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Kaposi’s sarcoma–associated herpesvirus (KSHV) is a newly been born in southern Italy where KS is endemic than the
discovered herpes virus found in all forms of Kaposi’s sar- recipient controls or either donor group. Only four (36%) of
coma (KS) including KS among immunosuppressed trans- 11 donors to case patients and three (18%) of 17 donors
plant patients. It is unknown whether this virus is transmit- to control patients were seropositive (P ! .38, two-tailed
ted by organ transplantation or is reactivated during Fisher’s exact test). KSHV transmission could not be ruled
immunosuppression among those patients infected before out for the single KS patient seronegative at transplantation
transplantation. To investigate the risk of KSHV transmis- and clear evidence for organ-related transmission was found
sion during organ transplantation, we conducted a case-con- for another KS patient outside of the case-control study.
trol study of transplant recipients with and without KS Antibodies to KSHV are detectable in the sera from most
matched to their respective donors. Sera were collected at transplant recipients before initiation of immunosuppressive
time of transplantation and tested in a randomized and treatment suggesting that KS among immunosuppressed
blinded fashion using four KSHV serologic assays testing for transplant patients is primarily due to virus reactivation.
antibodies to both latent and lytic phase antigens. Ten (91%) KSHV transmission, however, from an infected allograft can
of 11 organ recipients who developed KS were seropositive occur, and our study reports the first documented case of
prior to transplantation by one or more of the assays com-

person-to-person transmission of KSHV.pared with two (12%) of 17 control organ recipients (OR !
q 1997 by The American Society of Hematology.75, 95% CI ! 4.7, 3500). KS cases were more likely to have

A groups such as AIDS-KS patients, posttransplant KS patients
represent a highly informative group because of strict control

NEWLY DISCOVERED human herpes virus, Kaposi’s
sarcoma-associated herpesvirus (KSHV) or human

herpesvirus 8,1,2 is found in all forms of Kaposi’s sarcoma of initiation, duration, and extent of immunosuppression.
Complete KS remission is often achieved following cessa-(KS).3-8 Both nested polymerase chain reaction (PCR) exami-

nation of peripheral blood mononuclear cells9,10 and sero- tion of immunosuppressive therapy.13-15 This, together with
serologic evidence showing that KS development is indepen-logic studies of acquired immunodeficiency syndrome

(AIDS)-KS patients11,12 show that KSHV infection precedes dent of duration of infection suggests that KSHV is under
strict immunologic control.12 However, it is unknownonset of KS, suggesting an etiologic role for KSHV in KS.

Among allograft recipients who develop KS, the appear- whether KS results from KSHV reactivation in patients in-
fected before transplantation or if de novo KSHV transmis-ance and development of KS lesions is highly related to

immunosuppressive treatment.13-15 In contrast to other KS sion occurs during transplantation from infected allografts.
We used four serologic assays designed to detect antibodies
to KSHV-related lytic and latent antigens to investigate the
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bacteria and purified using the Xpress System Protein Purification
(Invitrogen Corp, San Diego, CA) and immunoblotted as previously
described.18

Sera from KS patients and blood donors previously shown to be
seropositive and seronegative, respectively, were included as internal
controls. All sera were coded and blindly tested by IFA, WB LNA,
and WB ORF 65 in New York and IPA in Milan. Results were
evaluated for each assay independently before breaking the code.

Statistical analysis. Epi Info, version 6 (USD, Stone Mountain,
GA) was used to calculate odds ratios and exact 95% confidence
intervals (CI) and Fisher’s exact test (FET) of significance of associa-
tion in a 2 1 2 table.

