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Abstract

:

The present study aimed to assess antibody seropositivity prevalence among symptomatic individuals and individuals with a high risk of occupational exposure to SARS-CoV-2. Participants from Chelyabinsk (Russian Federation) who were at an increased risk of exposure to SARS-CoV-2 (high-risk group, n = 1091) and participants who either had symptoms consistent with COVID-19 or were suspected to have experienced COVID-19 in the past (symptomatic group, n = 692) were enrolled between 28 September and 30 December 2020. Blood samples were tested by enzyme-linked immunosorbent assay D-5501 SARS-Cov-2-IgG-EIA-BEST and D-5502 SARS-Cov-2-IgM-EIA-BEST (AO Vector-Best, Novosibirsk, Russia). The overall seropositivity rate was 28.33–28.53%. SARS-CoV-2 antibodies were detected in 17.23% (adjusted prevalence of 17.17–17.29%) of participants in the high-risk and 45.95% (adjusted prevalence of 45.91–46.24%) in the symptomatic group. Higher IgG and IgM titers were observed in women compared to men, as well as in participants in the symptomatic group compared to those in the high-risk group. The results indicate that the seroprevalence among residents in several Russian regions is low (28.38%) and inadequate to provide herd immunity. The lower seroprevalence among participants in the high-risk group may be attributed to the enforcement of healthcare protocols and the use of adequate personal protective equipment.
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1. Introduction


The coronavirus disease 2019 (COVID-19) pandemic has spread rapidly to more than 180 countries worldwide, resulting in high levels of morbidity and mortality. As of 9 May 2021, nearly 166 million COVID-19 cases and 3449 million deaths have been reported [1].



The clinical manifestations of COVID-19 can range from an asymptomatic/mild disease to severe disease with acute respiratory tract infections. Data from the meta-analysis suggest that the pooled prevalence of asymptomatic COVID-19 is about 48% and is higher in females than in males [2]. With that, because of the absence of symptoms and complaints, asymptomatic COVID-19 carriers can escape detection from the health system and, thus, are challenging for the implementation of preventive measures and infection control [2]. Thus, as the majority of currently available data are restricted to symptomatic patients with laboratory-confirmed COVID-19, the extent of the pandemic may be underestimated, and the virus may have a great potential for silent spread through the population [3,4]. Moreover, a recent meta-analysis reported a pooled ratio of serologically-detected infections to virologically-confirmed cases of 7.7; that is, for each confirmed case of severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) infection, at least six infections remain undetected by current surveillance systems [5].



While CDC does not recommend serology testing to diagnose the current infection [6], its utility and importance for public health should be more emphasized in the COVID-19 pandemic [7]. As the duration of immunity to SARS-CoV-2 dictates the overall course of the pandemic and can also affect post-pandemic dynamics [8], serological studies are urgently needed [9]. The results of such studies can facilitate the assessment of infection spread, infection fatality rates, level of herd immunity, and the impact of interventions [5]. Public health decision-making would especially benefit from data pertaining to seroprevalence among individuals in occupations with a high risk of exposure to SARS-CoV-2 due to frequent social interactions (e.g., service-sector employees) [10].



The seroconversion of specific SARS-CoV-2 IgG/IgM antibodies can start as early as 4 days [11], with the median time of 7–8 days [12], after the onset of illness, and both IgG and IgM titers plateau within 6 days after seroconversion [13]. Most patients have neutralizing titers on days 14–20 with great titer variability [14]. The duration of the positivity rate exceeding 80% is about seven weeks for IgM and about 3–6 months for IgG [15]. According to the current data, the prevalence and dynamic characteristics of SARS-CoV-2 IgG/IgM antibodies are affected by age, sex, and disease severity [16]; however, the research population studied is still not comprehensive and that causes the discrepancies in results among the studies [14].



A considerable amount of literature has been published on the impact of the pandemic on healthcare workers [17], while the studies investigating other essential workers with direct customer exposure are limited [18,19]. With that, the elevated risk of infection was not limited to healthcare workers, and other high-risk occupations being affected during the pandemic comprised almost half of local transmission and the majority of the possible work-related cases [10,20,21].



Although the COVID-19 outbreak in Russia started later compared to many neighboring European countries, Russia is currently among the six countries with the highest number of confirmed COVID-19 cases, as of 9 May 2021 [22,23]. Limited data suggest that the seroprevalence of SARS-CoV-2 infection in Russia was approximately 9–10% in May–June 2020 [24], reaching 19.6–31.3% [25,26,27] by the end of the year. At present, there are no data for seropositivity rates in specific cohorts, such as those with a high risk of occupational exposure to SARS-CoV-2. Moreover, because of the high risk for infection spread by persons with an asymptomatic form of the disease, serological studies should include those from high-risk groups even without the symptoms.



Thus, the present pilot study aimed to assess and compare antibody seropositivity prevalence rates among symptomatic individuals and individuals in occupations with a high risk of exposure to SARS-CoV-2.




2. Materials and Methods


2.1. Location of the Study


Chelyabinsk is the seventh-largest city in Russia with a population of approximately 1.3 million. The city has a humid continental climate (Köppen: Dfb): the average temperature in January is −14 °C/6.6 °F. and 19 °C/66.7 °F in July. The first case in the city was registered on 21 March 2020, and 58,380 cases with 1417 deaths from COVID-19 were reported as of 24 April 2021.




2.2. Study Design, Population, and Sampling


In this cross-sectional study, we assessed the prevalence of SARS-CoV-2 infection via serological testing for anti-SARS-CoV-2 antibodies. A total of 1300 persons, who were at an increased risk of exposure to SARS-CoV-2 (i.e., healthcare workers, education staff, and supermarket employees), were invited to participate in a free employer-sponsored SARS-CoV-2 serology assessment between 28 September 2020 and 30 December 2020.



This study excluded patients younger than 18 years with a history of coronary heart disease, pre-excitation syndromes, motor impairments (cerebral palsy and epilepsy), with pacemakers, drug addicts, and dialysis patients.



One thousand and ninety-one persons were enrolled in the study and comprised the “high-risk” group; 209 persons did not agree to participate or did not attend the hospital for a scheduled appointment. Individuals were excluded from this group if they reported symptoms of COVID-19 or other acute respiratory virus infections on the day of the appointment.



