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A B S T R A C T

Primary effusion lymphoma (PEL) is a serious sequel to Human Herpes Virus 8 (HHV8) infection in the im-
munosuppressed host. Usually requiring a cytological diagnosis, body cavity effusions are often referred for
investigation for possible PEL. Although absence of HHV8 effectively refutes this, the presence of HHV8 DNA,
though indicative is not diagnostic. Referred effusion and plasma samples from 10 patients with HHV8-related
pleural and pericardial effusions were submitted for quantitative investigations. HHV8 DNA and human DNA
from unseparated effusion extracts have been quantified allowing estimation of virus-to-cell ratios in effusion
fluid. These ratios varied widely between 0.003 and 700. Five fluids had in excess of 106 HHV-8 DNA genome
equivalents per ML (GEq/ML), ranging between 18 and 300 million GEq/ML. Four of these five effusions were
from patients with cytologically proven PEL and had virus to cell (V:C) ratios between 100 and 700 to 1. The
remaining high load effusion exhibited a ratio of 1.6 to 1 and came from a patient with extensive thoracic
Kaposi’s sarcoma. Five effusion fluids with low viral loads exhibited virus to cell ratios between 0.003 and 0.5.
High effusion HHV8 load, though supportive of a diagnosis of PEL is less accurate than using virus to cell ratios.

1. Background

Human herpes Virus 8 (HHV-8), also known as Kaposi’s Sarcoma
Herpes Virus (KSHV), is a gamma herpes virus [1] linked to various
diseases, primarily in HIV-1 infected patients but also in other im-
munosuppressive conditions and more rarely in immunocompetent in-
dividuals. First described in 1994 [1], the associated various diseases
include Kaposi’s Sarcoma (KS) [2], multicentric Castleman’s disease [3]
and other lymphoproliferative disorders, including lymphomas, hae-
mophagocytic [4,5] syndromes and Primary Effusion Lymphoma (PEL)
[6]. The relationship between HHV-8 and associated oncogeneses, in-
flammatory and lymphoproliferative disorders have recently been re-
viewed and referenced in some detail [7]. PEL is a rare B cell lineage
non-Hodgkin’s Lymphoma linked to HHV-8 as the causative agent. It

presents with a malignant effusion in body cavities without a solid tu-
mour mass. This condition has historically had a poor outcome, with a
median survival rate of < 1 year and only a 36% likelihood of achieving
complete remission [8]. Prompt diagnosis and treatment is required to
maximise patient remission rates.

In 2010 it was observed that levels of HHV-8 in the pleural effusion
fluid of 2 kidney transplant patients with PEL was much higher than
levels in plasma [9]. High copy numbers of cell associated virus gen-
omes in clonal PEL B cells have been observed [10], a high virus to cell
ratio in PEL effusion fluid has also been described [11,12]. Estimation
of this ratio in addition to HHV-8 loads in the effusion has the potential
to assist in diagnosing PEL and differentiating it from KS-related HHV-8
containing effusions. The value of using viral genome copies per cell as
a diagnostic aid has already been shown in the case of cytomegalovirus
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(CMV) associated intestinal disease [13]. Body fluids are often referred
for investigation of HHV8 markers. We have previously shown that
HHV8 plasma viraemia, potentially indicating escape from control is a
good predictor of risk for developing clinical KS [14] and this marker is
used commonly for diagnostic and therapy monitoring. It is particularly
useful in presumptive Castleman’s disease [14]. Effusion fluids, often of
unknown storage provenance, are received for investigation of potential
aetiological roles for HHV8 or its exclusion. The absence of detectable
HHV8 DNA in an effusion extract renders HHV8 involvement unlikely.
However the interpretation of detection of HHV8 DNA in the whole
lysate of an effusion, often the only available diagnostic modality is yet
to be determined.

2. Objectives

A review has been undertaken of HHV-8 molecular testing of effu-
sion samples over a period of six years. The correlation between HHV-8
viral loads in whole effusion fluid extracts and plasma, the virus:cell
(V:C) ratio in such effusion fluids and a correlation with the clinical
features leading to referral for the investigation of potential PEL were
investigated for potential diagnostic correlation.

