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A multicentre study was undertaken to de®ne
novel assays with increased inter-assay concor-
dance, sensitivity, speci®city and predictive value
for serological diagnosis of human herpesvirus
type 8 (HHV-8) infection. A total of 562 sera from
European and Ugandan human immunode®-
ciency virus (HIV)-infected or uninfected indivi-
duals with or without Kaposi's sarcoma (KS) and
blood donors were examined under code by 18
different assays in seven European laboratories.
Sera from KS patients and all non-KS sera found
positive by at least 70%, 80%, or 90% of the assays
were considered ``true positive.'' The validity of
the assays was then evaluated by univariate
logistic regression analysis. Two immuno¯uor-
escence assays (IFA) for detection of antibodies
against HHV-8 lytic (Rlyt) or latent (LLANA)
antigens and two enzyme-linked-immunosor-
bent assays (ELISA) (M2, EK8.1) for detection of
antibodies against HHV-8 structural proteins
were found to be highly concordant, speci®c,
and sensitive, with odds ratios that indicated a
high predictive value. When used together, the
two IFA (Rlyt-LLANA) showed the best combina-
tion of sensitivity (89.1%) and speci®city (94.9%).
The performance of these assays indicate that
they may be used for the clinical management of
individuals at risk of developing HHV-8 associat-
ed tumours such as allograft recipients. J. Med.
Virol. 65:123±132, 2001. ß 2001 Wiley-Liss, Inc.
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INTRODUCTION

Human herpesvirus-8 (HHV-8) [Chang et al., 1994] is
a g-herpesvirus associated with the development of
Kaposi's sarcoma (KS), a proliferative disease of vas-
cular origin particularly frequent in individuals in-
fected with the human immunode®ciency virus (HIV),
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elderly people from Mediterranean countries, African
populations, and kidney allograft recipients [Chang
et al., 1994; Ensoli and StuÈ rzl, 1998; Schulz, 1999].
HHV-8 DNA is found invariably in KS lesions [Moore
et al., 1996; Dupon et al., 1997; Knowles and Cesarman,
1997], and several lines of evidence suggest that HHV-8
infection is required for KS development. In fact, HHV-
8 seroprevalence is high in population groups or
geographical areas with high incidence of KS [Kedes
et al., 1996; Simpson et al., 1996; Gao et al., 1996b;
CalabroÁ et al., 1998; Olsen et al., 1998], and HHV-8
infection in individuals at risk for KS is predictive of KS
development [Whitby et al., 1995; Gao et al., 1996a;
Renwick et al., 1998; Farge et al., 1999; Rezza et al.,
1999]. In addition, HHV-8 is present in a latent form in
KS spindle cells that are considered to be the tumour
cells of KS [Boshoff et al., 1995; Sturzl et al., 1997;
Ensoli and StuÈ rzl, 1998; Schulz, 1999]. Moreover, KS
develops and progresses with an intermittent or
persistent HHV-8 viraemia [Whitby et al., 1995; Decker
et al., 1996; Harrington et al., 1996; Monini et al., 1999]
and recent data indicate that infection is reactivated by
the same in¯ammatory cytokines increased in indivi-
duals with KS or at high risk of developing KS [Monini
et al., 1999].

HHV-8 infection is also associated with primary
effusion lymphomas (PEL), a rare form of lymphoma
without clear nodal origin arising almost exclusively in
patients with AIDS [Cesarman et al., 1995; Gaidano
et al., 1996], and multicentric Castleman's disease, a
lymphoproliferative disease often occurring in HIV
positive or negative individuals with KS [Soulier et al.,
1995; Grandadam et al., 1997]. HHV-8 DNA is
invariably detected in PEL and PEL-derived cell lines,
whereas it is absent in other AIDS-associated lympho-
mas [Gaidano et al., 1996]. In addition, a high HHV-8
DNA load in peripheral blood mononuclear cells from
patients with multicentric Castleman's disease corre-
lates with the exacerbation of disease symptoms
[Grandadam et al., 1997]. Thus, HHV-8 infection
probably plays a causative role also in these lympho-
proliferative disorders.

In the general population, HHV-8 seroprevalence
shows marked geographical variations, with a rela-
tively wide distribution in Southern Europe as com-
pared to Northern Europe and North America, and
with the highest prevalence in African countries [Kedes
et al., 1996; Simpson et al., 1996; Gao et al., 1996b;
CalabroÁ et al., 1998; Olsen et al., 1998]. In different
socio-economic settings HHV-8 seroconversion occurs
at different ages, and the virus is likely transmitted by
different modes [Kedes et al., 1996; Blauvelt et al.,
1997; Bourboulia et al., 1998; CalabroÁ et al., 1998;
Olsen et al., 1998; Regamey et al., 1998a; Andreoni
et al., 1999; Schulz, 1999; Sitas et al., 1999; Smith et al.,
1999]. In the developed countries, HHV-8 seroconver-
sion is observed in the adult age and the virus is
transmitted most likely by sexual contact [Kedes et al.,
1996; Blauvelt et al., 1997; Regamey et al., 1998a;
CalabroÁ et al., 1999; Smith et al., 1999], whereas the

frequent seroconversions observed in children from
African countries are probably due to virus transmis-
sion by saliva or mother-to-child transmission [Bour-
boulia et al., 1998; Andreoni et al., 1999; Schulz, 1999;
Sitas et al., 1999].

