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Cytopathology of Bronchoalveolar Lavages in COVID-19
Pneumonia: A Pilot Study

Valentina Canini, MD'; Francesca Bono, MD'; Paolo Calzavacca, MD?; Giulia Capitoli, PhD>;
Giuseppe Foti, MD?; Filippo Fraggetta, MD*; Stefania Galimberti, PhD>; Andrea Gianatti, MD®:
Marco Giani, MD?% Ahmed Nasr, MD'"; Giuseppe Paciocco, MD®; Fabio Pagni, MD ' : Roberto Rona, MD?%;
and Vincenzo L'Imperio, MD'

BACKGROUND: Bronchoalveolar lavage (BAL) in patients with severe coronavirus disease 2019 (COVID-19) may provide
additional and complementary findings for the management of these patients admitted to intensive care units (ICUs). This
study addresses the cytological features of the infection and highlights the more influential inflammatory components. The
correlation between pathological variables and clinical data is also analyzed. METHODS: The authors performed a retrospec-
tive analysis of the cytopathological features of BAL in 20 COVID-19 patients and 20 members of a matched cohort from a
critical ICU who had acute respiratory distress syndrome caused by other pulmonary conditions. RESULTS: A comparison
of the controls (n = 20) and the COVID-19 patients (n = 20) revealed that the latter had a higher neutrophil count (median,
63.8% of the cell count) with lower percentages of macrophages and lymphocytes. An increase in the expression of CD68-
positive, monocytic multinucleated giant cells (MGCs) was reported; megakaryocytes were not detected on CD61 staining.
Perls staining showed isolated elements. In situ RNA analysis demonstrated scattered chromogenic signals in type Il pneu-
mocytes. An ultrastructural analysis confirmed the presence of intracytoplasmic vacuoles containing rounded structures
measuring 140 nm in diameter (putative viral particles). In COVID-19 patients, the clinicopathological correlation revealed a
positive correlation between lactate dehydrogenase values and MGCs (r = 0.54). CONCLUSIONS: The analysis of BAL sam-
ples might be implemented as a routine practice for the evaluation of COVID-19 patients in ICUs in the appropriate clinical
scenario. Additional studies using a larger sample size of patients who developed COVID-19 during the second wave of
the epidemic in the autumn of 2020 are needed to further support our findings. Cancer Cytopathol 2021;129:632-641.
© 2021 American Cancer Society.

KEY WORDS: bronchoalveolar lavage (BAL); coronavirus disease 2019 (COVID-19); multinucleated giant cell; severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).

INTRODUCTION

The traditional clinical diagnostic scenario of pathologists was disrupted by the advent of the new corona-
virus disease 2019 (COVID-19) epidemic, which spread globally from January 2020." The intrinsic emer-
gency related to the viral epidemic provided urgent answers to pneumologists and intensive care unit (ICU)
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specialists. In the past several months, the progressive
increase in the histological knowledge of this infection,
mainly from autopsies, prompted the establishment of
diagnostic criteria.” This entity showed various histo-
pathological patterns, which ranged from early acute
lung injury with interstitial pneumonitis to acute and/
or organizing diffuse alveolar damage.4 Autopsies pro-
duced an organic overview of the COVID-19 landscape
in the lungs; as a second step, pathologists are trans-
lating the histological information into mini-invasive
samples such as bronchoalveolar lavage (BAL), which
might play a significant role in the multidisciplinary
workup of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection by recognizing the
predominant inflammatory cell populations and deter-
mining the correlation of cytopathology to the clinical
parameters.5 6