3. Study design

3.1. Patients and samples

Samples of recurrent effusion were received from 22 patients. Ten
specimens, nine of pleural and one of pericardial origin, contained
detectable HHV8 DNA and were further investigated for HHV8 and cell
DNA quantification. Clinical and diagnostic information was available
and their clinical status and clinical management linked to the HHV8
markers. All but patient one were male, (mean age 35, range 23–63),
patient 7 was a female aged 25. All were HIV 1 infected except patient
10 who was a renal transplant recipient. Patients 1 to 4 were subse-
quently considered to have a cytologically-substantiated diagnosis of
PEL on follow up. Patient 5 was found to have extensive intrathoracic
KS. The cause of the persistent effusion in patient 6–10 was considered
to be secondary to other causes or remained unknown at the time of
review. Three of the five remaining patients (patients 6, 8 and 9) had
evidence of Kaposi sarcoma within or adjacent to the lungs. No addi-
tional investigations were undertaken in the two remaining patients
(patient 7 and 10).

3.2. Molecular markers

HHV-8 viral loads were estimated from taqman assays based on
dilutions of cultured HHV-8 virus quantified against target containing
plasmids as previously described [15]. Cell numbers were estimated by
measuring the Pyruvate de-Hydrogenase gene (PDH) against a quanti-
fied set of dilutions derived from commercially available human
genomic DNA.

3.3. Nucleic acid extraction

DNA was extracted from 200 μl, of plasma and of unfractionated
body cavity effusion fluids on the Roche MagNAPure 96, (Roche DNA
and Viral NA small volume kit, (Viral NA Universal SV protocol, version
3.1) and eluted in 50 μl. HHV-8 standards were included for viral load
estimation and an internal control of murine Cytomegalovirus (mCMV)
was spiked into every sample prior to extraction.

3.4. Taqman PCR

The detection and measurement of HHV-8 in all samples was as
previously described [15]. HHV-8 primers and probes were as described
in Bourboulia et al. [16] and mCMV primers and probes were as

described in Garson et al. [17]
Human cell numbers in the effusion fluid were calculated by a se-

parate taqman PCR based on the Pyruvate de-Hydrogenase gene (PDH),
using human DNA standards of known cell equivalents. The primers
and probes for this assay were as follows:

PDH Forward Primer:
5′-TGAAAGTTATACAAAATTGAGGTCACTGTT-3′
PDH Reverse Primer:
5′- TCCACAGCCCTCGACTAACC -3′
PDH Probe:
5′ VIC−CCCCCAGATACACTTAAGGGATCAACTCTTAATTGT-

3′TAMRA
All amplifications were carried out in 50 μl reaction volumes, in-

cluding 20 μl of sample eluate, using the ABsolute QPCR ROX Mix with
a final concentration of 400nMol for each primer and 200nMol for each
probe. All taqman PCRs were carried out on an ABI 7500 real time
platform with the following cycling conditions: 1 cycle; 95 °C for
15 min, then 45 cycles; 95 °C for 15 s, 60 °C for 60 s with data acquisi-
tion.

4. Results

Between November 2009 and June 2016, body cavity effusion fluid
samples from 22 patients were sent to the Virus Reference Department
for HHV-8 DNA detection and quantification. Samples from 12 patients,
including both effusion fluids and plasma, did not contain detectable
HHV8 DNA. These samples were therefore excluded from further con-
sideration. Multiple plasma samples and effusion samples were avail-
able on the remaining HHV-8 study subset of 10 patients. Four patients
were considered on a cytological basis to have PEL (patients 1–4). Four
of the six remaining patients (patients 5, 6, 8 and 9) had evidence of
Kaposi sarcoma within or adjacent to the lungs. No additional in-
vestigations were undertaken in the two remaining patients (patient 7
and 10).

Paired plasma and effusion samples taken within 20 days of each
other were available for all 10 patients. Five effusion fluid samples
(patients 1–5) contained high levels of detectable HHV8 DNA ranging
between 1.8 × 107 and 3 × 10 [8] GEq/ml of fluid. The v:c ratio
ranged between 1.6 and 700 (Fig. 1). Five other effusion samples (pa-
tients 6–10) also contained HHV8 DNA but at lower levels, ranging
from 130 to 1.4 × 104 GEq/ml of fluid. The V:C ratio ranged between
0.003 and 0.5 (Fig. 1). The relationship between the effusion fluid
HHV8 viral load and the virus to cell ratio in the effusion fluid is dis-
played for all patients (Fig. 1).

In the five individuals with high HHV-8 DNA levels the viral load
was at least three orders of magnitude lower in the plasma in com-
parison to that in the effusion fluid (Table 1). Paired plasma and effu-
sion samples were available from the five patients with low effusion
HHV8 levels (patients 6–10). The plasma viral load ranged between
0.05 and 8.2 times that in the effusion.