The determination of the HHV-8 serostatus is
important for surveillance and prevention of HHV-8-
associated diseases, particularly in organ transplanta-
tion and in the clinical management of HIV infection.
Infact, kidney or heart allograft recipients who are
infected by HHV-8 due to organ transplantation have a
high risk of KS or PEL development [Regamey et al.,
1998b; Dotti et al., 1999; Farge et al., 1999] probably
due to HHV-8 reactivation and active replication
[Hudnall et al., 1998]. The risk of KS may be
exceedingly high when the organ donor and recipient
are both HHV-8 positive [Parravicini et al., 1999]. In
addition, the HHV-8 serostatus appears to be critical
for people exposed to HIV infection, and the risk of KS
is particularly high in individuals that are infected by
HHV-8 after HIV seroconversion [Renwick et al., 1998,
Rezza et al., 1999]. So far, however, the design of an
algorithm for serological diagnosis of HHV-8 infection
has been hampered by the poor concordance of the
available serological assays [Rabkin et al., 1998]. The
results are described of a multicentre study aimed at
de®ning novel or improved HHV-8 serological assays or
combination of assays with increased concordance,
sensitivity, speci®city, and predictive value.

MATERIALS AND METHODS

Serum Panels

Five serum panels containing a total of 562 indivi-
dual sera were generated and coded by the laboratories
participating to the study. Panel Munich 1 consisted of
100 samples (23 sera from AIDS-KS patients, 1 PEL
patient, 36 sera from HIV±1 infected individuals with-
out clinical signs of KS (HIV positive - KS negative), 2
patients with lymphoma, and 38 sera from healthy
individuals). The HIV±1 infected patients were asymp-
tomatic (33 subjects) or full-blown AIDS (3 patients); 30
out of these subjects were males, the majority of whom
were infected by homosexual contact. Panel Munich 2
consisted of 173 serum samples from 12 patients with
AIDS-KS, 80 HIV positive-KS negative individuals (8
with AIDS and 72 asymptomatic; 65 were males, the
majority of whom experienced homosexual practices),
and 81 healthy individuals. The Basel panel contained
25 sera from AIDS-KS patients, 5 from HIV positive-KS
negative individuals, 33 from individuals seeking HIV
counselling who experienced unprotected sexual con-
tacts or due to anxiety, and 37 from blood donors. The
Rome panel contained 87 sera from Italian blood
donors. The Uganda panel contained a total of 102 sera
from HIV positive or HIV negative patients attending
various clinics at the St. Mary's Lacor-Hospital in Gulu,
North Uganda. Nine out of 102 sera were from AIDS
patients, 44 from pregnant women (one of whom was
seropositive for HIV-1), 34 from patients with various
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diseases (12 HIV positive), and 15 with tuberculosis (3
of which HIV positive).

After the results of the serological assays were
reported, the codes were broken and the data analysed.
Diagnosis of HIV infection was con®rmed by testing
all sera for anti-HIV-1 antibodies, except for the
Munich 2 panel the sera of which had been screened
for HIV-1.

Serological Assays

Six immuno¯uorescence assays (IFA) (LLANA, Rlyt,
Rlat, SB1, and SBio) and 8 enzyme-linked-immunosor-
bent assays (ELISA) (B65, EK8.1, EK12, E65, L65, L73,
M1, and M2) were used. The ®rst letter of the above
acronyms identi®es the city in which the test was
developed or performed (B � Basel, E � Erlangen, L �
Liverpool, M � Munich, R � Rome, S � Stuttgart).

The IFA included assays for the detection of anti-
bodies against both HHV-8 latent (LLANA, Rlat, SB1,
and SBio) or lytic (Rlyt) antigens. M1 and M2 are two
versions of a novel ELISA based on a mixture of
peptides from the HHV-8 open reading frames (ORF)
20, 65, and K8.1A. The other ELISAs (B65, EK8.1,
EK12, E65, L65, and L73) are based on recombinant
proteins from single HHV-8 ORFs. The numbers in the
acronyms identify the respective HHV-8 ORF. Addi-
tional ELISAs (for a total of 12 ELISAs) were under-
taken with peptides speci®c for a single HHV-8 ORF
selected from the peptide mixture used for M1 or M2
ELISA.

