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Background: The coronavirus disease 2019 (COVID-19) pandemic had quite an impact on dental health care. Concerns about the risk of SARS-CoV-2 transmission through contaminant fluids and droplet formation during several dental procedures highly impacted dental health care, drastically reducing the number of dental practices worldwide. To monitor SARS-CoV-2 contamination in dental clinics, a longitudinal study was carried out during the return of dental practice at university.

Methods: Dental health care professionals [(DHCPs); teachers, undergraduate dental students, and dental assistants] and patients were screened for SARS-CoV-2 RNA in a dental school clinic environment from 11th January to 12th March 2021 (9 weeks). Serological testing was performed on DHCPs in two-time points. Additionally, samples with low Ct values were sequenced to identify the circulating SARS-CoV-2 variant and possible transmission clusters.

Results: We found a low number of dental staff (5.8%), patients (0.9%), and environment sites (0.8%) positive for SARS-CoV-2. Most positive cases had asymptomatic to mild symptoms, and two asymptomatic DHCPs presented prolonged infection. In the first week after previous exposure to COVID-19, 16.2% of DHCPs had IgM or IgG antibodies against SARS-CoV-2, and 1/3 of them had undetected antibodies in the last weeks. The variant zeta (P.2) could be detected. No cross-infection was observed between participants.

Conclusion: Our study suggests that dental practice can be safely executed when adequate control measures and biosafety protocols are applied. DHCP and patient testing, patient telemonitoring, proper use of personal protection equipment, and sanitization of surfaces are essential to avoid SARS-CoV-2 cross-infection in dental practice.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) outbreak resulted from severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which triggers a systemic disease with heterogeneous clinical manifestations, from asymptomatic to multiorgan failure [1], causing substantial health impacts in several countries, negatively affecting dental care.

As dentists work in close contact with patients, initial studies have shown potential increasing risks related to dental practice, both for dental staff and patients [2, 3]. The transmission of SARS-CoV-2 is mainly due to inhalation or direct contact with contaminated fluids, including saliva droplets. This pathogen can also survive on solid surfaces exposed to contaminated fluids [4–7].

To reduce the risk of contamination in dental practice, in April 2020, the American Dental Association (ADA) and the Center for Disease Control and Prevention (CDC) recommended that dental healthcare professionals (DHCPs) conduct only urgent and emergency procedures, avoiding any routine dental care that could generate aerosols [8].

Since then, many private and public dental clinics have stopped or reduced the number of appointments due to scarce personal protective equipment (PPE) availability and adapted to the facilities and protocols [9–11], increasing the number of dental emergencies [12] and affecting dental education [13, 14]. The changes suggested by health and professional agencies are significant. However, it is necessary to assess their effectiveness as preventive and protective measures against COVID-19 in the return of clinical dental practice.

In this present study, to monitor contamination of SARSCoV-2 in dental clinics during the return of students to university, a longitudinal study was carried out evaluating the efficacy of constant testing in environment, teachers, dental students, dental assistants, and biosafety protocols implementation to prevent SARS-CoV-2 transmission during the return of dental practice at university.



MATERIALS AND METHODS


Ethical Approval and Consent of Participants

The present study was approved by the Ethics Committee of Universidade Federal de Minas Gerais (Protocol CAAE n°31041720.3.0000.5149). All participants enrolled in this study were volunteers, and their samples and clinical data were collected only via signed consent forms.



Study Design

A longitudinal study with convenience sampling was performed at the Clinic of Emergence at the School of Dentistry of UFMG, from 11th January to 12th March 2021 (9 weeks) (Figure 1). All DHCPs (n = 103) were trained before following new dental care protocols by ADA/CDC/ANVISA for COVID-19 [8, 15] and presented a knowledge test with a minimum passing score of 80% or more. All patients (n = 105) were previously telemonitored and only participants presenting body temperature measured below 37°C have access to the dental clinic, according to ADA/CDC/ANVISA recommendations [8, 15], and filled a metadata form (Supplementary Figure 1).


[image: Figure 1]
FIGURE 1. Study workflow and dental healthcare professionals' team. (A) Teams of dental healthcare professionals. (B) Testing workflow of the study. The presence and absence of each dental healthcare professional per week are demonstrated on Supplementary Figure 5.


In the first and last week of the study, whole blood samples were collected from the DHCPs (teachers, dental students, and dental assistants) to detect anti-SARS-CoV-2 IgM and IgG antibodies using serological tests (732-10, Labtest Diagnóstica). Virus RNA was weekly investigated by real-time PCR (RT-PCR) in nasopharyngeal samples from DHCPs and saliva samples from patients attending the clinic.

The environmental sampling was tested by RT-PCR and performed on day one, before the first day of activities, and once a week after dental procedures.

The personnel who collected the samples were also monitored weekly using nasopharyngeal swabs and RT-PCR. Only those who tested negative participated in sample collection (data not shown).