5. Discussion

Patients investigated for PEL are almost exclusively im-
munosuppressed, with detectable HHV-8 DNA circulating in the plasma
as cell free viraemia [18]. The use of cell-free plasma viraemia is widely
used in clinical practice for alpha, beta and gamma herpes viruses
[19–24] and HHV-8 is no exception [25–29]. All patients with PEL will
have clinical evidence of body cavity fluid (exudation/transudation
effusion fluid), often recurrent after drainage or dispersal. This may
occur in any body cavity but is most commonly associated with the
pleural space and the pericardium. This fluid, best considered as a
transudate, will contain a significant element of plasma which may also
contain plasma derived virus as one source of the effusion HHV8 load.
Cell free virus may also be released in transudates from active KS tissue
and therefore cell free virus can also be a marker of KS presence. In the
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effusion of PEL, cell free and cell associated HHV-8 will be constituents
of the effusion viral load. An initial review of the transmittal of the
reference samples confirmed earlier findings and showed that plasma
and effusion fluids were referred, often several days to weeks after the
initial sample was taken. For this reason it was deemed that reliable
PBMC analysis, cytology or separation and analysis of the cellular
component of the effusion fluid was simply impossible in any of these
cases. In clinical practice it is usual to confirm partitioning of virus
across a potentially leaky barrier and this was the rational for de-
termining cell free HHV8 DNA in plasma and exudate/effusion fluid. As
shown in this study, high levels of HHV8 DNA detected in effusions are
however not pathognomonic for PEL (See Table 1 and Fig. 1). De-
termination of the HHV-8 V:C ratio in the effusion fluid appears to be a
better predictor of a diagnosis of PEL, as determined by cytology for all
of these patients. This study also confirms previous findings that mea-
surement of virus levels in the circulating plasma alone does not con-
tribute to making a diagnosis of PEL. In both PEL and non-PEL cases
circulating HHV-8 DNA levels in plasma were broadly similar, varying
from 1.2 × 10E2-3.3 × 10E4GEq/ml (Table 1), confirming that the
differentiation between PEL and non-PEL cases on the basis of plasma
viral load is not possible. There seems no reason to suspect that a cel-
lular measure of HHV8 in the peripheral blood would be any more
accurate.

In 5 out of 6 of the non-PEL samples (patients 5 to 10 inclusive)
HHV-8 levels in the effusion fluid ranged from 1.3 × 10E2-6.8 × 10E3
GEq/ml. These values broadly correlated with HHV-8 DNA levels in
plasma, ranging in between 0.3 and 20 fold difference between mat-
ched effusion and plasma samples. For the remaining non-PEL high
viral load sample (patient 5), HHV-8 DNA levels were 2000 fold higher
in the effusion than in the matched plasma sample, reflecting a final
diagnosis of very extensive intra-thoracic KS tissue.

In the four individuals in whom PEL had been diagnosed (patients
1–4), HHV-8 DNA levels in the effusion fluid were between 2500 and
40,000 times higher than matched plasma samples. On the basis of the
evidence presented here, any effusion fluid sample which contains
HHV-8 detectable DNA and exhibits a virus to cell genome ratio ≥100
would be highly likely to be indicative of PEL, whilst any sample with a
virus to cell ratio ≤1 would be highly unlikely to be indicative of PEL
as evidenced (Fig. 1). An effusion sample with a genomic ratio falling
between these two figures should lead to further investigation to con-
firm or exclude a diagnosis of PEL, with the probability of PEL in-
creasing as the virus to cell ratio increases. Further study of HHV-8 DNA
positive body cavity effusions may help to refine this range further but
given the rarity of this condition, the data from these 10 cases with 4
being confirmed as PEL, the estimation of virus copy to cell genome
ratios in pleural effusions remains an important aid in the confirmation

Fig. 1. HHV-8 concentration in effusion fluid vs virus
copy to cell genome ratio in the effusion fluid.
The viral load (log10 copies per ml) in the effusion
fluid is plotted against the virus copy to cell genomic
ratio in the effusion fluid (log10). Effusion fluids cluster
in two distinct groups. Those from patients 6–10 (open
circles) are separate from a second group (patients
1–4, solid circles). A single effusion fluid associates
with neither group (patient 5, hatched circle).

Table 1
HHV-8 viral loads in effusion fluid, plasma and virus to cell genome ratio in effusion fluid from ten patients with detectable HHV-8 DNA.

