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Introduction

The care of any single lung cancer patient requires 
an integrated approach and a thoroughly collegial 
discussion taking place at the institutional lung cancer 
multidisciplinary team (MDT) table to ensure a timely 
diagnosis, a complete staging, adherence to international 
guidelines and opportunities for clinical trial recruitment 
(1,2). In the MDT, together with oncologists, surgeons, 
pneumologists, radiologists, molecular diagnosticians and 

clinical bioinformaticians, also cytopathologists play a 
central role (3). In advanced disease stages, when tumor 
surgical resection for histological evaluation is not feasible, 
cytopathology specimens, including both exfoliative and fine 
needle aspirative biopsy samples, might be the only source 
of tissue for a complete and fully autonomous diagnosis, 
including predictive biomarker testing (4-8). Today, in the 
times of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) pandemic, a number of strictly necessary 
biosafety procedures are changing the way we practice 
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cytopathology (9). The aim of this review is to briefly 
update the different MDT professional figures, on these 
new rules and in particular on those requirements to process 
fresh cytopathological samples, to perform rapid on site 
evaluation (ROSE), to employ liquid based cytology (LBC) 
methodology and to provide relevant information on 
the molecular status of lung cancer (10,11). We present 
the following article, as a result of a deep analysis of the 
recent international literature published in English on 
PUBMED in the last six months focused on the impact 
of SARS-CoV-2 on the management of lung cancer 
cytological samples, in accordance with the Narrative 
Review reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-795).

Cyto-preparation: biosafety procedures 

According to the international consensus, SARS-CoV-2 is 
classified as a hazard group 3 organism, being able to cause 
severe human diseases, representing a serious hazard to 
employees and community and currently lacking effective 
prophylaxis and treatment (12-15). Processing pulmonary 
cytological specimens, including sputum, bronchoalveolar 
lavage (BAL) and washing, fine needle aspiration (FNA) 
and pleural effusion, requires different levels of laboratory 
biosafety measures (Figure 1A) (15,16) These should be 
able to mitigate the not negligible risk of handling fluids 
and cells potentially carrying viable and thus transmissible 
SARS-CoV-2 (16). However, cytopathology diagnostic 
activities are less dangerous than viral culture, isolation 
or neutralization assays; thus, procedures equivalent to 
biosafety level (BSL) 2 are generally sufficient (14,15,17). 
As a matter of the facts, pleural effusions were processed 
during the healthcare emergency in our laboratory without 
reduction (18). Nevertheless, the risk assessment depends 
on whether cytological samples are properly fixed or are 
unfixed and fresh. Usually cytological fluids, received 
unfixed at the laboratory, are mixed with >70% alcohol 
solution in a range from 1:1 to 2:1; the virus is inactivated 
and these specimens can be considered as a low-risk samples 
and processed according to good microbiological practices 
and procedures (GMPP) (19). These latter include the use 
of appropriate disinfectants with proven activity [including, 
hypochlorite (bleach), alcohol, hydrogen peroxide and 
phenolic compounds] against SARS-CoV-2 in any 
laboratory area and surface (16,19). However, immediate 

fixation may not well preserve morphological details; to 
improve cyto-preparation quality, cytological fluids can be 
centrifuged fresh; then, the cell pellet is used to prepare 
smears, cytospins and cell blocks (20). These procedures 
carried out on fresh and unfixed cells, however, require 
appropriate personal protective equipment (PPE), to be 
worn by all laboratory personnel handling these specimens 
and a number of more stringent BSL-3 measures (21). 
Centrifuges should have safety buckets or sealed rotors 
and should be placed in a biosafety cabinet (BSC). This is 
key to contain aerosols and respiratory droplets (14). Any 
procedure initial processing (before inactivation) of all 
specimens, should take place in an appropriately maintained 
and validated BSC, in particular when there is the potential 
to generate aerosols such as slides smearing and air-drying, 
removing tube caps, blending, shaking, mixing, vortexing, 
pipetting, aliquoting, and diluting (9,17). In particular, 
class II BSC are preferable since provide not only 
personnel and environmental protection but also product 
protection (9,17). As an alternative class I BSC, frequently 
used in pathology laboratories, with high efficiency 
particulate air (HEPA) filters are also appropriate for risk 
mitigation (9,17). Cytological samples should be delivered 
by hand rather than by pneumatic tube systems; in fact, 
pneumatic pods propelled by air pressure may generate 
aerosols in the case of sample leaking and specimens from 
suspected SARS-CoV-2 positive patients require a triple 
leak-proof package (22). 

