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ARTICLE INFO ABSTRACT

Keywords: Background: Lymphocytic pleural effusions of unclear etiology are frequent after lung transplantation and are
Pleural effusion associated with adverse outcomes. Reactivation of human herpesviruses, in particular Epstein-Barr Virus (EBV),
Lung transplantation has been demonstrated to account for a share of unclear pleural effusions in immunocompetent and -compro-
gl\e/[r\e esvirus mised patients. Here, we assessed the detection of human herpesviruses in a large lung transplant pleural effusion
EBV cohort.

Methods: A prospectively sampled cohort of 99 pleural effusions of 67 lung transplant recipients was analyzed for
HSV-1, HSV-2, EBV, CMV, HHV-6 and HHV-7 by gqPCR. Clinical characteristics were compared between virus-
positive versus negative pleural effusions.

RESULTS: EBV could be detected in 35 %, HHV-6 in 19 %, CMV in 4 % and HHV-7 in 1 % of assessed pleural
effusion samples, whereas HSV-1 and HSV-2 could not be detected. Median viral load for EBV was 1500 copies/
ml, for HHV-6 1300 copies/ml and for CMV 163 copies/ml. Overall, no relevant differences were found
comparing the characteristics of EBV-, HHV6- and CMV-positive versus negative pleural effusions.

Conclusions: Herpesviruses can be detected in low copy numbers in a share of lung transplant pleural effusions.
However, they do not seem to account for the high rate of unclear lymphocytic effusions after lung
transplantation.
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1. Introduction

Pleural effusions are fluid accumulations in the pleural cavity that
can lead to dyspnea and cough [1]. Pleural effusions after LTX are not
merely incidental findings: they have been associated with impaired
lung function, an increased probability of baseline lung allograft
dysfunction (BLAD) and higher mortality [2-4]. Early pleural effusions
are usually related to surgical factors, are highly exudative and have a
high neutrophil count [5]. Pleural effusions that occur at later time-
points may have a wider variety of etiologies, e.g. renal failure, malig-
nancy or infection [2]. A large share of late pleural effusions after LTX,
however, cannot be attributed to a specific etiology despite extensive
evaluation and remain unclear [2]. These effusions are frequently lym-
phocytic exudates and represent a major diagnostic and pathophysio-
logical challenge [2]. To improve lung transplant outcomes, it is
imperative to develop a better understanding of their etiology paving a
way for potential therapeutic strategies.

Reactivation of herpesviruses under immunosuppressive therapy is
an important cause of morbidity and mortality in solid organ transplant
recipients with lung transplant recipients being particularly vulnerable.
Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) are among the
most clinically relevant herpesviruses in organ recipients and are known
to cause severe systemic and organ-specific complications [6]. Earlier
observations suggested a possible link between herpesviruses and
pleural effusions: a study by Takei and Mody investigating EBV-positive
pleural effusions reported that all examined cases occurred in lung
transplant recipients [7]. However, systematic and prospective data
addressing the prevalence, viral burden, and clinical relevance of her-
pesviruses in pleural effusions after lung transplantation are lacking.

To address the hypothesis that herpesviruses might be associated
with pleural effusions after lung transplantation, we examined the
prevalence, virus load and associated clinical characteristics of herpes-
viruses in pleural effusions derived from the largest prospectively bio-
banked cohort of LTX pleural effusions to date. By sytematically
analyzing pleural fluid samples, this study aims to clarify the clinical
relevance of herpesvirus detection in pleural effusions and to provide a
more robust evidence base for future diagnostic and therapeutic
approaches.

2. Materials and methods
2.1. Ethics

This study was approved by the local ethics committee of the
Ludwig-Maximilians-University (LMU) Munich, Ethic vote #19-629.
Written informed consent to participate in this study was obtained from
all patients, in accordance with the local ethics committee of LMU,
Munich, Germany.

2.2. Patient cohort

The prospective pleural effusion biobanking included 99 pleural
effusion samples from 67 LTX recipients obtained between March 2021
and June 2024 from the CPC-M bioArchive at the Comprehensive
Pneumology Center (CPC Munich, Germany).

2.3. Clinical data

Clinical data were collected from the CPC-M bioArchive. Serology
testing for EBV and CMV was performed in the evaluation of the
recipient before lung transplantation. Microbiological examination
including bacterial cultures, acid-fast bacilli (AFB) staining, tuberculosis
polymerase chain reaction (TB PCR), tuberculosis cultures as well as
histopathological examination was performed for every pleural effusion.
Classification into trans- and exudates was performed according to
Light’s criteria [1] extended by the protein gradient criterion by Romero
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et al [7]. Pleural effusions were considered lymphocytic when contain-
ing more than 50 % lymphocytes, neutrophilic when containing more
than 50 % neutrophils, and in other cases classified as mixed effusions
[8]. Renal function was categorized by the estimated glomerular filtra-
tion rate (eGFR) at the time of pleural effusion. For repeated pleural
effusion samples, the eGFR at the time of the first thoracentesis was
included in the study when demographics were demonstrated. Under-
lying lung diseases were classified functionally into interstitial lung
disease, obstructive lung disease, vascular lung disease and others.