Six hundred and ninety-two persons who had symptoms, reported having symptoms consistent with COVID-19 or other acute respiratory virus infections (fever, muscle pain, tiredness, headache, cough, sore throat, new loss of taste or smell, and a blocked nose), were suspected to have COVID-19 infection in the past, or had contact with COVID-19 infected persons and self-reported for enrolment in the study comprised the “symptomatic/contact group”.




2.3. Ethical Permission


The study proposal and protocol were approved by the ethics committee of the Institute of Health “DoctorLab” (1 July 2020). Reporting was in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology guidelines. A representative of the research team approached the individuals by phone to ask if they would be willing to have a research coordinator speak to them about the study. If yes, the coordinator spoke with them, described the study (risks/benefits, voluntary participation, and procedures). Individuals were given adequate time to reflect on the information, had any questions answered, and gave free and voluntary consent. Patient consent forms were distributed to the participants at reception areas of the Institute of Health “DoctorLab” (LLC “DoctorLab”).




2.4. Laboratory Tests


Peripheral blood was collected by venipuncture in BD Vacutainer® SST™ Tubes containing spray-coated silica and a polymer gel for serum separation (BD Biosciences, San Jose, CA, USA) and centrifuged at 1500× g for 20 min. The obtained blood serum was used for the IgM and IgG detection on the day of venipuncture. Serum samples were tested by enzyme-linked immunosorbent assay (ELISA) D-5501 SARS-Cov-2-IgG-EIA-BEST and D-5502 SARS-Cov-2-IgM-EIA-BEST (AO Vector-Best, Novosibirsk, Russia). All samples were tested in duplicate. The test was performed according to the manufacturer’s instructions [28].



The method of determination is based on a two-stage “indirect” version of ELISA. At the first stage of the analysis, the specific antibodies (IgG or IgM) contained in the test samples bind to the recombinant SARS-CoV-2 antigen immobilized on the surface of the plate wells—receptor-binding domain (RBD) of glycoprotein S (Spike, S-protein). At the second stage, the conjugate of monoclonal antibodies to human IgG (IgM) with horseradish peroxidase interacts with antigen–IgG (antigen–IgM) complexes. During incubation (25 min) with a tetramethylbenzidine solution, the solution stains in the wells contained the formed antigen–IgG-conjugate complexes. After stopping the reaction by addition of the stop solution (1 N H2SO4), absorbance at 450 nm with a 620-nm reference was measured in an ELISA plate reader. The intensity of the staining is proportional to the concentration of IgG (IgM) to SARS-CoV-2 in the analyzed sample. The total procedure requires 10 μL of plasma and the duration of the assay is about 2 h.



The sensitivity of the SARS-Cov-2-IgG-EIA-BEST is 71.6% during the initial stages of antibody production and 100% in later stages; the sensitivity of SARS-Cov-2-IgM-EIA-BEST is 82% and 95.4%, respectively [29]. The specificity of the test system used is 99.72–99.93% [29].




2.5. Adjusting Prevalence Estimates


The adjusted prevalence was estimated using the following formula according to Sempos and Tian [30]. The adjusted prevalence was calculated to avoid the test kit errors and to harmonize results over time and place [30].


   adjusted   prevalence    =    crude   prevalence    +    specificity    − 1   sensitivity + specificity − 1    



(1)








2.6. Positivity Coefficient (CP) Calculations


Positivity coefficient (CP) calculations to display the antibody content were carried out following the manufacturer’s instructions [31]. CP shows how many times the concentration of antibodies exceeds the threshold value.



For this, the arithmetic mean values of optical density in the wells with a negative control sample (ODaverage. K−) were calculated. The results were accounted for if the following conditions were met—the average OD value in the well with K was not more than 0.2—OD value in the well with K+ was not less than 0.5.



On the next step, the critical value of optical density (ODcrit.) was calculated by the formula:


ODcritical = ODaverageK + 0.2.



(2)







CP was calculated using the formula:


   CP    =    ODsample  / ODcritical  



(3)




where ODsample is the OD value in a well with control or analyzed sample.



The test results were considered positive if CP was equal or more than 1.1, negative—if CP was less than 0.8, doubtful—if the results were between 0.8 and 1.1.




2.7. Statistical Analysis


Data management and analysis were carried out using software R 3.1.1 12 (R Foundation for Statistical Computing, Vienna, Austria) and Microsoft Excel version 14.0. Since all selected groups of the general sample had an abnormal distribution (Shapiro–Wilk test < 0.05), the statistical criteria chosen for the calculations were nonparametric. To study the correlation between the age of patients and the concentration of immunoglobulins, the Spearman rank test was chosen. The Kruskal–Wallis rank test was used to compare the concentration of immunoglobulins between men and women and between individuals from the “high-risk” and “symptomatic” groups.





3. Results


Samples from 1101 men and 682 women with an average age of 39 years were investigated (Table 1). Of the 1091 persons who composed the “high-risk” group, 310 (28.41%) were women with an average age of 47.79 years and 781 (71.59%) were men (average age 39.91 years). Additionally, 372 (53.76%) women with an average age of 41.39 years and 320 (46.24%) men (average age 39.67 years) comprised the “symptomatic” group.



Blood samples were tested for the presence of both IgM and IgG with the above-mentioned ELISA kits. The detailed distribution of the seropositivity rates is presented in Table 2.



3.1. Seropositivity Rates for Joint Detection of IgG and IgM in Persons of High-Risk and Symptomatic Groups


Among the 1091 persons from the “high-risk” group, positive results for the presence of SARS-CoV-2 antibodies were detected in 17.23% of cases (IgG was detected in 4.49%, IgM—in 2.38%, both IgG and IgM—in 10.36% of cases), doubtful results—in 0.73% of cases (Table 2).



Among the 692 persons from the “symptomatic” group, positive results for the presence of SARS-CoV-2 antibodies were detected in 45.95% of cases (IgG was detected in 9.39%, IgM—in 4.48%, both IgG and IgM—in 32.08% of cases), doubtful results—in 1.01% of cases.