Patient
Number

HHV-8 viral load in
effusion fluid (GEq/ml)

HHV-8 viral load in
plasma (GEq/ml)

Ratio of effusion fluid viral load
to Plasma viral load

HHV-8 virus copy/cell genomic
ratio in effusion fluid

1* 3 × 10E8 3.3 × 10E4 9100 137
2* 1.3 × 10E8 3.3 × 10E4 3900 700
3* 8.7 × 10E7 2.3 × 10E3 38000 224
4* 7.1 × 10E7 2.8 × 10E4 2500 100
5 1.8×10E7 9.2×10E3 2000 1.6
6 6.8 × 10E3 1 × 10E3 6.8 0.5
7 2.8 × 10E3 2.3 × 10E4 0.12 0.02
8 2.6 × 10E3 1.2 × 10E2 22 0.01
9 4.5 × 10E2 9 × 10E2 0.5 0.04
10 1.3 × 10E2 4.2 × 10E2 0.31 0.003

Bold: Patient for whom the assignment of PEL status using the virus to cell ratio in the effusion fluid was uncertain.
* Patients subsequently diagnosed with PEL.
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of HHV-8 related effusion lymphomas. To facilitate the uptake of this
methodology development of standards for the measurement of HHV-8
virus copy numbers would facilitate direct comparisons between dif-
fering HHV-8 quantification methods.

In summary, the determination of the circulating levels of HHV-8
viral DNA in plasma or effusion fluid alone is neither sufficient for the
delineation of PEL, nor as a predictive value for the probability of PEL.
In contrast the virus copy to cell genomic ratio in the relevant effusion
fluid in conjunction with circulating virus levels in both plasma and
effusion fluid should prove a diagnostically more accurate tool in the
diagnosis of HHV-8 linked PEL.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Competing interests

None declared.

Ethical approval

Informed consent was obtained from all patients for the testing
undertaken.

Acknowledgements

Colleagues within the Clinical Service Unit at PHE, without whom
this work would not be possible and Margaret Kingston at the
Manchester Royal Infirmary for her clinical observations.

References

[1] Y. Chang, E. Cesarman, M.S. Pessin, F. Lee, J. Culpepper, D.M. Knowles, et al.,
Identification of herpesvirus-like DNA sequences in AIDS-associated Kaposi’s sar-
coma, Science 266 (5192) (1994) 1865–1869.

[2] D. Stats, The visceral manifestations of Kaposi’s sarcoma, J. Sinai Hosp. N. Y. 12
(1946) 971–983.

[3] J. Soulier, L. Grollet, E. Oksenhendler, P. Cacoub, D. Cazals-Hatem, P. Babinet,
et al., Kaposi’s sarcoma-associated herpesvirus-like DNA sequences in multicentric
Castleman’s disease, Blood 86 (4) (1995) 1276–1280.

[4] N. Lerolle, M. Laanani, S. Riviere, L. Galicier, P. Coppo, J.L. Meynard, et al.,
Diversity and combinations of infectious agents in 38 adults with an infection-
triggered reactive haemophagocytic syndrome: a multicenter study, Clin. Microbiol.
Infect. 22 (3) (2016) 268 e1-8.

[5] C.F. Li, H. Ye, H. Liu, M.Q. Du, S.S. Chuang, Fatal HHV-8-associated hemophago-
cytic syndrome in an HIV-negative immunocompetent patient with plasmablastic
variant of multicentric Castleman disease (plasmablastic microlymphoma), Am. J.
Surg. Pathol. 30 (1) (2006) 123–127.

[6] E. Cesarman, Y. Chang, P.S. Moore, J.W. Said, D.M. Knowles, Kaposi’s sarcoma-
associated herpesvirus-like DNA sequences in AIDS-related body-cavity-based
lymphomas, N. Engl. J. Med. 332 (18) (1995) 1186–1191.

[7] M. He, et al., Molecular biology of KSHV in relation to HIV/AIDS-associated on-
cogenesis, in: C. Meyers (Ed.), HIV/AIDS-Associated Viral Oncogenesis. Cancer
Treatment and Research, 177 Springer, Cham, 2019.

[8] W.R. Foster, A. Bischin, R. Dorer, D.M. Aboulafia, Human herpesvirus type 8-as-
sociated large B-cell lymphoma: a nonserous extracavitary variant of primary ef-
fusion lymphoma in an HIV-infected man: a case report and review of the literature,
Clin. Lymphoma Myeloma Leuk. 16 (6) (2016) 311–321.

