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Commentary

Biosafety in the Preparation and Processing of Cytology 
Specimens With Potential Coronavirus (COVID-19) 

Infection: Perspectives From Taiwan

Chien-Chin Chen, MD, FIAC 1,2; and Chia-Yu Chi, MD, PhD3,4,5

INTRODUCTION

The outbreak of a novel coronavirus-associated acute respiratory disease called coronavirus disease 19 (COVID-
19) was first detected in China in December 2019, spreading worldwide including in Taiwan to emerge as a 
pandemic. COVID-19 is caused by a novel coronavirus and was named severe acute respiratory syndrome  
corona virus 2 (SARS–CoV-2) by the Coronaviridae Study Group of the International Committee on Taxonomy 
of Viruses.1 As of March 11, 2020, the World Health Organization (WHO) declared COVID-19 a pandemic,2 
and 657,140 cases have been confirmed as of March 29 in 195 countries and territories, with 30,451 deaths.3 
The largest COVID-19 case series of 72,314 cases in China included 19% individuals with severe symptoms 
or critical status, 3.8% health care workers, and a mortality rate of 2.3%.4 Despite the phylogenetic simi-
larities among SARS–CoV-2, severe acute respiratory syndrome coronavirus (SARS-CoV), and Middle East 
respiratory syndrome coronavirus (MERS-CoV), the differences in the clinical characteristics, such as greater 
transmissibility, relatively lower frequency of gastrointestinal symptoms, more patients with mild symptoms, 
and fewer fatalities, distinguish COVID-19.4-6

Although characteristics of the transmissibility and natural history of COVID-19 are only beginning to be 
defined, confirmed cases of COVID-19 disease have presented in various ways: sometimes as an asymptomatic 
infection or, in many cases, as respiratory symptoms ranging from mild to severe, life-threatening pneumonia.7,8 
Notably, COVID-19 appears to be transmitted early during the incubation period, when patients with COVID-19 
either lack symptoms or have nonspecific symptoms.9,10 Several issues have complicated the diagnosis and manage-
ment of patients with COVID-19, including the availability of point-of-care diagnostic assays, although, at the time 
of writing this article, rapid advances are being made in fast on-site testing. With regard to health care professionals, 
they are at risk of exposure to the virus because of several factors, including contact with asymptomatic individuals 
or patients with nonspecific symptoms who are potential sources of COVID-19 infection,11 limited availability 
of personal protective equipment (PPE), the concealing of epidemiological histories, and inadequate training for 
infectious outbreaks in some health care departments. In addition, laboratory professionals, including pathologists 
and cytopathologists, are also at potential risk through exposure to certain patient specimens.

This commentary focuses on the cytopathology laboratory, our experiences in Taiwan, and current guide-
lines on infection prevention and control.
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COVID-19 IN TAIWAN

On January 21, 2020, the Taiwanese Central Epidemic 
Command Center announced the first confirmed  
COVID-19 case in Taiwan: a woman aged >50 years who 
was working in Wuhan, China, and was taking a flight to 
Taiwan for the Lunar New Year. Because Taiwan has 23 
million citizens, of whom 850,000 reside in China and 
404,000 work in China, it was subsequently expected 
that Taiwan would have the second highest number of 
COVID-19 cases.12 However, as of March 28, 2020, a  
cumulative total of 283 COVID-19 cases were confirmed 
in Taiwan among 29,389 suspected cases. Of these 283 cases 
in Taiwan, 241 were imported, and 42 were indigenous.

Taiwan’s case numbers were far fewer than the ini-
tial model’s prediction, in part because the government 
responded quickly and instituted specific approaches for 
case identification, containment, and resource allocation 
to protect the public health.13 In Taiwan, all cytopathol-
ogy laboratories and other clinical laboratories strictly 
followed the guidance and instructions of the Taiwan 
Centers for Disease Control. In response to the COVID-
19 pandemic, the Taiwan Centers for Disease Control 
implemented a laboratory biosafety checklist in January14 
and provided timely updates of its guidance for transport-
ing, packing, handling, and processing specimens asso-
ciated with COVID-19.15 To date, no biohazard events 
have been reported to be associated with COVID-19 in 
medical laboratories in Taiwan.