2.4. Categorization of etiology of pleural effusions

Etiologies of pleural effusions were assigned by a transplant physi-
cian based on clinical context, laboratory findings and pleural fluid
findings, including cytology and microbiology. Detailed definitions for
etiologies of pleural effusions can be found in the Supplement.

2.5. Nucleic acid extraction

Nucleic acids from patient material were extracted in the accredited
routine diagnostics laboratory of the Max von Pettenkofer institute
virology department according to established standard operating pro-
cedures using a QIAsymphony SP instrument in combination with the
QIAsymphony DSP Virus/Pathogen Mini Kit (Qiagen, Hilden, Germany;
art. No. 937036).

2.6. Quantitative polymerase chain reaction

Quantitative real-time PCR (qPCR) was performed to detect and
quantify herpesviral DNA in patient samples. Reactions were run ac-
cording to established and validated protocols in the accredited routine
diagnostics laboratory. In-house PCRs were used to quantitatively assess
herpesviral loads using LightCycler 480 II (Roche Diagnostics, Man-
nheim, Germany) or 7500 Fast Real-Time PCR (Applied Biosystems, MA,
USA) cyclers. Serial dilutions of plasmid DNA were used to generate
standard curves for quantitative analysis. Validated LOD95 were 300
copies/ml for EBV, 1000 copies/ml for HHV-6, 800 copies/ml for CMV,
900 copies/ml for HHV-7 and 700 copies/ml for HSV1 and 2.

2.7. Statistical analysis

Mean and standard deviations (SD) were used for parametric data.
Median and interquartile range (IQR) was used for non-parametric data.
SPSS was used to calculate statistics. For the comparison of continuous
variables, the Mann-Whitney U test was used. For comparison of cate-
gorical variables, the Chi-squared test was applied. For comparisons,
where multiple pleural effusion samples of the identical study individual
were analyzed, linear mixed-effects models were used to account for the
repeated measurements. A p-value of <0.05 was considered statistically
significant.

3. Results
3.1. Baseline characteristics

Between March 2021 and June 2024, 67 LTX patients were diag-
nosed with pleural effusions and thoracentesis was performed. In total,
99 pleural effusion samples from these 67 LTX recipients were analyzed.
35 patients (52 %) contributed more than one pleural effusion sample.
Median age was 60 years, 30 % of the patients were female. Reasons for
lung transplantation in this cohort were interstitial lung disease (66 %),
obstructive lung disease (27 %), vascular lung disease (4 %) and other
causes (3 %). At the time of effusion, the majority (87 %) of LTX re-
cipients received triple immunosuppressive therapy with tacrolimus,
mycophenolate mofetil (MMF) and corticosteroids. According to KDIGO
guidelines, 21 % of the recipients had a normal kidney function (G1) at
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time of first thoracocentesis, while 19 % had a mild reduction (G2), 33 %
a moderate reduction (G3), 16 % a severe reduction (G4) and 10 % a
very severe reduction of kidney function (G5). Only 1 of the recipients
had a history of PTLD and 2 recipients a history of other malignancies
prior to thoracentesis. None of the patients developed PTLD (post-
transplant lymphoproliferative disorder) after thoracentesis. Other ma-
lignancies after thoracocentesis were detected in 6 LTX recipients.
Donor and recipient serostatus were assessed for EBV and CMV before
transplantation. Most frequent combination of EBV serostatus was donor
and recipient positive (D+R+, 69 %). 34 % of the study cohort had a
CMV high-risk constellation (D+R-), 46 % an intermediate risk
constellation (D+R+ or D-R+) and 19 % a CMV low risk constellation
(D-R-) (Table 1).

3.2. Pleural effusion characteristics

Median time from LTX to thoracocentesis was 326 days with a wide
distribution (IQR: 51 -1518). For almost half of the pleural effusions (43
%) the etiology was unclear. Second and third most common causes of
pleural effusions were post-operative (24 %) and renal failure (16 %).
Malignancy (5 %), heart failure (4 %), infection (2 %) and other causes
(3 %) were less frequent. 70 % of the effusions were exudates and 28 %
transudates. More than half of the pleural effusions (55 %) were docu-
mented as lymphocytic. Mixed effusions (26 %) were more common
compared to neutrophilic effusions (13 %). Pleural effusions had a

Table 1
Demographics of the study cohort consisting of lung transplantation (LTX)
patients.

