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Abstract

Primary effusion lymphoma (PEL) is a rare B‐cell non‐Hodgkin lymphoma

associated with Kaposi Sarcoma‐associated herpesvirus (KSHV/HHV8) infec-

tion. Lymphoma cells are coinfected with Epstein‐Barr virus (EBV) in 60−80% of

cases. Tools allowing a reliable PEL diagnosis are lacking. This study reports PEL

diagnosis in 4 patients using a Flow‐Fluorescence in situ hybridization

(FlowFISH) technique that allowed detection of differentially expressed EBV

and HHV8 transcripts within the same sample, revealing viral heterogeneity of

the disease. Moreover, infected cells exhibited variable expressions of CD19,

CD38, CD40, and CD138. Therefore, FlowFISH is a promising tool to diagnose

and characterize complex viral lymphoproliferations.

K E YWORD S

EBV, Flow‐Fluorescence in situ hybridization, HHV8, KSHV, primary effusion lymphoma

J Med Virol. 2024;96:e29836. wileyonlinelibrary.com/journal/jmv | 1 of 6

https://doi.org/10.1002/jmv.29836

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2024 The Author(s). Journal of Medical Virology published by Wiley Periodicals LLC.

http://orcid.org/0000-0001-7985-6132
http://orcid.org/0000-0001-7111-1865
http://orcid.org/0000-0002-9288-3386
http://orcid.org/0000-0002-5006-8279
mailto:david.boutboul@aphp.fr
https://wileyonlinelibrary.com/journal/jmv
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjmv.29836&domain=pdf&date_stamp=2024-07-30


Primary effusion lymphoma (PEL) is a rare B‐cell non‐Hodgkin

lymphoma which usually affects immunocompromised individuals.

Initial descriptions reported involvement of the pleural, peritoneal

and/or pericardial cavities but extracavitary PEL cases were also

described in the last two decades.1–4 PEL belongs to the spectrum of

Kaposi Sarcoma Associated Herpesvirus/Human herpes virus 8

(KSHV/HHV8) lymphoproliferative disorders. Diagnosis relies on

the evidence of KSHV/HHV8 infected large B cells displaying loss

of immunoglobulin chains, with a highly variable phenotype, marked

by an inconstant expression of plasma‐cell markers and a frequent

aberrant positivity for T‐cell lineage antigens, rendering the diagnosis

of PEL challenging. Malignant PEL cells are coinfected with Epstein‐

Barr Virus (EBV) in 66−80% of cases.5–8 A high KSHV viral load

within effusions may suggest a diagnosis of PEL. However, this

approach lacks specificity, as other KSHV/HHV8‐related disorders

may be associated with an increased replication of KSVH/HHV‐8 in

effusions.9 Moreover, in cases of KSHV/HHV8 + EBV + PEL, direct

demonstration of viral co‐infection is often difficult using conven-

tional techniques. This is nevertheless necessary to exclude other

associated EBV+ lymphoproliferative disorders that frequently co‐

occur in immunocompromised patients and require specific treat-

ment.10 The Flow‐Fluorescence in situ hybridization (FlowFISH)

technique, combining flow cytometry and fluorescence in situ

hybridization (FISH), was previously validated to detect and

characterize EBV‐infected cells during chronic active EBV infection11

and KSHV/HHV8‐infected viroblasts (KIV) during active KSHV/

HHV8+ multicentric Castleman disease.12 We hypothesized that it

could represent a novel and rapid tool for the diagnosis of PEL in

effusions. Here we report four cases of PEL supporting the role of

FlowFISH in the diagnosis of these complex viral‐induced lympho-

proliferations. Moreover, FlowFISH allowed the detection of multiple

cell populations differentially expressing EBV and HHV8 transcripts

within a same patient, underlining the viral heterogeneity of the

disease. This work was approved by our local ethics committee

(CLEA‐2020‐113) and was in accordance with the ethical standards

of the Declaration of Helsinki. All patients gave informed consent to

participate in the study.

Clinical and biological characteristics of the four patients are

summarized in Table 1. The first patient was a 68‐year‐old HIV‐

positive male patient admitted for the exploration of rapid onset of

cognitive impairment and cerebellar dysfunction. B symptoms were

absent and extra‐neurological clinical examination was unremarkable.