This pilot study was aimed at exploring the essen-
tial diagnostic cytological features of BAL samples from
COVID-19 patients. This article approaches the issue
by integrating traditional morphology with indispens-
able ancillary techniques such as RNAscope and trans-
mission electron microscopy (TEM), which have made
important contributions to the characterization of BAL

samples.
MATERIAL AND METHODS

Study Design

We performed a retrospective, observational study in-
cluding patients from 2 large tertiary hospitals (Azienda
Socio Sanitaria Territoriale di Monza and Azienda Socio
Sanitaria Territoriale Papa Giovanni XXIII, Bergamo,
Italy) during the first peak of the pandemic. We analyzed
the characteristics of BAL samples from 20 COVID-19
patients admitted to ICUs with a diagnosis of acute res-
piratory distress syndrome (ARDS) and from a matched
group of 20 patients with ARDS caused by other eti-
ologies (7 with interstitial lung disease, 7 with bacterial
pneumonia, 2 with viral influenza pneumonia, 2 with
fungal pneumonia, 1 with antineutrophil cytoplasmic
antibody-associated vasculitis, and 1 with mycobacterial
pneumonia). The patients included in the matched co-
hort were retrospectively enrolled from September 2019,
far from the pandemic period. The COVID-19 cohort
included patients who tested positive for SARS-CoV-2
on a real-time polymerase chain reaction analysis of nasal
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swabs (n = 15; 3 were performed after BAL execution)
and BAL samples (n = 5). Individual matching was
performed with respect to patients’ sex, age (+5 years),
need for invasive mechanical ventilation, and antibiotic
therapy status (previous or current). COVID-19 patients
and controls were stratified into 2 groups: patients with
mild respiratory disease (ie, those requiring only oxygen
supplementation) and patients with moderate to severe
ARDS under invasive mechanical ventilation. This strati-
fication was consistent with that used in large clinical tri-
als” and indicated in international guidelines.® The study
was conducted in accordance with the standards of Good
Clinical Practice, the ethical principles of the Helsinki
Declaration, and current legislation on observational
studies. Data were gathered in the context of a larger pro-
spective study on SARS-CoV2 patients approved by the
local Ethics Committee (Ethical Board Monza e Brianza).

BAL Procedure

In nonintubated patients, the upper airway was injected
with 4 mL of 2% lidocaine. An additional dose of lido-
caine (1%) was administered to the lower airways after
the introduction of a flexible fiberoptic bronchoscope
to suppress coughing (1T10; Olympus, Tokyo, Japan).
In intubated patients, a flexible bronchoscope was in-
troduced via the endotracheal tube. Every ventilator
circuit featured a closed suction system with a sealed
valve side port (5.0 mm in size) for bronchoscopy. This
system can be used during the entire intubation period
(replaced every 72 hours) and may substantially reduce
the risk of aerosolization during endotracheal suction-
ing or bronchoscopy.” BAL was performed in the lung
area with considerable abnormalities on high-resolution
computed tomography. Consecutive 10-mL aliquots of
a sterile saline solution, warmed at 37 °C, were infused
(up to 100 mL). Fluid samples were gently aspirated
immediately after each aliquot was introduced and were
collected in a sterile container. Two or more satisfac-
tory specimens were obtained from at least 2 segments.
The protocol included passes from a single lobe in
COVID-19 patients admitted to the ICU because of
their critical conditions.

Clinical Data

Patients” clinical data were obtained: sex, date of birth,
medical history (diabetes, hypertension, obesity, and
smoking), death, laboratory tests (peripheral blood cell
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count, lactate dehydrogenase [LDH] level, and D-dimer
level), blood gas analysis results (arterial oxygen pressure
[Pao,] and arterial carbon dioxide pressure), oxygenation
parameters (fraction of inspired oxygen [F10,] and Pao,/
F10,), antibiotic/antiviral therapies, length of stay (from
date of hospitalization to ICU discharge or death), and
timing of BAL execution (from the onset of symptoms
to BAL execution, from nasal swab to BAL execution,
from hospitalization to BAL execution, and from the
introduction of invasive ventilation to discharge/death).

