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Background: Although the diagnosis of new coronavirus 2019 (COVID-19) is made through the identification of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in respiratory secretions by means of molecular methods, a more accurate estimation of SARS-CoV-2 circulation can be obtained by seroprevalence studies. The main aim of this study was to evaluate the true epidemiology of SARS-CoV-2 infection among workers in the metal-mechanical sector who never stopped working during the pandemic period in an area with a high incidence of COVID-19 and to define whether and how they could continue the work without appreciable risks during a second wave.

Methods: A total of 815 metal-mechanical workers who had never stopped working even during the pandemic period in three different factories in the Emilia-Romagna Region, Italy, and who had always used face masks during working hours, underwent a capillary blood rapid test for the determination of IgM and IgG against SARS-CoV-2 (COVID-19 IgG/IgM Rapid test, PrimaLab, Modena, Italy). In the event of a positive test, a nasopharyngeal was performed and tested for the presence of SARS-CoV-2.

Results: The detection of serum IgG/IgM against SARS-CoV-2 was significantly more common among workers employed in Parma (21/345, 6.1%) than among those employed in Calerno (7/242, 2.9%) or in Spilamberto (3/228, 1.3%) (p <0.001). The analysis of the role of the different variables as predictors of seropositivity for IgG/IgM against SARS-CoV-2 revealed that the presence of specific antibodies was strictly associated with a previous history of COVID-19-like symptoms (odds ratio [OR] 3.95, 95% confidence interval [CI] 1.9–8.2) and household members with COVID-19-like symptoms (OR 2.20, 95% CI 1.04–4.82).

Conclusion: This study shows that seropositivity to SARS-CoV-2 is low even among employees who did not interrupt their work during the lockdown phase in a region with a high incidence of COVID-19. The use of face masks appears effective in the avoidance of the transmission of SARS-CoV-2 in factories even in the presence of asymptomatic or mildly symptomatic workers, suggesting that work activities can continue if adequate infection control measures are used during a second wave.
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BACKGROUND

A definitive diagnosis of new coronavirus 2019 (COVID-19) is made through the identification of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the respiratory secretions of patients with suspected cases by means of molecular methods (1, 2). Generally, respiratory swabs are performed in symptomatic subjects, close contacts of patients with laboratory-confirmed cases and those coming from epidemic countries. However, as most infections remain asymptomatic or cause only mild symptoms and the sensitivity and specificity of laboratory tests can be suboptimal, the true epidemiology of SARS-CoV-2 is not precisely defined through respiratory swab analysis (3). A more accurate estimation of SARS-CoV-2 circulation and epidemiology can be obtained only by seroprevalence studies. When validated laboratory assays are used, the detection of specific IgM and IgG against SARS-CoV-2 can be considered a reliable measure of the real circulation of the virus and the number of infected people (4). Moreover, when studies are carried out in workplaces, such as factories, where it can be difficult to follow recommendations for infection prevention, including social distancing, the evaluation of seroprevalence can allow us to assess the real level of worker exposure and to implement the most effective preventive measures to reduce the risk of infection transmission. When a positive subject is detected, all the people who are in close contact with him/her can be carefully screened in order to avoid further spread of the virus and new infections. Moreover, given that the chance of reinfection in the short term is low if the serologic test is positive and the test for SARS-CoV-2 detection in the respiratory secretions is negative, positive workers can go back to work with a very low risk of transmission to others (5). In this study, a serological survey was performed with a validated assay for IgM and IgG antibodies against SARS-CoV-2 and carried out in a factory with three sections each located in a different province of Emilia-Romagna, a region of northern Italy with high SARS-CoV-2 circulation. The main aim was to evaluate the true epidemiology of SARS-CoV-2 infection among workers in the metal-mechanical sector who never stopped working during the whole epidemic period and to define whether and how they could continue their work without appreciable risks during a second wave.



METHODS

The project was carried out according to recommendations of the Emilia-Romagna Region and was approved by the Ethics Committee of Area Vasta Emilia Romagna Nord. In June 2020, upon the acceptance of participation by means of signing the informed consent form, which was explained in detail by staff of the Department of Medicine and Surgery of the University of Parma, the employees of the Crown Imballaggi company were enrolled in the study. All of them were metal-mechanical workers who had never stopped working even during the pandemic period. In the factories of the company, sited in the province of Reggio Emilia (Calerno), Parma (Parma), and Modena (Spilamberto) the use of face masks has been always mandatory during working hours.