LLANA (Liverpool Latent Nuclear
Antigen IFA)

This immune ¯uorescence assay is based on the PEL
cell line BCP-1 cells and was carried out as described
previously [Simpson et al., 1996]. Brie¯y, BCP-1 cells
were washed in phosphate buffered saline (PBS),
smeared on microscope multiwell slides, ®xed in 4%
paraformaldehyde, permeabilised in 0.2% Triton X-
1000, blocked in 100 mM glycine, and followed by 10%
foetal calf serum (FCS). Patient sera were diluted 1:50
in PBS containing 2% FCS, added to slides for 1 hour,
followed by three washes in PBS, and incubated with a
FITC-conjugated anti-human IgG antibody (DAKO).

SB1 and Sbio (Stuttgart BCBL-1 and
Stuttgart Biotrin IFAs)

The SB1 IFA was carried out with the PEL cell line
(BCBL-1) (provided by R. Renne, San Francisco, CA)
[Renne et al., 1996]. A suspension of BCBL-1 cells was
spotted in 21-well slides and cells were air-dried and
®xed with acetone. For IFA, slides were ®rst incubated
with serum samples diluted to 1:50 and 1:100 for 30
minutes at 378C, followed by incubation with ¯uor-
escein-conjugated goat anti-human antibody as the
secondary antibody. Slides were scored independently
by two operators. Samples with titres of >1:100 were
considered positive. Serial dilutions of all positive

serum samples were independently tested a second
time. SBio is a commercial kit (Biotrin, Ltd., Dublin,
Ireland) and was used according to the instructions of
the manufacturer.

Rlyt and Rlat (Rome Lytic and
Latent Antigens IFAs)

These assays are based on BCBL-1 cells and were
carried out as described [Andreoni et al., 1999, Rezza
et al., 1999]. Brie¯y, to detect anti-lytic antigen
antibodies tetradecanoylphorbol acetate (TPA)-induced
BCBL-1 cells [obtained from Dr. M. McGrath and
Dr. D. Ganem through the AIDS Research and Ref-
erence Reagent Program, Division of National Institute
of AIDS, Allergy and Infectious Diseases (NIAID),
National Institute of Health (NIH)] were smeared on
slides and ®xed with a methanol/acetone (1:1; vol/vol)
solution at ÿ208C for 10 min, whereas IFA to detect
anti-latent antigen antibodies was performed with
nuclei of BCBL-1 cells isolated as previously described
[Andreoni et al., 1999]. Fixed smears were pre-blocked
by incubation with PBS supplemented with 3% FCS for
30 minutes in a humidi®ed chamber and then incu-
bated successively in two steps of 45 minutes each at
378C with the test serum diluted 1:10 with PBS supple-
mented with 1% glycine and 2% FCS or with goat
¯uorescein isothiocyanate-conjugated anti-human
antibodies. Titrations were carried out by 4-fold serial
dilutions. All microscopic examinations were blinded.

EK8.1, EK.12, E65 (Erlangen orfK8.1,
orfK12, or orf65 ELISAs)

For EK8.1, a polypeptide comprising amino acids 27±
196 of HHV-8 K8.1A (�K8.1beta) spliced mRNA [Raab
et al., 1998] including an N-terminal histidine-tag
(MRGSHHHHHHGS), was expressed in Escherichia
coli (E. coli) and the recombinant protein was puri®ed
by Ni-af®nity chromatography. For E65 and EK12, the
complete coding regions from ORF65 and K12/Kapo-
sinA were ampli®ed from HHV-8 genomic DNA,
expressed as glutathione S-transferase (GST)-fusion
proteins. The fusion proteins were puri®ed as described
previously [Lang et al., 1999]. Polystyrene microplates
(96-wells) were coated with puri®ed antigens (1 mg/ml)
or blocking buffer (PBS, 2% FCS) according to standard
procedures. Sera were diluted 1:50, added to coated
wells, and incubated for 60 minutes at 378C. Wells were
washed four times with blocking buffer before the
addition of a goat anti-human immunoglobulin coupled
to horseradish peroxidase (DAKO). After incubation at
378C for 30 minutes, wells were washed four times with
blocking buffer and incubated for 30 minutes at 228C
with O-phenylenediamine (Sigma Chemical Co., Buchs,
Switzerland) supplemented with 30% H2O2 (16.6 ml/
10 ml), followed by incubation for 15 minutes at 378C.
The reaction was stopped with 1 N sulphuric acid. The
cut-off for EK8.1 was determined on 177 human sera
that were found to be non-reactive by lytic IFA on
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BCBL-1 cells and Western blot for HHV-8 proteins
K8.1, ORF73, K12, and ORF65. Cut-off values for K12
and ORF65 ELISA were calculated as described else-
where [Lang et al., 1999].