The crude seropositivity rate in the total sample was 28.38% (IgG were detected in 6.4%, IgM—in 3.2%, both IgG and IgM—in 18.78% of cases); doubtful results were obtained in 0.84% (Table 2). With that, the crude seroprevalence of SARS-CoV-2 antibodies was significantly higher in women (37.4%) than in men (22.89%). Thus, IgG were detected in 32.99% of women and 20.35% of men, IgM—in 28.45% of women and 17.98% of men, both IgG and IgM—in 24.19% of women and 15.44 of men.




3.2. Adjusted Seropositivity Rates for Joint Detection of IgG and IgM in Persons of High-Risk and Symptomatic Groups


The measurement errors of tests can result in biased prevalence estimates, and thus, the adjusted seropositivity rates were calculated [30] depending on the possible stage of infection when the samples were taken (early stages of infection, when the sensitivity of the tests was low, or the peak of infection, when sensitivity of the tests reached 100%) (Table 3).



According to the conducted calculations, the adjusted seropositivity in the total sample was 28.33–28.53% (for IgG-positive, 6.16–8.61%; for IgM-positive, 3.07–3.57%; both IgG and IgM-positive—18.73–18.87%).



Adjusted seropositivity was significantly higher in the “symptomatic” group—45.91–46.24% compared to the values (17.17–17.29%) of the “high-risk” group. Seropositivity for two immunoglobulins (the presence of IgM and IgG to SARS-CoV-2) was 10.29–10.37% in the “high-risk” group and 32.03–32.26% in the “symptomatic” group. Seropositivity of individual IgM-positive and IgG-positive patients from the “high-risk” group was 2.21–2.57% and 4.25–5.94%, respectively. For the “symptomatic” group, a similar calculation of seropositivity revealed the higher values: 9.17–12.81% for IgG-positive and 4.42–5.14% for IgM.



Adjusted seroprevalence of antibodies to SARS-CoV-2 in women was 45.91–46.24% (for IgG-positive, 8.57–11.98%; for IgM-positive, 4.17–4.86%; both IgG and IgM-positive—24.14–24.31%) and in men 17.17–17.29% (for IgG-positive, 4.66–6.52%; for IgM-positive, 2.38–2.77%; both IgG and IgM-positive—15.38–15.49%).




3.3. Antibody Content


The average content of IgM antibodies in the total sample was 1.59, and the average content of IgG was 3.17.



According to the Spearmen test, the statistically significant positive relationship was found between age and IgM levels (S = 852,570,000, rho = 0.084, p-value = 0.0004) and between age and IgG levels (S = 860,350,000, rho = 0.075, p-value = 0.015). A statistically significant positive relationship was also found between the IgG and IgM levels (S = 328,150,000, rho = 0.65, p-value < 0.0001).



According to the analysis, the bimodal distribution of IgM and IgG content with two peaks on both sides of the boundaries of the reference interval among men and women and persons from the symptomatic and high-risk groups (Figure 1) was present.



According to the Mann–Whitney test, the higher IgG and IgM levels were observed in women compared with men (for IgM-Mann–Whitney U-test = 3.476, p-value = 0.0005, ES = 0.11, Power = 0.37, Sample size = 4502; for IgG-Mann–Whitney U-test = −5.586, p-value ≤ 0.0001, ES = 0.33, Power = 0.99, Sample size = 502) and subjects from the symptomatic group compared with those from the high-risk group (for IgM-Mann–Whitney U-test = 8.490, p-value < 0.0001, ES = 0.46, Power = 0.99, Sample size = 260; for IgG-Mann–Whitney U-test = 11.975, p-value < 0.0001, ES = 0.44, Power = 0.99, Sample size = 284).





4. Discussion


COVID-19 is currently the top public health concern worldwide. It is estimated that approximately 97% of the world’s population is susceptible to SARS-CoV-2 [14]. Previous studies have indicated that the overall seroprevalence varies widely across different countries and regions, with a higher seropositivity prevalence being observed in locations of early outbreaks, as well as countries with higher income levels and human development index scores [10,32,33].



During the pandemic, the assessment of IgM and IgG has been used to diagnose COVID-19, allowing the evaluation of not only the cumulative prevalence of SARS-CoV-2 infection but also the monitoring of seroconversion at the individual and community levels [32,34]. The overall seropositivity estimate in the present study (28.33–28.53%) is similar to that reported from the general population of the Ural Federal District of Russia (24.5–31.3%), which comprises six federal districts: the Tyumen Region, Chelyabinsk Oblast, and Republic of Tatarstan [25,26]. However, our observed seroprevalence is significantly higher than the earlier estimate of 9–10.8% from May to June [24]; this reflects the gradual development of herd immunity and that SARS-CoV-2 continues to spread through the population, resulting in more symptomatic infections and, thus, more seropositive individuals.



The present study was conducted among persons in occupations with a high risk of exposure to SARS-CoV-2 [35]. It is considered that these persons experience a potentially higher SARS-CoV-2 exposure risk due to the nature of their job than the general population [10,20,21]. Thus, according to the study of F-Y Lan et al. (2020), employees with direct customer exposure were five times more likely to test positive for SARS-CoV-2 [18], while the seroprevalence of COVID-19 amongst police officers was at least 3.4 higher than in the general population [36]. Nevertheless, some recent data suggest that the seroprevalence of SARS-CoV-2 antibodies in persons from high-risk groups is similar [3] or only marginally higher [10,37] compared to that in the general population, depending on regional variation in COVID-19 incidence. Based on this, we initially assumed that the seroprevalence levels in the high-risk group would be near the upper limit of the general population. However, SARS-CoV-2 antibodies were only detected in 28.38% (adjusted prevalence 28.33–28.53%) of cases, which is significantly lower than the seroprevalence of the general population in neighboring regions [26,27]. The lower seroprevalence may be attributed to greater availability and enforcement of healthcare protocols, as well as the use of adequate personal protective equipment.



The prevalence (45.95%) and levels of SARS-CoV-2 antibodies in participants from the symptomatic group were significantly higher than those in the high-risk group. These results match other studies [16] and are similar to those reported by Naaber et al. (2020), who found that the positivity rate in asymptomatic COVID-19 cases was approximately two times lower compared to polysymptomatic cases; furthermore, patients with more symptoms usually had a higher positivity rate and antibody level [38].



