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Effusion fluid cytology and COVID-19 infection

Rong Xia, MD, PhD "/ '2; Lawrence Hsu Lin, MD, PhD "2/ Wei Sun, MD'; Andre L. Moreira, MD, PhD";
Aylin Simsir, MD'; and Tamar C. Brandler, MD, MS 2/

BACKGROUND: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is responsible for coronavirus dis-
ease 2019 (COVID-19), is known to cause severe respiratory infections with occasional accompanying pleural effusion (PE),
pericardial effusion (PCE), or peritoneal effusion (PTE). The effect of COVID-19 on effusion cytology is not yet known. This
study aimed to examine the cytomorphologic features and workup of effusion fluids in patients with active COVID-19 infec-
tion versus those in recovery. METHODS: PE (n =15), PCE (n = 1), and PTE samples (n = 20) from hospitalized patients with a
SARS-CoV-2 infection (from June 1, 2020, to December 30, 2020) were reviewed. Effusion fluids with metastatic carcinoma
were excluded. Differential cell counts, cytomorphology, and relevant immunostains for effusion fluids were retrospectively
evaluated and compared between patients with active infection (positive on a SARS-CoV-2 nucleic acid amplification test
[NAAT] within 2 months; n = 23) and those in the recovery phase from COVID-19 (negative on a SARS-CoV-2 NAAT for >2
months; n =13). RESULTS: The cytology diagnoses were negative for malignancy (n = 31), atypical (n = 4), and suspicious for
malignancy (n = 1). Active infection cases showed more atypical mesothelial cells than recovery cases (P < .05); some had
enlarged nuclei, prominent nucleoli, occasional multinucleation, and bizarre nuclei. Immunostains were performed more often
in active infection cases than recovery cases (47.8% vs 7.7%; P < .05). Differential cell counts (available for 28 cases) showed
no significant differences between the active infection and recovery groups. CONCLUSIONS: This study found atypical and
bizarre mesothelial cells more often in effusions of cases with active COVID-19 infection in comparison with patients in re-
covery. It is important for cytopathologists to become familiar with the cytomorphologic effects of SARS-CoV-2 on effusion
cytology so that these cases can be properly triaged. Cancer Cytopathol 2022;130:183-188. © 2027 American Cancer Society.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a pandemic infectious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), which is a predominantly respiratory disease. COVID-19 infection can
cause pathologic changes in multiple organs that range from mild to severe manifestations. The most common
severe presentation of the disease includes diffuse alveolar damage with the formation of hyaline membranes,
pneumocyte syncytia and multinucleated giant cells (early stage), and interstitial fibrosis (late stage) in the
lungs.' Less common manifestations include diffuse lymphocytic myocarditis in the heart, acute hepatitis
with predominant portal inflammation and ductal/lobular cholestasis in the liver,” and maternal vascular malp-
erfusion features in the placenta.6 Cytomorphologic changes in bronchoalveolar lavage specimens were recently
summarized by Canini et al’ as increased neutrophil counts and multinucleated giant cells with occasional
nuclear clearing and pseudo-inclusions in type II pneumocytes.

COVID-19 is occasionally complicated with body cavity effusions, including pleural effusion (PE), peri-
cardial effusion (PCE), and peritoneal effusion (PTE).*'" COVID-19 patients with extensive body cavity
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effusions usually present with more severe inflamma-
tion and poorer clinical outcomes.*'”!" Therefore, ef-
fusions may be a complementary risk factor for critical
COVID-19 infections.'®'" A recent study has shown that
body cavity effusions in COVID-19 patients tend to be
transudative with lymphohistiocytic inflammation and
commonly exhibit hemophagocytosis.'> However, the ef-
fect of COVID-19 infection on mesothelial changes in ef-
fusion fluid cytology is not yet known. Therefore, in this
study, we aimed to explore the essential cytomorphologic
features in mesothelial cells and the workup of effusion
fluid specimens from patients with active COVID-19 in-
fection versus those in the recovery phase.