Demographic data and essential information useful for reconstructing the medical history were collected. In particular, information relating to the period after January 1, 2020, was collected by means of a questionnaire administered at the time the participant signed the informed consent form to verify any contacts with subjects with SARS-CoV-2 infection, the presence of possible symptoms attributable to an infection and the use of personal protective equipment.

All participants underwent a capillary blood rapid test for the determination of IgM and IgG antibodies against SARS-CoV-2 (COVID-19 IgG/IgM Rapid test, PrimaLab, Modena, Italy). The test was an immunochromatographic test with specificity and sensitivity for IgM and IgG detection of 96.0 and 85.0 and of 98.0 and 100%, respectively that was validated and approved by the Emilia-Romagna Region, Italy (6). In the event of a positive test, a nasopharyngeal swab (eNAT, COPAN Diagnostics Inc., Brescia, Italy) was performed and tested for SARS-CoV-2 at the Hygiene and Public Health Laboratory of the Department of Medicine and Surgery of the University of Parma, Parma, Italy, as previously described (7). The rapid-test-positive workers were given a letter from the attending physician so that they could stop working pending the result of the swab test, which was available within 24 h of collection. In the event of a negative swab, workers could return to work immediately. If the serology was positive for anti-SARS-CoV-2 IgM and the swab was negative, work could be resumed only with a second negative swab. In the event of a positive swab, the Prevention Department of the city of residence of the worker was informed and took charge of the case.

Statistical data analyses were performed with Stata Release 12 (StataCorp, College Station, TX, USA). The sample was divided into groups (i.e., by sex, company office, and rapid positive-negative IgM-IgG test results) to perform a descriptive analysis. Quantitative variables (age) are reported as means ± standard deviation (SDs) and dichotomous variables (sex, yes or no answer) are reported as frequencies and percentages. Ages were compared across groups with the Wilcoxon-Mann-Whitney nonparametric test. The frequencies of the questionnaire responses and the dichotomous variables were compared with the chi-squared test in cases of frequencies >5. For exact frequencies ≤ 5, the Fisher's exact test was used. A univariate and multivariate logistic regression analysis was also conducted to calculate the probability ratios for yes or no answers to some questions.



RESULTS

During the study period, a total of 815 metal workers were enrolled (>90% of the employees in each factory). A small number of workers refused to participate in the study mainly because of concerns on secrecy and confidentiality of the data collected in the research. Table 1 shows their general characteristics according to the factory where they were working. Approximately one-quarter of the workers enrolled in the study suffered from COVID-19-like symptoms in the 5 months before the study period when the virus was circulating in the Emilia-Romagna Region, although only a few of them underwent a swab for SARS-CoV-2, and very few (three workers in Parma and one in Calerno) were hospitalized for COVID-19. Some of them had family members with COVID-19 or with COVID-19-like symptoms, and few of them were vaccinated against influenza. However, no significant difference was observed among the employees of the different factories.


Table 1. Epidemiological data of metal-mechanical workers working in an area with a high incidence of COVID-19, stratified by factory site.
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The detection of serum IgG/IgM against SARS-CoV-2 was significantly more common among workers employed in Parma (21/345, 6.1%; 19 with IgG only and two with IgM only) than among those employed in Calerno (7/242, 2.9%; five with IgG only and two with IgM only) or in Spilamberto (3/228, 1.3%; two with IgG and one with IgM) (p < 0.001). Nasopharyngeal swabs carried out in all 31 seropositive subjects detected SARS-CoV-2 in only two workers, both in Parma in subjects positive for IgG only who were totally asymptomatic. Table 2 summarizes the characteristics of metal-mechanical workers with serology positive or negative for SARS-CoV-2. In comparison with the seronegative individuals, seropositive individuals were significantly older, had previously underwent a swab for COVID-19-like symptoms significantly more often and reported COVID-19-like symptoms for themselves and their household members significantly more frequently. Table 3 shows the univariate and multivariate logistic regression analysis of the associations between epidemiological data and the dependent variables of seropositivity for IgG/IgM against SARS-CoV-2. The presence of specific antibodies was strictly associated with a previous history of COVID-19-like symptoms: this result was confirmed in the univariate as well as multivariate logistic regression analysis.