BODY FLUIDS AND 
VIRUS TRANSMISSION

A thorough understanding of the routes of SARS–CoV-2 
transmission is essential for prevention and biosafety. 
The major routes of transmission of SARS–CoV-2 are 
believed to be person-to-person transmission through 
respiratory droplets, close unprotected contact with an 
infectious individual, and touching items that have been 
contaminated (Fig. 1).16,17 Droplet transmission is spread 
by small droplet nuclei >5 µm in diameter that can travel 
in the air through a short distance (usually <1 meter). 
Airborne transmission (droplet nuclei <5 µm in diam-
eter and traveling >1 meter) is currently not evident but 
may play a role if certain aerosol-generating procedures 
are conducted.18 The fecal-oral route is not a significant 
driver of COVID-19 transmission, but it warrants further 
investigation.18-20

To date, there are limited data concerning the detec-
tion of SARS–CoV-2 RNA and viable virus particles in 
clinical specimens; however, with molecular approaches, 
such as next-generation sequencing or real-time reverse 
transcription-polymerase chain reaction, SARS–CoV-2 
RNA has been detected in a wide range of upper and 
lower respiratory tract specimens (eg, sputum samples, 
oral swabs, nasopharyngeal swabs, and bronchoalveolar 
lavage fluid) as well as anal swabs, feces, blood, tears, and 
conjunctival secretions.5,8,18-23 The precise timeframe for 
the shedding of SARS–CoV-2 RNA in upper and lower 
respiratory tract specimens and in extrapulmonary speci-
mens from infected patients remains unknown but could 
be several weeks. However, the detection of viral RNA is 
not equivalent to the detection of a live infectious virus.

Because polymerase chain reaction assays only detect 
a small portion of RNA, they cannot replace culture-based 
methods in determining viability. Viable SARS–CoV-2 
virus had been isolated from upper respiratory tract spec-
imens and bronchoalveolar lavage fluid samples, but not 
from other clinical samples.18,24 Cytopathic effects, such 
as a lack of beating cilia and bronchial epithelial denuda-
tion using light microcopy, were observed 96 hours after 
inoculation on surface layers of human airway epithelial 
cells.24 Although the existence of infectious SARS–CoV-2 
in extrapulmonary specimens remains to be defined, the 
infectious SARS-CoV that caused a global outbreak 
in 2003 was isolated from respiratory, urine, and fecal 
specimens.25

SPECIMEN COLLECTION, 
TRANSPORTATION, 
HANDLING, AND PROCESSING

Among the various routinely processed cytology samples, 
upper and lower respiratory tract specimens, including 
pleural effusion, bronchoalveolar lavage, bronchoalveolar 
washing, transbronchial needle aspiration, and sputum 
samples, are deemed to be the most potentially infec-
tious. Our laboratories in Taiwan have followed WHO 
guidelines to avoid potential exposures. To prevent un-
intentional exposure to pathogens or their accidental 
release, the WHO recently published guidance on speci-
men collection, transportation, and storage for suspected 
COVID-19 cases,26 as summarized in Table 1. All speci-
mens collected for laboratory testing should be considered 
potentially infectious. Generally, all specimens should be 
collected in appropriate containers, transported at 2°C to 
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8°C, and stored at 2°C to 8°C (short term) or −70°C (long 
term; on a dry-ice pack) until testing is performed. The 
US Centers for Disease Control and Prevention (CDC) 
has echoed WHO guidance and announced that clinical 
laboratories should collect specimens for routine testing 
of respiratory pathogens and store these specimens at 2°C 
to 8°C within 72 hours after collection or at −70°C in 
cases for which there will be a delay in testing.27,28

Recommendations and guidance on safe handling 
and processing of specimens with suspected COVID-
19 infection were published by the WHO,29,30 the US 
CDC,31,32 the European Center for Disease Prevention 
and Control,33,34 and Asian countries, such as Taiwan,14,15 
and China.35 On the basis of our experience in Taiwan, 
we use a stepwise biosafety strategy for general cytopathol-
ogy practices based on WHO guidelines (Table 2).29,30,36 

FIGURE 1. Drivers of transmission of coronavirus (COVID-19) infection consist of short-range, large-droplet transmission (>5 µm in 
diameter, traveling <1 meter); close, unprotected, direct contact; and indirect contact with contaminated surfaces.