MATERIALS AND METHODS

Study Design and Data Collection

Our protocol was approved by our institution’s institu-
tional review board. A search was conducted in our labo-
ratory information system for effusion cytology cases
from hospitalized patients who had at least 1 positive
SARS-CoV-2 nucleic acid amplification test (NAAT) be-
tween June 1, 2020, and December 30, 2021. Cytology
slides of PE (n = 15), PCE (n = 1), and PTE samples
(n = 20) were reviewed by a board-certified cytopatholo-
gist. Cytologic features, including the presence of atypical
mesothelial cells and multinucleated giant cells, the ag-
gregation of histocytes, the types of inflammation (acute,
chronic, or both), and the severity of inflammation (none,
mild, moderate, or severe), as well as the presence of im-
munohistochemical workup were tabulated. Effusion
fluid cases with metastatic carcinoma were excluded be-
cause of potential overlapping cytomorphologic features
of malignant cells with reactive atypia in the mesothelial
cells. Differential cell count data were evaluated and com-
pared between the patients with active infection (SARS-
CoV-2 NAAT—positive within 2 months; n = 23) and
the patients in the recovery phase of COVID-19 (SARS-
CoV-2 NAAT-negative for >2 months; n = 13).

Specimen Procession and
Immunocytochemistry Stains

All effusion fluid cytology specimen samples consisted
of a Diff-Quik—stained smear, a ThinPrep liquid-based
and Papanicolaou-stained slide, and a hematoxylin-
cosin—stained cell block slide. Cell blocks were prepared
from fresh or refrigerated aliquots of effusion fluid
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specimens via the plasma thrombin clot procedure, fixed
in 10% neutral buffered formalin, and processed as
biopsy specimens. Immunohistochemical stains on cell
blocks were performed for clinical care as needed.

The total number of nucleated cells was counted
with an automated hematology cell counter (model XN
9000; Sysmex), and this was followed by a manual differ-
ential cell count after cytospinning and Wright-Giemsa
staining.

Statistical Analysis

A Pvalue < .05 was considered to indicate statistical sig-
nificance. Continuous variables are presented as means
and standard deviations or as medians and quartiles
(I-III). Categorical data are expressed as frequencies
and percentages. Differential cell counts of effusion flu-
ids were compared between patients with active infec-
tion and patients in recovery with the Mann-Whitney
U test. Differences in cytomorphologic features in effu-
sion fluids were studied with the % test to compare the 2
groups. Statistical analysis was performed with IBM SPSS
Statistics (version 21).

RESULTS

Nonmalignant effusion fluid cases of hospitalized patients
(23 with active COVID-19 infection and 13 in the recov-
ery phase) were included in the study (15 PEs, 1 PCEs,
and 20 PTEs; Table 1). The groups of patients with active
infection and patients in recovery were similar in terms of
age and sex (Table 1). Cytology diagnoses were negative
for malignancy (n = 31), atypical (n = 4), or suspicious
for malignancy (n = 1). Patients with active infection
versus those in recovery showed no statistically signifi-
cant difference in their distribution of cytology diagnoses
(P> .05; Table 1).

Effusion cytology samples from those with active
infection showed increased cellularity and atypia in me-
sothelial cells. Atypical mesothelial cells forming large
3-dimensional clusters and exhibiting enlarged hyper-
chromatic nuclei with increased nuclear to cytoplasmic
ratios and prominent nucleoli along with occasional mul-
tinucleation (Fig. 1) were more often seen in patients with
active infection than those in the recovery phase. The
cytomorphologic parameters are summarized in Table 1.
The cases of active infection showed more atypical meso-
thelial cells than the recovery cases (P < .05; Table 1) with
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TABLE 1. Effusion Cytology for Patients With an Active COVID-19 Infection Versus Those in Recovery