Cytopathology

Cytological samples collected from COVID-19 patients
were processed according to the proposed guidelines,'
and all the procedures were conducted by an experienced
cytotechnician using appropriate personal protective
equipment (masks, gloves, and a face shield) in a class
11 biosafety cabinet, as recommended.'" Upon arrival at
the pathology department, fresh pulmonary samples were
fixed with 70% alcohol and 10% neutral buffered formalin
for 12 hours. An aliquot of every sample was centrifuged
(Labofuge AE, Heracus, Germany) at 800 rpm for 10
minutes at +4 °C, and the obtained cell pellet was washed
twice with phosphate-buffered saline (without Ca++ and
Mg++). The obtained cytocentrifugates were then stained
with both May-Griinwald-Giemsa and Papanicolaou
stains. From the formalin-fixed aliquot, cell blocks were
prepared as previously described.'” Diagnostic cytocen-
trifugation (cytospin) and hematoxylin-cosin—stained sec-
tions were examined by a joint panel of lung pathologists
(EP, EB., and EE). The differential cell count (lympho-
cytes, neutrophils, eosinophils, mast cells, plasma cells,
macrophages, and multinucleated giant cells [MGCs])
was determined with the May-Griinwald-Giemsa—stained
cytospin after the assessment of 200 cells at X400 magnifi-
cation in random fields; pure numbers were recorded and
then turned into percentages based on the total number
of cells counted. A section of the cell block was stained
with Perls (Prussian blue) to evaluate the presence of iron-
laden macrophages. Hematoxylin-eosin staining was used

to confirm the morphology of cells.

Immunocytochemistry, RNAscope, and TEM

Immunocytochemistry (ICC) analyses were performed
with the Omnis platform (Dako, Glostrup, Denmark).
The immunostains used included pancytokeratin (AE1/
AE3; Dako), TTF1 (8G7G3/1), CD20 (1.26), CD3
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(polyclonal), CD4 (4B12), CD8 (C8/144B), CDG68
(PGM1), and CD61 (Y2/51). RNAscope (RNAscope
2.5 LS Probe V-nCoV2019-S, #848568, and RNAscope
2.5 LS Reagent Kit-RED, #322150; Advanced Cell
Diagnostics) was performed on formalin-fixed, paraffin-
embedded cell blocks on a Leica BOND RX multiplex
stainer. The quality of the tissue was tested with the mes-
senger RNA of the PPIB housekeeping gene, which has
constitutive expression in different tissues. Additional
specimens were centrifuged, extracted from the preserva-
tion alcoholic solution, and fixed in 4% buffered glutar-
aldehyde with 0.2 M sodium cacodylate for TEM. After
fixation, the cytological material was coagulated in 1.5%
gelose, embedded in EPON resin, and processed as previ-

ously described to obtain thin sections. '?

Statistical Analysis

Categorical data were expressed as frequencies and per-
centages, whereas continuous data were expressed as meas-
ures of location (ie, means and medians) and variability
(ie, standard deviations and quartiles I-1I1), as appropri-
ate. The direction and strength of the linear association
between 2 quantitative variables were quantified with the
Pearson correlation coefficient. The between-group com-
parisons of quantitative, categorical, and time-to-event
variables were performed with the Mann-Whitney test, the
XZ test (or the Fisher test), and the log-rank test, respec-
tively. The Benjamini and Hochberg method was applied
to adjust for multiplicity, and the P values were reported
in their adjusted version. The tests were 2-sided and had
a significance level of .05. All statistical analyses were per-
formed with open-source R software (version 3.6.0).