B65 (Basel orf65 ELISA)

Recombinant proteins corresponding to the amino
acids 86-170 of the HHV8 ORF65 were expressed in
M14 bacteria and puri®ed by af®nity chromatography
on Ni-NTA resin (Qiagen, Basel, Switzerland). The
assay was carried out as described previously [Rega-
mey et al., 1998a,b]. Brie¯y, microplates (Greiner,
Frickenhausen, Germany) were coated overnight with
100 ml of puri®ed protein (2 mg/ml) in 0.1 N NaHCO3,
pH 8.5, at 48C. The plates were washed with PBS
containing 0.1% Tween 20 (PBS-T) and saturated with
5% dried skimmed milk in PBS-T (blocking buffer).
Patient sera were diluted 1:100. For serum IgG
detection, a peroxidase conjugated goat anti-human
IgG (Sigma Chemical Co., Buchs, Switzerland) (dilu-
tion 1:2,000) was used as described by the manufac-
turer. The mean plus ®ve standard deviations of the
optical density values from ®ve blood donor sera was
taken as ``cut-off'' value for each plate. Two reactive
sera of patients with KS were used as positive controls
on each plate.

L65, L73 (Liverpool orf65 and orf73 ELISAs)

Recombinant orf65 and orf73 derived proteins were
expressed in E. coli using the pQE42 vector (Quiagen,
Hilden, Germany); the assays were carried out as
described previously [Rainbow et al., 1997; Simpson
et al., 1996]. Brie¯y, microplates (Dynatech Immulon 4)
were coated for 15 hours with recombinant puri®ed
proteins dissolved in 100 mM NaHCO3, pH 8.5. After
blocking plates with PBS containing 0.1% Tween 20
and 5% MarvelTM (PBS-TM), sera were diluted 1:100
in PBS-TM, added to plates, and antibody binding
detected with alkaline phosphatase conjugated goat
anti-human IgG (Seralab, Crawley Down, Sussex, UK)
and nitrophenyl phosphate (100 mg/ml).

M1 and M2 (Munich peptide
mix 1 and 2 ELISAs)

A library of 300 biotinylated HHV8-speci®c peptides
was prepared by selection at random of decamer
sequences from a collection of different HHV8 ORF
that did not show signi®cant homology (�3 uninter-
rupted identical residues out of 10) to sequences of
known herpesviruses. The antigenicity index of the
remaining peptides was then calculated and those with
the highest index were selected. The resulting library
was screened for differential reactivity with sera pools
from KS patients and from healthy blood donors,
respectively. Immunogenic peptides which displayed
at least 10-fold higher reactivity with the KS pool as
compared to the donor pool were examined subse-
quently with a panel of individual sera. Those peptides

that showed only weak selectivity between KS and
donor sera were excluded; the others were mixed in
equimolar ratios and bound to streptavidin-coated
microplates (Meltek Scienti®c, Feltham, UK, or Micro-
coat, Bernried, Germany). The ®rst version (M1) of this
peptide ELISA contains a set of four peptides (65A, 65X,
20A, and K8.1A, derived from the corresponding
open reading frames); the second version (M2) contains
a set of two peptides (65X and K8.1A) with a higher
purity (> 95%). The sequence of the peptides used in
these assays are MSNFKVRDPV from nucleotide
(nt) 112443 to 112414 of the HHV-8 genome for 65A,
ARKPPSGKKK (nt 111960±111931) for 65X; MYEV-
FTDFPV (nt 35573±35544) for 20A, and PTYRSHLG-
FWQE (nt 75999±76034) for K8.1A (HHV-8 nucleotide
sequence as in GenBank accession number U75698).
Test sera were used at a 1:100 to 1:200 dilution, detec-
tion was performed with a 1:10,000 dilution of rabbit
anti-human IgG-(Heavy plus light chain) peroxidase
conjugate (Jackson Immunoresearch Laboratories,
Inc., West Grove, PA), and 2,20-Azino-bis-(3-ethyl-
benzthiazolin-6-sulphonic acid) (ABTS) as substrate
(Boehringer Mannheim Biochemicals, Indianapolis, IN
or Devitron, Castrop-Rauxel). Individual blanks (with-
out peptides) were used to identify false positives.

Statistical Analysis

To evaluate the concordance among assays the
observed agreement and the k statistic were calculated.
The observed agreement (which was used to assess the
average concordance between a given assay and all
the others) does not take into account the expected
agreement [Maclure and Willet, 1987]. The k statistic
was used to compare pairs of assays providing informa-
tion on the agreement beyond chance [Fleiss, 1981]. A
value of 1.0 was considered as ``perfect agreement'' and
0 as ``no agreement beyond chance''; values between .40
and .75 were considered to represent a ``fair to good
agreement beyond chance'' values <20 were considered
as a ``weak agreement'' [Fleiss, 1981].

In the absence of a gold standard, sensitivity [� true
positives/(true positives � false negatives)] and speci-
®city [� true negatives/(true negatives � false posi-
tives)] were calculated taking as ``true positive'' all sera
from patients with KS and those sera from non-KS
individuals that scored positive with at least six (70%),
7 (80%), or 8 (90%) of the assays used to screen all the
®ve serum panels (see below).