[9] E. Regnier-Rosencher, B. Barrou, A.G. Marcelin, C. Jacobzone-Leveque, J. Cadranel,
V. Leblond, et al., Primary effusion lymphoma in two kidney transplant recipients,
Ann. Dermatol. Venereol. 137 (4) (2010) 285–289.

[10] R. Renne, M. Lagunoff, W. Zhong, D. Ganem, The size and conformation of Kaposi’s
sarcoma-associated herpesvirus (human herpesvirus 8) DNA in infected cells and
virions, J. Virol. 70 (11) (1996) 8151–8154.

[11] A.G. Marcelin, J. Motol, A. Guihot, E. Caumes, J.P. Viard, E. Dussaix, et al.,
Relationship between the quantity of Kaposi sarcoma-associated herpesvirus
(KSHV) in peripheral blood and effusion fluid samples and KSHV-associated dis-
ease, J. Infect. Dis. 196 (8) (2007) 1163–1166.

[12] E. Boulanger, F. Agbalika, O. Maarek, M.T. Daniel, L. Grollet, J.M. Molina, et al., A
clinical, molecular and cytogenetic study of 12 cases of human herpesvirus 8 as-
sociated primary effusion lymphoma in HIV-infected patients, Hematol. J. 2 (3)
(2001) 172–179.

[13] T. Ganzenmueller, C. Henke-Gendo, J. Schlue, J. Wedemeyer, S. Huebner, A. Heim,
Quantification of cytomegalovirus DNA levels in intestinal biopsies as a diagnostic
tool for CMV intestinal disease, J. Clin. Virol. 46 (3) (2009) 254–258.

[14] D. Shingadia, M.R. Howard, N.S. Brink, D. Gibb, N. Klein, R. Tedder, V. Novelli,
Kaposi’s sarcoma and KSHV, Lancet 346 (8986) (1995) 1359–1360.

[15] R. Sayer, J. Paul, P.W. Tuke, S. Hargreaves, M. Noursadeghi, R.S. Tedder, et al., Can
plasma HHV8 viral load be used to differentiate multicentric Castleman disease
from Kaposi sarcoma? Int. J. STD AIDS 22 (10) (2011) 585–589.

[16] D. Bourboulia, D. Aldam, D. Lagos, E. Allen, I. Williams, D. Cornforth, et al., Short-
and long-term effects of highly active antiretroviral therapy on Kaposi sarcoma-
associated herpesvirus immune responses and viraemia, AIDS 18 (3) (2004)
485–493.

[17] J. Garson, P.R. Grant, U. Ayliffe, R.B. Ferns, R.S. Tedder, Real-time PCR quantita-
tion of hepatitis B virus DNA using automated sample preparation and murine
cytomegalovirus internal control, J. Virol. Methods 126 (Jun. (1–2)) (2005)
207–213.

[18] R. Tedeschi, A. Marus, E. Bidoli, C. Simonelli, P. De Paoli, Human herpesvirus 8
DNA quantification in matched plasma and PBMCs samples of patients with HHV8-
related lymphoproliferative diseases, J. Clin. Virol. 43 (Nov. (3)) (2008) 255–259.

[19] M.D. de Jong, J.F. Weel, T. Schuurman, P.M. Wertheim-van Dillen, R. Boom,
Quantitation of varicella-zoster virus DNA in whole blood, plasma, and serum by
PCR and electrochemiluminescence, J. Clin. Microbiol. 38 (Jul. (7)) (2000)
2568–2573.

[20] J.L. Ryan, H. Fan, L.J. Swinnen, S.A. Schichman, N. Raab-Traub, M. Covington,
S. Elmore, M.L. Gulley, Epstein-Barr Virus (EBV) DNA in plasma is not encapsidated
in patients with EBV-related malignancies, Diagn. Mol. Pathol. 13 (Jun. (2)) (2004)
61–68.

[21] J.S. Kalpoe, A.C. Kroes, S. Verkerk, E.C. Claas, R.M. Barge, M.F. Beersma, Clinical
relevance of quantitative varicella-zoster virus (VZV) DNA detection in plasma after
stem cell transplantation, Bone Marrow Transpl. 38 (Jul. (1)) (2006) 41–46.

[22] J. Sassenscheidt, J. Rohayem, T. Illmer, D. Bandt, Detection of beta-herpesviruses in
allogenic stem cell recipients by quantitative real-time, J. Virol. Methods 138 (Dec.
(1–2)) (2006) 40–48 Epub 2006 Sep 7.