TABLE 1. Specimen Collection, Transportation, and Storagea

Specimen Type Collection Materials
Transport to 
Laboratory

Storage Until 
Testing Comment

Nasopharyngeal and oropharyngeal 
swabs

Dacron or polyester 
flocked swabs

2°C-8°C ≤5 d, 2°C-8°C The nasopharyngeal and oropharyngeal 
swabs should be placed in the same tube 
to increase the viral load

>5 d, −70°C (dry ice)

Bronchoalveolar lavages Sterile container 2°C-8°C ≤48 h, 2°C-8°C There may be some dilution of the pathogen, 
but it is still a worthwhile specimen>48 h, −70°C (dry ice)

(Endo)tracheal aspirates, naso-
pharyngeal or nasal wash/aspirates

Sterile container 2°C-8°C ≤48 h, 2°C-8°C  
>48 h, −70°C (dry ice)

Sputum Sterile container 2°C-8°C ≤48 h, 2°C-8°C Ensure that the material is from the lower 
respiratory tract>48 h, −70°C (dry ice)

Tissue from biopsy or autopsy 
including from the lung

Sterile container with 
saline

2°C-8°C ≤24 h, 2°C-8°C  
>24 h, −70°C (dry ice)

Serum Serum separator tubes 
(adults, collect 3-5 mL 
whole blood)

2°C-8°C ≤5 d, 2°C-8°C Collect paired samples:
>5 d, −70°C (dry ice) • Acute: First wk of illness

• Convalescence: 2-3 wk later
Whole blood Collection tube 2°C-8°C ≤5 d, 2°C-8°C For antigen detection, particularly in the first 

wk of illness>5 d,−70°C (dry ice)
Stool Stool container 2°C-8°C ≤5 d, 2°C-8°C  

>5 d, −70°C (dry ice)
Urine Urine collection container 2°C-8°C ≤5 d, 2°C-8°C  

>5 d, −70°C (dry ice)
aData are based on World Health Organization interim guidance.26
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The cytopathology biosafety strategy for COVID-19 
infection includes a combination of education and sup-
ply, environmental protection, transportation, handling 
and processing, and special recommendations for rapid 
on-site evaluations (ROSE). For education and supply, 
the US CDC recommends that all laboratories perform 
a site-specific and activity-specific risk assessment, which 
depends on the procedures performed, identification of 
the biohazards, the competency level of the laboratory 
workers, the laboratory equipment and facility, and the 
resources that are available.31 Moreover, the WHO rec-
ommends that the laboratory director provide proper 
employee training, updates about COVID-19 infection, 
adequate PPE supplies, and counseling resources, and  
ensure that all professionals follow basic good microbiolog-
ical practices and procedures for laboratory biosafety.29,36

Because SARS-CoV, MERS-CoV, and the influenza 
virus, especially from human secretions, can survive on 
dry surfaces for extended periods of time,37 SARS-CoV 
may have a similar viability, requiring enhanced cleaning 
and disinfection of surfaces to assure effective infection 
prevention and control. The disinfectants with proven 
activity against enveloped viruses include 0.1% sodium 
hypochlorite, 62% to 71% ethanol, 0.5% hydrogen per-
oxide, quaternary ammonium compounds, and phenolic 
compounds.29,38,39 Other biocidal agents, such as ben-
zalkonium chloride (0.05%-0.2%) and chlorhexidine 
digluconate (0.02%), are less effective.39 Although both 
formalin and alcohol solutions with >70% alcohol are 
considered effective to inactivate SARS–CoV-2, it is un-
known whether fixatives using alcohol solutions with lower 
concentrations, such as PreservCyt and CytoLyt (Hologic, 

TABLE 2. A Summary of Biosafety Recommendations to Prevent Coronavirus (COVID-19) for Cytopathology 
Laboratoriesa

Education and supply 1. Conduct an institutional site-specific and activity-specific risk assessment regularly to ensure it is competent to safely perform 
the intended testing with appropriate risk-control measures in place.

2. Perform training on infection prevention and control.
3. Use basic good microbiological practices and procedures (GMPP).
4. Follow national guidelines on laboratory biosafety.
5. Have adequate PPE supplies (masks, gloves, goggles, gowns, aprons, hand sanitizer, soap and water, shoe covers, and 

cleaning supplies).
6. Provide access to mental health and counseling resources.

Environmental 
protection

1. An effective and routine surface disinfection helps to ensure early containment and the prevention of further viral spread.
2. Provide a blame-free environment for workers to report incidents.
3. Encourage self-assessment and symptom reporting.
4. Appropriate work hours with breaks.

Transportation 1. Patient specimens from suspected or confirmed cases should be transported as UN3373, “Biological Substance Category B.”
2. Deliver all specimens by hand whenever possible.
3. Ensure that personnel who transport specimens are trained in safe handling practices and spill decontamination procedures.
4. Notify the laboratory in a timely manner that the specimen is being transported and correctly labeled with proper requisitions.

Handling and 
processing

1. Put on, use, take off, and dispose of PPE properly, as determined by a detailed risk assessment.
2. Initial processing of all specimens should take place in a validated biological safety cabinet or primary containment device.
3. Because cytopathology is nonpropagative diagnostic laboratory work, manual decapping, splitting or diluting samples, vortex-

ing, centrifuging, pipetting, mixing, and preparation for staining on smears should be conducted at a facility using procedures 
equivalent to BSL-2.