Persistence of viable and thus transmissible SARS-
CoV-2, due to suboptimal fixation of cells obtained from 
the oropharyngeal and respiratory tract and processed as 
LBC samples, represents an additional relevant biosafety 
issue that needs to be mitigated (23,24). Indeed, LBC 
methodology is widespread in many laboratories and very 
often used to prepare respiratory cytological specimens. The 
reasons are several. First, respect to conventional smears, 
that may display large amounts of obscuring mucus and/or 
blood, in the LBC preparations, cells are rinsed in fixative 
solutions rich in mucolytic and haemolytic agents obtaining 
slides with a clean background, devoid of obscuring blood 
and exudates elements (25). Secondly, when a pathologist 
is not available to prepare on site, LBC simplifies the 
handling of cytological material, avoiding the need of 
training interventional radiologists and/or bronchoscopists 
to prepare high-quality smears (26). Thirdly, LBC limits the 
exposure to potentially infected fresh cells obtained from 
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pulmonary lesions, as the cells, instead of being smeared, 
are flushed into a low alcoholic concentration collection 
medium such as PreservCyt and CytoLyt (Hologic, Inc, 
Marlborough, MA) and SurePath (BD, Franklin Lakes, NJ) 
and processed on automated devices (24). Unfortunately, 
it is uncertain whether these weak alcohol solutions, are 
adequately inactivating the virus thus that additional 
precautions, like the use of gloves, may be indicated when 
preparing and observing LBC slides (24). In order to 
overcome this issue, a new virus-inactivating method was 
suggested by the Hologic for all LBC specimens (24). 
This novel method is based on a preliminary fixation step 

in >70% ethanol, then followed by centrifugation and 
sequential cell pellet suspension first in CytoLyt and then 
in PreservCyt (24). This modified technique might increase 
the amount of fibrin in the background, especially for fine-
needle aspiration biopsies, probably related to the sudden 
fixation of the haemorrhagic material in a large volume of 
ethanol (24). Due to the increased ethanol concentration, 
the cells are also smaller and more scattered than in samples 
processed with the original technique. Although, the 
distinction between normal, reactive, and atypical cells may 
be on occasions more difficult, the nuclear details of the 
neoplastic cells are generally well preserved and the immune 

Figure 1 In the times of COVID-19 pandemic, processing pulmonary cytological specimens requires different levels of laboratory biosafety 
measures (A). As a matter of the facts, rapid on site evaluation, usually performed by using Diff Quik staining (B), and the different cyto-
preparations (C) protocols should be modified to prevent the transmission of viable SARS-CoV-2, before microscopic evaluation (D). Also 
molecular pathology required reshaping and reorganizing of the genotyping workflow, to guarantee laboratory staff security. In particular, to 
reduce hands-on work and to limit the amount of time spent by the laboratory staff to process lung cancer samples (E), timely procedures (F,G) 

have been replaced by fully automated technologies (H). (Credit: Created with Biorender). COVID-19, coronavirus disease 19; SARS-
CoV-2, syndrome coronavirus 2.
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reactivity of the majority of the cells is also maintained (24).