RESULTS
Fig 1. Serial serologic results for a Northern Italian female kidney

Eleven organ allograft case recipients who developed KStransplant patient who developed KS 27 months after transplanta-
tion. This patient was KSHV seronegative before transplantation, were compared with 17 control recipients who remained free
but seroconverted at 13 months after transplantation with onset of of KS for at least 2 years after transplantation. Organ recipi-
Castleman’s disease (CD). Serum from the living-related donor was ent KS cases and controls did not differ significantly with
seropositive at 30 months after transplantation.

respect to sex or mean age (Table 1); however, KS cases
were more likely to have been born in Southern Italy than
either the controls (OR Å 13, 95% CI Å 1.1, 670) or theKSHV and EBV.16 KSHV-positive and EBV-negative BCP-1 cells

were derived from mononuclear cells of an HIV seronegative PEL donors supplying the allograft (P Å .04, two-tailed FET).
patient.12 The KSHV positive, EBV negative BCBL-1 cell line was Among the organ donors, there were no significant differ-
established from a PEL.17 Ramos and Raji are lymphoblastoid B- ences with respect to age, sex, or place of birth between
cell lines negative and positive for EBV, respectively, and are from donors and KS patients or donors and controls. The median
the American Type Culture Collection (ATCC, Rockville, MD). duration between transplantation and KS onset for cases was
Cells were cultured with RPMI-1640 (GIBCO, BRL, Grand Island,

7 months (range, 5 to 23 months).NY) supplemented with 10% or 20% fetal calf serum.
Serologic analyses. Ten (91%) of the 11 KS cases wereSerologic assays. To detect the presence of antibodies to KSHV-

KSHV positive by one or more KSHV antigen assays beforerelated antigens, we used four serologic assays: immunofluorescence
receipt of the allograft compared with only two (12%) of 17assay (IFA),12 western blot assay for latent nuclear antigen (WB

LNA),11 immunoperoxidase assay (IPA), and western blot for recom- controls (ORÅ 75, 95% CIÅ 4.7, 3500). Among the donors,
binant open reading frame 65.2 capsid protein (WB ORF 65).18 The four (36%) of the 11 organ donors to patients who developed
basis for the IFA, WB LNA, and IPA assays is antibody reactivity KS were seropositive compared with three (18%) of the 17
to a KSHV latency-associated nuclear antigen (LANA) encoded by who donated organs to control patients (P Å .38, 2-tailed
the KSHV ORF73 gene.19 IFA was performed on KSHV infected FET). Eight (73%) of the eleven KS patients were positive
BCP-1 cells using sera diluted at 1:160 and the reaction was revealed by two or more of the assays, whereas the only one KSHV
with a mixture of fluorescein isothiocyanate (FITC)-labeled goat

seropositive control patient was positive by two assays (WBantisera specific for human IgG (Molecular Probes, Eugene, OR) and
ORF 65 and IFA) and the other was only positive by IFA.human IgM (Sigma, St Louis, MO) diluted at 1:100, as previously
Of the four assays, 64% of the KS patients were IFA seropos-reported.2,12

itive at time of transplantation compared with 73% for theWB LNA was performed on nuclear preparations of BC-1 protein
extracts as previously described.11 The sera were tested at a dilution WB LNA, IPA, and WB ORF 65 tests.
of 1:100 and antibody reactivity was demonstrated with alkaline Only one case was potentially at risk for de novo infection
phosphatase-conjugated goat antiserum specific for human IgG, IgM, from the allograft. This patient (case pair no. 9, Table 2)
and IgA at a dilution of 1:5,000 and developed with NBT/BCIP was seronegative at transplantation, received an organ from
(GIBCO-BRL). Serum reacting to both p226 and p234 was scored
as positive.11

IPA was performed on acetone-fixed cytospins of unstimulated, Table 1. Demographic Characteristics of Matched Cases
KSHV-infected BCBL-1 using sera diluted at 1:10,000. The reaction and Controls
was revealed by a peroxidase-labeled rabbit antiserum specific for

Cases Controlshuman IgG (Dako, Glostrup, Denmark) diluted at 1:100, followed
by tyramide signal amplification (DuPont/NEN, Boston, MA) and

Donor Recipient Donor Recipient
development with diaminobenzidine (DAB, Sigma). Patient sera and (n Å 11) (n Å 11) (n Å 17) (n Å 17)
peroxidase-labeled rabbit antihuman IgG were diluted in 0.05M TBS