Demographics LTX Recipients (n= 67)

Age at LTX (years) (median [IQR])

% female patients

Patients with Multiple Effusions (n)

Underlying Lung Disease
Interstitial Lung Disease (n)
Obstructive Lung Disease (n)
Vascular Lung Disease (n)
Other (n)

Immunosuppressive Regimen
Tacrolimus+ Steroids (n)
Tacrolimus+ Everolimus+ Steroids (n)
Tacrolimus+ Sirolimus+ Steroids (n)
Ciclosporin+ Steroids (n)

Renal Function at the Time of Pleural Effusion*

60 [54-69]
30 % (20/67)
52 % (35/67)

66 % (44/67)
27 % (18/67)
4 % (3/67)
3 % (2/67)

87 % (58/67)
4 % (3/67)
4 % (3/67)
4 % (3/67)

o1 21 % (14/67)
62 m 19 % (13/67)
o 33 % (22/67)
ot m 16 % (11/67)
o 10 % (7/67)
History of Malignacy Pre-effusion”*
PTLD (n) L% (e
Other (n) 3 % (2/67)
History of Malignacy Post-effusion”*
PTLD (n) o
Other (n) 5 % (6/67)
EBV serostatus pre-LTX ***
D+R+ (n) 69 % (46/67)
DR 4% (3/67)
DR () 4% (3/67)
D-R- (n) N
CMYV serostatus pre-LTX
D+R+ (n) 25 % (17/67)
D+R- (n) 34 % (23/67)
DRE () 21 % (14/67)
D@ 19 % (13/67)
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median pleural protein of 2,9 g/dl (IQR: 2,2-3,55 g/dl) and median LDH
of 179,5 U/I (IQR: 139-272 U/I). Median serum CRP levels were mildly
elevated with 2,3 mg/dl (IQR: 0,7-7,4 mg/dl). Microbiology results
revealed that 7 % of the pleural effusions were aerobic and/or anaerobic
bacteria positive. None (0 %) tested positive for mycobacterium tuber-
culosis (Table 2).

3.3. Prevalence of Herpesviruses in pleural effusions

EBV could be detected in 35/99 (35 %), HHV-6 in 19/99 (19 %),
CMV in 4/99 (4 %) of lung transplant pleural effusions. HHV-7 was
detected in only 1/99 (1 %) pleural effusions while HSV-1, HSV-2 were
not detected in any sample (Table S1). Pleural effusion viral loads and
their relation to time after lung transplantation are depicted in
Figure S1.

3.4. EBYV positive versus negative pleural effusions

Median EBV copy number in EBV-positive effusions was 1500
copies/ml (IQR 435-10450). No relevant differences were observed

Table 2
Characteristics of the cohort of pleural effusions.

Characteristics Pleural Effusion (n= 99)

LTX to PE time (in days) (median [IQR])
Etiology of Effusion
Unclear (n)
Post-operative (n)
Renal Failure (n)
Malign (n)
Heart Failure (n)
Infection (n)
Other (n)
Type of Effusion (Transudate/ Exudate)
Exudate (n)
Transudate (n)
Unknown (n)
Type of Effusion (Lymphocytic/Neutrophilic)
Lymphocytic (n)
Neutrophilic (n)
Mixed Effusion (n)
Unknown (n)
Pleura Differential Cell Count *
Total Cell Count (/ul) (median [IQR])
Lymphocyte (/ul) (median [IQR])

326 [51-1518]

43 % (43/99)
24 % (24/99)
16 % (16/99)
5 % (5/99)
4 % (4/99)
2 % (2/99)
5 % (5/99)

70 % (70/99)
28 % (28/99)
1% (1/99)

55 % (54/99)
13 % (13/99)
26 % (26/99)
6 % (6/99)

757 [379-1732]
334 [129-830]

Neutrophil Granulocyte (/pl) (median [IQR]) 52 [11-240]
Eosinophil Granulocyte (/ul) (median [IQR]) 0 [0-3]
Macrophages (/ul) (median [IQR]) 8 [0-67]
Monocytes (/pl) (median [IQR]) 89 [30-208]
Mesothelial Cell (/ul) (median [IQR]) 3 [0-27]
Serum laboratory chemistry results
CRP (mg/dl) (median [IQR]) 2,3 [0,7-7,4]
Creatinine (mg/dl) (median [IQR]) 1,5 [1,1-2,3]
LDH (U/1) (median [IQR]) 257 [230-323]
Protein (g/dl) (median [IQR]) 5,8 [5,2-6,4]
Albumin (g/dl) (median [IQR]) 3,4 [3-3,9]

Pleural laboratory chemistry results™

LDH (U/I) (median [IQR]) 179,5 [139-272]

Protein (g/dl) (median [IQR]) 2,9 [2,2-3,55]
Albumin (g/dl) (median [IQR]) 1,75 [1,3-2,2]
Cholesterol (mg/dl) (median [IQR]) 55,5 [32-71]
Triglycerides (mg/dl) (median [IQR]) 19 [14-28]

Microbiology results
aerobic and/or anaerobic bacteria positive 7 % (7/99)
Fungal pathogen detected 5 % (5/99)
TBC PCR positive 0

* Renal function classified based on eGFR-value at the time of thoracentesis, in
accordance with KDIGO guidelines.