Existing evidence suggests that seroprevalence worldwide is equivalent between sexes [10,17]. Moreover, according to the recent study of C Luo et al. (2021), SARS-CoV-2 IgG/IgM dynamic is mainly affected by age and disease severity, not sex [16]. However, the present study found a higher seroprevalence in women (37.4%) than in men (17.17–22.89%); these values are similar to those reported from neighboring regions of Russia [25,26]. There are several possible explanations for this result. This may be attributable to many factors, including similar age and sex distributions, employment structures, and/or cultural practices in Russia. Although, this finding may be explained by the fact that the decline positive rate of IgG/IgM antibodies is lower and the average titer of IgG/IgM antibodies is relatively higher in females from disease onset to 60 days [16,39].



Thus, consistent with the literature, this research found that antibody levels were higher in women compared to men, as well as in older versus younger participants [16,37,39,40]. Data from several studies suggest that the immune response to most pathogen vaccines in men is lower than that in women [41,42]. Estrogen and testosterone promote and suppress, respectively, the innate and adaptive immune systems [40]. Within the innate immune system, estrogen regulates innate myeloid (monocytes, dendric cells, neutrophils) and lymphoid cells and promotes type I IFN synthesis [43,44]. In turn, within the adaptive immune system, the higher numbers of CD4+ Helper T cells, more robust CD8+ (cytotoxic) T cells cytotoxic activity, and higher B cell production of immunoglobulin are observed in women compared to men [45]. Thus, women have an increased capacity to mount greater magnitudes of immune responses against the infection compared to men [45], and that may underlie the different outcomes between sexes [39,46].



However, the contemporary clinical data are rather controversial, and there is no general agreement about the impact of sex on antibody generation and prognosis in SARS-CoV-2 infection [16,47,48,49,50,51,52]. While several studies have reported higher levels of antibodies in women [39,48], other studies have reported equivalent levels between men and women [16,39], as well as higher levels in men [40,49,50,51]. Thus, further research should be undertaken to investigate the impact of sex and gender on immune response and associated adverse COVID-19 outcomes and to tailor the potential treatment according to sex and gender [45,51,52].



The obtained results are in accord with recent studies indicating that average IgG/IgM antibody levels were higher in old ages [16,53]. These results are likely to be related to an increased baseline level of proinflammatory cytokines associated with such comorbidities as obesity, hypertension, or diabetes, which are common in the elderly and could have a stimulatory effect on the SARS-CoV-2 humoral response [53,54].




5. Conclusions


The herd immunity threshold for SARS-CoV-2 is approximately 67% [55]. The results of this study indicate that the seroprevalence in Russia is relatively low and inadequate for herd immunity. Therefore, we emphasize the importance of maintaining current public health measures and intensifying vaccination efforts to keep the outbreak under control.



This study had several limitations due to the scale of the COVID-19 pandemic. First, this study was limited to a single city. Therefore, the results may not be generalizable to other regions that are more geographically diverse. Furthermore, due to the regulation rules, persons aged >65 years were not permitted to work during the pandemic; this may have affected the seropositivity rates observed in this study. Second, as random sampling was not used, the estimated seroprevalence was subject to potential sampling bias. Third, samples collected from infected individuals outside the antibody response time window and low diagnostic rates of the used commercial test systems in the initial phase of infection may have yielded false-negative results; therefore, the observed seroprevalence in our study may have underestimated the true prevalence rate of COVID-19. Fourth, we did not evaluate dynamic changes in antibody titers in infected individuals over time, and depending on the sampling time, there might be a higher incidence of seropositive individuals in the symptomatic group. Fifth, the prevalence estimates may change with new information on the accuracy of the test kits that we used. Sixth, since the majority of COVID-19 patients are either asymptomatic or have only a few mild symptoms, the sensitivity of the antibody tests in the general population may be lower; this may affect the reliability of antibody-based epidemiological studies [20].







Author Contributions


Conceptualization, A.Z. and A.S. (Alexey Sarapultsev); methodology, V.Z. and M.D.; formal analysis, I.K. and R.I.; investigation, M.D. and V.Z.; resources, A.Z.; data curation, L.R. and A.S. (Alexandr Solovyev); writing—original draft preparation, A.S. (Alexey Sarapultsev); writing—review and editing, A.S. (Alexey Sarapultsev), A.S. (Alexandr Solovyev), and D.H.; funding acquisition, A.Z., D.H., and A.S. (Alexey Sarapultsev). All authors have read and agreed to the published version of the manuscript.




Funding


The reported study was funded by RFBR and NSFC (project No.20-515-55003), by the NSFC (project No. 82161138003), and partly by the Government contract of the Institute of Immunology and Physiology (AAAA-A21-121012090090-9).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the ethics committee of the Institute of Health “DoctorLab” (LLC “DoctorLab”) (2020-07-01).




Informed Consent Statement


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




Data Availability Statement


The datasets analyzed during the current study are available from the corresponding author on reasonable request as they contain information on the gender, age, work experience, and places of work of the respondents.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Weekly Epidemiological Update on COVID-19—25 May 2021. Available online: https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---25-may-2021 (accessed on 31 May 2021).

	



Syangtan, G.; Bista, S.; Dawadi, P.; Rayamajhee, B.; Shrestha, L.B.; Tuladhar, R.; Joshi, D.R. Asymptomatic SARS-CoV-2 carriers: A systematic review and meta-analysis. Front. Public Health 2020, 8, 587374. [Google Scholar] [CrossRef] [PubMed]

	



Lai, C.-C.; Wang, J.-H.; Hsueh, P.-R. Population-based seroprevalence surveys of anti-SARS-CoV-2 antibody: An up-to-date review. Int. J. Infect. Dis. 2020, 101, 314–322. [Google Scholar] [CrossRef] [PubMed]

	



Oran, D.P.; Topol, E.J. Prevalence of asymptomatic SARS-CoV-2 infection: A narrative review. Ann. Intern. Med. 2020, 173, 362–367. [Google Scholar] [CrossRef] [PubMed]

	



Chen, X.; Chen, Z.; Azman, A.S.; Deng, X.; Chen, X.; Lu, W.; Zhao, Z.; Yang, J.; Viboud, C.; Ajelli, M.; et al. Serological evidence of human infection with SARS-CoV-2: A systematic review and meta-analysis. medRxiv 2020. [Google Scholar] [CrossRef]

	



CDC Healthcare Workers. Available online: https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html (accessed on 9 May 2021).