Table 2. Epidemiological data of metal-mechanical workers working in an area with a high incidence of COVID-19 stratified by serological immunochromatographic rapid test results.
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Table 3. Univariate and multivariate logistic regression analysis showing associations between epidemiological data and the dependent variables of seropositivity for IgG/IgM against SARS-CoV-2.
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DISCUSSION

Emilia-Romagna was one of the Italian regions with the greatest COVID-19 incidence and the highest numbers of disease-related deaths. In the whole region, in which live more than 4 million inhabitants, on June 9, 2020, the day after the end of the study period, a total of 27,946 laboratory-confirmed cases of SARS-CoV-2 had been diagnosed, and 4,185 COVID-19-related deaths had been ascertained. However, the results of this study seem to indicate that, despite COVID-19 being a relevant medical problem in the region, only a marginal part of the population has been exposed to the virus and had developed an immune response against SARS-CoV-2 in the 1st months from pandemic onset. This conclusion is not doubted by the lack of evaluation of the IgA response in the studied subjects as the improvement given by IgA detection for identification of seropositive individuals is, if present, too small to invalid study conclusions (8). On the contrary, results are strongly supported by the observation that it seems highly unlikely that a relevant number of infected subjects had not developed an immune response or that had lost anti SARS-CoV-2 specific antibodies in a short time after infection. Slight differences among the studied factories were evidenced without statistical significance. This reflects the differences in COVID-19 incidence among the provinces of the region where the total number of diagnosed cases was slightly higher in Parma and Reggio Emilia than in Modena (9). In this regard, these findings are quite in agreement with those previously reported in other countries worldwide (10). If the presence of antibodies could be, at least in part, associated with immunity, these results seem to indicate that the pandemic was far from over and that the achievement of herd immunity would take a long time. The lowest calculated disease-induced herd immunity level for SARS-CoV-2 infection was approximately 43% (11), a value several times higher than the seropositivity rate found in this study and even higher than the percentage of seropositivity reported in populations exposed to the virus without effective preventive measures, including lockdown (12).

Moreover, this study confirms that most of the individuals with SARS-CoV-2 infection are asymptomatic or poorly symptomatic (13, 14). Very few seropositive metal-mechanical workers enrolled in this study had signs or symptoms of disease severe enough to require hospitalization, and although more than 27% of them had clinical manifestations that could suggest COVID-19, only 7.2% of these underwent a nasopharyngeal swab for the confirmation of the diagnosis. Attempts to diagnose COVID-19 through nasopharyngeal swab testing were more common in Parma than in other towns, probably because in Parma, a greater number of close contacts or household members of enrolled metal-mechanical workers had had a diagnosed case of COVID-19. However, the data collected with this study highlight how nasopharyngeal swab testing represents the fundamental cornerstone for the early diagnosis of COVID-19 and, in the pandemic period, should be performed as soon as symptoms suggestive of disease appear in any subject or in any family member to avoid the spread of SARS-CoV-2. The evidence that seropositivity, i.e., the demonstration of exposure to the virus, was strictly related to both the history of symptoms potentially associated with COVID-19 and the development of COVID-19-like symptoms among household members strongly supports this conclusion.

Regarding the risk of the spread of infection among the metal-mechanical workers enrolled in this study, this seems very low, although results of the study could slightly underestimate this risk as some of the workers remained absent from the fabric for some days during the study period due to disease other than COVID-19 or personal reasons. However, only 2 out of 815 (0.2%) studied individuals had a laboratory-confirmed SARS-CoV-2 infection in the absence of symptoms at enrolment. On the other hand, all of them strictly followed SARS-CoV-2 infection control measures, including the use of face masks during working hours, and these measures permit the avoidance of viral transmission during working hours (15, 16). As it has been reported that a non-marginal proportion of asymptomatic adults can persistently shed the virus (17, 18), it seems recommendable that in factories such as those included in this study, activity can continue even in the case of a second wave, but all the measures for infection control, including the use of face masks, must be carefully followed, and nasopharyngeal swab testing should be performed in individuals with signs and symptoms suggestive of COVID-19.



CONCLUSION

This study shows that seropositivity to SARS-CoV-2 is low even among employees who did not interrupt their work during the lockdown phase in a region with a high incidence of COVID-19. The use of face masks appears effective in the avoidance of the transmission of SARS-CoV-2 in factories even in the presence of asymptomatic or poorly symptomatic workers, suggesting that work activities can continue in the presence of adequate infection control measures during a second wave. Education on infection control measures and the use of personal safety devices against respiratory pathogens appears mandatory and should be promptly implemented in different workplaces. In addition, a prompt diagnosis with nasopharyngeal swab testing at the territorial level is extremely important in individuals with COVID-19-like symptoms or close contacts with infected people to implement appropriate management and the isolation of individuals with positive cases.
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