RESULTS

Twenty COVID-19 patients and 20 matched controls
were included in the study. The 2 groups were simi-
lar in terms of age, sex, antiviral/antibiotic therapy, and
comorbidities (Table 1). In the COVID-19 and control
cohorts, the most common comorbidities were hyperten-
sion and diabetes, but only a few patients were obese or
had a history of smoking. Among COVID-19 patients
who underwent BAL to rule out concurrent pneumonia
from other etiologies, only a minority (n = 4) showed the
presence of a superimposed bacterial infection. No sig-
nificant differences were observed in the laboratory tests
performed at the time of BAL execution, as described in
Table 2. According to the timing of BAL execution for
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TABLE 1. Demographic and Clinical Characteristics
at Diagnosis of Each Group

COVID-19
Characteristic (n=20) Controls (n = 20) P
Demographics
Age, mean (SD), y 63 (11) 67 (10) 2334
Sex: female, No. (%) 8 (40) 8 (40)
Clinical, No. (%)
Hypertension 10 (50) 8 (40) .7506
Diabetes 6 (30) 6 (30) 1
Smoke 1) 4 (20) .3390
Obesity 2 (10) 3 (15) 1
Antibiotic/antiviral® 19 (95) 19 (95) 1
Death, No. (%) 3(15) 7 (35)
Nasal swab for SARS- 15 (75) —

CoV-2 detection, No. (%)

BAL for SARS-Cov-2 5 (25) -
detection, No. (%)

Reasons for BAL perfor-

mance, No.
Suspected bacterial 5 7
infection
Suspected viral 3 2
infection
Suspected fungal 3 2
infection
SARS-CoV-2 infection 5 —
Other 4° 9°
Superimposed infections, 4 -
No.

Abbreviations: BAL, bronchoalveolar lavage; COVID-19, coronavirus disease
2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD,
standard deviation.

#Already performed or in progress at the time of the BAL procedure.
PAlveolar hemorrhage was excluded in 2, lymphoma was excluded in 1, and
lung cancer was excluded in 1.

°Seven had suspected interstitial lung disease, 1 had mycobacterial pneu-
monia, and 1 had antineutrophil cytoplasmic antibody-associated vasculitis.

both cohorts and the relative subgroups (mild vs moder-
ate to severe), only hospital length of stay showed a sig-
nificant difference: it was shorter for COVID-19 patients
with mild respiratory disease versus moderate to severe
respiratory disease (median, 24 vs 51 days; P =.007). The
other periods considered (from the onset of symptoms to
BAL execution, from the nasal swab to BAL execution,
from the hospitalization to BAL execution, and from the
introduction of invasive ventilation to discharge/death)
failed to show any relevant differences among the groups
(Supporting Table 1).

Cytopathology

The cytopathology parameters are summarized in Table 3.
COVID-19 patients exhibited higher neutrophil counts
(median, 63.8% [quartiles I-1II, 32.0%-68.9%] vs 10.8%
[quartiles I-111, 5.7%-37.9%]; P = .0097) and lower per-
centages of macrophages (median, 25.5% [quartiles I-III,
11.3%-41.4%] vs 73.7% [quartiles I-III, 46.8%-84.7%];
P=.0022), as shown in Figure 1. They also showed higher
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expression of MGCs (median, 0.37% [quartiles I-III,
0%-1.52%] vs 0% [quartiles I-III, 0%-0%]; P = .0562),
although the comparison was borderline significant. The
analysis of the dynamic changes in the inflammatory
composition of BAL samples from COVID-19 patients
showed a strong negative correlation between neutrophils
and macrophages (r = —0.77; P = .0001) and a mild
negative correlation between neutrophils and lympho-
cytes (r = —0.47; P = .0385). This comparison showed a
similar but weaker trend in the matched non—-COVID-19
controls (r= —0.30; 2 = .2051).