	



Xu, Y.; Xiao, M.; Liu, X.; Xu, S.; Du, T.; Xu, J.; Yang, Q.; Xu, Y.; Han, Y.; Li, T.; et al. Significance of serology testing to assist timely diagnosis of SARS-CoV-2 infections: Implication from a family cluster. Emerg. Microbes. Infect. 2020, 9, 924–927. [Google Scholar] [CrossRef] [PubMed]

	



Kissler, S.M.; Tedijanto, C.; Goldstein, E.; Grad, Y.H.; Lipsitch, M. Projecting the transmission dynamics of SARS-CoV-2 through the postpandemic period. Science 2020, 368, 860–868. [Google Scholar] [CrossRef]

	



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. Nat. Commun. 2020, 11, 4704. [Google Scholar] [CrossRef]

	



Poustchi, H.; Darvishian, M.; Mohammadi, Z.; Shayanrad, A.; Delavari, A.; Bahadorimonfared, A.; Eslami, S.; Javanmard, S.H.; Shakiba, E.; Somi, M.H.; et al. SARS-CoV-2 antibody seroprevalence in the general population and high-risk occupational groups across 18 cities in Iran: A population-based cross-sectional study. Lancet Infect. Dis. 2021, 21, 473–481. [Google Scholar] [CrossRef]

	



Hsueh, P.-R.; Huang, L.-M.; Chen, P.-J.; Kao, C.-L.; Yang, P.-C. Chronological evolution of IgM, IgA, IgG and neutralisation antibodies after infection with SARS-associated coronavirus. Clin. Microbiol. Infect. 2004, 10, 1062–1066. [Google Scholar] [CrossRef]

	



Orner, E.P.; Rodgers, M.A.; Hock, K.; Tang, M.S.; Taylor, R.; Gardiner, M.; Olivo, A.; Fox, A.; Prostko, J.; Cloherty, G.; et al. Comparison of SARS-CoV-2 IgM and IgG seroconversion profiles among hospitalized patients in two US cities. Diagn. Microbiol. Infect. Dis. 2021, 99, 115300. [Google Scholar] [CrossRef]

	



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. Nat. Med. 2020, 26, 845–848. [Google Scholar] [CrossRef] [PubMed]

	



Chvatal-Medina, M.; Mendez-Cortina, Y.; Patiño, P.J.; Velilla, P.A.; Rugeles, M.T. Antibody responses in COVID-19: A review. Front. Immunol. 2021, 12, 633184. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Y.; Li, J.; Li, H.; Lei, P.; Shen, G.; Yang, C. Persistence of SARS-CoV-2-specific antibodies in COVID-19 patients. Int. Immunopharmacol. 2021, 90, 107271. [Google Scholar] [CrossRef] [PubMed]

	



Luo, C.; Liu, M.; Li, Q.; Zheng, X.; Ai, W.; Gong, F.; Fan, J.; Liu, S.; Wang, X.; Luo, J. Dynamic changes and prevalence of SARS-CoV-2 IgG/IgM antibodies: Multiple factors-based analysis. Int. J. Infect. Dis. 2021. [Google Scholar] [CrossRef]

	



Gómez-Ochoa, S.A.; Franco, O.H.; Rojas, L.Z.; Raguindin, P.F.; Roa-Díaz, Z.M.; Wyssmann, B.M.; Guevara, S.L.R.; Echeverría, L.E.; Glisic, M.; Muka, T. COVID-19 in healthcare workers: A living systematic review and meta-analysis of prevalence, risk factors, clinical characteristics, and outcomes. Am. J. Epidemiol. 2020. [Google Scholar] [CrossRef]

	



Lan, F.-Y.; Suharlim, C.; Kales, S.N.; Yang, J. Association between SARS-CoV-2 infection, exposure risk and mental health among a cohort of essential retail workers in the USA. Occup. Environ. Med. 2021, 78, 237–243. [Google Scholar] [CrossRef]

	



Gaitens, J.; Condon, M.; Fernandes, E.; McDiarmid, M. COVID-19 and essential workers: A narrative review of health outcomes and moral injury. Int. J. Environ. Res. Public Health 2021, 18, 1446. [Google Scholar] [CrossRef]

	



Lan, F.-Y.; Wei, C.-F.; Hsu, Y.-T.; Christiani, D.C.; Kales, S.N. Work-related COVID-19 transmission in six Asian countries/areas: A follow-up study. PLoS ONE 2020, 15, e0233588. [Google Scholar] [CrossRef]

	



Zhang, J.Z.; Zhou, P.; Han, D.B.; Wang, W.C.; Cui, C.; Zhou, R.; Xu, K.X.; Liu, L.; Wang, X.H.; Bai, X.H.; et al. Investigation on a cluster epidemic of COVID-19 in a supermarket in Liaocheng, Shandong province. Zhonghua Liu Xing Bing Xue Za Zhi 2020, 41, 2024–2028. [Google Scholar] [CrossRef]

	



COVID Live Update: 158,369,040 Cases and 3,298,155 Deaths from the Coronavirus—Worldometer. Available online: https://www.worldometers.info/coronavirus/#countries (accessed on 9 May 2021).

