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The SARS-CoV-2 has emerged as a major public health concern. Human to human transmission has 
been confirmed via droplets, contaminated surfaces, and hands. All the staffs and personnel working in 
the laboratory are also at risk of contracting this infection, especially during the handling and processing 
of samples from suspected or confirmed patients of COVID-19. With no definite treatment and vaccine 
in sight, the way forward is to break the chain of transmission by eliminating the risk of exposure to 
laboratory staffs by proper handling and processing of all the samples in an appropriate containment level 
laboratory, proper use of PPE with special attention on disposal and decontamination of work surfaces.
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INTRODUCTION

The novel coronavirus (2019-nCoV), officially named 
Severe Acute Respiratory Syndrome Corona Virus-2 
(SARS-CoV-2) and declared a pandemic by World Health 
Organization (WHO) on March 11, is an enveloped, positive-
sense, single-stranded, RNA virus, of orthocorona virinae 
subfamily, genus betacoronavirus, subgenus sarbecovirus.1-4 
It spreads through large droplets and contaminated surfaces, 
persisting for 5 days in steel and glass, 2-6 days in plastics, 
8 hours in surgical gloves (latex),5,6 4 hours in copper, 24 
hours in cardboard, and up to 3 hours in aerosols7 thus 
posing a risk for a human to human transmission.5,6 It is, 
therefore, imperative to handle the samples sent to the 
laboratory properly, to prevent spread to the healthcare 
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personnel and their community.

Literature Search

The PubMed database, google scholar were searched and 
the focus of the search was aimed towards handling and 
processing of laboratory samples in COVID-19 patients, 
sample transport, waste management, disinfection, and 
decontamination. Additional information was retrieved 
from WHO, CDC, European guidelines and handbooks, 
newsletter, original articles, commentary, letters to the 
editor, and authenticated websites. Obtained data was 
reviewed and isolated to deliver rationalized information. 
Details were gathered from March 2020 onwards.

HANDLING OF PATHOLOGY SPECIMENS

The WHO recommends that all specimens should be 
regarded as potentially infectious.8 Many of these samples 
are also submitted to pathology laboratories; hence it is 
important to take adequate precautions while collecting, 
handling, and transporting clinical specimens to protect 
ourselves and our staff.

I. LABORATORY SETUP

The laboratory staff might not know the infectivity status of 
the patient’s sample or the clinicians or surgeons might not 
have thought of the possibility of COVID-19. So, the key in 
these situations is two-way communication, proper labeling 
of the samples, and following the standard precaution 
measures by staffs.9

For the purpose of laboratory work, human pathogens 
have been classified into four risk/hazard groups (1-4) 
(Table 1).10,11 In early 2020, UK’s Advisory Committee on 
Dangerous Pathogens (ACDP) decided to provisionally 
classify SARS-CoV-2 as a hazard group 3 (HG3) pathogen.9

These hazard groups are used to assign pathogens to 
appropriate Biosafety Level (BL) (Table 2).10 But, apart from 
risk group, professional judgment and several other factors 

like pathogenicity of agents, the outcome of exposure, route 
of infections, laboratory activity planned, availability of 
prophylaxis should also be taken into account, rather than 
just assigning the laboratory biosafety level according to 
pathogenic risk group.10

Control of Substance Hazardous to Health Regulation 
(COSHH), 2002 has mentioned that any aerosol-generating 
procedure such as centrifugation or any chance of splash 
or droplets while dealing with HG3 pathogens should be 
conducted in a Biosafety Cabinet (BSC) at containment 
level 3 (CL3)11 except for some laboratory activities which 
can be conducted at containment level 2 (CL2) such as9

- processing of any non-inactivated specimens that results 
in aerosol generation- preparing, fixing, and staining smears 
on slides

- hematological work on whole blood, serum, plasma

- immunological work

- aliquoting or dilution of the respiratory tract and urine 
sample

- histopathology specimens

Routine blood tests can also be carried out at CL2, but 
risk assessment of procedures should be done beforehand. 
Though capping and uncapping of blood samples don’t 
generate an aerosol, still, care must be given to the type of 
tube used for collection.9

The design and facilities within CL3 which deal with 
the HG3 pathogens have been mentioned in the WHO 
laboratory biosafety manual. Such labs are designed to 
maintain a directional airflow into the laboratory room 
with high-efficiency particulate air (HEPA) filtration 
for decontamination of air before it is released into the 
environment.12