HIV viral load was undetectable upon admission. Peripheral blood

lymphocyte immunophenotyping showed only HIV‐related CD4 T‐

cell lymphopenia and no abnormal B‐ or T‐cell populations were

isolated. Whole‐body Positron Emission Tomography‐Computed

Tomography (PET‐CT) scan did not find any pathological hypermeta-

bolic activity. A T2/FLAIR gadolinium‐enhanced hypersignal of the

superior part of the cerebellar vermis was noted on cerebral magnetic

resonance imaging (MRI). Spinal tap showed normal opening pressure

(12 cm H2O), meningitis (230 leukocytes/mm3, differential: lympho-

cytes = 19%, other cells = 79%), an increased cerebrospinal fluid

(CSF) protein level (302mg/dL) and a decreased glucose level

(0.8 mmol/L, synchronous blood glucose level = 7mmol/L). Cerebro-

spinal fluid herpesvirus screening was positive for EBV (4.88 log/mL,

synchronous whole blood PCR = 4.15 log/mL) and KSHV/HHV8

(6.27 log/mL, synchronous whole blood PCR = 4.55 log/mL). Cere-

brospinal fluid cytology revealed very large basophilic lymphoid cells

with irregular nuclei. Cerebrospinal fluid lymphocyte phenotyping

failed to identify any abnormal population. We performed a

FlowFISH analysis on 3.105 CSF cells demonstrating the presence

of an abnormal CD38+ CD138+ CD19‐ CD40+ population (repre-

senting 22% of the total number of cells) expressing both latency‐

associated nuclear antigen (LANA) and Epstein Barr encoding region

(EBER) viral transcripts (Figure 1, refer to Supplemental Material for

technical details). Interestingly, a small population of cells that had

the same phenotype as the LANA+ EBER+ population expressed only

LANA (Supporting Information S1: Figures 1 and 2).

The second patient was a 70‐year‐old HIV‐negative male patient

admitted for acute dyspnea associated with weight loss. He had a

medical history of chronic lymphocytic leukemia diagnosed 3 years

earlier, with a watch‐and‐wait strategy. CT‐scan showed bilateral

pleural effusion associated with pericardial effusion and diffuse

lymphadenopathy. A thoracocentesis was performed revealing

pleiomorphic lymphoid cells with Sternberg‐like, anaplastic‐like

morphology. Pleural effusion lymphocyte phenotyping demonstrated

the presence of a large CD20‐CD3‐population expressing CD30 and

CD138 antigens. Pleural effusion herpesvirus screening was positive

for EBV (7.01 log/mL, synchronous whole blood PCR = 4.44 log/mL)

and KSHV/HHV8 (9.12 log/mL, synchronous whole blood PCR =

5.47 log/mL). FlowFISH was performed on 5.106 pleural cells

demonstrating the presence of an abnormal CD38+ CD138‐ CD19‐

CD40‐ population (representing 1% of the total number of cells)

expressing both LANA and EBER viral transcripts (Figure 1). Again, a

small LANA+ population was detected bearing the same phenotype

as the LANA + EBER+ population (Supporting Information S1:

Figures 1 and 2).

The third patient was a 84‐year‐old HIV‐negative male patient

who presented with an increased abdominal girth and weight gain

occurring 6 months after having received rituximab for the treatment

of a first flare of HHV8+ multicentric Castleman disease. Peripheral

blood lymphocyte immunophenotyping was unremarkable. A CT‐

scan was performed showing abundant ascites. A paracentesis was

performed revealing exudative effusion containing large lymphoid

cells with irregular nuclei and several nucleoli. Lymphocyte pheno-

typing showed the presence of a large CD138‐CD20‐CD30‐CD3+

population evocative of T‐cell lymphoma. Effusion was positive for

HHV8 (8.01 log/mL, synchronous whole blood PCR = 3.75 log/mL)

and negative for EBV. FlowFISH was performed on 5.106 cells

demonstrating the presence of an abnormal CD38+ CD138‐ CD19‐

CD40‐ population (representing 9% of the total number of cells)

expressing only the LANA viral transcript (Figure 1).