SARS-CoV-2, COVID-19 Active Infection (n = 23) Recovery Phase (n = 13) P2
Gender (male:female), No. 13:10 5:8 .298
Age, mean + SD, y 60.3 + 13.1 60.7+ 16.1 552°
Duration of infection, mean + SD, mo® 0.60 + 0.13 54 +0.93 N/A
Cytologic diagnosis, No. (%) 23 13 .261
Negative for malignancy 18 (78.3) 13 (100)
Atypical 4(17.4) 0(0)
Suspicious for malignancy 1(4.3) 0 (0)
Immunostains ordered, n/N (%) 11/23 (47.8) 113 (7.7) .014
Mesothelial cells, n/N (%)
Atypical mesothelial cells 17/23 (73.9) 7/13 (53.8) .005
Multinucleated mesothelial cells 13/23 (56.5) 3/13 (23.1) .029
Cellularity of mesothelial cells, No. (%) .086
Low 11 (47.8) 6 (46.2)
Moderate 4(17.4) 6 (46.2)
High 8 (34.8) 1(7.7)
Mesothelial cell distribution Clusters and single cells Clusters and single cells N/A
Inflammation, n/N (%) .699
Acute 5/28 (21.7) 2/13 (15.4)
Chronic 12/23 (52.2) 9/13 (69.2)
Both 6/23 (26.1) 2/13 (15.4)
Severity of inflammation, n/N (%) .855
Mild 7/23 (30.4) 3/13 (23.1)
Moderate 12/23 (52.2) 8/13 (61.5)
Severe 4/23 (17.4) 2/13 (15.4)
Aggregation of macrophages, n/N (%) 15/23 (65.2) 6/13 (46.2) .346

Abbreviations: COVID-19, coronavirus disease 2019; N/A, not applicable; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation.

2Pearson X° test.
PStudent t test.

°Duration from the last positive SARS-CoV-2 nucleic acid amplification test to the date on which the specimen was collected.

more frequent multinucleation (Fig. 2) and bizarre nuclei
(P < .01; Fig. 2 and Table 1).

A routine panel of calretinin, D2-40, MOC-31,
BerEP4, and/or organ system differential markers was
ordered in some effusion cytology cases to include or ex-
clude malignancy (adenocarcinoma) from the differential
diagnosis. Immunohistochemical stains were performed
more often in active infection cases than recovery cases
(47.8% vs 7.7%; P < .05). If mesothelioma is clinically
suspected, BAP1 staining may be performed to distin-
guish between reactive cells (BAP1 retained) and malig-
nant cells (BAP1 lost). However, in this data set, none of
the cases warranted BAP1 staining.

Differential Cell Counts in Effusion Fluids

Twenty-eight of the effusion fluid cases had concurrent
differential cell count data available. Active infection
cases were mostly exudates with a median lymphocyte
count of 37.5% and a macrophage count of 20.0%,
whereas the recovery cases were predominantly exu-
dates with a median lymphocyte count of 35.5% fol-
lowed by a neutrophil count of 28.5%. No significant
difference in the differential cell count was observed
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between active infection cases and recovery cases

(P> .05; Fig. 2).

DISCUSSION

Patients with severe COVID-19 infections have an in-
creased incidence of body cavity effusions.® Therefore,
we hypothesized that the severity of the COVID-19
infection may be correlated with cytologic changes in
effusion cytology samples. We aimed to detect whether
patients with active infection displayed increased cyto-
morphologic changes in mesothelial cells in comparison
with patients in the recovery phase. Atypical mesothelial
cells in effusion cytology samples from patients with ac-
tive COVID-19 infection displayed large 3-dimensional
clusters with enlarged hyperchromatic nuclei, increased
nuclear to cytoplasmic ratios, and prominent nucleoli
along with occasional multinucleation (Fig. 1). These
findings were diminished or partially resolved in the
effusions of patients in the recovery phase when the
SARS-CoV-2 NAAT became negative. Multinucleation
and syncytia are common morphologic findings in
the cells of various organs of COVID-19—infected pa-
tients. Pneumocyte syncytia and multinucleated giant
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Figure 1. Pleural effusion cytology of a 46-year-old female with an active severe acute respiratory syndrome coronavirus 2 infection
showing (A) atypical mesothelial cells with multinucleation (Diff-Quik stain) and (B,C) bizarre nuclei and prominent nucleoli
(Papanicolaou stain and cell block with H & E stain, respectively). (D) An immunohistochemistry workup performed on the cell
block section confirmed the cytology diagnosis of negative for malignancy and the presence of reactive mesothelial cells (D2-40

immunostain).