Biosafety and ROSE 

Respiratory cytological samples can be obtained by a 
number of sampling procedures that are usually less 
invasive than the histological approaches (27). Cytological 
procedures can exploit the possibility to monitor in real 
time the quality in terms of informativeness of the obtained 
material (27). In fact, these minimal invasive procedures are 
much more cost-effective when associated to ROSE (27).  
This is key since these procedures are not always well 
tolerated by the patients and reducing the number of passes 
is mandatory when performing FNA during computed 
tomography (CT), magnetic resonance imaging (MRI), 
endoscopy ultrasound (EUS) and endobronchial US 
(EBUS) (28). ROSE allows not only to check sample 
adequacy to establish a microscopic diagnosis but also to 
ensure that tissue material is sufficient to perform ancillary 
techniques, including immunohistochemistry, microbiology 
studies, flow cytometry analysis, and molecular assays (29). 
However, aerosols or droplets may be generated in different 
steps during the ROSE workflow; in fact, contamination 
may occur when the tissue material is forced to be expelled 
from the needle or syringe, when smearing the material, 
when air-drying the slides, in particular if the smears 
are agitated by hand. Ideally, these procedures should 
be performed under class II BSC (9,17). However, such 
equipment that are available in most pathology laboratories 
are not commonly found in the radiological or endoscopic 
suites. Thus that, it is mandatory that the healthcare 
providers protect themselves with PPE. These latter include 
eye protection, water-resistant, long-sleeve gown covers, 
shoe covers, and gloves. EU FFP2 masks or a higher level 
of protection are used for EBUS transbronchial needle 
aspiration procedures (17).

Usually, ROSE is performed on air-dried Diff Quik 
stained smears; during the current healthcare emergency 
this method may represent a biosafety risk not only for 
the droplets and aerosol generation from unfixed smears 
but also for the inherent features of the Diff Quik method 
(Figure 1B,C,D) (30). This rapid method is a Romanowski 
group of stains derivate that requires methanol fixation 
(reagent A), eosin (reagent B) and methylene blue (reagent 
C) staining. Usually, slides are briefly fixed in 80% 
methanol solution reagent A for 20 to 40 seconds, which 
is not effective in inactivating the SARS-CoV-2 (16,30). 

Even longer fixation times (60 to 90 seconds) are not 
sufficient whereas longer treatments may result into cell 
damage and fixation artifacts (16,30). As an alternative 
in most institutions, rapid Pap stain is used; this method 
requires alcohol fixation of the smears, with sub-sequential 
hematoxylin, OG-6 and EA-50 treatments, with the excess 
of staining quickly removed by 1% acetic acid (30). A 
better morphological preservation may be obtained by the 
ultrafast Pap staining, that, however, requires longer times 
of smear air‐drying which makes more common do loss of 
cellular details. Alternatively, rapid hematoxylin and eosin 
(H&E) staining offers the advantage of immediate alcohol 
fixation and of high standard of morphological preservation. 
Another possible solution to Diff Quik stain is the cheap, 
available, and rapid toluidine blue method, although most 
pathologists are not familiar with this staining. As a general 
rule, air-dried specimens should be limited and methanol 
fixation avoided (30).

BAL and SARS-CoV-2

Nasopharyngeal and oropharyngeal (NP/OP) swabs are 
commonly used to detect the SARS-CoV-2 RNA; these 
upper respiratory tract specimens, however, may yield 
false negative results, reflecting suboptimal NP/OP tissue 
sampling (31). Moreover, nasal and pharyngeal cells do not 
express receptors able to bind SARS-CoV-2; conversely 
these receptors are abundant on the cell membranes of type 
I and type II alveolar epithelial cells, explaining a persistent 
virus detection in lower respiratory tract specimens (32). 
Thus, according to World Health Organization (WHO) 
guidelines (33), negative specimens from the upper 
respiratory tract do not exclude the diagnosis, and additional 
lower respiratory tract samples are recommended in cases 
with clinical and radiological suspicion of coronavirus 
disease 19 (COVID-19) pneumonia (34). Beyond the clinical 
management of the patients, BAL yields microenvironment 
relevant information on bronchioles and lung alveoli (35). 
In particular, a recent study performed single-cell RNA 
sequencing on BAL cells showing that proinflammatory 
monocyte-derived macrophages are abundant in the BAL 
fluid from patients with severe COVID-19 pneumonia, 
whereas presence of highly clonally expanded CD8+ T 
cells is associated to a less aggressive disease course (35). 
From a microscopy point of view, together with generic 
morphologic features of viral infection such as cytomegaly, 
syncytia formation, intracytoplasmic and intranuclear 
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inclusions, in the COVID-19 BAL specimen, case reports 
described exuberant plasmacytosis with a large number of 
activated CD138 positive cells (36) or hemosiderin-laden 
macrophages identified by specific staining, such as Perls 
stain or immunocytochemical technique to detect ferric 
iron (37).