Sample Collection From Dental Health Care Professionals, Patients, and Environment

Nasopharyngeal swabs were collected by trained investigators and maintained in a 0.8-ml viral transport medium (VTM). Up to 3.2-ml volume of non-stimulated saliva samples were collected in 50 ml sterile tubes before analysis. Up to 10 nasopharyngeal samples and 3–5 saliva samples were pooled and analyzed by RT-PCR [16].

The environmental sampling was collected in 6 main areas (Supplementary Figures 2–4), totaling 100 sites from frequently touched surfaces, surfaces near 1–2 m distance from dental chair, and air. A sterile swab embedded in VTM was used to collect samples from a minimum of 25 cm2 area of each surface. Sampling from the internal part of the dental suction system was performed with swab introduction (approximately 20 cm in length). A tube containing the VTM was kept open during the whole procedure of environmental sampling.



RNA Extraction and RT-PCR

Molecular diagnosis was performed in accordance with the CDC 2019-Novel Coronavirus (2019-nCoV) Real-Time RT-PCR Diagnostic Panel. Viral RNA extraction was performed using the Quick-RNA™ Viral Kit (R1035, ZYMO Research) and amplified using the Multiplex Luna® Universal Probe One-Step RT-PCR Kit (New England Biolabs, Bioscience) and 2019-nCoV RUO kit (10006713, IDT) for N1, N2, and RNase P gene regions. Reactions were performed using an Applied ABI 7500 (Applied Biosystems). Positive and negative controls were used in each run to validate the method, including standard curves. When pooled sample amplified SARS CoV-2 N1 and/or N2 genes with cycling threshold (Ct) values minor 40, the pooled samples were individually diagnosed.



Whole Virus Genome Sequencing

All positive samples (N1 or N2 targets, Ct < 30) were sequenced using the QIAseq FX DNA Library Prep kit (QIAGEN, Germany) and the Illumina MiSeq (Illumina, USA). Negative control was included, and a custom pipeline for data quality control and consensus genome reconstruction was used [17]. All mutations detected in the novel consensus genome were manually verified. The viral genomes were classified into Pango lineages (pangolin tool v2.4.2). To corroborate the classification, a dataset (n = 103) containing only lineages identified in Belo Horizonte during January and February 2020 was created using public genomes (GISAID EpiCoV database). The dataset was aligned (Minimap2 [18] and a maximum likelihood phylogeny was inferred (Q-tree v2.0.3 [19] - GTR+F+I+G4 model [20, 21].



Data Analysis

Categorical data were presented using absolute and relative frequencies. Numerical data were presented using mean and standard deviation. All estimates were calculated using Microsoft Excel.




RESULTS


SARS-CoV-2 Infection Prevalence in Dental Health Care Professionals Using RT-PCR

Before the study period, 48.5% (50/103) of the participants reported being tested by different types of COVID-19 test, and 12.6% (13/103) of them tested positive. Among these 13 DHCP reporting previous positive tests, there were nine students, three dental assistants, and one teacher (Tables 1, 2).


Table 1. Demographic and clinical data of participants.

[image: Table 1]


Table 2. History of travel and previous contact with a COVID-19 positive person.
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During the study, 5.8% (6/103) of the DHCP tested positive for SARS-CoV-2 (one teacher, three students, and two dental assistants).

Timelines with the number of RT-PCR tests and positive results per DHCP are illustrated in Figures 2A,B, respectively. According to the presence and week, all DHCPs' results are shown in Supplementary Figure 5.
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FIGURE 2. RT-PCR and serological tests in dental healthcare professionals. (A,B) Shows the number of RT-PCR tests and positive results, respectively. The black line shows cumulative cases (C,D) present the number of serological tests and the positive results of each week of the study. The black line shows cumulative cases.


Indeterminate results (i.e., Ct <40 for N1 or N2 genes) are indicative of lower viral load during the beginning or end of viral peak and represented a total of 16.5% in our study (Supplementary Figure 5). These individuals were retested the following week and found to be negative. Only one student with an indeterminate test was symptomatic and tested negative 14 days later, indicating that the infection had been resolved.



Asymptomatic Prolonged Infection Cases

Asymptomatic prolonged infections were identified in two individuals. A teacher (L#10) tested positive three times (on weeks 3, 5, and 9), after the first RT-PCR positive result in the study, with an interval of 15 and 43 days. A student (S#52) tested positive two times (weeks 1 and 7), with a 49-day interval between each positive result. Both were female, IgG positive in the second serological tests, and reported no symptomatology when RT-PCR results were positive.



Prevalence of Antibodies Against SARS-CoV-2 in Dental Health Care Professionals

On the first serological testing, 99 DHCPs were analyzed and 16.2% (16/99) presented positive results. Of those, 3.0% (3/99) were IgM+ only, 8.1% (8/99) were IgG+ only, and 5.1% (5/99) were IgM+/IgG+. Only one participant was immunized for COVID-19 during the study.

At the final antibody testing, a reduced number of dental assistants and students (totaling 76/99; 76.8%) were present in the clinic due to work schedule and graduation course completion, respectively and 15.8% (12/76) of the participants tested positive (4 IgM+, 4 IgG+, and four positive for both IgM and IgG).