" Pre-effusion malignancy: any malignancy diagnosed before the thoracent-
esis. Post-effusion malignancy: any new or newly detected malignancy diag-
nosed after the thoracentesis.

" Donor or recipient EBV serostatus was missing in 15 patients.

# Pleura total cell counts were unavailable for two pleural effusion samples
and differential cell counts were missing for six pleural effusion samples; these
were therefore excluded.

* Some lab results on pleural fluid protein (2 samples), albumin (5 samples),
LDH (3 samples), Cholesterol (7 samples), and triglyceride (7 samples) were
absent and thus omitted from the analysis.
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between the characteristics and demographics of EBV-positive and EBV-
negative pleural effusions (Table 3, Table S2).

3.5. CMV positive versus negative pleural effusions

4 pleural effusions were CMV positive (4 %) with a median CMV
copy number of 163 (IQR 18-111.448) (Table 4, Table S3). One pleural
effusion had an exceptionally high CMV virus load (4.600.000 copies/
ml). This effusion was from a patient who was an inward patient at that
time for antiviral treatment for systemic CMV infection. 3 CMV positive
pleural effusions (75 %) occurred in patients with a CMV high risk
constellation (D+R-). 2 of the 4 CMV-positive pleural effusions occurred
in patients who had systemic CMV reactivation at the time of
thoracocentesis.

3.6. HHV-6 positive versus negative pleural effusions

19 pleural effusions tested positive for HHV-6 (19 %) with a median
copy number of 1300 (IQR: 550-13000) (Table 5, Table S4). The etiol-
ogy of the majority of HHV-6 positive samples was post-operative (58
%). HHV6-positive pleural effusions had higher amounts of neutrophil
granulocytes (107/ul vs. 48/ul, p=0.049) and higher amounts of
monocytes (91/ul vs. 86/ul, p=0.024).

3.7. HHV-positivity and pleural effusion etiology

When stratified by EBV-, HHV6- and CMV-positivity, it was noted
that EBV-positive pleural effusions represented a similar share of unclear
(37 %), post-operative (33 %) and renal failure effusions (44 %). In
contrast, HHV-6 positivity was predominantly noted in post-operative
(46 %) and only occurred in a minority of unclear (9 %) or renal fail-
ure (6 %) pleural effusions (Table S5).

4. Discussion

Pleural effusions represent a frequent problem after lung trans-
plantation and often remain unclear despite thorough diagnostics. Pre-
vious studies have demonstrated associations between HHV infections
and lymphocytic effusions [9,10]. Yet, evidence of HHV presence in
pleural effusions of lung allograft recipients remains sparse. Here, we
analyzed presence, viral load and clinical correlates of human herpes-
viruses in a large prospectively sampled pleural effusion cohort of LTX
recipients.

Prevalence of EBV in pleural effusions has been controversially dis-
cussed in previous publications [8-10]. We could demonstrate that EBV
is detectable in 35 % of LTX pleural effusions, however with low virus
load. The median copy number of 1500 copies/ml was slightly higher
compared with previous studies, where a median EBV viral load of
around 450 copies/ml was found in EBV-positive pleural effusions in
immunocompetent patients and a median EBV viral load of 530
copies/ml was found in EBV-positive effusions in lung transplant re-
cipients [9,10]. Post-transplant lymphoproliferative disorder (PTLD) is a
malignancy that occurs in SOT recipients and arises from an unre-
strained proliferation of lymphocytes that is frequently triggered by EBV
reactivation. LTX recipients have a moderate to high incidence of PTLD
compared to other solid organ transplants [11]. In our study, no asso-
ciation of EBV-positive effusion and PTLD before or after thoracocent-
esis was found. When comparing clinical and biochemical
characteristics between EBV-positive and negative groups, we were not
able to demonstrate any differences between these groups. Analogous to
Arnold et al., EBV prevalence was not different between pleural effu-
sions of various etiologies in lung allograft recipients [8]. This pattern
might be compatible with bystander shedding or passive diffusion of
virus material of adjacent compartments and thus does not indicate a
causative role of EBV in unclear pleural effusions in lung allograft
recipients.
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Table 3
Demographics of lung transplantation (LTX) patients by pleural effusion EBV
(Epstein-Barr virus) status (EBV- vs. EBV+).

