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Abstract
The new novel coronavirus COVID-19 is playing havoc on the healthcare system of the whole world and various preventive
measures have been suggested by various bodies. The use of medical masks has been cited as the most crucial step in
prevention. Healthcare workers are now exposed to this disease and are forced to use medical masks for prolonged hours
during their duty period. The normal oral and nasal microbiome might get affected due to this prolonged mask use and hence
this study is carried out to look for any such change.

Introduction
The new novel coronavirus infection which has been termed COVID-19 from coronavirus disease 2019 has caused a massive
burden on healthcare facilities all over the world since it was rst reported in December 2019 from China and now the total
worldwide number of cases and number of deaths have reached 5304772 number of cases and 342029 number of deaths till
May 25, 2020 [1]. Various preventive measures have been adopted to ght and prevent COVID-19 by various countries based
on numerous international and national guidelines. The essential things recommended by most international and national
guidelines for all healthcare personals are using medical masks & sanitizers and using proper Personal Protective Equipment
(PPE) and for general people using proper hand-washing and maintaining social distancing [2; 3]. At present, there is no study
to throw light on the alteration of oral or nasal cavity microbiota with masks, but many factors have been suggested for the
change in oral micro ora like change in diet, the industrial revolution and indiscriminate use of antibiotics [4]. We have many
residing microbes inside and on our bodies that are required to maintain our health and physiology in normal conditions, and
they are an integral part of our body, and this community of our microbial residents is termed as our microbiome [5]. The
microbiome of our body varies from one compartment of the body to another, and it is also highly variable between two
different individuals [6]. Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, Spirochaetes, and Fusobacteria form the
major community structure of our oral microbiome, while 4% of species belong to other phyla [7]. A crosstalk goes on between
the microbiome and its host, and that is highly in uenced by various lifestyles and behaviors like dietary preferences,
substance consumption - such as tobacco or drugs, oral hygiene practices [8]. The microbiome constituents of the upper
respiratory tract are different in adults and infants, but there is a similarity in the niche characteristics. Children have a denser
microbiome in their noses, which means the bacterial load is higher, but they are less diverse than adults [9; 10].
Actinobacteria, Firmicutes usually reside in the anterior nares of an adult, and there is also the presence of anaerobic
Bacteroidetes in lower abundance [11; 12]. The microbial community composition of the middle meatus and sphenoethmoidal
recess are nearly identical, whereas there is signi cantly reduced diversity in the anterior nares [13]. The anterior nares have a
higher proportion of Firmicutes and Actinobacteria and less Proteobacteria compared to sphenoethmoidal recess and middle
meatus [14].
The study's purpose is to look for any change in the nasal and oral microbiome with prolonged use of medical masks during
this on-going pandemic of COVID-19. The ow chart of the study is given in gure 1. The study will be looking for two types of
outcomes - a) Primary outcome of change in nasal and oropharyngeal microbiome with the use of prolonged medical masks
during COVID-19 outbreak and, b) secondary outcome of prevalent antibiotic resistance pattern as reported from sensitivity
analysis reports.
The inclusion criteria will be: 30 Healthy Healthcare workers using N95 masks or surgical masks for at-least 20 days COVID-19
outbreak, age 20 – 60 years, non-diabetic, no on-going fever during the total 20 days period before sample collection, no use of
antibiotics in the last one month, no halitosis and no long-term use of proton pump inhibitors (more than 30 days).

Reagents
Blood agar of Biomerieux ® (Lot No: 1007843450) for growth and culture of fastidious organisms and Macconkey Agar of
Himedia ® (Lot No: 0000411827) for growth and culture of gram-negative organisms. Swab sticks used are made of sterile
cotton with polypropylene stick in high density polyethylene (HPE) tube of Himedia ® (Code No: PW009).
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Equipment
Sensitivity machine to be used for our antibiotic sensitivity analysis will be Vitek-2 ® compact.