[23] P.J. de Pagter, R. Schuurman, H. Visscher, M. de Vos, M. Bierings, A.M. van Loon,
C.S. Uiterwaal, D. van Baarle, E.A. Sanders, J. Boelens, Human herpes virus 6
plasma DNA positivity after hematopoietic stem cell transplantation in children: an
important risk factor for clinical outcome, Biol. Blood Marrow Transplant. 14 (Jul.
(7)) (2008) 831–839, https://doi.org/10.1016/j.bbmt.2008.04.016.

[24] M.F. Beersma, G.M. Verjans, H.J. Metselaar, A.D. Osterhaus, W.R. Berrington,
G.J. van Doornum, Quantification of viral DNA and liver enzymes in plasma im-
proves early diagnosis and management of herpes simplex virus hepatitis, J. Viral
Hepat. 18 (Apr. (4)) (2011) e160–6, https://doi.org/10.1111/j.1365-2893.2010.
01352.x.

[25] F. Broccolo, S. Bossolasco, A.M. Careddu, G. Tambussi, A. Lazzarin, P. Cinque,
Detection of DNA of lymphotropic herpesviruses in plasma of human im-
munodeficiency virus-infected patients: frequency and clinical significance, Clin.
Diagn. Lab. Immunol. 9 (Nov. (6)) (2002) 1222–1228.

[26] A.M. Polstra, R. Van Den Burg, J. Goudsmit, M. Cornelissen, Human herpesvirus 8
load in matched serum and plasma samples of patients with AIDS-associated
Kaposi’s sarcoma, J. Clin. Microbiol. 41 (Dec. (12)) (2003) 5488–5491.

[27] C. Simonelli, R. Tedeschi, A. Gloghini, R. Talamini, M.T. Bortolin, M. Berretta,
M. Spina, S. Morassut, E. Vaccher, P. De Paoli, A. Carbone, U. Tirelli, Plasma HHV-8
viral load in HHV-8-related lymphoproliferative disorders associated with HIV in-
fection, J. Med. Virol. 81 (May (5)) (2009) 888–896.

[28] J. Stebbing, C. Adams, A. Sanitt, S. Mletzko, M. Nelson, B. Gazzard, T. Newsom-
Davis, M. Bower, Plasma HHV8 DNA predicts relapse in individuals with HIV-as-
sociated multicentric Castleman disease, Blood 118 (Jul. (2)) (2011) 271–275.

[29] A.M. Cattelan, A. Mattiolo, A. Grassi, M.A. Piano, L. Sasset, M. Trevenzoli,
P. Zanovello, M.L. Calabrò, Predictors of immune reconstitution inflammatory
syndrome associated with Kaposi’s sarcoma: a case report, Infect Agent Cancer 11
(Feb) (2016) 5.

S. Carne, et al. Journal of Clinical Virology 116 (2019) 7–10

10

http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0005
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0005
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0005
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0010
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0010
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0015
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0015
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0015
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0020
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0020
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0020
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0020
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0025
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0025
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0025
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0025
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0030
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0030
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0030
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0035
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0035
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0035
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0040
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0040
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0040
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0040
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0045
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0045
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0045
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0050
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0050
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0050
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0055
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0055
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0055
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0055
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0060
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0060
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0060
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0060
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0065
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0065
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0065
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0070
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0070
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0075
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0075
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0075
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0080
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0080
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0080
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0080
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0085
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0085
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0085
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0085
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0090
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0090
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0090
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0095
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0095
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0095
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0095
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0100
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0100
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0100
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0100
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0105
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0105
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0105
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0110
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0110
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0110
https://doi.org/10.1016/j.bbmt.2008.04.016
https://doi.org/10.1111/j.1365-2893.2010.01352.x
https://doi.org/10.1111/j.1365-2893.2010.01352.x
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0125
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0125
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0125
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0125
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0130
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0130
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0130
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0135
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0135
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0135
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0135
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0140
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0140
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0140
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0145
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0145
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0145
http://refhub.elsevier.com/S1386-6532(19)30069-1/sbref0145

	Human Herpes-8 virus copy to cell ratio: A diagnostic tool in primary effusion lymphoma
	Background
	Objectives
	Study design
	Patients and samples
	Molecular markers
	Nucleic acid extraction
	Taqman PCR

	Results
	Discussion
	Funding
	Competing interests
	Ethical approval
	Acknowledgements
	References