The fourth patient was a 25‐year‐old HIV‐positive male patient

presenting with dyspnea, diffuse lymphadenopathy and splenomeg-

aly. Plasma HIV viral load was low (29 copies/mL). A CT‐scan showed

bilateral pleural effusion. A PET‐CT was also performed revealing
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metabolic hyperactivity of the lymph nodes without pleural activity. A

thoracentesis was performed revealing large basophil cells with

irregular nuclei. Routine pleural immune phenotyping revealed an

inflammatory infiltrate composed of normal CD4+ and CD8+

lymphocytes. Pleural effusion herpesvirus screening was positive

for EBV (6.43 log/mL, synchronous whole blood PCR = 4.34 log/mL)

and KSHV/HHV8 (8.1 log/mL, synchronous whole blood PCR = 5.19

log/mL). We performed a FlowFISH analysis on 8.105 pleural cells

demonstrating the presence of an abnormal CD38+ CD138+ CD19+

CD40+ population (representing 2% of the total number of cells)

expressing both LANA and EBER transcripts (Figure 1). A LANA

mono‐infected population was also detected but represented a

minority among all lymphoid cells and was not further characterized

due to the low number of events on flow cytometry analysis.

There is no gold standard for the diagnosis of cavitary PEL. PEL

remains a challenging situation for clinicians and pathologists,

especially when dealing with small effusion samples such as CSF.

Moreover, the percentage of abnormal cells within an effusion is

often small compared to the abundant reactive lymphoid infiltrate.

Here we report four cases of PEL with variable localizations and

heterogenous clinical presentations. Cytology, lymphocyte pheno-

typing and assessment of KSHV/HHV8 viral load were first‐line

F IGURE 1 Viral and host phenotypes of 4 cases of primary effusion lymphomas using FlowFISH. (A) Flow‐Fluorescence in situ hybridization
(FlowFISH) using latency associated nuclear antigen (LANA) and Epstein Barr encoding region (EBER) probes. After selection of single cells,
gating was performed on the CD14‐negative population of patient 1 (P1), patient 2 (P2), patient 3 (P3) and patient 4 (P4). Data are
representative of two independent experiments. (B) Column scatter plot of CD38, CD138, CD19 and CD40 expression among LANA+ EBER+
population in patients 1 (circle), 2 (square) and 4 (down arrowhead), and in LANA+ EBER‐ population in patient 3 (up arrowhead).
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useful diagnostic techniques but not only lacked sensitivity and

specificity, but also failed to show direct infection of the malignant

cells. A recent study by Lurain et al. reported 26 patients with

cavitary or extracavitary systemic PEL, among whom 5 (19%) had

evidence of neurological involvement, underlining meningeal tropism

of PEL.3 In this work, KSHV/HHV8 viral load in CSF was strongly

associated with asymptomatic CSF involvement during systemic PEL

but lacked specificity, as one of four patients (25%) with KSHV/

HHV8+ multicentric Castleman disease who underwent CSF sam-

pling also had increased intrathecal KSHV/HHV8 replication without

evidence of PEL. Performed on a small number of cells, FlowFISH

allows the direct detection of the infected lymphomatous population,

even within an abundant reactive infiltrate. Multiparametric flow

cytometry is a helpful support to thoroughly characterize the

phenotype of PEL and will help identify novel therapeutic targets in

a near future. Finally, FlowFISH allowed the detection of multiple

malignant populations differentially expressing EBV and KSHV/

HHV8 transcripts within a same patient, underlining the viral

heterogeneity of the disease. We thus carefully reviewed the

phenotype of the monoinfected KSHV+/EBV‐ population in all

patients and none had the same phenotype as KSHV‐infected

viroblasts (KIVs, 12) or Lambda‐restricted cells (LRPs, 9). The

evaluation of light chain expression using intracellular flow cytometry

was negative in the KSHV+/EBV‐ population (Supporting Information

S1: Figures 1 and 2). The KSHV+/EBV‐ population was in fact strictly

comparable to the KSHV+/EBV+ population. Since the coinfected

population was largely predominant in the effusions, these data

suggest that while KSHV/HHV8 infection seems to drive the

extracellular phenotype of PEL, EBV superinfection seems crucial in

promoting the survival and proliferation of malignant cells. These

data, obtained on a limited number of patients, need further

evaluation to define the exact position of FlowFish in the diagnostic

workup of PEL.

In conclusion, FlowFISH appears to be a promising tool for the

accurate and rapid diagnosis of PEL and other complex virus‐induced

lymphoproliferations.
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