	



Komissarov, A.B.; Safina, K.R.; Garushyants, S.K.; Fadeev, A.V.; Sergeeva, M.V.; Ivanova, A.A.; Danilenko, D.M.; Lioznov, D.; Shneider, O.V.; Shvyrev, N.; et al. Genomic epidemiology of the early stages of the SARS-CoV-2 outbreak in Russia. Nat. Commun. 2021, 12, 649. [Google Scholar] [CrossRef] [PubMed]

	



Barchuk, A.; Skougarevskiy, D.; Titaev, K.; Shirokov, D.; Raskina, Y.; Novkunkskaya, A.; Talantov, P.; Isaev, A.; Pomerantseva, E.; Zhikrivetskaya, S.; et al. Seroprevalence of SARS-CoV-2 antibodies in Saint Petersburg, Russia: A population-based study. medRxiv 2020. [Google Scholar] [CrossRef]

	



Popova, A.Y.; Ezhlova, E.B.; Melnikova, A.A.; Trotsenko, O.E.; Zaitseva, T.A.; Lyalina, L.V.; Garbuz, Y.A.; Smirnov, V.S.; Lomonosova, V.I.; Balakhontseva, L.A.; et al. The seroprevalence of SARS-CoV-2 among residents of the Khabarovsk Krai during the COVID-19 epidemic. J. Microbiol. Epidemiol. Immunobiol. 2021, 98, 7–17. [Google Scholar] [CrossRef]

	



Popova, A.Y.; Ezhlova, E.B.; Melnikova, A.A.; Stepanova, T.F.; Sharukho, G.V.; Letyushev, A.N.; Folmer, A.Y.; Shepotkova, A.A.; Lyalina, L.V.; Smirnov, V.S.; et al. Distribution of SARS-CoV-2 seroprevalence among residents of the Tyumen Region during the COVID-19 epidemic period. Zhurnal Mikrobiol. Èpidemiologii I Immunobiol. 2020, 97, 392–400. [Google Scholar] [CrossRef]

	



Popova, A.Y.; Ezhlova, E.B.; Melnikova, A.A.; Patyashina, M.A.; Sizova, E.P.; Yuzlibaeva, L.R.; Lyalina, L.V.; Smirnov, V.S.; Badamshina, G.G.; Goncharova, A.V.; et al. Distribution of SARS-CoV-2 seroprevalence among residents of the Republic of Tatarstan during the COVID-19 epidemic period. J. Microbiol. Epidemiol. Immunobiol. 2021, 97, 518–528. [Google Scholar] [CrossRef]

	



Vector-Best. Available online: https://vector-best.ru/upload/iblock/181/181c954b9aa28cb97b2c2fb4fdb7e46c.pdf (accessed on 9 May 2021).

	



Sensitivity and Specificity of Reagent Kits of JSC “Vector-Best” for the Detection of Immunoglobulins of Different Classes to SARS-CoV-2. “Spravochnik Zaveduyushchego KDL”. Available online: https://e.zavkdl.ru/843516 (accessed on 1 April 2021).

	



Sempos, C.T.; Tian, L. Adjusting coronavirus prevalence estimates for laboratory test kit error. Am. J. Epidemiol. 2021, 190, 109–115. [Google Scholar] [CrossRef]

	



Reagent kit for Enzyme Immunoassay Immunoglobulins Class G to SARS-CoV-2. Available online: http://dias-plus.com/wp-content/uploads/2020/05/%D0%86%D0%BD%D1%81%D1%82%D1%80-%D1%8F-%D0%BD%D0%B0-%D0%86%D0%A4%D0%90-IgG-SARS_CoV-2-%D0%92%D0%91.pdf (accessed on 31 May 2021).

	



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. Clin. Microbiol. Infect. 2021, 27, 331–340. [Google Scholar] [CrossRef] [PubMed]

	



Kalish, H.; Klumpp-Thomas, C.; Hunsberger, S.; Baus, H.A.; Fay, M.P.; Siripong, N.; Wang, J.; Hicks, J.; Mehalko, J.; Travers, J.; et al. Mapping a pandemic: SARS-CoV-2 seropositivity in the United States. medRxiv 2021. [Google Scholar] [CrossRef]

	



Wolff, F.; Dahma, H.; Duterme, C.; Van den Wijngaert, S.; Vandenberg, O.; Cotton, F.; Montesinos, I. Monitoring antibody response following SARS-CoV-2 infection: Diagnostic efficiency of 4 automated immunoassays. Diagn. Microbiol. Infect. Dis. 2020, 98, 115140. [Google Scholar] [CrossRef]

	



Piccoli, L.; Ferrari, P.; Piumatti, G.; Jovic, S.; Rodriguez, B.F.; Mele, F.; Giacchetto-Sasselli, I.; Terrot, T.; Silacci-Fregni, C.; Cameroni, E.; et al. Risk assessment and seroprevalence of SARS-CoV-2 infection in healthcare workers of COVID-19 and non-COVID-19 hospitals in southern Switzerland. Lancet Reg. Health Eur. 2021, 1, 100013. [Google Scholar] [CrossRef]

	



Pasqualotto, A.C.; de Pereira, P.C.; Lana, D.F.D.; Schwarzbold, A.V.; Ribeiro, M.S.; Riche, C.V.W.; Castro, C.P.P.; Korsack, P.L.; Ferreira, P.E.B.; de Domingues, G.C.; et al. COVID-19 seroprevalence in military police force, southern Brazil. PLoS ONE 2021, 16, e0249672. [Google Scholar] [CrossRef]

	



Varona, J.F.; Madurga, R.; Peñalver, F.; Abarca, E.; Almirall, C.; Cruz, M.; Ramos, E.; Castellano Vázquez, J.M. Seroprevalence of SARS-CoV-2 antibodies in over 6000 healthcare workers in Spain. Int. J. Epidemiol. 2021. [Google Scholar] [CrossRef] [PubMed]

	



Naaber, P.; Hunt, K.; Pesukova, J.; Haljasmägi, L.; Rumm, P.; Peterson, P.; Hololejenko, J.; Eero, I.; Jõgi, P.; Toompere, K.; et al. Evaluation of SARS-CoV-2 IgG antibody response in PCR positive patients: Comparison of nine tests in relation to clinical data. PLoS ONE 2020, 15, e0237548. [Google Scholar] [CrossRef] [PubMed]

	



Zeng, F.; Dai, C.; Cai, P.; Wang, J.; Xu, L.; Li, J.; Hu, G.; Wang, Z.; Zheng, F.; Wang, L. A comparison study of SARS-CoV-2 IgG antibody between male and female COVID-19 patients: A possible reason underlying different outcome between sex. J. Med. Virol. 2020, 92, 2050–2054. [Google Scholar] [CrossRef]

	