ICC, RNAscope, and TEM
T lymphocytes (CD3+) maintained a normal CD4/CD8

ratio, with only rare cases showing a slight prevalence of
cytotoxic subsets. Being positive for CD68-pgm1, MGCs
exhibited a monocytic origin (Fig. 2A); megakaryocytes
were not detected on CDG61 staining. Rare cases showed
focal morphological atypia of lymphocytes, with isolated
elements characterized by convoluted/cerebriform nuclei
(Fig. 2B, top panel) corresponding to nuclear membrane
irregularities and invagination in TEM (Fig. 2B, bottom
panel). Perls staining showed isolated elements or small
groups of iron-laden macrophages, which accounted for
less than 10% of the cell count. Epithelial cells, both bron-
chial cells (cytokeratin AE1/AE3+/TTF1-) and pneumo-
cytes (cytokeratin AE1/AE3+/TTF1+), were found in the
majority of these specimens, some of which showed nuclear
clearing, although real virally induced inclusions were not
found in this series (Fig. 2C,D). In situ RNA analysis of
cell blocks showed scattered chromogenic signals in type 11
pneumocytes (Fig. 2E). RNAscope-positive type II pneu-
mocytes, evaluated by TEM (Fig. 2F), showed intracyto-
plasmic vacuoles containing rounded structures measuring
140 nm in diameter with an electron-dense layer on the
inner side of the membrane; they possibly represented the
nucleocapsid protein of these viral-like particles (Fig. 2G).

Clinical-Pathological Correlation

A significant and moderate positive correlation was
observed between the LDH values and MGCs in the
COVID-19 cohort (r=0.54; P=.0301), with evidence
of an even stronger correlation in the subgroup with
moderate/severe cases (r = 0.75; P = .0340). The same
analyses conducted in the control group did not show
any correlation (r = —0.19; P = .5544). The remaining
comparisons between clinical and cytological features
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TABLE 2. Laboratory Data by Group at Bronchoalveolar Lavage Evaluation

COVID-19 Controls

Laboratory
Characteristic No. Median Quartiles I-11I No. Median Quartiles |-l
Pao, 17 80 71.10-99.90 19 88.60 64.90-101.45
Paco, 17 49 37.80-54.00 19 38.00 36.00-47.30
P/F 14 175 129.75-299.50 19 234.00 147.00-304.50
WBCs, 103/pL 20 10.4 7.02-15.23 20 8.48 4.53-10.67
Lymphocytes, % 18 141 11.93-21.00 20 12.45 8.12-18.72
Platelets, 103/pL 20 195 148.00-327.50 20 200.00 152.50-295.75
Lactate dehydrogenase, 16 324 266.75-444.75 12 286.50 238.00-328.75

U/L
D-dimer, ng/mL 15 950 350.00-1838.00 13 1182.00 626.00-1811.00

Abbreviations: COVID-19, coronavirus disease 2019; Paco,, arterial carbon dioxide pressure; Pao,, arterial oxygen pressure; P/F, ratio of arterial oxygen pressure

to fraction of inspired oxygen; WBC, white blood cell.

Normal laboratory ranges were as follows: WBCs, 4.00 to 11.00 103/pL; lymphocytes, 16.0% to 46.0%; platelets, 140.00 to 440.00 103/pL; lactate dehydrogenase,

135 to 225 U/L; and D-dimer, 0 to 25 ng/mL.

TABLE 3. Cytological Characteristics Reported as Percentages of Inflammatory Cell Composition by Group

COVID (n = 20) No COVID (n = 20)
Cytological Characteristic Median Quartiles -1l Median Quartiles I-1l P
Perls, % 4.0 0-18.5 0 0-2.75 .1873
Neutrophils, % 63.8 31.98-68.88 10.8 5.71-37.87 .0097
Eosinophils, % 0.0 0.00-0.22 0 0.00-1.34 .1873
Lymphocytes, % 8.7 5.65-15.01 3.7 1.94-12.11 .1873
Macrophages, % 25,5 11.29-41.38 73.7 46.81-84.72 .0022
Plasma cells, % 0.0 0.00-1.33 0 0-0 .1873
Multinucleated giant cells, % 0.4 0-1.52 0 0-0 .0562
Abbreviation: COVID-19, coronavirus disease 2019.
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Figure 1. Box plots showing (A) the higher prevalence of neutrophils in the COVID-19 group and (B) the reverse prevalence of
macrophages in the non-COVID-19 group. COVID-19 indicates coronavirus disease 2019.

of the cohorts revealed mainly weak correlations/trends
(eg, between D-dimer and neutrophils or lympho-
cytes), although none of these comparisons showed sig-
nificance. No trend was found between the Pao,/Fio,
ratio and the cytological parameters measured in BAL

samples. The comparisons of respiratory and laboratory
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variables among groups and subgroups failed to show
significant differences (Supporting Table 2).