Considering the two time-points of serological testing, 7.9% (6/76) remained positive results in both tests. Out of this, four of them maintained the same serology (2 IgM+, 1 IgG+, and 1 IgM+/IgG+). The other two presented IgM antibodies in the beginning and IgM+/IgG+ in the second test; one reported to have contact with a confirmed COVID-19 case and the other received the COVID-19 vaccine before the serological test. All six participants were negative for the RT-PCR tests during the whole study, suggesting previous exposure to SARS-CoV-2 and COVID-19 vaccine.

In total, 5.3% (4/76) DHCPs had antibodies detected at the beginning of the study but no longer showed positivity after 2 months, presenting the second serological result negative for both antibodies. These four individuals tested negative in all RT-PCR tests.

During the study, seroconversion was observed in the two prolonged infection cases. They were negative for antibodies at the beginning of the study and presented IgG antibodies at the end, confirming the exposure to COVID-19 during the study.

Figures 2C,D show the absolute number of serological tests performed in each group of dental staff and positive results. Supplementary Figure 6 shows the number of positive IgG and IgM antibody positive cases and cumulative cases are represented by the black line.



Co-worker Infection Assessment

In order to evaluate whether the measures to control COVID-19 transmission implemented in this study were efficient, we analyzed possible co-worker infections. We evaluated teams composed of teachers that individually monitored work pairs of dental students (Figure 1A). Each team was present in one fixed period of a weekday in the dental clinic and 12.9±3.1 RT-PCR tests were performed weekly per team (Figure 3A). The number of positive cases per week is presented in Figure 3B.
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FIGURE 3. RT-PCR tests and results for SARS-CoV-2 in dental healthcare professionals. (A) Shows the number of RT-PCR tests during study timeline per team composed by teachers, dental students and dental assistants. The number varied between teams due to the absence of some participants, either because of COVID-19 diagnostic or personal reasons. (B) Shows the number of RT-PCR positive cases by team during the 9 weeks. (C) Shows the presence and results found in work pairs of dental students. (†), shows the sequenced samples of the SARS-CoV-2 zeta variant.


The students worked with the same partner throughout the study, and 27 students' work pairs were evaluated. No cross-infection was detected in either partner, neither simultaneously nor one following another, in the subsequent weeks (Figure 3C and Supplementary Figure 5).



Prevalence of SARS-CoV-2 in Asymptomatic Patients

A total of 105 patients participated in the study (Tables 1, 2). Only one patient (1/105; 0.9%) was positive for SARS-CoV-2 on the 8th week and was an asymptomatic boy.

Most patients were only tested once because they did not have to return for dental procedure follow-up. Therefore, 18.1% (19/105) of the patients could be retested (for 2–3 weeks), and all retested negative, reinforcing that all the control procedures prevented the infection of patients during the dental practice.



Environmental Testing

A total of 898 samples were collected (Figure 4A). Positive samples (0.7%, 6/898) were found only in the 9th week (Figure 4B) and indeterminate samples (2%, 21/898) were found on the 8th week and 9th weeks (Supplementary Figure 7).
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FIGURE 4. Results of environmental samples collected from the dental clinic and tested by RT-qPCR. (A) Graphic representation of the results of environmental samples per week. Values in percentage. (B) Representative figure, on week 9, showing the spatial distribution of areas positive for SARS-CoV-2 RNA, detached in red, and position of the detected positive dental health professional in the workstation#2 in the clinic. Workstation #1 presented detected (the sink bench, detergent dispenser, dental chair upholstery, light handle, and light arm) and indeterminate results (non-hazardous waste disposal, air sample, and saliva ejector hose–external part). The workstation #3 presented one sample positive in the light arm and presented indeterminate results in the other three spots. WS, workstation. DHCP, dental health care professional. PA, Purge area. SA, supporting area.


Comparing the 2 weeks, the positive and indeterminate surfaces were different each week. The supporting and purge areas were negative in all the weeks tested (Supplementary Figure 7).



SARS-CoV-2 Variants Identified

To evaluate whether the control protocols prevent cross-infection among the participants, we sequenced the whole genome of SARS-CoV-2 from two positive samples presenting Ct values compatible with whole genome sequencing. Both participants (student and dental assistant) never worked at the same work team over the entire study and became positive in different stages of the study: the dental assistant (LBI_279) became positive at the first week and the student (LBI_283) at the 7th week, suggesting no possible cross-infection at the clinics. The phylogenetic reconstruction ruled out the possibility of virus spillover during the clinics and cross-infection between the two participants (Supplementary Figure 8). Both viral genomes are classified as zeta variant (previous P.2), the most prevalent SARS-CoV-2 lineage present in the city during the study. However, each sample was grouped in different branches compared to other virus references sequences from the Belo Horizonte city at the same time of the study reinforcing that both cases came from two independent events of infection unrelated to the dental clinical practice.