Demographics EBV EBV p-
Negative Positive value
n=64 n=35

Age at LTX (years) (median [IQR]) 60 [55-64] 59 [57-62] 0,489

Age at PE (years) (median [IQR]) 61 [56-68] 63 [60-68] 0,168

LTX to PE time (in days) (median 238 [50- 419 [73- 0,137

[IQR]) 1388] 17471

% female patients 30 % (19/ 37 % (13/ 0,453
64) 35)
Patients with multiple effusions (n) 50 % (33/ 67 % (24/ 0,104
64) 35)
Underlying Lung Disease 0,133
Interstitial Lung Disease (n) 55 % (35/ 74 % (26/
64) 35)
Obstructive Lung Disease (n) 36 % (23/ 14 % (5/35)
64)

Vascular Lung Disease (n) 6 % (4/64) 11 % (4/35)

Other (n) 3 % (2/64) 0

History of Malignancy Pre-effusion” 0,137
PTLD (n) 0 3% (1/35)
Other (n) 5% (3/64) 9 % (4/35)

History of Malignancy Post-effusion” 0,749
PTLD (n) 0 0
Other (n) 9 % (6/64) 11 % (4/35)

Etiology of Effusion 0,360

Unclear (n) 42 % (27/ 46 % (16/
64) 35)

Post-operative (n) 25 % (16/ 23 % (8/35)
64)

14 % (9/64)
5% (3/64)

20 % (7/35)
3% (1/35)

Renal Failure (n)
Heart Failure (n)

Malign (n) 5 % (3/64) 6 % (2/35)
Infection (n) 3% (2/64) 0
Other (n) 6 % (4/64) 3 % (1/35)
Type of Effusion (Transudate/ 0,840
Exudate)
Transudate (n) 27 % (17/ 31% (11/
64) 35)
Exudate (n) 74 % (47/ 66 % (23/
64) 35)
Unknown (n) 0 3% (1/35)
Type of Effusion (Lymphocytic/ 0,272
Neutrophilic)
Lymphocytic (n) 53 % (34/ 57 % (20/
64) 35)
Neutrophilic (n) 8 % (5/64) 23 % (8/35)
Mixed Effusion (n) 33%(21/64) 14 % (5/35)

Unknown (n)
Pleura Differential Cell Count”

6 % (4/64) 6 % (2/35)

Total Cell Count (/pl) (median [IQR]) 708 [357- 843 [491- 0,502
1592] 2296]

Lymphocyte (/ul) (median [IQR]) 46 [19-74] 49 [24-62] 0,665

Neutrophil Granulocyte (/ul) (median 27 [8-56] 38 [18-57] 0,680

[IQRD)

Eosinophil Granulocyte (/pl) (median 0 [0-0] 0 [0-6] 0,600

[IQR])

Macrophages (/ul) (median [IQR]) 8 [0-75] 8 [0-45] 0,278

Monocytes (/pl) (median [IQR]) 85 [29-275] 89 [32-192] 0,280

Mesothelial Cell (/pl) (median [IQR]) 6 [0-50] 0 [0-11] 0,038
Pleura laboratory chemistry

results**

LDH (U/1) (median [IQR]) 184 [134- 182 [145- 0,663

310] 291]

Protein (g/dl) (median [IQR]) 2,9 [2,2-3,6] 2,7 [2,2-3,5] 0,827

Albumin (g/dl) (median [IQR]) 1,7 [1,4-22] 1,6 [1,1-2,3] 0,236

Cholesterol (mg/dl) (median [IQR]) 57 [33-69] 53 [30-73] 0,683

Triglycerides (mg/dl) (median [IQR]) 17 [13-27] 22 [16-31] 0,512
Microbiological results 0,203

aerobic and/or anaerobic bacteria 9 % (6/64) 3% (1/35)

positive

Fungal pathogen detected 2% (1/64) 11 % (4/35)
Unknown (n) 2% (1/64) 3% (1/35)
EBV Serostatus pre LTX 0,105

(continued on next page)
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Table 3 (continued) Table 4