The decision on the type of work in maximum CL4 depends 
on risk assessment or staff who think such a containment 
level is necessary to minimize the risk of transmission in the 
healthcare setting.11 Such laboratories are highly equipped 
and maintain a negative pressure in the laboratory with 
controlled ventilation.13

II. PERSONAL PROTECTIVE EQUIPMENT 

WHO recommends the rational use of PPE. Precautions 
must be taken by all laboratory workers while handling and 
processing the specimens as there is a chance of spill, splash, 
droplet, and aerosol generation. In a laboratory setting, 
lab technicians, who are involved in the manipulation of 
respiratory samples should wear a medical mask, disposable 
gown, gloves, goggles, or visor for eye protection and 
close toe footwear. All the staff should be trained in proper 
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Table 1: Classification of biological agents11

Hazard Group Description 

Group 1 Unlikely to cause human disease

Group 2

Cause human disease and may be a hazard 
to employees; unlikely to spread to the 
community and there is usually effective 
prophylaxis or treatment

Group 3

Can cause severe human disease and may 
be a serious hazard to employees; it may 
spread to the community, but there is usu-
ally effective prophylaxis or treatment

Group 4

Causes severe human disease and is a 
serious hazard to employees; it is likely to 
spread to the community and there is usu-
ally no effective prophylaxis or treatment

Pathology samples of COVID-19 patient
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doffing and donning.14 Laboratory gowns worn in the CL3 
area should have side or back closure, long sleeves, fitting 
cuffs, and a Velcro fastening and of knee-length.14,15 All 
the staff must remove PPE before leaving the laboratory 
and proper hand hygiene must be followed. Donning and 
doffing of PPE should be done in a specially designated area 
and proper guidelines have to be followed.

III. HISTOPATHOLOGY SAMPLES

a. Transfer of histopathology specimens 

Histopathology samples should be properly labeled, and the 
container should be doubly packed in a sealable plastic bag 
to minimize the spill. The specimen request forms should 
not be wrapped around the containers and should be sent in 
a separate waterproof envelope.16

b. Fixative and fixation time

To date, we know little about the effective disinfectants for 
SARS-CoV-2 and the idea about the safety of histological 
fixation and processing remains on the dark side. Though 
various expert has suggested that the disinfectants that 
have shown to lower the infectivity of other coronaviruses, 
should inactivate SARS-CoV-2 too.3

The common fixative used in histopathology is formalin and 
we are fortunate that this chemical can decrease the viral 
infectivity in a time and temperature-dependent manner. 
Darnell et al have mentioned that formalin can inactivate 
the SARS-CoV at 37°C or room temperature after 1 day 
and glutaraldehyde completely inactivated the virus by day 
2 at 25°C and by day 1 at 37°C.17 So, proper fixation of 
specimens with a contact time of 1-2 days with an adequate 
amount (1:10 ratio) of formalin18 can be considered before 
the grossing of tissue samples. The external surface of the 
specimen container should be disinfected before touch.

Another similar study showed that coronaviruses lose their 
infectivity when tissue is kept at 67°C for 60 minutes. 

Paraffin infiltration requires a temperature of 60-62°C,19 
so it implies that formalin-fixed paraffin-embedded tissue 
block lowers the viral infectivity and decreases the risk of 
exposure. With these, it appears justifiable that handling and 
processing of the frozen section can pose a risk and should 
be deferred.18 Though the risk of aerosol production during 
the frozen section is low however there is a possibility of 
droplet exposure. If the processing is unavoidable then 
proper use of PPE and decontamination of cryostat should 
be done.18,20

IV. LOWER RESPIRATORY TRACT SAMPLES, 
BODY FLUIDS, AND URINE SAMPLES

The rate of detection of the virus is very high in 
bronchoalveolar lavage, followed by sputum and bronchial 
brush samples.21 It has been mentioned that non-respiratory 
samples like blood, urine, and body fluids are known to 
contain the virus.22 However as per Universal precautions 
by the Centers for Disease Control (CDC), all body fluids 
except sweat should be considered infectious and standard 
precautions should be taken.23

As per frequency and detection of viral nucleic acids, 
cytopathology samples are categorized into 3 groups as 
follows:24

1. High risk with the virus: Upper and lower respiratory 
tract samples, nasopharyngeal swab, oropharyngeal swab, 
sputum, blood and bloody samples, feces and anal swabs, 
teardrop and conjunctival discharge

2. Intermediate risk with the virus: Pleural effusion, 
pericardial effusion, urine

3. Low risk with the virus: Ascites and peritoneal washing, 
uterine cervical smears, vaginal discharge), CSF, synovial 
fluid, semen, cell blocks.