An univariate logistic regression model was per-
formed to evaluate the validity of a given test. The model
permits to calculate the OR for any speci®c assay based
on the formula OR� [(PPV)/(1ÿPPV)]/[(1ÿNPV)/
(NPV)], where PPV (positive predictive value) is the
probability that a positive result identi®es a true HHV-
8 positive serostatus and NPV (negative predictive
value) is the probability that a negative result identi®es
a true HHV-8 negative serostatus. Considering ``x'' as
the response of the assay (HHV-8 positive, x�1; HHV-8
negative, x� 0), and p(x) the probability of being true
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HHV-8 positive, the OR is given by the formula {[p(1)/
[1ÿp(1)]}/{p(0)/[1ÿp(0)]}, where the OR represents the
risk of any individual with a positive test to be infected
as compared to the risk of individuals with a negative
test. This model, which accounted for the correlation
among repeated measurements in the same indivi-
duals, allows evaluation of the validity (sensitivity,
speci®city, and predictive value) of a given test
independently of the true prevalence of HHV-8 infec-
tion in the population [Choi, 1997]. Calculations to
determine sensitivity, speci®city, and OR were
repeated using the three different proportions of sera
considered to be true positives according to the above
assumptions (i.e., true positive all KS sera plus positive
non-KS sera with at least 70%, 80%, or 90% of the nine
assays used to screen all the ®ve serum panels).

RESULTS

Characteristics of the Study Population

Five serum panels of 562 serum samples, (460 from
Caucasian and 102 from Ugandan individuals) were
evaluated. Of the 460 Caucasian serum samples, 373
were from individuals from Germany and Switzerland.
Of these, 60 were from patients with AIDS-KS, 121
from KS-free HIV positive individuals, 159 from HIV

negative healthy individuals not at risk for HIV
infection, and 33 from HIV negative individuals
seeking HIV counselling. The remaining 87 Caucasian
sera were from Italian blood donors. The Ugandan sera
were from 44 pregnant women (of whom 1 HIV
positive), 9 AIDS cases, 15 patients with pulmonary
tuberculosis (of whom 3 were HIV positive), and 34
outpatients (of whom 12 were HIV positive).

Assay Concordance and HHV-8
Seroprevalence in the Population Groups

The serum samples were screened by eighteen
different assays; however, only 9 assays were used to
screen all the ®ve serum panels. With these nine
assays, the positivity for HHV-8 antibodies in the
Caucasian sera ranged from 14.2% to 34.4% (Fig. 1A)
and showed the highest prevalence in the KS group
(40% to 96.8%; Fig. 1B), intermediate levels in the HIV
positive-KS negative group (8.3% to 42.1%; Fig. 1C),
and the lowest prevalence in the normal donor group
(0.6% to 11.9%; Fig. 1D). As compared with the
Caucasian sera (Fig. 1A), the Uganda population group
taken as a whole showed a signi®cantly wider range of
HHV-8 seroprevalence by the various assays (18.8% to
69.3%; data not shown).

Fig. 1. Prevalence of human herpesvirus type 8 (HHV-8) antibodies and average observed agreement
determined with the nine assays used to test the all ®ve serum panels. The analysis refers to the
Caucasian serum samples. Prevalence (histograms) and average observed agreement (solid triangles) for
(A) 460 human immunode®ciency virus type 1 (HIV positive) or HIV negative individuals without
Kaposi's sarcoma (KS), (B) 60 patients with AIDS-KS, (C) 121 HIV positive individuals without KS, and
(D) 87 Italian blood donors are shown.
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Concordance was evaluated only for the nine assays
that were used to screen all the ®ve panels and was ®rst
determined by the agreement beyond chance that
evaluates the concordance of positive scores [Fleiss,
1981]. All the nine assays showed a signi®cant agree-
ment beyond chance with the 460 Caucasian sera, as
evaluated by the k statistic values that were deter-
mined for each possible pair of assays (Table I). In
particular, although the level of agreement showed a
wide variation, the k statistic values were signi®cantly
higher as compared to those from a previous study
[Rabkin et al., 1998] (Table I). The best pairwise
agreement for the Caucasian group (k values between
.560 to .779) was found between the Munich peptide
mix ELISA and three other assays, namely, the
Erlangen orfK8.1 ELISA, the Liverpool latent nuclear
antigen IFA, and the Rome lytic antigen IFA. High k
statistic values were found also between the Rome lytic
antigen and the Liverpool latent nuclear antigen IFAs
and the Erlangen orfK8.1 ELISA (k value between .509
to .586) (Table I). With this analysis, the KS group
showed a worse agreement beyond chance and smaller
k statistic values as compared to the whole Caucasian
population group (data not shown). This, however, was
anticipated, since the k statistic is corrected for the
chance that positive scores are concordant due to high
seroprevalence values (expected agreement) [Fleiss,
1981].