Gudbjartsson, D.F.; Norddahl, G.L.; Melsted, P.; Gunnarsdottir, K.; Holm, H.; Eythorsson, E.; Arnthorsson, A.O.; Helgason, D.; Bjarnadottir, K.; Ingvarsson, R.F.; et al. Humoral immune response to SARS-CoV-2 in Iceland. New Engl. J. Med. 2020, 383, 1724–1734. [Google Scholar] [CrossRef] [PubMed]

	



Fink, A.L.; Engle, K.; Ursin, R.L.; Tang, W.-Y.; Klein, S.L. Biological sex affects vaccine efficacy and protection against influenza in mice. Proc. Natl. Acad. Sci. USA 2018, 115, 12477–12482. [Google Scholar] [CrossRef] [PubMed]

	



Klein, S.L.; Marriott, I.; Fish, E.N. Sex-based differences in immune function and responses to vaccination. Trans. R. Soc. Trop. Med. Hyg. 2015, 109, 9–15. [Google Scholar] [CrossRef]

	



Kadel, S.; Kovats, S. Sex Hormones regulate innate immune cells and promote sex differences in respiratory virus infection. Front. Immunol. 2018, 9, 1653. [Google Scholar] [CrossRef]

	



Gadi, N.; Wu, S.C.; Spihlman, A.P.; Moulton, V.R. What’s sex got to do with COVID-19? Gender-based differences in the host immune response to coronaviruses. Front. Immunol. 2020, 11, 2147. [Google Scholar] [CrossRef]

	



Bunders, M.J.; Altfeld, M. Implications of sex differences in immunity for SARS-CoV-2 pathogenesis and design of therapeutic interventions. Immunity 2020, 53, 487–495. [Google Scholar] [CrossRef]

	



Guan, W.-J.; Ni, Z.-Y.; Hu, Y.; Liang, W.-H.; Ou, C.-Q.; He, J.-X.; Liu, L.; Shan, H.; Lei, C.-L.; Hui, D.S.C.; et al. clinical characteristics of coronavirus disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720. [Google Scholar] [CrossRef]

	



Furman, D.; Hejblum, B.P.; Simon, N.; Jojic, V.; Dekker, C.L.; Thiébaut, R.; Tibshirani, R.J.; Davis, M.M. Systems analysis of sex differences reveals an immunosuppressive role for testosterone in the response to influenza vaccination. Proc. Natl. Acad. Sci. USA 2014, 111, 869–874. [Google Scholar] [CrossRef] [PubMed]

	



Takahashi, T.; Ellingson, M.K.; Wong, P.; Israelow, B.; Lucas, C.; Klein, J.; Silva, J.; Mao, T.; Oh, J.E.; Tokuyama, M.; et al. Sex differences in immune responses that underlie COVID-19 disease outcomes. Nature 2020, 588, 315–320. [Google Scholar] [CrossRef] [PubMed]

	



Robbiani, D.F.; Gaebler, C.; Muecksch, F.; Lorenzi, J.C.C.; Wang, Z.; Cho, A.; Agudelo, M.; Barnes, C.O.; Gazumyan, A.; Finkin, S.; et al. Convergent antibody responses to SARS-CoV-2 in convalescent individuals. Nature 2020, 584, 437–442. [Google Scholar] [CrossRef] [PubMed]

	



Shrock, E.; Fujimura, E.; Kula, T.; Timms, R.T.; Lee, I.-H.; Leng, Y.; Robinson, M.L.; Sie, B.M.; Li, M.Z.; Chen, Y.; et al. Viral epitope profiling of COVID-19 patients reveals cross-reactivity and correlates of severity. Science 2020, 370. [Google Scholar] [CrossRef]

	



Korte, W.; Buljan, M.; Rösslein, M.; Wick, P.; Golubov, V.; Jentsch, J.; Reut, M.; Peier, K.; Nohynek, B.; Fischer, A.; et al. SARS-CoV-2 IgG and IgA antibody response is gender dependent, and IgG antibodies rapidly decline early on. J. Infect. 2021, 82, e11–e14. [Google Scholar] [CrossRef]

	



Gebhard, C.; Regitz-Zagrosek, V.; Neuhauser, H.K.; Morgan, R.; Klein, S.L. Impact of sex and gender on COVID-19 outcomes in Europe. Biol Sex. Differ. 2020, 11, 29. [Google Scholar] [CrossRef]

	



Yang, H.S.; Costa, V.; Racine-Brzostek, S.E.; Acker, K.P.; Yee, J.; Chen, Z.; Karbaschi, M.; Zuk, R.; Rand, S.; Sukhu, A.; et al. Association of age with SARS-CoV-2 antibody response. JAMA Netw. Open 2021, 4, e214302. [Google Scholar] [CrossRef]

	



Gonzalez-Quintela, A.; Alende, R.; Gude, F.; Campos, J.; Rey, J.; Meijide, L.M.; Fernandez-Merino, C.; Vidal, C. serum levels of immunoglobulins (IgG, IgA, IgM) in a general adult population and their relationship with alcohol consumption, smoking and common metabolic abnormalities. Clin. Exp. Immunol. 2008, 151, 42–50. [Google Scholar] [CrossRef]

	



Randolph, H.E.; Barreiro, L.B. Herd immunity: Understanding COVID-19. Immunity 2020, 52, 737–741. [Google Scholar] [CrossRef]








[image: Vaccines 09 00627 g001 550] 





Figure 1. Distribution of IgM and IgG content with two peaks on both sides of the boundaries of the reference interval among persons from the symptomatic and high-risk groups and men and women. 
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Table 1. Demographic characteristics of the study participants.
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Risk Group

	
Gender

	
Count

	
Prevalence within the Group

	
Prevalence

	
Mean Age






	
High-risk

	
Men

	
781

	
72%

	
44%

	
36.91




	
Women

	
310

	
28%

	
17%

	
41.79




	
Symptomatic

	
Men

	
320

	
46%

	
18%

	
39.67




	
Women

	
372

	
54%

	
21%

	
41.39
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Table 2. Seropositivity rates for joint detection of IgG and IgM in persons of high-risk and symptomatic groups.
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Variant

	
Presence [+] or Absence [−] of Igs

	
Group

	
n

	
Prevalence in the Group

	
Prevalence in the Study Population






	