DISCUSSION

The study was conducted at the beginning of a big wave of COVID-19 in Belo Horizonte City and the vaccination distribution was limited to a few health care workers at hospitals. In this period, only 1.3% of the Brazilian population was vaccinated. This scenario made it possible to realize the study in a convenience sample of DHCPs and patients of a public dental health care University from Brazil. The presence of the COVID-19 virus has been demonstrated in oral tissues and saliva [4, 6]. This triggered concerns about biosafety in dental practice, how to detect and manage patients with COVID-19 when they need dental and oral lesion assistance, and controlling and minimizing the virus cross-infection.

To analyze the biosafety of dental treatment during the COVID-19 pandemic period, a longitudinal screening for SARS-CoV-2 was conducted on DHCPs, patients, and the environment by RT-PCR test during 9 weeks of follow-up. Additionally, two time-points of serological testing and identification of SARS-CoV-2 variants were also performed. To the best of our knowledge, this is the first study in dental health care that experimentally addresses all these points.

During the study, detection of antibody levels for SARS-CoV-2 was present in 16.2% DHCPs; this number was similar to the seroconversion rate (16.3%) found in dental healthcare workers reported by Shields et al. in 2021 [22]. Half of the DHCPs sustained the positive serology results during the 2 months of our research. IgM and IgG levels are known to decrease over time significantly. While IgM decreased by 53%, IgG decreased by 32%, and the number of the receptor-binding domain (RBD)-specific memory B cells could be detected 6.2 months after infection [23].

The RT-PCR and serological tests were suitable methods to detect and alert patients and DHCPs about the need to implement preventive measures during the daily life of participants. We observed a low number of DHCPs who tested positive for SARS-CoV-2 by RT-PCR during the study (6%). Notably, most of the positive and indeterminate results were observed in the week following the carnival holiday. It is known that secondary infection by household contacts occurs around 16.3–52.4% [24, 25] when quarantine measures are not respected between individuals [24] and immediately after symptom onset in the first case [25]. In our study, some of these DHCPs reported to have traveled to their family's home cities, and others confirmed contact with someone positive, which is highly suggestive of COVID-19 contamination outside the dental clinic. This fact was also established by the phylogenetic inference of whole genome sequencing from SARS-CoV-2 positive samples. Despite the crescent COVID-19 vaccination and its efficacy in reducing disease severity [26, 27], it is important to monitor asymptomatic individuals and encourage the continued use of preventive measures not only in the dental clinic but also in the social environment to avoid the spread of the disease until total population immunization. In addition, until the end of the study, only 1.3% of the Brazilian population was immunized, demonstrating the efficacy of control measures applied.

The continuous testing allowed the detection of 2 cases of prolonged infection with positive RT-PCR results for 43 and 49 days. Although rare cases of prolonged infection or reinfection, it seems to be related to SARS-CoV-2 intra-host evolution and viral replication that can generate quasi-species diversity [28]. This prolonged infection varies according to host capacity to control infection and may present low transmissibility after the first week of the disease, which is the time when the number of viable virus titles in the upper respiratory tract is at its peak [29, 30].

We found no cross-infection between co-workers or patients, nor a positive environmental area for SARS-CoV-2 RNA where the DHCPs tested positive. This is probably due to the adequate use of PPE to reduce the risk of COVID-19 transmission significantly [31]. It is important to remember that in the present study, all DHCPs were trained for biosafety protocols before the study following the CDC/ADA/ANVISA recommendations [8, 15]. It states the proper use of complete PPE included wearing a disposable isolation gown, N95 respirator, face shield, goggles, disposable cap, gloves, safety glasses, and shoes. All metal, plastic, and marble surfaces were sanitized with 70% ethanol and dental chair upholstery with quaternary ammonium detergent before and after patient assistance; the same workstation was used with an interval of 24 h between each patient. One particular detail of the present dental clinic was the natural ventilation of the environment and the significant distance between workstations (approximately 10 m from each other), which could reduce cross-infection between participants.

Environmental contamination was mainly present during the last 2 weeks of the study. Such positivity was probably due to the secretion of patients who tested positive for COVID-19 during dental treatment. The workstation where the positive patient was assisted presented indeterminate results in some surfaces and air. In the following week, there were positive areas, but not all patients could be tested, and the unique DHCP who tested positive for SARS-CoV-2 in this week worked in a workstation area that tested negative, reinforcing the environmental contamination most probably resulting from the patients' fluids. In the last 2 weeks of the study, the Belo Horizonte City population presented an increasing number of positive COVID-19 individuals, and sanitary measures were more restrictive at this moment due to the gravity of the COVID-19 pandemic. Viable SARS-CoV-2 can be detected on surfaces after hours and not viable viral RNA after days according to the material and in laboratory conditions [5]. In addition, environmental interference, such as temperature, humidity, and heat makes its transmission ability by objects lower than expected in the public environment [7, 21]. Airborne transmission seems to be the dominant route of SARS-CoV-2 transmission [32]. New evidence suggests that smaller droplets present reduced airborne transmission because they carry fewer viruses and evaporate faster than large droplets, causing reduced virus viability in the environment [33].