The concordance of the nine assays was then evaluat-
ed by determining the observed agreement that takes
into account both negative and positive scores and it is
calculated independently from the expected agreement
[Maclure and Willet, 1987]. With this analysis, the
concordance of the nine assays was generally good,
ranging between 67.1 and 83.6% in the total Caucasian
population (Fig. 1A), between 47.5 and 75.4% in the KS
group (Fig. 1B), 59.0 and 77.2% in the HIV positive-KS
negative group (Fig. 1C), and 79.3 and 93.1% in the
Italian blood donor group (Fig. 1D), respectively.

The analysis of sera from Uganda showed a sig-
ni®cantly lower concordance either by observed agree-
ment or agreement beyond chance (only 21.1% of k
statistics were signi®cant) (data not shown). Never-
theless, a fair-good agreement was observed between
the Munich peptide mix ELISAs (M1 and M2), and an

acceptable level of agreement for other ®ve pairs of
assays, including the Liverpool latent nuclear antigen
IFA and the Liverpool orf73 ELISA (k� 361) and the
Erlangen orfK8.1 ELISA and the Rome lytic antigen
IFA (k�341).

Estimates of Assay Sensitivity,
Speci®city, and Predictive Value

The sensitivity and speci®city of the assays were next
evaluated with the Caucasian sera. These parameters
can be determined only upon the identi®cation of the
individuals that are ``certainly'' infected. A ``gold
standard'' methodology for the identi®cation of these
individuals is not yet available for HHV-8; however, it
is possible to assume that all KS patients are infected
because virtually all KS lesions are HHV-8 positive by
the polymerase chain reaction. In addition, the impro-
ved concordance of the nine assays used to screen all
the ®ve serum panels suggested that the positive serum
samples by the majority of the nine assays consisted of
true positive sera. On the basis of these assumptions,
estimates of the sensitivity and speci®city of the assays
were obtained considering that the true positive sera
included those from KS patients plus the samples that
resulted positive with at least 70%, 80%, or 90% of the
nine assays, respectively. Owing to the poor concor-
dance obtained with sera from Africa, the Uganda
panel was not included in this analysis.

The results of this analysis are described in
Figure 2A, B. The most sensitive assay under all the
above assumptions (proportion of positive tests greater
than 70%, 80%, or 90%) was the IFA Rlyt (sensi-
tivity�97.1%), which also showed a relatively good
speci®city (83.2%). The IFA LLANA showed fairly high
sensitivity and speci®city values (90% and 87.1%,
respectively). The most speci®c assays were the Erlan-
gen orfK8.1 and the Munich peptide mix ELISAs
(speci®city�94.9% and 94.3%, respectively), which
also showed relatively high sensitivity values (81.4%
and 85.7%, respectively).

To evaluate the balance between the sensitivity and
speci®city characteristics of the various assays, the
results of the serological tests were analysed under the
above assumptions by a univariate logistic regression

TABLE I. Numbers of Concordant Positive Samples (k Statistics in Parentheses) in Pairwise Comparisons of Human
Herpesvirus Type 8 (HHV-8) Antibody Tests on 460 Caucasian Subjects{

Positivity M2 L65 L73 LLANA EK12 E65 EK8.1 Rlyt

82/459 M2 Ð
158/459 L65 69 (0.425*) Ð
105/459 L73 50 (0.416*) 74 (0.387*) Ð
108/457 LLANA 66 (0.621*) 75 (0.389*) 63 (0.473*) Ð
65/459 EK12 36 (0.393*) 40 (0.153*) 34 (0.264*) 37 (0.300*) Ð
105/459 E65 44 (0.335*) 56 (0.195*) 42 (0.222*) 50 (0.313*) 45 (0.423*) Ð
77/459 EK8.1 65 (0.779*) 61 (0.354*) 47 (0.397*) 62 (0.586*) 36 (0.417*) 45 (0.370*) Ð
132/457 Rlyt 71 (0.560*) 82 (0.363*) 56 (0.293*) 77 (0.512*) 42 (0.268*) 55 (0.276*) 65 (0.509*) Ð
66/457 Rlat 34 (0.354*) 42 (0.171*) 31 (0.222*) 34 (0.244*) 23 (0.241*) 27 (0.157*) 32 (0.344*) 56 (0.446*)

{Concordance was evaluated by the agreement beyond chance for the 9 assays that were used to screen all the 5 panels. The sera from Uganda were not
included in the analysis. The k statistic values are signi®cantly higher as compared to those from previous work.32

*Signi®cant 95% (P< 0.05).
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model and the odds ratios (OR) were determined. Since
each OR computes both the sensitivity and speci®city
characteristics of a given assay, this analysis provides
estimates of the assay validity. Each OR, in addition,
represents the ratio of the probability for any individual
to be HHV-8 infected if positive in a given serological
assay and the probability to be infected if negative in
the assay. Thus, the OR values provide also estimates
of the predictive value of the assays, a parameter that
cannot be determined directly due to the lack of
knowledge of the real prevalence of HHV-8 infection
in the population [Choi, 1997].