Demographics of lung transplantation (LTX) patients by pleural effusion CMV

Demographics EBV EBV p- i
Negative Positive value (Cytomegalovirus) status (CMV- vs. CMV+).
n=64 n=35 Demographics CMV Negative = CMV p-
D+R+ 599 (38/  749% (26/ (n=95) Positive value
64) 35) (n=4)
D+R- 3% (2/64) 3 % (1/35) Age at LTX (years) (median 59 [56-63] 59 [57-61] 0,919
D-R+ 5 % (3/64) 11 %(4/35) [IQR1)
D-R- 0 0 Age at PE (years) (median [IQR]) 61 [57-68] 59 [58-62] 0,705
D?R+ 28 % (18/ 6 %(2/35) LTX to PE time (in days) (median 326 [49-1524] 247 [94-643] 0,332
64) [IQR])
D?R- 0 3% (1/35) % female patients 34 % (32/95) 0 0,161
D+R? 5 % (3/64) 0 Patients with Multiple Effusions 58 % (55/95) 50 % (2/4) 0,757
D-R? 0 0 )
D?R? . . . 0 3% (1/35) Underlying Lung Disease 0,29
EBV Me'dlan Vll:al load in Pleural not 1500 [435- 0,05 Obstructive Lung Diseases (n) 27 % (26/95) 50 % (2/4)
Effusion (copies/ml) [IQR] detectable 10450] Interstitial Lung Diseases (n) 62 % (59/95) 50 % (2/4)
All the analyses were performed using linear mixed-effects models (LMMs) to Vascular Lung Diseases (n) 8% (8/95) 0
cys . Other (n) 2 % (2/95) 0
account for repeated measurements within patients. A p-value of <0.05 was e .
. .. S CMV specific prophylaxis/
considered statistically significant. therapy
" Pre-effusion malignancy: any malignancy diagnosed before the thoracent- Val-/Aciclovir (n) 20 % (19/95) 0 0,325
esis. Post-effusion malignancy: any new or newly detected malignancy diag- Valganciclovir (n) 35 % (33/95) 0 0,152
nosed after the thoracentesis. #Pleura total cell counts were unavailable for two Letermovir (n) 3 % (3/95) 50 % (2/4) <0,001
pleural effusion samples and differential cell counts were missing for six pleural History of Malignacy Pre-effusion 0,702
effusion samples; these were therefore excluded.
“* Some lab results on pleural fluid protein (2 samples), albumin (5 samples), PT}];D @ 0 . 25 % (1/4)
LDH (3 samples), Cholesterol (7 samples), and triglyceride (7 samples) were ,Ot er (n) . 7% (7/95) 0
i . History of Malignacy Post- 0,499
absent and thus omitted from the analysis. -
effusion
PTLD (n) 0 0
HHV-6 is a herpesvirus that frequently reactivates upon immuno- Other (n) ) 11 % (10/95) 0
suppression and that can be detected after various solid organ trans- Eti})mlgy °(f liff““o“ 3% (4195 509% (2/4) 0,843
. . . nclear (n, () ()
plantations such as lung, kidney, liver and heart [12]. Usually HHV-6 Post-operative (n) 25 % (24/95) 0
reactivation is asymptomatic and only leads to clinically apparent dis- Renal Failure (n) 16 % (15/95) 25 % (1/4)
ease in a minority of patients. HHV6 viral load is frequently an indicator Malign (n) 5 % (5/95) 0
of high levels of immunosuppression and is indirectly linked to other Heart Failure (n) 4% (4/95) 0
T . . . . Infection (n) 1% (1/95) 25 % (1/4)
opportunistic infections such as CMV-reactivation or fungal diseases Other () 5% (5/95) o
[12]. To date, only a few case reports exist about HHV-6 detection in Type of Effusion (Transudate/ 0,922
pleural fluid and both originate from severely immunocompromised Exudate)
patients [13,14]. In this study, we could detect HHV-6 in 19 pleural Exudate (n) 71 % (67/95) 75 % (3/4)
effusion samples (19 %) with a rather low median copy number (1300 Transudate (n) 28 % (27/95) 25% (1/49)
i 1). HHV-6 iti ffusions predominantly originated from Unknown () 1% /95 0
copies/ml). -6 positive effusions predominantly originated fro Type of Effusion (Lymphocytic/ 0,186
patients that only recently had transplantation, and the adjudicated Neutrophilic)
etiology of the pleural effusion was most often post-operative. This Lymphocytic (n) 56 % (53/95) 25 % (1/4)
finding is likely attributable to high-intensity immunosuppression in the Neutrophilic (n) 14%(13/95) 0
early post-transplant period and therefore predominantly observed in Mixed Effusion (n) 24 % (23/95) 75 % (3/4)
y P piant per P y Unknown (n) 6 % (6/95) 0
early postoperative effusions. Pleura Differential Cell Count”
In our cohort consisting of 99 pleural effusions, only 4 tested for CMV Total Cell Count (/ul) (median 757 [368- 744 [464- 0,575
positive. Due to this small number, a meaningful interpretation of [IQR]) . 1792] 1535]
treatment outcomes and trends remain limited. The high viral load in ;ymtph";}_’;ec(/ “Dl(me?‘a(l; [II)QRD ‘3‘? Eé;g ig {:1‘;;6] g’zgi
oy . 11 . I eutrophi ranulocyte - - ,
one CMV-positive effusion (4.6 million copies/ml) under antiviral (me driag [IOR]) e LK
therapy demonstrates that high CMV viremia can also lead to high viral Eosinophil Granulocyte (/) 0 [0-3] 0 [0-4) 0,602
loads in the pleural space, which warrants further investigation. In our (median [IQR])
study, however, we could not differentiate between active replication in ?’Iacrsphages (/uD) (median 7(0-54] 74[25168] 0,668
. . . IQR
the pleural space or passive shedding of v1r.al PNA. Monocytes (/ul) (median [IOR) o1 [30-208] 52 [9-404] 0,921
To our knowledge, there are only very limited reports about HSV-1, Mesothelial Cell (/1) (median 2 [0-27] 73 [5-133] 0,135
HSV-2 and HHV-7 in pleural effusions in the literature [15,16]. In our [IQR])
study, we could not detect HSV-1, HSV-2 in LTX pleural effusions, and Pleura laboratory chemistry
only one effusion tested positive for HHV-7 thus suggesting that these results™ )
likely to contribute to pleural effusion pathogenesis in LTX LDH (U/1) (median [IOR]) 185 [140-306] 181 [98-181] 0,508
are unlixely P pathog Protein (g/dl) (median [IQR]) 2,8[2236]  26[1,726] 0783
recipients. Albumin (g/dl) (median [IQR]) 1,7 [1,3-2,3] 1,6 [1,2-1,6] 0,952
It is remarkable that the predominant cell type in (unclear) post- Cholesterol (mg/dl) (median 56 [32-73] 39 [30-39] 0,249
transplant effusions are lymphocytes, which was not only noted in our IQRD) .
study, but also in previously published studies by other transplant cen- Triglycerides (mg/dl) (median 18,5 [14-30] 2[10-22) 0,699
: ; . [IQRD)
ters [10,2,17]. In the Takei study, lymphocytosis could be detected in Microbiological results 0,459
more than half of pleural effusions collected from LTX recipients (65 %, aerobic and/or anaerobic bacteria 7 % (7/95) 0
13/20) [10]. In our study neither EBV-positive, HHV-6-positive or positive (n)
Fungal pathogen detected (n) 5 % (5/95) 0