Since environmental and saliva samples present lower viral loads than nasopharyngeal samples, up to 5 environments and saliva samples were pooled, while up to 10 nasopharyngeal samples were pooled. This technique reduced the cost of testing a large number of samples and efficiently detected positive samples, as described previously [16, 34, 35].

The saliva of all patients tested in the study was collected. The saliva can present viable virion isolation for SARS-CoV-2 [36] because salivary glands seem to be a reservoir of the virus [6]. Saliva is an easy and accessible sample source during dental care and its collection is less uncomfortable than collecting nasopharyngeal samples. Its PCR results present sensitivity (83.2%) and specificity (99.2%) that are very similar to nasopharyngeal samples (84.8% sensitivity and 98.9% specificity) [35]. This sampling technique allowed easy collection of samples from patients, including special care ones and children. In the present study, it was possible to detect an asymptomatic boy of 6-years-old, similar to the previous study that demonstrated a SARS-CoV-2 positive rate of 2.3% in pediatric dental patients, with 50.9% of them being male at a mean age of 6 years and presenting no symptomatology for the disease, suggesting the practice of PCR testing in dental clinic as an adjuvant for screening questionaries [37].

Our study had a limitation in that not all patients visiting the clinics could be tested, and dental assistants were tested only when they were scheduled to be at the University. Most students and teachers were scheduled to be at the clinics every week and had <10% of missing data points. Thus, 76 participants (73.8%) were tested in all weeks of the study. Interestingly, our findings demonstrated that these individuals were not infected after receiving or delivering dental procedures.

Using viral genomics and phylogeny inferences, we showed that positive participants that became positives during the study were infected with different viruses more related to viral genomes from the city of Belo Horizonte than each other. To improve our analysis, we enriched our data set of references sequences with the zeta variant that was the most predominant in the area during the study. The genetic analysis reinforces the efficiency of PPE, constant testing, and environment clean-up to prevent virus spillover events in the dental clinic practice.

In conclusion, this study demonstrated that dental health care assistance possesses a low risk of cross-infection between the DHCPs and patients when biosafety and PPE protocols are adequately followed. Furthermore, our findings show that the infected people present in the clinic were contaminated when socializing with someone contaminated (family/friend) outside the clinic, reinforcing the need to instruct people about social distancing and the importance of using face masks to control the spread of the virus.
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Supplementary Figure 1. Form applied before personal sampling collection. The form includes demographic information, medical history (including COVID-19 tests and results), signs, symptoms, travel behavior, and possible contact with SARS-CoV-2 positive person.

Supplementary Figure 2. Workstation surfaces for the environmental testing in dental clinic. Figure shows dental chair area, and the samples site of collection. The black arrow shows a tube kept open during the whole procedure of environmental sampling. Red and yellow lines highlight the areas. The red arrow points to the internal part of the saliva ejector.

Supplementary Figure 3. Purge area and sites collected. Red circles highlight areas where samples were collected.

Supplementary Figure 4. Supporting area and sites collected. Red lines highlight areas where samples were collected. The blue circle shows the position of the tube kept open.

Supplementary Figure 5. Dental care healthcare professionals' RT-PCR results for SARS-CoV-2, according to the presence in the clinic per week. (A) Dental students and work pair results. Three students (S#9, S#14, and S#51) had COVID-19 previously and returned to the dental school after this project started on the third and fifth week. All of them reported that they did not contact each other or with their work pair before the start of the study. They started to work at the clinic after negative RT-PCR results. The absence of S#22, and S#28 in the 9th week was because they concluded the undergraduation. (B) Teachers' results. L#10 were not present in the 1st week because had contact to a familiar positive to COVID-19. L#4, L#8, L#11, L#15 and L#28 were absent due to personal reasons not related to COVID-19 (C) Dental assistants' results. The presence of dental assistants was following company schedule. Both dental assistants positive for SARS-CoV-2 were present in the clinic after dental assistance, when no teachers or students were present. (†), zeta variant identified on samples with Ct <30 to N1 and N2 SARS-CoV-2 genes. (‡) S#55 is the unique student who worked without a partner.

Supplementary Figure 6. IgG and IgM positive results in dental healthcare professionals during the nine weeks observed. (A) Shows IgM positive results. (B) Shows the number of IgG positive results. (C) Demonstrate the double IgM and IgG positive results. Black lines represent cumulative positive results.

Supplementary Figure 7. Environmental results of samples collected from surfaces of each workstation (WS) collected in the eighth and ninth weeks. The figure illustrates different areas detected between the two weeks. The patient positive for COVID-19 was assisted in the eighth week at workstation#2 where indeterminate samples were on the sink bench, detergent dispenser, air sample, instrument table handle, and internal part of the saliva ejector were found (Ct = 35 ± 2 for N1 gene).

Supplementary Figure 8. Phylogenetic tree of variants in Belo Horizonte City and the variants detected in dental healthcare professionals (highlighted in the purple circle). Sequenced samples resulted in a total of 183,560.5 reads with a genome span above 79.5% (mean: 89.6 ± 10.1%). The sequencing depth of the two samples were at least 740x (Mean 1226.0 ± 486).



