 3 4

April
outpatients 6 28

46
102 155

175
inpatients 11 18 15 20

May
outpatients 0 4

8
56 80

86
inpatients 2 4 5 6

June
outpatients 0 2

3
42 53

55
inpatients 1 1 2 2

July
outpatients 0 0

1
15 32

33
inpatients 1 1 1 1

August
outpatients 2 10

13
63 83

86
inpatients 1 3 3 3

September
outpatients 0 4

22
75 104

122
inpatients 6 18 16 18

October
outpatients 0 5

21
74 105

121
inpatients 1 16 11 16

November
outpatients 1 7

25
63 84

102
inpatients 4 18 15 18

December
outpatients 0 8

13
21 25

30
inpatients 4 5 4 5
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The increased numbers of newly infected 
people exposed many doctors and healthcare work-
ers to an immense risk on the job, a rather grave 
situation, just like anywhere else in the world. 

Figure 3 gives further information about each 
subsequent wave of the infection with a stacked bar 
graph. The first peak was in April, followed by the 
summer months with low numbers, and then anoth-
er prolonged wave in the months of September, Oc-
tober and November.
 Discussion 

Through continuous daily data collection and 

reporting to local and national authorities, we con-
tinue to study the trends from the results of mass 
number tested individuals. The current report does 
not look into specific titers; hence the difference 
in methodology of IgG/IgM testing, we settled on 
the overall idea which supports extensive antibody 
testing. The goal was to access patients initially for 
diagnostic purposes and further for follow-up for 
better idea and build on statistics for prognostic 
purposes. Although we did not look into the pa-
tients’ records to link the purpose of their testing, 
foreign passport holders included, we believe much 

Fig. 1. Comparison of cumulative results from monthly testing for SARS-CoV-2 antibodies in percentage 

Fig. 2. Number of positive SARS-CoV-2 IgG and IgM antibody tests for each month in 2021

Fig. 3. Total ELISA SARS-CoV-2 tests IgG/IgM performed each month
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more information is needed, and as results are be-
ing collected more studies are required to suggest 
better directions for clinical use. 

Our study also did not assess cell-mediated 
immunity at this point. However, the data suggest 
that monitoring the neutralizing antibody response 
and also total antibody concentrations, logistically 
more feasible, can be used to optimize vaccination 
strategies by estimating the duration and degree of 
protection provided by vaccines. The thresholds of 
protection should be compared to those obtained in 
further studies, but more importantly, implemented 
into protocols and guidelines for the future waves 
or new outbreaks.  More studies would be very 
informative, with more data included to compare 
different age groups, past infections taken into ac-
count, new breakthrough COVID infections, com-
pare co-morbidities and drug interaction patterns. It 
is also essential to estimate the influence of reduced 
antibody neutralizing capacity against new emerg-
ing virus variants. We think the overlooked rapid 
tests for antibodies, though being qualitative, offer 
an excellent opportunity for quick assessment of 
patients, triage and decisions on subsequent, more 
detailed testing and should be used more extensive-
ly. 
Future Pursuits 

In the light of the COVID pandemic, we have 
witnessed a huge leap forward in the exploration 
of new aspects of molecular biology. While small 
(18–22 nucleotides), non-coding RNA transcripts 
called microRNAs (miRNAs) were being studied, 
they emerged as promising candidates with exten-
sive diagnostic potential due to their role in numer-
ous diseases (Dave et al., 2019), previously estab-
lished methods for quantitation and their stability 
within biofluids. We have seen their advantages 
as vaccinal products in the COVID pandemic, but 
several classes of molecules have been scrutinized 
as prospective biomarkers. Further developments 
in the area of testing with biomarkers and imple-
menting miRNA could significantly contribute not 
only to accurate diagnosis, but will drive toward 
target therapy, even before manifestation of clinical 
symptoms. Perhaps, one advantage of the pandem-
ic has been the incredible scientific advancement 
in the medical field and the potential of miRNA, 
which is going to take medicine, testing and treat-
ment to a whole new level. Investigation of these 
novel biomarkers could advance the use of per-
sonalized medicine in infectious disease treatment, 
which raises important considerations for validat-
ing their use as diagnostic or prognostic markers 

(Tribulet et al., 2020). As we slowly diverge from a 
state of pandemic, we look for greater opportunities 
for diagnostics. The emerging miRNA detection 
platforms, combined with equipment in the line of 
artificial intelligence for numerous panel testing 
and interpretation presents a focus on rapid, point-
of-care testing and could become great hope and 
benefit for infectious disease and latent infections. 
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