DISCUSSION

BAL in patients with severe COVID-19 disease may pro-
vide additional and complementary findings and might
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Figure 2. (A) Occasional multinucleated giant cells in COVID-19 patients (May-Grinwald-Giemsa, x40). (B) In some cases,
lymphocytes showed nuclei with irregular contours, rarely with a cerebriform appearance (Top; Papanicolaou, x60), corresponding
to the membrane invagination/convolution on electron microscopy (Bottom; x1450). (C) Type Il pneumocytes with nuclear
clearing and pseudo-inclusions (yellow arrowheads; H & E, cell block, x40). (D) These cells were positive for cytokeratin AE1/
AE3 (x40), and (E) some were positive on RNAscope (x40). (F) Transmission electron microscopy confirmed the presence of
intracytoplasmic lamellar bodies, which corresponded to the surfactant protein produced by type Il pneumocytes (asterisks;
x4600). (G) Intracytoplasmic vacuoles contained rounded structures measuring 140 nm in diameter with an electron-dense layer
in the inner side of the membrane, which could correspond to the nucleocapsid protein of these viral-like particles (x34,000).
COVID-19 indicates coronavirus disease 2019

play a significant role in the multidisciplinary workup can noninvasively identify the specific imaging patterns
of SARS-CoV-2 infection in ICUs by recognizing the strongly suggestive of COVID-19-related pneumonia.
predominant inflammatory cell populations and deter- However, BAL in ICUs could further support this diag-
mining the correlation of cytopathology with the clini- nosis and add the following information to the peripheral
cal parameters. High-resolution computed tomography blood tests:

Cancer Cytopathology  August 2021 637
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* Presence/absence of a secondary/superimposed infec-
tion. In this field, BAL is able to characterize the viral
cytopathic effects and fungal pneumonia (by optional
special stains).

* Presence of a significant hemorrhagic component by
Perls staining.

* Co-occurrence of neoplastic bystander diseases (lymph-
oproliferative processes possibly related to the immune
status of the patients).

¢ Putative COVID-19-related cytopathological signs (eg,
MGCs).

* Relative percentages of the leukocytes in BAL samples.
A trend in the results can help ICU clinicians in making
and modulating therapeutic decisions.