SARS-CoV-2 and molecular predictive pathology

During the COVID-19 healthcare emergency, elective 
surgeries and medical procedures scheduled as non-urgent 
were postponed (18,38-42). In particular, any screening 
procedure was temporarily suspended, including breast 
cancer screening program, colonoscopy to investigate 
positive immunohistochemical fecal occult blood tests, 
cervical uterine cytology and prostate specific antigen 
(PSA) screening (11). Similarly, molecular screening of 
genetically based neoplastic diseases was also postponed (11).  
In this setting, BRCA gene testing is an exemplificative 
case. In fact, it was postponed when performed to evaluate 
the hereditary cancer risk patients’ relatives, conversely 
it was carried out without delays for those patients with 
ovary neoplasia to evaluate olaparib as a target therapy 
option for patients harboring alterations for homologous 
recombination deficiency (HRD) (43). As far as lung 
cancer predictive biomarker testing is concerned, in our 
and in other laboratories no significant variation in the 
total number of tested cases was observed (10). However, 
molecular laboratory activities required reshaping and 
reorganizing the genotyping workflow, to guarantee 
laboratory staff security (10,44). In this scenario, fully 
automated technologies, requiring minimal hands-on work, 
were adopted to limit the amount of time spent by the 
laboratory staff to process lung cancer samples (10). In fact, 
in our laboratory the standard technology represented by 
next generation sequencing that requires a long workflow 
and more than one operator was in almost all cancer cases 
(92.7%; 38/41), including lung cancer samples, replaced by 
the robotic Idylla platform (Biocartis, Mechelen, Belgium) 
(Figure 1E,F,G,H) (10). A reduction in the number of 
samples processed was reported only for liquid biopsy 
testing, reflecting the potential source of transmission, 
pointing out the need of timely recommendation that 
should be provided soon to regulate this activity (10). 
Recently, a multi-centric study investigated the effect of 
COVID-19 pandemic on lung cancer molecular pathology. 
Results obtained from 15 European laboratories showed 

that the number of cases processed during the lockdown 
(n=1,118) was very similar to that of a corresponding period 
in 2019 (n=963) (45).

Conclusions

A number of biosafety measures, mainly procedures 
equivalent to BSL 2 and 3, are necessary to mitigate the 
not negligible risk of handling cytopathological samples 
potentially carrying viable and thus transmissible SARS-
CoV-2 (14,15,17). Ideally, the needs to inactivate virus and 
to preserve cyto-preparation quality and morphological 
details should be balanced (24). As a general rule, on 
a preliminary fixation step in concentrated ethanol is 
key to handle body fluids, diagnostic smears and LBC 
slides and any effort should be taken to limit aerosols or 
droplets generation in different steps during FNA and 
ROSE procedures (24,30). Besides the clinical relevance, 
cytological samples are representative of bronchioles 
and lung alveoli microenvironment and represent a 
relevant research tool to better understand COVID-19 
pathogenesis (35). This health care emergency also 
underlines the need to exploit technological advances 
upgrading molecular pathology laboratory technologies by 
promoting automation and automatizing the specimen-to-
report workflow (10).
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