CMV-positive effusions constituted a distinct subgroup. Only minimal
differences were observed between virus-positive and virus-negative

(continued on next page)
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Table 4 (continued)

Demographics CMV Negative =~ CMV p-
(n=95) Positive value
(n=4)
Unknown (n) 2% (2/95) 0
CMYV Serostatus pre LTX 0,222
D+R+ (n) 24 % (23/95) 25 % (1/4)
D+R- (n) 31 % (29/95) 75 % (3/4)
D-R+ (n) 25 % (24/95) 0
D-R- (n) 20 % (19/95) 0
D?R+(n) 0 0
CMV Median Viral load in Pleural  not detectable 163 [18-
Effusion (copies/ml) [IQR] 111448] <0,001
CMV Viral load in Blood
Median (copies/ml) [IQR] 0 [35-0] 6694[159- <0,001
3453300]
>200 copies/ml (n) 3 % (3/95) 50 % (2/4) <0,001

All the analyses were performed using linear mixed-effects models (LMMs) to
account for repeated measurements within patients. A p-value of <0.05 was
considered statistically significant.

" Pre-effusion malignancy: any malignancy diagnosed before the thoracent-
esis. Post-effusion malignancy: any new or newly detected malignancy diag-
nosed after the thoracentesis.

# Pleura total cell counts were unavailable for two pleural effusion samples
and differential cell counts were missing for six pleural effusion samples; these
were therefore excluded.

“* Some lab results on pleural fluid protein (2 samples), albumin (5 samples),
LDH (3 samples), Cholesterol (7 samples), and triglyceride (7 samples) were
absent and thus omitted from the analysis.

pleural effusions, and overall copy numbers were low. In particular, the
proportion of lymphocytic effusions as well as the share of pleural ef-
fusions of unclear etiology did not differ significantly between
HHV-positive and HHV-negative cases. These findings suggest that
HHV-positive effusions do not represent a distinct pleural effusion eti-
ology after transplantation and instead point toward alternative causes
of lymphocytic pleural effusions.

Advantages of the study include the use of a large, prospectively
collected and representative cohort of LTX recipients from a high-
volume center, in which every available pleural effusion sample un-
dergoing thoracentesis underwent a standardized clinical, biochemical,
microbiological, and cytological evaluation as well as a consistent
clinical annotation. The inclusion of both early and late post-transplant
pleural effusions allows for temporal analysis of viral prevalence pat-
terns, while the parallel evaluation of multiple herpesviruses using
accredited clinical-grade assays provides a more complete virological
assessment than in previous studies. However, our study beholds a
number of limitations: PCR-based viral load quantification cannot
differentiate between replicating (viable) virus and ambient viral DNA
or viral shedding, limiting the interpretation of pathogenic relevance in
virus-positive samples. Undirected transport of virus particles or viral
DNA from adjacent tissue compartments or localized reactivation within
the pleural space cannot be definitively differentiated without matched
serum or tissue-based viral quantification. The pathogenic significance
of the low-copy viral detection thus remains unclear. Further, serum
EBV and HHV-6 viral loads were not routinely monitored at our center,
prohibiting a correlation between systemic and pleural levels.

5. Conclusions

Overall, herpesviruses, especially EBV, HHV6 and CMV were
detectable in pleural effusions of lung allograft recipients however with
rather low copy numbers. HHV-positive pleural effusions did not form a
distinct entity. Altogether, the data argues against a potential viral
origin in unexplained pleural effusions after lung transplantation and
promotes an alternative hypothesis of unclear, lymphocytic effusions, e.
g. an alloimmune process between the visceral (donor) and parietal
(recipient) pleural sheets.
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Table 5
Demographics of lung transplantation (LTX) patients by pleural effusion HHV-6
status (HHV-6- vs.HHV-6-+).