REFERENCES

 1. Ramos-Casals M, Brito-Zerón P, Mariette X. Systemic and organ-specific immune-related manifestations of COVID-19. Nat Revs Rheumatol Nat Rese. (2021) 17:315–32. doi: 10.1038/s41584-021-00608-z

 2. Sabino-Silva R, Jardim ACG, Siqueira WL. Coronavirus COVID-19 impacts to dentistry and potential salivary diagnosis. Clin Oral Invest. (2020) 24:1619–21. doi: 10.1007/s00784-020-03248-x

 3. Spagnuolo G, de Vito D, Rengo S, Tatullo M. COVID-19 outbreak: an overview on dentistry. Int J Environ Res Public Health MDPI AG. (2020) 17:62094. doi: 10.3390/ijerph17062094

 4. Fernandes Matuck B, Dolhnikoff M, Maia GVA, Isaac Sendyk D, Zarpellon A, Costa Gomes S, et al. Periodontal tissues are targets for Sars-Cov-2: a post-mortem study. J Oral Microbiol. (2021) 13:8135. doi: 10.1080/20002297.2020.1848135

 5. Hosseini M, Behzadinasab S, Benmamoun Z, Ducker WA. The viability of SARS-CoV-2 on solid surfaces. Curr Opinion Colloid Inter Sci Elsevier Ltd. (2021) 55:1481. doi: 10.1016/j.cocis.2021.101481

 6. Huang N, Pérez P, Kato T, Mikami Y, Okuda K, Gilmore RC, et al. SARS-CoV-2 infection of the oral cavity and saliva. Nat Med. (2021) 27:892–903. doi: 10.1038/s41591-021-01296-8

 7. Kasloff SB, Leung A, Strong JE, Funk D, Cutts T. Stability of SARS-CoV-2 on critical personal protective equipment. Sci Rep. (2021) 11:80098. doi: 10.1038/s41598-020-80098-3

 8. American Dental Association. American Dental Association (ADA) interim guidance for minimizing risk of COVID-19 transmission (2020). Available online at: https://www.ada.org/en/press-room/news-releases/2020-archives/april/summary-of-ada-guidance-during-the-covid-19-crisis (accessed October 7, 2021).

 9. Aquilanti L, Gallegati S, Temperini V, Ferrante L, Skrami E, Procaccini M, et al. Italian response to coronavirus pandemic in dental care access: the DeCADE study. Inte J Environ Res Public Health. (2020) 17:1–12. doi: 10.3390/ijerph17196977

 10. Coulthard P, Thomson P, Dave M, Coulthard FP, Seoudi N, Hill M. The COVID-19 pandemic and dentistry: the clinical, legal and economic consequences - part 2: consequences of withholding dental care. Br Dental J. (2020) 229:801–5. doi: 10.1038/s41415-020-2406-9

 11. Chisini LA, dos Santos Costa F, Sartori LRM, Corrêa MB, D'avila OP, Demarco FF. COVID-19 pandemic impact on Brazil's public dental system. Braz Oral Res. (2021) 35:e082. doi: 10.1590/1807-3107bor-2021.vol35.0082

 12. Blackhall KK, Singh RP. Dental emergencies presenting to maxillofacial units during the COVID-19 pandemic: a five-centre UK hospital study. Br Dental J. (2021) 1:2499. doi: 10.1038/s41415-020-2499-1

 13. Deery C, Aziz K, Ojcius DM. Impact of COVID-19 on dental education in the United States. J Dent Educ. (2020) 84:718–22. doi: 10.1002/jdd.12163

 14. Loch C, Kuan IBJ, Elsalem L, Schwass D, Brunton PA, Jum'ah A. COVID-19 and dental clinical practice: students and clinical staff perceptions of health risks and educational impact. J Dental Edu. (2021) 85:44–52. doi: 10.1002/jdd.12402

 15. Brasil. Ministério da Saúde. Guia de orientações para atenção odontológica no contexto da COVID-19 (2020). https://www.gov.br/saude/pt-br/media/pdf/2020/novembro/17/17_12_guia-de-orientacaoes-para-atencao-odontologica-no-contexto-da-covid-19.pdf (accessed September 5, 2021).

 16. Lohse S, Pfuhl T, Berkó-Göttel B, Rissland J, Geißler T, Gärtner B, et al. Pooling of samples for testing for SARS-CoV-2 in asymptomatic people. Lancet Infec Dis. (2020) 20:1231–2. doi: 10.1016/S1473-3099(20)30362-5

 17. Moreira FRR, Bonfim DM, Zauli DAG, Silva JP, Lima AB, Malta FSV, et al. Epidemic spread of sars-cov-2 lineage b.1.1.7 in Brazil. Viruses. (2021) 13:984. doi: 10.3390/v13060984

 18. Li H. Minimap2: pairwise alignment for nucleotide sequences. Bioinformatics. (2018) 34:3094–100. doi: 10.1093/bioinformatics/bty191

 19. Minh BQ, Schmidt HA, Chernomor O, Schrempf D, Woodhams MD, von Haeseler A, et al. IQ-TREE 2: new models and efficient methods for phylogenetic inference in the genomic era. Mol Biol Evol. (2020) 37:1530–4. doi: 10.1093/molbev/msaa015

 20. Tavarv S. Some probabilistic and statistical problems in the analysis of DNA sequences. Am Math Soc Lectures Mathematics Life Sci. (1986) 57:86.