Male 7 (64%) 6 (55%) 12 (71%) 10 (58.8%)(TRIS-buffered saline, pH 7.2) containing 1% bovine serum albumin
Mean age 38 43 30 42(BSA) (fraction V, Sigma Chemical) and 0.001% Nonidet P-40
Place of birth(Sigma Chemical). The BCBL-1 IPA is essentially identical to pre-

Northern Italy 11 (100%) 6 (55%) 16 (94%) 16 (94%)viously reported IFA assays12,20 and represents a technical modifica-
Southern Italy 0 5 (45%) 0 1 (6%)tion of this test. All positive sera were examined by IPA using Raji
Non-Italian 0 0 1 (6%) 0and Ramos Burkitt’s lymphoma cell lines. None showed evidence

KSHV seropositive* 4 (36%) 10 (91%) 3 (18%) 2 (12%)of nuclear staining cross-reactivity. IFA and IPA were considered
positive when clear-cut nuclear staining was observed. * Serologic testing was performed on serum collected before organ

transplantation; seropositive by one or more assays.The KSHV open reading frame (ORF) 65.2, was expressed in
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Table 2. Serologic Results of Matched Cases and Controls DISCUSSION

Transplant This is the first study to show the presence of antibodies
Pair Transplant KS Months Control

in posttransplant KS patients and to examine the risk ofNo. Donor (Recipient) to KS Pair No. Donor (Recipient)
KSHV transmission through organ allograft transplantation.

1. 0 / 9 1. / 0
Using four different immunoassays to detect antibodies to

2. 0 / 7 2. 0 0
KSHV lytic and latent nuclear antigens, we found that 91%3. / / 5 3. 0 0
of Italian organ recipients who developed posttransplantation4. 0 / 6 4. 0 0
KS were KSHV seropositive before organ allograft. These5. / / 10 5. 0 /
results suggest that most Italian transplant patients who de-6. / / 12 6. / 0

7. 0 / 3 7. 0 0 velop KS are infected with the virus before onset of immuno-
8. 0 / 3 8. 0 0 suppression, and their KS is not due to infection from the
9. / 0 11 9. 0 0 allograft.

10. 0 / 23 10. 0 0 There were four donor-recipient pairs, including one KS
11. 0 / 7 11. 0 0

patient-donor pair, in which a seronegative recipient received
12. 0 0

an organ allograft from a seropositive donor. Follow-up se-13. 0 0
rology was available for only one of these recipients (control14. / 0
pair no. 1), who was found to be KSHV seronegative. It is15. 0 0
not possible to know whether or not the remaining three16. 0 0

17. 0 / seronegative recipients became KSHV infected, although
one patient subsequently developed KS and was presumablySerologic testing was performed on serum collected before organ
infected by the allograft. Even in this case, caution is war-transplantation; seropositive by one or more assays.
ranted, as it is possible that the seronegativity of this patient
at transplantation could have been due to test insensitivity.
Because previous evaluations have found these assays to

a donor seropositive by the IFA and IPA tests, and developed individually be 80% to 90% sensitive, we have used a combi-
KS 3 months later. Follow-up serology was not available. nation of both latent and lytic antigen assays to evaluate
The remaining three case patients who received allografts seropositivity. These assays were collectively 91% sensitive
from seropositive donors (case pairs nos. 3, 5, and 6, Table in detecting KSHV infection among the transplant KS pa-
2) were seropositive before transplantation. Three control

tients. Our study may have underestimated the infection rate
patients (control pair nos. 1, 6, and 14) were seronegative at

among donors and transplant control patients due to test false
transplantation, but received an allograft from a seropositive

negativity, although the sensitivity of the combined assays
donor. Follow-up serology was available for one of the three,

suggests that this is unlikely to significantly alter these re-
which was tested by IPA, IFA, and ORF 65 WB; 18 months