All the nine assays had OR values signi®cantly
greater than one (P<0.05) (Table II). In this setting,
the Rome lytic antigen IFA appeared to be the most
valid assay, with OR ranging from 135 to 167 under the
three different assumptions. This means that indivi-
duals who have a Rlyt positive test are 135 to 167 times
more likely to be infected than individuals negative
with this assay. High OR values (above 50) were also
found for the Munich peptide mix ELISA M2, the
Erlangen orfK8.1 ELISA, and the Liverpool latent
nuclear antigen IFA. Table II assigns to each assay a
validity rank according to their OR. The validity of the

Fig. 2. (A) sensitivity and (B) speci®city of the nine assays used to
test the all ®ve serum panels. Sensitivity and speci®city were
determined considering true positives all Kaposi's sarcoma (KS) sera
and using three different cut-offs to consider as true positives the
serum samples from individuals without KS (positive score with at

least 70%, 80%, or 90% of the nine assay). White bars, 70% cut off; grey
bars, 80% cut off; black bars, 90% cut off. The sensitivity and
speci®city of the combination of Rlyt and LLANA IFA (Rlyt-LLANA)
as calculated with the exclusion criteria is also shown (see text for
details).

TABLE II. Results of the Univariate Logistic Regression Analysis Showing OR (CI in Parenthesis) and Validity Rank*

Assay > 70% > 80% > 90%
Complessive validity

rank

Rlyt 167 (40±697) 143 (34±599) 135 (35±563) 1
M2 100 (45±222) 88 (39±198) 79 (35±176) 2
EK8.1 81 (38±172) 59 (28±123) 53 (25±108) 3
LLANA 68 (29±159) 57 (25±131) 53 (23±122) 4
L65 20 (10±43) 18 (28±123) 17 (8±35) 5
EK12 15 (8±26) 16 (8±29) 14 (7±26) 6
L73 9 (5±16) 8 (5±14) 8 (5±14) 7
E65 7 (4±12) 8 (4±13) 7 (4±12) 8
Rlat 8 (5±15) 7 (4±12) 6 (3±12) 9

*The table shows the results of a univariate logistic regression model performed to evaluate the validity of the various assays. The model permits
calculating the odds ratios (OR) that represents the risk of any individual with a positive test to be infected as compared to the risk of individuals
with a negative test. The model accounted for correlation among repeated measurements in the same individuals. The calculations to determine
the OR were repeated using the three different proportions of sera considered to be true positives [i.e., all Kaposi's sarcoma (KS) sera plus non-
KS sera scoring positive with at least 70%, 80%, or 90% of the nine assays used to screen all the ®ve serum panels].
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Stuttgart BCBL-1 IFA, the Biotrin IFA and the Basel
orf65 ELISA were evaluated on the basis of the data
obtained by screening only the two panels Munich 1
and Munich 2. These assays yielded OR values ranging
between 13.3 and 24.1 (P< 0.05) (data not shown).

The OR values indicated that some of the assays,
particularly the Rome lytic antigen IFA, the Munich
peptide mix ELISA M2, the Erlangen orfK8.1 ELISA,
and the Liverpool latent nuclear antigen IFA had good
sensitivity and speci®city characteristics and high
predictive value. This suggested a combination of these
assays to obtain pairs of assays with improved validity.
For this purpose, two different combination criteria
were used. One criterion considered as positive the sera
that scored positive with either one of the assays of the
combination (inclusion criterion); the other considered
positive only the sera that scored positive with both
assays (exclusion criterion).

When the inclusion criterion was used, the balance of
sensitivity and speci®city of the combinations of assays
did not improve signi®cantly as compared to the most
sensitive assays (data not shown). In contrast, the use
of the exclusion criterion identi®ed a combination of
assays (the Liverpool latent nuclear antigen and the
Rome lytic antigen IFAs) characterised by a increased
balance of sensitivity (89.1%) and speci®city (94.9%)
values as compared to the four best single assays
(Fig. 2A, B).

DISCUSSION

Sensitive and reliable serological assays to detect
HHV-8 infection are required to assess the global
dimensions of HHV-8 infection and virus pathogenicity,
to compare ®ndings from different geographical areas,
to facilitate the diagnostic process, and to imple-
ment the control of HHV-8-associated diseases, parti-
cularly those associated to HIV infection and organ
transplantation.