	
Men vs. Women




	
1

	
IgM [−] and IgG [−]

	
women

	
423

	
62.02%

	
23.72%




	
men

	
839

	
76.20%

	
47.06%




	
2

	
IgM [−] and IgG [+]

	
women

	
41

	
6.01%

	
2.30%




	
men

	
44

	
4.00%

	
2.47%




	
3

	
IgM [−] and IgG [*]

	
women

	
3

	
0.44%

	
0.17%




	
men

	
3

	
0.27%

	
0.17%




	
4

	
IgM [+] and IgG [−]

	
women

	
21

	
3.08%

	
1.18%




	
men

	
25

	
2.27%

	
1.40%




	
5

	
IgM [+] and IgG [+]

	
women

	
165

	
24.19%

	
9.25%




	
men

	
170

	
15.44%

	
9.53%




	
6

	
IgM [+] and IgG [*]

	
women

	
8

	
1.17%

	
0.45%




	
men

	
3

	
0.27%

	
0.17%




	
7

	
IgM [*] and IgG [−]

	
women

	
2

	
0.29%

	
0.11%




	
men

	
7

	
0.64%

	
0.39%




	
8

	
IgM [*] and IgG [+]

	
women

	
19

	
2.79%

	
1.07%




	
men

	
10

	
0.91%

	
0.56%




	

	
High−risk vs. Symptomatic




	
1

	
IgM [−] and IgG [−]

	
high−risk

	
895

	
82.03%

	
50.20%




	
symptomatic

	
367

	
53.03%

	
20.58%




	
2

	
IgM [−] and IgG [+]

	
high−risk

	
45

	
4.12%

	
2.52%




	
symptomatic

	
40

	
5.78%

	
2.24%




	
3

	
IgM [−] and IgG [*]

	
high−risk

	
3

	
0.27%

	
0.17%




	
symptomatic

	
3

	
0.43%

	
0.17%




	
4

	
IgM [+] and IgG [−]

	
high−risk

	
21

	
1.92%

	
1.18%




	
symptomatic

	
25

	
3.61%

	
1.40%




	
5

	
IgM [+] and IgG [+]

	
high−risk

	
113

	
10.36%

	
6.34%




	
symptomatic

	
222

	
32.08%

	
12.45%




	
6

	
IgM [+] and IgG [*]

	
high−risk

	
5

	
0.46%

	
0.28%




	
symptomatic

	
6

	
0.87%

	
0.34%




	
7

	
IgM [*] and IgG [−]

	
high−risk

	
5

	
0.46%

	
0.28%




	
symptomatic

	
4

	
0.58%

	
0.22%




	
8

	
IgM [*] and IgG [+]

	
high−risk

	
4

	
0.37%

	
0.22%




	
symptomatic

	
25

	
3.61%

	
1.40%








Note: [+]—positive results; [−]—negative results; [*]—doubtful results. The overall seropositivity was a calculated sum of variants [2 + 8] (IgG)/[4 − 6] (IgM)/[5] (IgM + IgG).
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Table 3. Calculation of adjusted seropositivity in men and women using open data on sensitivity and specificity.
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Gender/Risk Group

	
6–12 Days *

	
13–20 Days *




	
Adj. Prev.

	
Cr. Prev.

	
Adj. Count

	
Adj. Prev.

	
Cr. Prev.

	
Adj. Count






	
IgM and IgG positive




	
All patients

	
18.87%

	
18.79%

	
336

	
18.73%

	
18.79%

	
334




	
Women

	
24.31%

	
24.19%

	
166

	
24.14%

	
24.19%

	
165




	
Men

	
15.49%

	
15.44%

	
171

	
15.38%

	
15.44%

	
169




	
High-risk

	
10.37%

	
10.36%

	
113

	
10.29%

	
10.36%

	
113




	
Symptomatic

	
32.26%

	
32.08%

	
223

	
32.03%

	
32.08%

	
218




	
IgG positive




	
All patients

	
8.61%

	
6.39%

	
153

	
6.16%

	
6.39%

	
110




	
Women

	
11.98%

	
8.80%

	
82

	
8.57%

	
8.80%

	
58




	
Men

	
6.52%

	
4.90%

	
72

	
4.66%

	
4.90%

	
51




	
High-risk

	
5.94%

	
4.49%

	
65

	
4.25%

	
4.49%

	
47




	
Symptomatic

	
12.81%

	
9.39%

	
89

	
9.17%

	
9.39%

	
63




	
IgM positive




	
All patients

	
3.57%

	
3.20%

	
64

	
3.07%

	
3.20%

	
55




	
Women

	
4.86%

	
4.25%

	
33

	
4.17%

	
4.25%

	
28




	
Men

	
2.77%

	
2.54%

	
30

	
2.38%

	
2.54%

	
26




	
High-risk

	
2.57%

	
2.38%

	
28

	
2.21%

	
2.38%

	
24




	
Symptomatic

	
5.14%

	
4.48%

	
36

	
4.42%

	
4.48%

	
30








Note: *—from the possible 1st day of the disease; Cr. Prev.—crude prevalence; Adj. prev.—adjusted prevalence [30].



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  vaccines-09-00627


  
    		
      vaccines-09-00627
    


  




  





media/file0.png





media/file2.png
Distribution density

Distribution density

0.15 -

0.10 4

0.05 1

=)
w
o

o
~N
v

=)
N
o

=)
Pt
w

o
I
o

L
o
w

Risk
== Symptomatic
= High-risk

===+ Negative result boundary
----- Positive result boundary

-4 -2 0 2 -
Average content of IgM, logarithmic scale

Risk
= Symptomatic
= High-risk

===+ Negative result boundary
-==- Positive result boundary

-6 -4 -2 0 2 4
Average content of IgG, logarithmic scale

Distribution density

Distribution density

0.25 -

o
N
o

0.15 1

=
[
o

o
o
w

0.00 -

o
N
]

9
(=]

o
'~
w

)
L
=)

0.05 -

Gender
— men
o women

===+ Negative result boundary
===« Positive result boundary

-4 -2 0 2 4
Average content of IgM, logarithmic scale

Gender
=3 men
~ women

===+ Negative result boundary
-==- Positive result boundary

=

-4 -2 0 2 -
Average content of IgG, logarithmic scale






media/file1.jpg
" Average content of IgG. logarithic scale.