Demographics HHV-6 HHV-6 p-
Negative Positive value
n=80 n=19

Age at LTX (years) (median [IQR]) 59 [56-62] 61 [59-65] 0,079

Age at PE (years) (median [IQR]) 62 [56-68] 64 [59-68] 0,285

LTX to PE time (in days) (median 463 [88- 24 [20-419] 0,249

[IQR]) 1559]
% female patients 34 % (27/80) 26 % (5/19) 0,538
Patients with Multiple Effusions (n) 63 % (50/80) 37 % (7/19) 0,219
Underlying Lung Disease 0,252

Obstructive Lung Diseases (n) 28%(22/80) 32 % (6/19)
Interstitial Lung Diseases (n) 69 % (48/80) 68 % (13/
19)

Vascular Lung Diseases (n) 10 % (8/80) 0
Other (n) 3 % (2/80) 0
History of Malignacy Pre-effusion” 0,586

PTLD (n) 1 % (1/80) 0
Other (n) 8 % (6/80) 11 % (2/19)
History of Malignacy Post-effusion” 0,441
PTLD (n) 0 0
Other (n) 11 % (9/80) 5% (1/19)
Etiology of Effusion 0,068

Heart Failure (n) 4 % (3/80) 5% (1/19)

Renal Failure (n) 19% (15/80) 5 %(1/19)

Malign (n) 4 % (3/80) 11 % (2/19)

Post-operative (n) 16 % (13/80) 58 % (11/
19)

Infection (n)
Other (n)

3 % (2/80) 0
6 % (5/80) 0

Unclear (n) 49 % (39/80) 21 % (4/19)
Type of Effusion (Transudate/ 0,238
Exudate)
Exudate (n) 68 % (54/80) 84 % (16/
19)

Transsudate (n)
Unknown (n)

31%(25/80) 16 % (3/19)
1 % (1/80) 0

Type of Effusion (Lymphocytic/ 0,986
Neutrophilic)
Lymphocytic (n) 58 % (46/80) 42 % (8/19)
Neutrophilic (n) 9 % (7/80) 32 % (6/19)
Mixed Effusion (n) 26 % (21/80) 26 % (5/19)

Unknown (n)
Pleura Differential Cell Count”

8 % (6/80) 0

Total Cell Count (/pl) (median [IQR]) 794 [386- 718 [206- 0,14
1592] 35771

Lymphocyte (/ul) (median [IQR]) 354 [179- 192 [71- 0,216
848] 513]

Neutrophil Granulocyte (/pl) (median 48 [10-142] 107 [25- 0,049

[IQR]) 2862]

Eosinophil Granulocyte (/ul) (median 0 [0-5] 0 [0-0] 0,542

[IQRD)

Macrophages (/ul) (median [IQR]) 10 [0-76] 2 [0-20] 0,157

Monocytes (/ul) (median [IQR]) 86 [29-199] 91 [29-428] 0,024

Mesothelial Cell (/ul) (median [IQR]) 3 [0-32] 3 [0-14] 0,163

Pleura lab results**

LDH (U/D) (median [IQR]) 176 [132- 479 [188- 0,113
255] 1195]

Protein (g/dl) (median [IQR]) 2,9 [2,4-3,6] 2,6 [1,9-2,8] 0,055

Albumin (g/dl) (median [IQR]) 1,8 [1,3-2,3] 1,6 [1,1-1,7] 0,039

Cholesterol (mg/dl) (median [IQR]) 56 [33-69] 54 [31-83] 0,718

Triglycerides (mg/dl) (median [IQR]) 19 [13-27] 18 [15-30] 0,472

Microbiological results 0,151
aerobic and/or anaerobic bacteria 4 % (3/80) 21 % (4/19)
positive

Fungal pathogen detected 4 % (3/80) 11 % (2/19)
Unknown (n) 3 % (2/80) 0

HHV-6 Median Viral load in Pleural not 1300 [550- 0,006
Effusion (copies/ml) [IQR] detectable 13000]

All the analyses were performed using linear mixed-effects models (LMMs) to
account for repeated measurements within patients. A p-value of <0.05 was
considered statistically significant. Pre-effusion malignancy: any malignancy
diagnosed before the thoracentesis.

" Post-effusion malignancy: any new or newly detected malignancy diagnosed
after the thoracentesis. *Pleura total cell counts were unavailable for two pleural
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effusion samples and differential cell counts were missing for six pleural effusion
samples; these were therefore excluded.

“* Some lab results on pleural fluid protein (2 samples), albumin (5 samples),
LDH (3 samples), Cholesterol (7 samples), and triglyceride (7 samples) were
absent and thus omitted from the analysis.
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