cells in the lungs have been found in the acute phase
of COVID-19 infections.'™ Recent studies examining
the bronchoalveolar lavage cytology of COVID-19-
infected patients revealed multinucleated giant cells
with occasional nuclear clearing and pseudo-inclusions
in type IT pneumocytes.” Our study represents the first
report of mesothelial cell atypia with bizarre nuclei and
multinucleation in effusion cytology samples of pa-
tients with active COVID-19 infections.
Immunohistochemical stains were ordered by the cy-
topathologists during the cytologic workup for certain cases
to rule out malignancy. Immunostains were ordered more
often in samples from patients with active COVID-19 in-
fections because of the increased level of cytologic atypia
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and bizarre nuclear forms seen in those cases. In our study,
all cases were found to be negative for malignancy after
6 months of follow-up. Reports examining the workflow
of effusion cytology have shown that cytopathologists
perform immunostains in the workup of 6.7% to 22%
of effusion cytology cases; this depends on pathologists’
years of experience and the clinical background of the pa-
tient population.ls’14 In our institution, immunostains
are ordered at a rate similar to rates in previous reports.
Moreover, immunostains performed on the effusion flu-
ids of COVID-19 patients in recovery were also ordered
at a rate similar to that for the general cases. However,
in the effusion fluids of patients with active COVID-19
infection, there was a significant increase in the number
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Figure 2. Box plots of differential cell counts in the effusion
fluids of patients with an active infection and those in the
recovery phase of a coronavirus disease 2019 infection. Boxes
represent the 25th and 75th percentiles, lines inside the boxes
are medians, small squares represent means, and crosses
indicates 1st and 99th percentiles. Medians of differential cell
counts between active infection and recovery phase cases
are compared with the Mann-Whitney U test; P values are
indicated on top of each pair.

of cases with immunohistochemistry workup, which also
correlated with increased cytological atypia in those speci-
mens. One of the effusion fluid cases was signed out as sus-
picious for malignancy because severe atypical cells were
present only on the ThinPrep and not on the cell block.
After 6 months of follow-up, no metastatic malignancy of
the pleura was identified in this patent. These findings
indicate that severe cytologic and nuclear atypia in the ef-
fusion fluid may mimic malignancy. However, none of the
cases were stained for BAP1 because of a lack of suspicion
for mesothelioma morphologically and/or clinically at the
time of the cytologic diagnosis. Understanding the cyto-
morphologic changes in effusion cytology samples is criti-
cal to the cytologic diagnosis and ultimately in the clinical
management of patients with COVID-19 infections.
Lymphocyte-rich effusions are most commonly
caused by metastatic malignancy, which is followed
by infection, cardiac failure, inflammatory pleuritis,
malignant mesothelioma, and hematological malig-
nancy."” Effusion fluids of COVID-19 patients were
lymphocyte-predominant in both active infection and
recovery cases, and this was consistent with the behav-
ior of immune cells in effusion fluids associated with
infection. Interestingly, although no significant differ-
ence was present in the differential cell count between
the active infection and recovery cases, the neutrophil
cell count was higher in the recovery phase cases. The
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neutrophil count is an important feature to diagnose ef-
fusions associated with acute infectious processes, such
as bacterial pneumonia and lung abscess.'® However,
in patients with active COVID-19 infection, neutro-
phil counts are low in effusions but increase when the
COVID-19 NAAT test turns negative. These findings
are compatible with a few previous case reports describ-
ing effusion fluids in COVID-19 patients,'”'® and they
indicate that there may be a physiologic process during
the COVID-19 infection different from other infec-
tions resulting in body cavity effusion.

In summary, our study found atypical and bizarre
mesothelial cells more often in effusions of cases with ac-
tive COVID-19 infection in comparison with patients in
recovery. Because of the mild to severe nuclear atypia ob-
served in cases with active COVID-19 infection, a diagno-
sis of malignancy may be considered, and this may explain
the increased immunohistochemical workups observed for
the cases with active infection. Our description of cytomor-
phologic changes in effusion fluid specimens of COVID-19
patients may help cytopathologists to better understand
and manage effusion cytology cases and ultimately improve
diagnostic triage for patients with COVID-19.
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