Procedure
Nasal Swab collection process:
Nasopharyngeal swabs are purposefully made in the form of long, exible shafts that are prepared from metal or plastic, and
contain rayon, ocked nylon, or polyester tips. Moreover, you would also require personal protective equipment (PPE), which
includes gloves, protective masks, gown, and face shield. Prior to the procedure, label the sample tube and ll the required
requisition forms. Follow the contact and respiratory precautions that are recommended by your institution and the Centers for
Disease Control and Prevention (CDC). PPE must be worn carefully. First, put on the protective gown. Then, use either an
alcohol-containing solution or soap and water to wash your hands. Put on the gloves after washing the hands. Next, as per the
recommendations of the CDC, put on the N95 or higher-grade mask.
At last, to protect eyes and face, put on the face shield. First, request the individual to blow nose to get rid of excessive
secretions. Take one nasal swab. Slightly tilt back the head of the patient to gain more access to the nasal passages and close
the patient’s eyes to reduce the mild discomfort during the process. Next, insert nasal swab just above the nasal passage oor,
along the nasal septum, into the nasopharynx till you feel a resistance. Insert the swab parallel to palate. However, in case of
resistance, try to reinsert the swab closer to the nasal canal oor at a different angle. The depth up to which the swab is
inserted must be the same as the distance between the outer ear opening and the nostrils. According to the recommendations
of the CDC, retain this position of the swab for few seconds to allow it to absorb the secretions. Then, please take out the
swab, while simultaneously rotating it, and put it into a collection tube. At the groove, break the swab and discard the remains.
Next, close the tube, clean its surface using a wipe soaked with a surface disinfectant, and put it into a biohazard bag.
Then, remove PPE in proper order. First, remove the gown, and then, the gloves. Wash the hands as described previously. Next,
wear a fresh pair of gloves, take off the face shield, either discard or clean and store it as per the institutional guidelines. Again,
remove the gloves, rewash the hands, wear a new pair of gloves, and take off the face mask. Follow the guidelines of the
institute to reuse or dispose of it. In the end, take off the gloves and wash your hands. The above process has previously been
described by Marty, Chen, and Verrill, 2020, in a video [15].

Oropharyngeal Swab collection process:
After putting on PPE and labeling the sample as described previously, hold the tongue of the subject out of the way using a
tongue depressor. Then, swab the tonsilar pillars and the posterior pharyngeal wall in a sweeping position. Ask the individual
to say “aah” to allow uvular elevation. Avoid touching the soft palate and the tongue by the swab. We then put the swab into
the pre-labeled viral transport media. This is the process recommended by the WHO [16].

Gram staining process:
The following equipment is used for this process: Bunsen burner, clean glass slides, inoculating loop, lens paper and lens
cleaner, microscope, bibulous paper, distilled water, immersion oil, and microbial culture (18-24 h old).
The following reagents are used: crystal violet, Gram’s iodine, ethyl alcohol, and safranin.
Procedure:
1. Glass slide preparation: To prepare microbial smears, it is necessary to remove the oil or grease that comes out of our
ngers during handling. For this, wash slides in soap and water and wipe them using a wipe dipped in an alcohol-based
solution.
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2. Slide labeling: It is often useful in marking the smear area by creating a circular area on the underside using a glasswaremarking pen. Furthermore, you may also write the initials of source organisms using the same pen on edge. However, one
must ensure no contact between the staining reagents and the label.
3.

Smear preparation: Roll the swab on the clean slide surface.

4. Fixing: Heat xing is useful for eliminating the bacteria from the smear, adhering smear to the slide, and allowing natural
uptake of staining reagent. To heat x the slide, rst air-dry the smear. Next, hold the slide from one end and expose the rest of
the slide to a Bunsen burner ame with smeared side up.
5. Gram staining: Put the slide in a staining tray. Fill the tray with crystal violet for 1 min. Then, rinse the tilted slide using tap
or distilled water. Then, ll it with Gram’s iodine for 1 min. Again, rinse the tilted slide using distilled or tap water. The smear
would be stained in purple color. Next, tilt the slide and pour acetone or 95% ethyl alcohol over the smear for 5-10 seconds drop
by drop to decolorize the stain, although you must take care not to decolorize the stain excessively. Rinse with water
immediately—counterstain using safranin for 45 seconds. Rinse the tilted slide using tap or distilled water. Blot-dry the slide,
and view the smear under a light microscope.
6.

The inoculation method for growth and culture assessment is described in general in gure 2 below [17].

Once we get growth, we will take samples from that part, for sensitivity analysis using the machine Vitek-2 compact ® which is
as follows [18]:
1.

Choose the isolate.

2.

Prepare microbial suspension and check the composition of the McFarland Standard.

3.

Use ID suspension to make AST suspension.

4.

Inoculate the cards within the instrument. Transfer them from lling door to loading door manually for processing.

5.

Scan cassette worksheet at the workstation.

6.

Obtain the results within 5 to 8 h.

We will use Gram Stain for routine assessment of the prevailing microbiome and then we will do a culture assessment. After
getting culture and Gram stain report, we will match with the existing data of the prevailing microbiome in a healthy
individuals as published in various papers.

Troubleshooting
Time Taken
Anticipated Results
We expect to see a change in the predominant microbiome of our nasal and oral cavity with the use of masks for prolonged
periods.

References
1. Who.int. 2020. [online] Available at: <https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200525covid-19-sitrep-126.pdf?sfvrsn=887dbd66_2> [Accessed 26 May 2020].