No controlled clinical trials have evaluated whether
routine BAL improves the final outcomes. Nevertheless,
cytopathological analysis, staining for mycobacterial and
fungal infections, and Perls staining may provide support
or help to narrow the differential diagnosis. Systematic lit-
erature data have demonstrated the difficulty in weighing
benefits against the risks and costs of the procedure.14 For
this reason, the decision is usually determined on a case-
by-case basis. Because of the intrinsic emergency related
to the epidemic, BAL was routinely introduced in many
ICUs in parallel with other diagnostic tools. Its useful-
ness is further reinforced by the use of technical prepa-
rations such as cell blocks that may be tested with ICC,
in situ hybridization, DNA/RNA extraction, or TEM.
Only the integration of morphology and additional tech-
niques can lead to a final pathobiological understanding
of the infection. The first diagnostic step is the recogni-
tion of the predominant inflammatory cell count (at least
200 cells per sample). Measuring the concentration of
these cells may provide insights into the different stages
of the disease and allow hypothesizing about the extent
and quality of the tissue damage mini-invasively." This
is a dynamic process that recalls the clinical progression
observed in ICU patients (Fig. 3). The early negative
correlation between neutrophils, lymphocytes, and mac-
rophages is similar to that of other interstitial lung dis-
eases, in which pronounced neutrophilia in BAL samples
is generally associated with ARDS and acute interstitial
pneumonia.'®"” The late phases of diffuse alveolar dam-
age (DAD) are usually marked by lymphocytes and eosin-
ophils to the point that the persistence of a high number
of neutrophils may be associated with an unfavorable
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prognosis.'**” In this setting, recent autoptic COVID-19
reports have described subsets of patients with increased
numbers of intra-alveolar neutrophils in the absence of
concurrent/superimposed bacterial lung infections, some
of which show rapid progression and an aggressive clini-
cal course.” However, alterations in the inflammatory cell
count in BAL samples, especially with an increase in the
neutrophil count, should prompt an assessment for a con-
comitant bacterial/fungal infection. In the current study,
patients with severe COVID-19 homogeneously showed
BAL neutrophilia, although only a few patients (n = 4)
in the whole group had a demonstrated concurrent bac-
terial infection. The putative role of neutrophils in the
progression of COVID-19 disease has been postulated be-
cause of the evidence of neutrophil-derived extracellular
traps, webs of chromatin, and microbicidal proteins that
maintain the innate immune host defense, which may
initiate and propagate inflammation and thrombosis.>"**
Uncontrolled immune thrombosis could induce collateral
tissue damage and contribute to organ dysfunction with
a loss of endothelial integrity and activation of platelets
with production of vaso-occlusive thrombi in the pulmo-
nary capillaries. In postmortem studies of COVID-19
patients, a notable megakaryocyte deposition was found
in the pulmonary capillary vascular bed that accompa-
nied DAD even in the exudative and proliferative phase.
However, megakaryocytes were not noted, even with the
performance of specific ICC (CD61). Further investiga-
tions in larger cohorts are needed to address the putative
roles of different inflammatory components (eg, neutro-
phils) in the thrombotic states observed in patients with
severe COVID-19 pneumonia. Although a hemorrhagic
component may complicate the natural history of the dis-
ease, our results excluded the significant contribution of
hemorrhagic alveolitis because Perls staining showed only
scattered chromogenic signals in type I pneumocytes.™
Conversely, the peculiar occasional detection of MGCs
could be a sign of the progression toward late and more
severe disease stages. CD68-positive MGCs can function
as antigen-presenting cells or activated macrophages; they
can represent highly stimulated monocytes at the terminal
stage of maturation, and this multinucleation culminates
in cell death. The histological counterpart of this finding
has been well described recently, with approximately 50%
of autoptic COVID-19 cases characterized by at least fo-
cally MGC-infiltrated lungs, which are frequently asso-
ciated with the late proliferative or early organizational

Cancer Cytopathology  August 2021



Bronchoalveolar Lavages in COVID-19/Canini et al

Non—-COVID-19 severe L 295 _
Non—-COVID-19 mild 48155 490
COVID-19 severe —8 50.5
COVID-19 mild e 24 a1

® Symptoms

Hospitalization
58.5

0 5 10 15 20 25 30 35 40 45 50 55 60
Days from date of onset of symptoms

A 3 » B
. ;‘ : 20 RS A ’R -
o . " \‘ -
Lo _\"G h -
& ‘\b'c ’ .
" 2%
AXCAS T
z" & -
- v -
Py =
;0"‘ - » L7
¢, ';f:' —_— ‘
&+ 30un

e
't
®

it S0 30un

Figure 3. Possible correlation between SARS-CoV-2 infection and the clinical course from a BAL perspective. Patients from the
COVID-19 and non-COVID-19 groups, divided into subgroups (those with severe cases and those with mild cases), had different
lengths of stay. (A) The progressive lymphocytopenia and the increase in LDH/D-dimer were correlated with abscess-derived
neutrophils in BAL samples (Papanicolaou, x40) (B) with a relative reduction in the number of macrophages, which were only rarely
represented by Perls-positive elements (x40). (C) Multinucleated giant cells were occasionally found (May-Grinwald-Giemsa, x40).
BAL indicates bronchoalveolar lavage; COVID-19, coronavirus disease 2019; LDH, lactate dehydrogenase; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2.