Considering the scenario of a resource-limited laboratory 
setting, the cytology samples can be received in alcohol-

Karki D et al.

Table 2: Relation of risk groups to biosafety levels, practices, and equipment10

Risk group Biosafety level Laboratory type Laboratory practices Safety equipment

1 Level 1 Basic teaching, research Good microbiological technique 
(GMT) None, open bench

2 Level 2
Primary health services; 
diagnostic services, 
research

GMT plus protective clothing, 
biohazard sign

Open bench plus Biological 
safety cabinet (BSC) for potential 

aerosols

3 Containment Biosafety 
Level 3

Special diagnostic 
services, research

As level 2 plus special clothing, 
controlled access, directional airflow

BSC and/or other primary 
devices for all activities

4 Maximum containment 
Biosafety Level 4

Dangerous pathogen 
units

As level 3 plus airlock entry, shower 
exit, special waste disposal

Class III BSC, or positive 
pressure suits in conjunction with 

Class II BCSs, double-ended 
autoclave (through the wall), 

filtered air

DOI : 10.3126/jpn.v10i2.29792
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based fixatives such as ethanol (with alcohol concentration 
more than 70%) or formalin to inactivate the virus.25,26 
However, if weaker alcohol-based fixatives are used, then 
additional precautionary measures have to be taken.25 In our 
setting also we are collecting body fluids in alcohol-based 
fixatives (95% ethanol) and samples are then processed 
during the evening time of the same day.

The processing of all cytology samples can lead to aerosol/
droplet formation during the opening of containers, 
removing tube caps, blending, vigorous shaking or mixing, 
vortexing, pipetting, aliquoting, diluting or centrifugation 
of fluids, and discarding supernatant including loading 
and unloading centrifuge rotors and cups which should be 
performed in a Class II BSC.16,27-29

In a resource-limited laboratory setting, when centrifugation 
is required but BSC is not available, then the use of properly 
capped tubes, careful removal of centrifuge lid and cap after 
allowing a full 5 minutes rest following centrifuge25 along 
with the use of N95 or equivalent mask instead of a surgical 
mask26 and visor for eye protection should be carried out to 
minimize the risk of exposure. It is best to handle the high-
risk specimens for processing by one technician at a time by 
using a separate station.

V. FINE NEEDLE ASPIRATION CYTOLOGY

Fine needle aspiration cytology (FNAC) on suspected or 
known COVID-19 cases should be discouraged whenever 
possible and should only be done when it is likely to change 
the patient management and on a case by case basis.28 All 
the patients, in whom FNAC is mandatory, should wear 
a mask and should be counseled not to cough during the 
procedure.

During FNAC, the practice of expelling the material from 
the needle hub and syringe, smearing the material, drying 
the smear by shaking or blowing air leads to aerosol and 
droplet generation. Hence it is recommended not to remove 
the material from the needle but if required should be done 
with caution and the process of air drying or even heat 
drying of smears should be carried out in BSC class II.25,29 
When a Class II BSC is not available or when patients with 
suspected or known positive COVID-19 have to be faced 
then it is recommended to use an N95 or equivalent mask 
instead of a surgical mask.

Staining of all propanol fixed slides can be done as per each 
laboratory protocol while for staining of air-dried smears 
with Giemsa stain, the initial fixation step can be prolonged 
for 1 minute with daily disposal of all fixatives.28 After the 
procedure, needles should be capped and discarded in a 
sharp resistant waste container. The entire syringe should 
be disinfected and discarded in biohazard waste bags. 
Burning of needles should be prohibited as it can lead to the 

generation of aerosol.25 As for the good laboratory practices, 
in our setting, we have been scheduling the FNAC date on 
every alternate day with subsequent fumigation of the FNAC 
procedure room by chlorine at the end of the procedure. All 
the air-dried and alcohol-fixed slides are kept untouched in 
the FNAC procedure room for one whole day before they 
are transferred to the cytology laboratory for staining. Such 
practices can at times minimize the risk of exposure. 