 21. Yang Z. Maximum likelihood phylogenetic estimation from DNA sequences with variable rates over sites: approximate methods. J Mole Evol. (1994) 39:306–14. Available online at: http://link.springer.com/10.1007/BF00160154 doi: 10.1007/BF00160154

 22. Shields AM, Faustini SE, Kristunas CA, Cook AM, Backhouse C, Dunbar L, et al. COVID-19: Seroprevalence and Vaccine Responses in UK Dental Care Professionals. J Dental Res. 100:1220–7. doi: 10.1177/00220345211020270

 23. Gaebler C, Wang Z, Lorenzi JCC, Muecksch F, Finkin S, Tokuyama M, et al. Evolution of antibody immunity to SARS-CoV-2. Nature. (2021) 591:639 doi: 10.1038/s41586-021-03207-w

 24. Li W, Zhang B, Lu J, Liu S, Chang Z, Peng C, et al. Characteristics of household transmission of COVID-19. Clin Infect Dis. (2020) 71:1943–6. doi: 10.1093/cid/ciaa450

 25. Kuba Y, Shingaki A, Nidaira M, Kakita T, Maeshiro N, Oyama M, et al. Characteristics of household transmission of COVID-19 during Its Outbreak in Okinawa, Japan from February to May 2020. Jpn J Infect Dis. (2021) 74:579–83. doi: 10.7883/yoken.JJID.2020.943

 26. Hyams C, Marlow R, Maseko Z, King J, Ward L, Fox K, et al. Effectiveness of BNT162b2 and ChAdOx1 nCoV-19 COVID-19 vaccination at preventing hospitalisations in people aged at least 80 years: a test-negative, case-control study. Lancet Infect Dis. (2021) 21:1539–48. doi: 10.1016/S1473-3099(21)00330-3

 27. Jalkanen P, Kolehmainen P, Häkkinen HK, Huttunen M, Tähtinen PA, Lundberg R, et al. COVID-19 mRNA vaccine induced antibody responses against three SARS-CoV-2 variants. Nat Commun. (2021) 12:24285. doi: 10.1038/s41467-021-24285-4

 28. Voloch CM, da Silva RF Jr, de Almeida LGP, Brustolini OJ, Cardoso CC, Gerber AL, et al. Intra-host evolution during SARS-CoV-2 persistent infection. Virus Evol. (2021) 7:veab078. doi: 10.1101/2020.11.13.20231217

 29. Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV-2, SARS-CoV, and MERS-CoV viral load dynamics, duration of viral shedding, and infectiousness: a systematic review and meta-analysis. Lancet Microbe. (2021) 2:e13–22. doi: 10.1016/S2666-5247(20)30172-5

 30. Truong TT, Ryutov A, Pandey U, Yee R, Goldberg L, Bhojwani D, et al. Persistent SARS-CoV-2 infection and increasing viral variants in children and young adults with impaired humoral immunity. medRxiv. (2021) doi: 10.1101/2021.02.27.21252099

 31. Kwon S, Joshi AD, Lo CH, Drew DA, Nguyen LH, Guo CG, et al. Association of social distancing and face mask use with risk of COVID-19. Nat Commun. (2021) 12:24115. doi: 10.1038/s41467-021-24115-7

 32. Ram K, Thakur RC, Singh DK, Kawamura K, Shimouchi A, Sekine Y, et al. Why airborne transmission hasnmura K, Shimouchi A, Sekine Yk of COVID-An atmospheric science perspective. Sci Total Environ Elsevier BV. (2021) 773:5525. doi: 10.1016/j.scitotenv.2021.145525

 33. Leung NHL. Transmissibility and transmission of respiratory viruses. Nat Rev Microbiol. Nat Res. (2021) 19:528–45. doi: 10.1038/s41579-021-00535-6

 34. Barak N, Ben-Ami R, Sido T, Perri A, Shtoyer A, Rivkin M, et al. Lessons from applied large-scale pooling of 133,816 SARS-CoV-2 RT-PCR tests. Sci Transl Med. (2021) 13:3405. doi: 10.1101/2020.10.16.20213405

 35. Butler-Laporte G, Lawandi A, Schiller I, Yao M, Dendukuri N, McDonald EG, et al. Comparison of saliva and nasopharyngeal swab nucleic acid amplification testing for detection of SARS-CoV-2: a systematic review and meta-analysis. JAMA Int Med Am Med Assoc. (2021) 181:353–60. doi: 10.1001/jamainternmed.2020.8876

 36. To KKW, Tsang OTY, Yip CCY, Chan KH, Wu TC, Chan JMC, et al. Consistent detection of 2019 novel coronavirus in saliva. Clin Infect Dis. (2020) 71:841–3. doi: 10.1093/cid/ciaa149