4. All technical procedures should be performed in a way that minimizes the generation of aerosols and droplets.
5. Appropriate disinfectants with proven activity against enveloped viruses should be used before and after processing.
6. Perform hand hygiene.

ROSE for FNA and 
EUS-FNA

1. Perform procedures in an adequately ventilated room with air flow of 60 liters/s per patient.
2. Wear standard medical masks, eye protection, long-sleeved, water-resistant gowns or waterproof aprons, and gloves.
3. Properly dispose of all PPEs and wastes and perform hand hygiene before and after contact with each patient.
4. Clean and disinfect shared equipment and surfaces with patient contact.

ROSE for EBUS-TBNA 1. Perform procedures in an adequately ventilated room with air flow of at least 160 L/s per patient or a negative pressure room 
with at least 12 air changes per h.

2. Use particulate respirators, eye protection, gloves, and long-sleeved, water-resistant gowns or waterproof aprons.
3. Respirators should be NIOSH-certified N95, EU FFP2 equivalent or a higher level of protection.
4. Limit the number of persons present in the procedure room to a minimum.
5. Perform hand hygiene before and after contact with the patient and the surroundings and after PPE removal.
6. Ensure that all materials used are disposed of appropriately.
7. Disinfect work areas and decontaminate possible spills of blood or infectious body fluids, following validated procedures with 

effective disinfectants.

Abbreviations: BSL-2, biosafety level 2; EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; EU, European Union; EUS, endoscopic 
ultrasound-guided; FFP2, European Union filtering face piece Class 2; National Institute for Occupational Safety and Health; NIOSH, FNA, fine-needle aspiration; 
PPE, personal protective equipment; ROSE, rapid on-site examination.
aModified from World Health Organization interim guidance.29,30,36
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Inc) and SurePath (Becton, Dickinson and Company), are 
adequately inactivating for SARS–CoV-2.40 In addition, 
the WHO has recommended establishing a blame-free 
environment for workers to report incidents, encouraging 
self-assessment and symptom reporting, and arranging  
appropriate work hours with breaks.36

Clinical specimens from suspected or confirmed 
COVID-19–positive patients should be transported as 
UN3373 Biological Substance Category B.31 The packaging 
for UN3373 consists of 3 components: 1) a leak-proof pri-
mary receptacle, 2) a leak-proof secondary packaging, and 
3) an outer packaging of adequate strength with at least 1 
surface having minimum dimensions of 100 mm × 100 
mm. All specimens are delivered by hand instead of using 
pneumatic tube systems, and the personnel who transport 
specimens are trained in safe handling practices and spill 
decontamination procedures. The submitting health care 
professional should give the laboratory timely notification 
that the specimen is being transported. In addition, it is 
very important that all specimens are correctly labeled 
with essential information on standard requisition forms.

Before handling and processing specimens, cytopa-
thology professionals should wear appropriate PPE. It is 
advised that laboratory professionals wear standard med-
ical masks or N95 respirators, goggles, gowns or aprons, 
and disposable gloves as a basic protection.16 The US 
CDC has recommended that any procedure with the  
potential to generate aerosols or droplets (eg, vortexing, 
centrifuging, pipetting) should be performed in a certified 
Class II biosafety cabinet (BSC). If there is no certified 
Class II BSC available, or if the instruments (eg, centri-
fuges) cannot be used inside a cabinet, then extra pre-
cautions should be followed to provide a barrier between 
the specimen and the laboratory specialists.31 Because 
cytopathology belongs to nonpropagative diagnostic lab-
oratory works according to the WHO definition, manual 
decapping and opening containers, splitting or diluting 
samples, vortexing, centrifuging, pipetting, mixing, and 
preparation for staining on smears should be conducted 
using procedures equivalent to biosafety level 2.29 All 
technical procedures are performed in a way that mini-
mizes the generation of aerosols and droplets, and work 
surfaces are routinely decontaminated after completion of 
the procedure. Moreover, performing frozen sections on 
suspected or confirmed COVID-19–positive cases should 
be avoided unless the laboratory is confident that aerosols 
are contained within the cryostat.39