VI. HEMATOLOGY SAMPLES

All the blood samples should be collected by trained 
personnel. To avoid accidental leakage or spillage, secondary 
containers with a rack should be used so that the blood 
samples remain upright, and such secondary containers 
should be regularly decontaminated.16,27 Specimen request 
or specification forms should not be wrapped around the 
blood sample but should be sent in separate waterproof 
envelopes. Fixing and staining of peripheral blood smear 
does not kill the viruses, so should be handled carefully with 
forceps, appropriately stored, and decontaminated and/or 
autoclaved before disposal.16 Application of the coverslip 
to each of the peripheral blood smear and bone marrow 
aspiration slides can also be considered to prevent direct 
contact with the smears.

VII. OCCUPATIONAL EXPOSURE

a. When intact or damaged skin is contaminated by body 
fluids, blood, secretions from the patient, remove the 
contaminants with clean tissue or gauze and apply 0.5% 
iodophor and let it sit for 3 minutes followed by a flush with 
running water.30

b. When mucous membranes, such as eyes and respiratory 
tract are exposed then flush with plenty of normal saline

c. Sharp object injury (piercing of body by sharp objects that 
were directly exposed to the patient's body fluids, blood, 
secretions): Flush the wounded area with running water and 
apply 0.5% iodophor.30

d. Direct exposure of respiratory tract (falling off a mask, 
exposure of mouth or nose to a confirmed patient who is not 
wearing a mask): Immediately leave the area. Gargle with 
plenty of normal salines or betadine. 

A written record of all incidents and accidents must be 
maintained in accordance with national regulations.27 The 
person should be isolated and observed (except for intact 
skin exposure) for 14 days for any symptoms.30

VIII. DISPOSAL AND DECONTAMINATION

All the residual samples including sample tubes, containers, 
syringe used during the FNA procedure, should be discarded 
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in appropriate disinfectants with confirmed virucidal 
activity against enveloped viruses and should be discarded 
in separate labeled biohazard waste bags. Single-use tubes 
are highly recommended.25 All the medical waste should 
be kept in a double layer medical waste bag or special 
plastic box for sharps and should be sealed properly and 
the outer surface should be sprayed with 1000mg/l chlorine-
containing disinfectant. The infection level must be attached 
and should be disposed of by the medical waste disposal 
unit provided within health facilities.30

Decontamination of work surfaces, including the commonly 
touched surfaces including computer keyboards, phones, 
and microscopes should be performed multiple times per 
day is mandatory. Various biocidal agents have shown to 
be effective in decreasing the viral load such as sodium 
hypochlorite, ethanol, hydrogen peroxide, quaternary 
ammonium compounds, and phenolic compounds.5,27,31

The most easily available disinfectant in the hospital is 
sodium hypochlorite (bleach). A 0.1% sodium hypochlorite 
(1,000 ppm) for the general surface and a 1% sodium 
hypochlorite (10,000 ppm) for the disinfection of blood 
spills should be used with a contact time of 10 minutes. 
For the disinfection of metal surfaces and items, alcohol 
(ethanol or propanol) at 60-70% concentration should be 
used, as sodium hypochlorite is corrosive on metal surfaces 
and items.27,29,31,32

CONCLUSIONS

Knowledge about safe handling and processing of all 
pathology specimens is crucial at this time of outbreak 
to ensure the safety of healthcare personnel involved in 
the laboratory work as well as to prevent the hospital and 
healthcare personnel themselves from being a source of 
infection.

Conflict of interest: None

REFERENCES

1. World Health Organization. Coronavirus Dis-
ease 2019 (COVID-19). Geneva: World Health Or-
ganization; 2020 April 8.13 p. Situation Report 79.  
Website

2. Guarner J. Three Emerging Coronaviruses in Two Decades. The 
Story of SARS, MERS, and Now COVID-19. Am J Clin Pathol. 
2020;153:420-1. Crossref

3. Henwood AF. Coronavirus disinfection in histopathology, Journal of 
Histotechnology 2020;43:102-4. Crossref

4. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients 
with pneumonia in China, 2019. N Engl J Med. 2020;383:727-33. 
Crossref

5. Han Y, Yang H. The transmission and diagnosis of 2019 novel 
coronavirus infection disease (COVID-19): A Chinese perspective. J 
Med Virol. 2020;92:639-44. Crossref

6. Kampf G, Todt D, Pfaender S, et al. Persistence of coronaviruses 
on inanimate surfaces and their inactivation with biocidal agents. 
Journal of Hospital Infection. 2020;104:246-51. Crossref