 37. Lamberghini F, Trifan G, Testai FD. Severe acute respiratory syndrome coronavirus 2 infection in asymptomatic pediatric dental patients. J Am Dent Assoc. (2021) 152:277. doi: 10.1016/j.adaj.2021.01.006

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Miguita, Martins-Chaves, Geddes, Mendes, Costa, Fonseca, Menezes, Souza, Queiroz, Alves, Freitas, Cruz, Moreira, Moreira, Bemquerer, Aguilar, Souza e Silva, Sampaio, Jardilino, Souza, Silva, Gomes, de Abreu, Aguiar, Souza and Gomez. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/froh-03-871107-t001.jpg
Total (n)
Age

Mean (+PD)

Sex

Female (%)

Male (%)
Comorbidities/conditions
Pregnant or breastfeeding
Hypertension

Diabetes

Immunodepression

Lung disease

Heart disease

Kidney disease

Liver disease

Other

Symptoms in recent days
Fever

Shortness of breath

Chills

Diarrhea

Loss of taste

Tiredness or fatigue

Cough

Headache

Sore throat

Decreased smell

Muscle or body aches

Other

Time of onset of symptoms.
Less than 7 days

Between 7 and 14 days
Between 15 and 21 days
More than 21 days

Previous COVID-19 testing
Yes

No

Exam type
Immunochromatography serological test
Chemiluminescence serological test
Fluorescence serological test
ELISA serological test
Molecular test (RT-PCR)

Did not know how to inform
Test result for COVID-19
Positive

Inconclusive

Negative

Another virus

n, number. PD, Pattern Deviation. %, percentage.

Teachers

28

43.4(£7.2)

14/(50.0%)
14 (50.0%)

55 %

-~ o an

17
"

16

Dental students

56

256 (+2.8)

43 (78.2%)
12 (21.8%)

N N A RS

]

FRESIEN

26
27

18

Dental assistant

20

502 (£10.5)

20 (71.4%)
8(28.6%)

R

NS

EIESSINIEN I

>

NS

Patients

105

44.817.1)

75 (71.4%)
30 (28.6%)

NAEN A OO s

a0





OPS/images/froh-03-871107-t002.jpg
Total (n)
Contact with confirmed or suspected COVID-19 case
Yes

No

Contact period

Less than 7 days

Between 7 and 14 days

Between 15 and 21 days

More than 21 days

Contact with symptomatic case?

Yes

No

Did not know how to inform

Contact with confirmed case?

Yes

No

Did not know how to inform

Exam type (Contact)

Immunochromatography serological test
Chemiluminescence serological test

Fluorescence serological test

ELISA serological test

Molecular test (RT-PCR)

Did not know how to inform

Have you traveled anywhere in the past few days?
Yes, to other Gity in MG State

Yes, to other Brazilian State

Yes, to other Country

No

If you answered yes to the previous question, what is the return time for the trip?

Less than 7 days
Between 7 and 14 days

Between 15 and 21 days

More than 21 days

Have you been vaccinated recently?

Yes

No

Recent vaccination type

Flu Vaccine

Pneumonia Vaccine (Preumococcal vaccine polyvalent)
Other

Period of vaccination

Less than 7 days

Between 7 and 14 days

Between 15 and 21 days

More than 21 days

n, number.

Teachers

28

12
16

© =

FNEY

4 s oo

25

Dental students

55

30
25

22

Dental assistant

20

13
15

0w e =

o @

23

Patients

105

1
94

95

SRR

98





OPS/images/froh-03-871107-g003.gif





OPS/images/froh-03-871107-g004.gif
O &
© s covamadnces
R ———





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Biosafety in Dental Health Care During the COVID-19 Pandemic: A Longitudinal Study



		Introduction



		Materials and Methods



		Ethical Approval and Consent of Participants



		Study Design



		Sample Collection From Dental Health Care Professionals, Patients, and Environment



		RNA Extraction and RT-PCR



		Whole Virus Genome Sequencing



		Data Analysis







		Results



		SARS-CoV-2 Infection Prevalence in Dental Health Care Professionals Using RT-PCR



		Asymptomatic Prolonged Infection Cases



		Prevalence of Antibodies Against SARS-CoV-2 in Dental Health Care Professionals



		Co-worker Infection Assessment



		Prevalence of SARS-CoV-2 in Asymptomatic Patients



		Environmental Testing



		SARS-CoV-2 Variants Identified







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Oral Health

Biosafety in Dental Health Care
During the COVID-19 Pandemic: A
Longitudinal Study





OPS/images/froh-03-871107-g001.gif
Dental Hoaith

LR

33333

428 profesions (ssopnamnaealzomple)

RT-PCR Testing 4 105 Patients (saliva sample)
20 ematAmianes Masasarmasteanpl) S Envronmentltesiog urtscs)
=0x [#3] [#1 [#e [#o] [40] [#1
HE B AR N
=D v IDIDID = IDEDND
=
@20 #ha






OPS/images/froh-03-871107-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Oral Health