Page 4/9

2. Centers for Disease Control and Prevention. 2020. Coronavirus Disease 2019 (COVID-19) – Prevention & Treatment.
[online] Available at: <https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html> [Accessed 7 May
2020]
3. Preparedness, prevention and control of COVID-19 in prisons and other places of detention. (n.d.). [online] Available at:
http://www.euro.who.int/__data/assets/pdf_ le/0019/434026/Preparedness-prevention-and-control-of-COVID-19-inprisons.pdf
4. Dagli N, Dagli R, Darwish S, Baroudi
K. Oral Microbial Shift: Factors affecting the Microbiome and Prevention of Oral Disease. J Contemp Dent Pract 2016;17(1):9096
5. Kilian, M., Chapple, I.L.C., Hannig, M., Marsh, P.D., Meuric, V., Pedersen, A.M.L., Tonetti, M.S., Wade, W.G. and Zaura, E.
(2016). The oral microbiome – an update for oral healthcare professionals. British Dental Journal, [online] 221(10), pp.657–
666. Available at: https://www.nature.com/articles/sj.bdj.2016.865 [Accessed 26 Oct. 2019]
6.

Costello E K, Lauber C L, Hamady M et al. Bacterial community variation in human body habitats across space and time.

Science 2009; 326: 1694–1697
7.

Cardenas, P.A. and Cookson, W.O.C. (2015). The Microbiome at Other Mucosal Sites. Mucosal Immunology, pp.79–94

8.

Cornejo Ulloa, P., van der Veen, M.H. and Krom, B.P. (2019). Review: modulation of the oral microbiome by the host to

promote ecological balance. Odontology, 107(4), pp.437–448
9. Stearns JC, Davidson CJ, Mckeon S, Whelan FJ, Fontes ME, Schryvers AB, et al. Culture and molecular-based pro les
show shifts in bacterial communities of the upper respiratory tract that occur with age. ISME J. 2015;9:1246–59.
https://doi.org/10.1038/ismej.2014.250
10. Camarinha-Silva A, Jáuregui R, Chaves-Moreno D, Oxley APA, Schaumburg F, Becker K, et al. Comparing the anterior nare
bacterial community of two discrete human populations using Illumina amplicon sequencing. Environ Microbiol.
2014;16:2939–52
11. Zhou Y, Mihindukulasuriya KA, Gao H, La Rosa PS, Wylie KM, Martin JC, et al. Exploration of bacterial community classes
in major human habitats. Genome Biol. 2014;15:R66
12. Koskinen K, Reichert JL, Hoier S, Schachenreiter J, Duller S, Moissl-Eichinger C, et al. The nasal microbiome mirrors and
potentially shapes olfactory function. Sci Rep. 2018;8:1–11
13. Kumpitsch, C., Koskinen, K., Schöpf, V. and Moissl-Eichinger, C. (2019). The microbiome of the upper respiratory tract in
health and disease. BMC Biology, 17(1)
14. Yan M, Pamp SJ, Fukuyama J, Hwang PH, Cho D-Y, Holmes S, et al. Nasal microenvironments and interspeci c interactions
in uence nasal microbiota complexity and S. aureus carriage. Cell Host Microbe. 2013;14:631–40
15. Marty, F.M., Chen, K. and Verrill, K.A. (2020). How to Obtain a Nasopharyngeal Swab Specimen. New England Journal of
Medicine
16. Collecting, preserving and shipping specimens for the diagnosis of avian in uenza A(H5N1) virus infection Guide for eld
operations. (2006). [online] Available at:
https://www.who.int/csr/resources/publications/surveillance/CDS_EPR_ARO_2006_1.pdf [Accessed 14 May 2020]
17. Public Health England. (2017). Inoculation of culture media for bacteriology. UK Standards for Microbiology Investigations.
Q 5 Issue 2. https://www.gov.uk/uk-standards-for-microbiology-investigations-smi-quality-and-consistency-in-clinicalPage 5/9

laboratories
18. VITEK ® 2 Microbiology with Con dence. (n.d.). [online] Available at: https://www.biomerieuxusa.com/sites/subsidiary_us/ les/18-vitek2-systembrochure_v2.pdf

Acknowledgements
None to declare

Figures

Page 6/9

Figure 1
Flowchart of study protocol
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Figure 2
permission taken from: Public Health England. (2017). Inoculation of culture media for bacteriology. UK Standards for
Microbiology Investigations. Q 5 Issue 2. https://www.gov.uk/uk-standards-for-microbiology-investigations-smi-quality-andconsistency-in-clinical-laboratories
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