Because viral nucleic acids or cultured viral isolates 
have been detected in different types of clinical samples, 
cytopathology specimens can be categorized into 3 groups: 
high-risk, intermediate-risk, and low-risk for COVID-19 
infection (Fig. 2).5,8,18-23,39,41-44 Because formalin fixation 
and paraffin embedding can inactivate SARS–CoV-2,39 
cell blocks would be categorized into the low-risk group. 
It is recommended that high-risk and intermediate-risk 
samples be processed in a Class II BSC with appropri-
ate PPE and that processing for any low-risk samples be 
performed using standard good microbiological practices 
and procedures.16,29 Both the WHO and the US CDC 
have recommended that virus isolation should not be per-
formed in clinical laboratories.26,28

PRECAUTIONS FOR CYTOPATHOLOGY 
PROFESSIONALS PERFORMING 
ROSE OR FINE-NEEDLE ASPIRATION

Although most cytotechnologists and cytopathologists 
have limited patient contact, the specialists who per-
form fine-needle aspiration (FNA) or ROSE may be 
at increased risk for exposure to COVID-19. ROSE 
is particularly useful in the assessment of lesions from 
deep-seated organs sampled nonsurgically using radio-
logic guidance, such as endoscopic ultrasound-guided 
(EUS)-FNA and endobronchial ultrasound-guided 
transbronchial needle aspiration (EBUS-TBNA). 
Because COVID-19 is highly contagious and may 
transmit viral particles through respiratory droplets in 
contaminated samples and equipment, the performance 
of FNA or ROSE warrants an advanced biosafety policy 
to prevent infections.

On the basis of the experience with SARS in 2003, 
the use of a dedicated sonography room and associated 
equipment can decrease the risk for transmission from pa-
tients that have suspected or confirmed COVID-19.45,46 
When performing FNA, including EUS-FNA, empiric 
contact and droplet precautions should be implemented, 
including a procedure room with adequate ventilation 
and air flow at 60 liters per second per patient; standard 
preprocedure and postprocedure hand hygiene should be 
performed; and PPE, including surgical masks, eye pro-
tection, water-resistant gowns or waterproof aprons, and 
gloves, should be used and properly disposed of at the 
conclusion of the procedure.

EBUS-TBNA has the potential to pose an even 
greater risk for exposure to virus because it is an 
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aerosol-generating procedure. Health care workers 
involved in this protocol should follow the WHO 
guidance on airborne precautions for aerosol-gener-
ating procedures.30 First, the EBUS-TBNA should be 
conducted in an adequately ventilated room with air 
flow of at least 160 liters per second per patient or in 
a negative pressure room with at least 12 air changes 
per hour.30 Second, those conducting the test should 
wear particulate respirators, eye protection, gloves, 
and long-sleeved, water-resistant gowns or waterproof 
aprons. The WHO recommends that respirators should 
be National Institute for Occupational Safety and 
Health-certified N95, European Union filtering face 
pieces Class 2 (FFP2) equivalent, or a higher level of 
protection.30 Third, the number of individuals present 
in the procedure room should be kept to a minimum. 
Fourth, hand hygiene should be performed before and 
after contact with the patient and the surroundings and 
after PPE removal. All materials that were used during 

the EBUS-TBNA should be appropriately disposed of, 
work areas disinfected, and possible spills of blood or 
infectious body fluids decontaminated with effective 
disinfectants. The precautions mentioned above are 
summarized in Table 2. An awareness of methods for 
the prevention of infection in health care professionals 
who perform ROSE or FNA is essential because fol-
lowing established biosafety recommendations will help 
avoid nosocomial infection.

CONCLUSION

COVID-19 is unique, differing from other human coro-
naviruses by its combination of high transmissibility, its 
increased mortality among the elderly and those with 
chronic disease, and its ability to cause major socioeco-
nomic disruption. While confronting the global spread of 
COVID-19, the effectiveness of the health system is criti-
cal for building public trust and ultimately eliminating 
infection. Laboratory biosafety, including administrative 

FIGURE 2. According to the frequency and viability of viral detection in published articles, cytopathology samples could be 
categorized into 3 groups, high-risk, intermediate-risk, and low-risk for coronavirus (COVID-19) infection.5,8,18-23,39,41-44 The high-
risk and intermediate-risk samples are recommended to be processed in a Class II biosafety cabinet with appropriate personal 
protection equipment, whereas the processing for low-risk samples can be done using good microbiological practices and 
procedures (GMPP).16,29 CSF indicates cerebrospinal fluid.
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strategies and containment principles, practices, and pro-
cedures, is an important aspect of this. Following guide-
lines recommended by the WHO, US CDC, and the 
European Center for Disease Prevention and Control, 
as described above, our cytology laboratories in Taiwan, 
along with other laboratories around the world, are using 
a strategy that is crucial for the prevention of COVID-
19 infection by our health care professionals and their 
families.
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