To date, only one study by Rabkin et al. [1998] has
been published showing a rather low concordance
between ®rst generation assays. Our study, which
compared the performance of available or novel
serological assays and combinations of assays on a
large number of sera from KS patients, HIV positive
and negative individuals, and blood donors, shows
signi®cant improvements. In this study, which was
conducted in seven European laboratories, 18 different
assays, both IFA and ELISA, were evaluated. Two
IFAs, the Rome lytic antigen and the Liverpool latent
nuclear antigen IFA (detecting antibodies against lytic
or latent HHV-8 antigens, respectively), and two
ELISAs, the Munich peptide mix ELISA M2 and the
Erlangen orfK8.1 ELISA (detecting antibodies against
HHV-8 peptides with a high antigenic index or against
the HHV-8 ORF K8.1 protein, respectively), showed a
good balance of sensitivity and speci®city, high OR
values indicative of a high predictive value, and a good
agreement when compared to each other. With sera
from blood donors, the Munich peptide mix ELISA M2

tended to provide lower seroprevalence rates as com-
pared with the other assays showing high sensitivity
values with KS sera. The Rome lytic antigen IFA
identi®ed as positive a lower proportion of Ugandan
sera (56% vs. 77%) or non-Mediterranean HIV negative
donors [13 out of 88 (6.9%)] as compared to a lytic IFA
described previously [Lennette et al., 1996] (data not
shown). This probably re¯ects the different experi-
mental procedures and read-out criteria used in the two
laboratories. In general, the concordance for blood
donor sera was lower than for KS sera but signi®cantly
higher as compared to that reported by Rabkin et al.
[1998].

The sensitivity of most assays used in our compara-
tive study and the inter-assay concordance measured
on blood donors appeared to be higher than that report-
ed for ®rst generation assays. However, some disap-
pointment derives from the wide variation observed in
the HHV-8 seroprevalence among KS-free HIV positive
individuals, though the k statistics was signi®cant in
58.3% of the couples as compared to the 38.1% of the
study by Rabkin and co-workers cited above (data not
shown). Furthermore, the reliability of the assays was
not satisfactory when used on Ugandan samples. The
reason for this ®nding is unknown and may be due to
cross-reactions with antibodies directed against other
infectious agents.

Reliable diagnostic tools for HHV-8 infection are
required for the clinical management of HIV infected
individuals as the risk of KS development is maximal
when HHV-8 seroconversion occurs in the setting of an
established HIV infection [Renwick et al., 1998; Rezza
et al., 1999]. The diagnosis of HHV-8 infection, how-
ever, is probably even more important for organ
transplantation due to the fact that the risk of
developing HHV-8 associated disease is related directly
to the proper management of the transplantation
procedures including the identi®cation of the organ
donor [Hudnall et al., 1998; Regamey et al., 1998b;
Dotti et al., 1999; Farge et al., 1999; Parravicini et al.,
1999]. Serological assays with high sensitivity and
speci®city, such as the Munich peptide mix ELISA M2,
the Liverpool latent nuclear antigen IFA, the Erlangen
orfK8.1 ELISA, or the combination of the Rome lytic
antigen and the Liverpool latent nuclear antigen IFAs,
are required for screening of organ recipients. Since the
risk of KS development is exceedingly high for HHV-8
seropositive organ recipients receiving allografts from
HHV-8 seropositive organ donors [Parravicini et al.,
1999], HHV-8 positive recipients should be matched
with a negative donor. Tests with a very high sensiti-
vity can be used to safely exclude HHV-8 positive
donors whereas highly speci®c assays will yield fewer
false positives organ donors. Thus, the ®nal choice
should also consider the availability of organs for
donation and the future risks related to the develop-
ment of KS in relation to the general conditions of the
organ recipient. ELISAs are particularly useful tests
for routine work because the correct interpretation of
IF tests relies largely on the experience of the
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observers. In particular, it is important to point out that
we have observed a high degree of variability in the
performance of different lytic IFAs, probably due to
differences in technical protocols and read out in dif-
ferent laboratories (data not shown).

Before drawing any ®rm conclusion, some limitations
and possible biases of the study should be mentioned.
First, out of 18 assays only 9 were used on all serum
panels. However, the data generated by using the other
assays for the screening of subsets of the 5 panels were
not in con¯ict with the results presented in this study
(data not shown). Second, since a gold standard was
not available, simulations were used to describe the
characteristics of the assays. In particular, to calculate
the sensitivity and speci®city of the assays, we assumed
that the true positive sera included those from KS
patients (who are all infected by HHV-8) and the
samples positive with at least 70%, 80%, or 90% of the
assays. A regression model was applied to the data to
evaluate the validity and predictive value of the assays
[Choi, 1997]. Finally, none of the assays described in
this paper was standardised; therefore, their use in
clinical practice has to be considered with caution, since
in the lack of standardised procedures the inter-ob-
server agreement on the same test may not be good.

In conclusion, although none of the serological tests
for HHV-8 can yet be considered a gold standard, we
have de®ned tests with a high sensitivity, speci®city,
and predictive value, which can be useful diagnostic
tools for further research and control activities.
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