7. Van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and 
surface stability of SARS-CoV-2 as compared with SARS-CoV-1. N 
Engl J Med. 2020;382:1564-7. Crossref

8. World Health Organization. Infection prevention and control during 
health care when novel coronavirus (nCoV) infection is suspected: 
interim guidance. Geneva: World Health Organization; 25th January 
2020. 5 p. Website

9. Public Health England. Guidance COVID-19: safe handling and 
processing for samples in laboratories. Public Health England. 
Updated 6 April 2020. Website

10. World Health Organization. Laboratory biosafety manual. 3rd 
ed. Malta: World Health Organization; 2004. Chapter1, General 
principles; p. 1-3. Website

11. Health and Safety Executive. Control of Substances Hazardous to 
Health Regulations 2002, 6th edition. London: Health and Safety 
Executive; 2013. Schedule 3, Additional provisions relating to work 
with biological agents; p. 81-9. Website

12. World Health Organization. Laboratory biosafety manual. 3rd ed. 
Malta: World Health Organization; 2004. Chapter 4, The containment 
laboratory-Biosafety level 3; p. 20-4. Website

13. World Health Organization. Laboratory biosafety manual. 3rd ed. 
Malta: World Health Organization; 2004. Chapter 5, The maximum 
containment laboratory-Biosafety Level 4; p. 25-7. Website

14. World Health Organization. Rational use of personal protective 
equipment (PPE) for coronavirus disease (COVID-19); Interim 
guidance. Geneva: World Health Organization; 19th March 2020. 7 
p. Website

15. Health and Safety Executive. Safe working and the prevention of 
infection in clinical laboratories and similar facilities. London: 
Health and Safety Executive; 1991. p. 18-25. Website

16. World Health Organization.Laboratory biosafety manual.3rd ed. 
Malta: World Health Organization; 2004. Chapter12, Laboratory 
techniques; p. 69-77. Website

17. Darnell ME, Subbarao K, Feinstone SM, et al. Inactivation of the 
coronavirus that induces severe acute respiratory syndrome, SARS-
CoV. J Virol Methods. 2004;121:85–91.  Crossref

18. National Research Council (US) Committee on Hazardous Biological 
Substances in the Laboratory. Biosafety In The Laboratory: Prudent 

DOI : 10.3126/jpn.v10i2.29792

Karki D et al.

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200408-sitrep-79-covid-19.pdf?sfvrsn=4796b143_6
https://doi.org/10.1093/ajcp/aqaa029
https://doi.org/10.1080/01478885.2020.1734718
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1002/jmv.25749
https://doi.org/10.1016/j.jhin.2020.01.022
https://doi.org/10.1056/NEJMc2004973
https://www.who.int/publications/i/item/infection-prevention-and-control-during-health-care-when-novel-coronavirus-(ncov)-infection-is-suspected-20200125
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-guidance-for-clinical-diagnostic-laboratories/wuhan-novel-coronavirus-handling-and-processing-of-laboratory-specimens#fnref:1
https://www.who.int/csr/resources/publications/biosafety/Biosafety7.pdf
https://www.hse.gov.uk/pUbns/priced/l5.pdf
https://www.who.int/csr/resources/publications/biosafety/Biosafety7.pdf
https://www.who.int/csr/resources/publications/biosafety/Biosafety7.pdf
https://apps.who.int/iris/bitstream/handle/10665/331498/WHO-2019-nCoV-IPCPPE_use-2020.2-eng.pdf?sequence=1&isAllowed=y
https://www.hse.gov.uk/pubns/clinical-laboratories.pdf
https://www.who.int/csr/resources/publications/biosafety/Biosafety7.pdf
https://doi.org/10.1016/j.jviromet.2004.06.006


 1771

Practices for the Handling and Disposal of Infectious Materials. 2nd 
ed. Washington, D.C. National Academy Press; 1989. Chapter 3, Safe 
Handling of Infectious Agents. p. 13-33. Website

19. Duan SM, Zhao XS, Wen RF, et al. Stability of SARS coronavirus 
in human specimens and environment and its sensitivity to heating 
and UV irradiation. Biomed Environ Sci. 2003;16:246–55. Website

20. The Royal College of Pathologists, Pathology: the science behind the 
cure. RCPath advice on histopathology frozen sections and cytology 
fine needle aspiration during infectious disease outbreaks: The Royal 
College of Pathologists; March 2020. 1 p. Website

21. Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in different 
types of clinical specimens. JAMA 2020;323:1843-4. Website

22. Public Health Laboratory Network. PHLN guidance on laboratory 
testing for SARS-CoV-2 (the virus that causes COVID-19): Public 
Health Laboratory Network; 13th March 2020; 5 p. Version 1.3. 
Website

23. Broussard IM, Kahwaji CI. Universal Precautions. Updated 2019 
Mar 16. In: StatPearls [Internet]. Treasure Island (FL): StatPearls; 
Jan 2020. Website

24. Chen CC, Chi CY. Biosafety in the preparation and processing 
of cytology specimens with potential coronavirus (COVID-19) 
infection: Perspectives from Taiwan. Cancer Cytopathol.  
2020;128:309-16. Crossref

25. Srinivasan R, Gupta P, Rekhi B, et al. Indian academy of cytologists 
national guidelines for cytopathology laboratories for handling 
suspected and positive COVID-19 (SARS-CoV-2) patient samples. 
Journal of Cytology 2020;37:67-71. Crossref

26. Vigliar E, Iaccarino A, Bruzzese D, et al. Cytology in the time of 
coronavirus disease (covid-19): an Italian perspective. J Clin Pathol. 
2020;0:1-3. Crossref

27. World Health Organization. Laboratory biosafety guidance related 
to the novel coronavirus (2019-nCoV), Interim guidance. Geneva: 
World Health Organization. 12th February 2020. 13 p. Website

28. College of American Pathologists. Cytopathology Laboratory 
Considerations During the COVID-19 Pandemic: College of 
American Pathologists Cytopathology Committee. Website

29. Pambuccian SE. The COVID-19 pandemic: implications for 
the cytology laboratory. Journal of the American Society of 
Cytopathology 2020;9:202-11. Crossref

30. Liang T, editor. Handbook of COVID-19 Prevention and Treatment. 
Zhejiang University School of Medicine; March 2020. Part 1, 
Prevention and Control Management; p. 13. Website

31. World Health Organization and Pan American Health Organization. 
Decontamination and reprocessing of Medical Devices for Health-
care Facilities. Geneva, Switzerland: WHO Document Production 
Services; 2016. Chapter 6, Chemical disinfectant; p. 70-80. Website

32. European Center for Disease Prevention and Control. Interim 
guidance for environmental cleaning in non-healthcare facilities 
exposed to SARS-CoV-2. ECDC: Stockholm; 18th February 2020. 
3 p. Website

DOI : 10.3126/jpn.v10i2.29792

Pathology samples of COVID-19 patient

https://pubmed.ncbi.nlm.nih.gov/25032323/
https://pubmed.ncbi.nlm.nih.gov/14631830/
https://www.rcpath.org/uploads/assets/936cee34-9f87-4cd8-af326efacc32aa74/RCPath-advice-on-histopathology-frozen-sections-and-cytology-FNA-during-infectious-disease-outbreaks.pdf
https://www.rcpath.org/uploads/assets/936cee34-9f87-4cd8-af326efacc32aa74/RCPath-advice-on-histopathology-frozen-sections-and-cytology-FNA-during-infectious-disease-outbreaks.pdf
https://www.health.gov.au/sites/default/files/documents/2020/03/phln-guidance-on-laboratory-testing-for-sars-cov-2-the-virus-that-causes-covid-19.pdf
https://pubmed.ncbi.nlm.nih.gov/29262198/
https://doi.org/10.1002/cncy.22280
https://doi.org/10.4103/JOC.JOC_44_20
https://doi.org/10.1136/jclinpath-2020-206614
https://apps.who.int/iris/bitstream/handle/10665/331138/WHO-WPE-GIH-2020.1-eng.pdf
https://www.cap.org/laboratory-improvement/news-and-updates/cytopathology-laboratory-considerations-during-the-covid-19-pandemic
https://doi.org/10.1016/j.jasc.2020.03.001
https://video-intl.alicdn.com/Handbook%20of%20COVID-19%20Prevention%20and%20Treatment.pdf
https://apps.who.int/iris/bitstream/handle/10665/250232/9789241549851-eng.pdf?sequence=1
https://www.ecdc.europa.eu/sites/default/files/documents/coronavirus-SARS-CoV-2-guidance-environmental-cleaning-non-healthcare-facilities.pdf