sults.after organ transplantation, this recipient was KSHV nega-
Although most KS patients were KSHV seropositive be-tive by all three assays (control pair no. 1). Although sera

fore transplantation, none showed clinical manifestations offrom the other two pairs are not available to determine if the
KS until immunosuppressive therapy was begun, suggestingindividuals seroconverted to KSHV positivity, these patients
that posttransplant KS is caused by virus reactivation. Thishave remained free of KS during 2 years of follow-up. Two
may be manifested as replication of the virus or, as occursadditional patients (control pair nos. 5 and 17) were seroposi-
with Epstein-Barr virus,21 expression of cell transformingtive at transplantation, but did not develop KS for over 2
antigens that would otherwise be detected by immune sur-years after transplantation.
veillance. These findings are supported by a longitudinalWhile the case-control study found only one KS patient-
examination of KSHV seroconversion rates, which suggestsdonor pair where primary infection from the organ donor
that development of KS may be independent of the durationwas possible, we have subsequently identified a posttrans-
of infection.12 Not all KSHV seropositive patients undergo-plantation patient who was likely to have been infected dur-
ing immunosuppression would be expected to develop KSing transplantation. This 24-year old female kidney trans-
and two of the control recipients were KSHV seropositiveplant patient from northern Italy developed histologically
before transplantation, but did not develop KS during 2 yearsconfirmed Castleman’s disease and KS 13 and 27 months,
of follow-up. The rapid onset of tumor formation in KSrespectively, after receipt of the donor organ. Serum samples
patients (median, 7 months) after onset of immunosuppres-taken 2 months before and after transplantation show strong
sion shows the critical role of immune surveillance in pre-evidence of seroconversion occurring at the time of trans-
venting KS among those infected with KSHV.plantation (see Fig 1). The patient had no history of blood

It has previously been shown that the seroprevalence oftransfusion before or after transplantation. While sera taken
KSHV antibodies to latent antigens in low risk populationsbefore and at transplantation were negative by IPA, IFA,
is very low.12,20 Lennette et al22 used whole cells treated withand WB ORF65, the patient became persistently seropositive
phorbol esters in an IFA assay to induce lytic phase viralby IPA and WB ORF65 at 13 months after transplantation
antigens and found higher rates of seropositivity in variousand by IFA at 27 months. The organ donor was a living-
low risk populations. However, use of KSHV-infected cellrelated northern Italian male who was KSHV seropositive

by IPA, IFA, and WB ORF65 assays. lines at low serum dilution (eg, 1:10) results in nonspecific
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DNA sequence in Kaposi’s sarcoma from AIDS and non-AIDS pa-cross-reactivity that can result in false-positive reactions and
tients in Taiwan. Lancet 345:722, 1995may account for these discordant results.12,20 This was cir-

9. Moore PS, Kingsley L, Holmberg SD, Spira T, Conley LJ,cumvented in our study by use of IFA serum dilutions
Hoover D, Gupta P, Jaffe H, Chang Y: Kaposi’s sarcoma-associated(ú1:160), which eliminates nonspecific cross-reactivity12

herpesvirus infection prior to onset of Kaposi’s sarcoma. AIDS
and use of a truncated recombinant lytic antigen, which is 10:175, 1996
not cross-reactive with other common herpes virus lytic anti- 10. Whitby D, Howard MR, Tenant-Flowers M, Brink NS, Copas
gens.18

A, Boshoff C, Hatziouannou T, Suggett FEA, Aldam DM, Denton
Seroconversion for one KS patient (Fig 1), identified after AS, Miller RF, Weller IVD, Weiss RA, Tedder RS, Schulz TF:
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peripheral blood of HIV-infected individuals predicts progression tomentation of KSHV person-to-person transmission. Serial
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11. Gao S-J, Kingsley L, Hoover DR, Spira TJ, Rinaldo CR, Saahinfected by the organ allograft, providing direct evidence
A, Phair J, Detels R, Parry P, Chang Y, Moore PS: Seroconversion of
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