fibrotic phase of DAD, in which the lungs become ex-
tensively remodeled through the proliferation of dense
myofibroblasts.?**> Some authors have proposed that the
formation of syncytial MGCs could represent a cytopathic
effect induced by the virus, and they have even described
the nuclear clearing of pneumocytes as a possible effect
of a direct SARS-CoV-2 infection, the so-called covi-
cyte.26’27 However, in light of the infection mechanism
of this particular virus, which affects the cells expressing
ACE2, the direct colonization of MGCs of macrophage
origin is an unlikely event. Moreover, because the virus
uses the cytoplasmic machinery for its replication without
entering the nuclei of susceptible cells (eg, type II pneu-
mocytes), the presence of classic nuclear virocytopathic
changes is unexpected.”® The absence of reliable morpho-
logical hints of direct viral infection to these epithelial ele-

ments (Fig. 2C) stresses the need for ancillary techniques,
such as RNAscope (Fig. 2E) and TEM (Fig. 2EG), to
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investigate the presence of SARS-CoV-2. Many differ-
ent ultrastructural descriptions of the virus have been re-
ported in the literature in the last few months. However,
a progressive understanding of its biology led to the ac-
curate definition of the morphological criteria to define
the true and reliable viral particles and helped to distin-
guish normally present intracytoplasmic vesicles such as
multivesicular bodies and clathrin-coated vesicles.”® In
the setting of a COVID-19 infection, lymphocytes could
show cytological abnormalities as well, as noted in periph-
eral blood.*” These atypical morphological aspects gener-
ally range from plasmacytoid morphology with eccentric
nuclei and intracytoplasmic halos’ to elements with large
nuclei and evident nucleoli reminiscent of immunoblasts,
whereas the Downey type II lymphocyte, generally as-
sociated with other viral infections, is less common. In
the current study, rare cases showed small/intermediate-
size lymphocytes with convoluted/cerebriform nuclei
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(Fig. 2B, top panel), which corresponded to invaginated
nuclear membranes, as shown on electron microscopy
analysis (Fig. 2C, bottom panel). Whether these findings
are specific for the SARS-CoV-2 infection is still under
debate and requires further investigation.

The study of the clinical course of COVID-19 dis-
case led to an understanding of the progressive modifica-
tions of laboratory parameters, which could potentially
guide the management of these patients. The association
of cytological findings with known progressive lymph-
openia®® and increases in LDH?! and D-dimer levels®'
could further help ICU specialists and elucidate the
pathogenetic relationships among inflammatory and bio-
chemical phenomena. In this setting, the strong positive
correlation between LDH values and MGCs (» = 0.54),
especially in the severe subgroup (r = 0.75), possibly in-
dicates a progressive proinflammatory process, as already
demonstrated in mouse models, where the detection of
MGCs in BAL samples was directly proportional to
increased LDH as a marker of cellular damage.*”

In conclusion, BAL is a procedure aimed at obtain-
ing cells from the airways that can provide important and
quick information regarding the status of infections and
interstitial lung diseases. The results of the cytological
analysis should be applied in the appropriate clinical sce-
nario, and it should be determined whether the findings
of this analysis have a strong correlation with the imaging
or laboratory data. The potential translatability of histo-
logical findings from autopsies to cytopathology is an im-
portant step for the routine management of COVID-19
patients in ICUs because invasive diagnostic procedures
can be avoided. Because several histopathological stud-
ies have reported that DAD is the main injury pattern
in lungs affected by SARS-CoV-2 infection, BAL is per-
formed as a complementary dynamic confirmatory test.
Larger studies including more patients with mild and
moderate to severe cases from the second wave of the
epidemic in the autumn of 2020 are needed to further
support our findings and eventually highlight some cyto-
logical insights that can distinguish patients with a more

aggressive course.
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