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ABSTRACT

Background Human herpesvirus 8 (HHV-8) infec-
tion has been linked to the development of Kaposi's
sarcoma and to rare lymphoproliferative disorders.

Methods We used molecular methods, serologic
methods, in situ hybridization, and immunohisto-
chemical analyses to study HHV-8 infection in asso-
ciation with nonmalignant ilinesses in three patients
after transplantation.

Results Primary HHV-8 infections developed in two
patients four months after each received a kidney from
the same HHV-8-seropositive cadaveric donor. Sero-
conversion and viremia occurred coincidentally with
disseminated Kaposi’s sarcoma in one patient and
with an acute syndrome of fever, splenomegaly, cyto-
penia, and marrow failure with plasmacytosis in
the other patient. HHV-8 latent nuclear antigen was
present in immature progenitor cells from the aplas-
tic marrow of the latter patient. Identification of the
highly variable K7 gene sequence of the HHV-8 ge-
nome in both the donor’s peripheral-blood cells and
the recipients’ serum confirmed that transmission had
occurred. HHV-8 viremia also occurred after autolo-
gous peripheral-blood stem-cell transplantation in an
HHV-8-seropositive patient with non-Hodgkin's lym-
phoma. Reactivation of the infection was associated
with the development of fever and marrow aplasia
with plasmacytosis; there was no evidence of other
infections. HHV-8 transcripts and latent nuclear anti-
gen were expressed in the aplastic marrow but not
in two normal marrow samples obtained before trans-
plantation.

Conclusions Primary HHV-8 infection and reacti-
vation of infection may be associated with nonneo-
plastic complications in immunosuppressed patients.
(N Engl J Med 2000;343:1378-85.)
©2000, Massachusetts Medical Society.

NEECTION with human herpesvirus 8 (HHV-
8) has been implicated in the development of
Kaposi’s sarcoma, primary effusion lymphoma,
and multicentric Castleman’s disease of the plas-
ma-cell type.l4 These conditions have been described
most frequently in patients infected with the human
immunodeficiency virus (HIV), but they have also
been reported in transplant recipients, and immuno-
suppression is thought to be an important cofactor in
their pathogenesis.513 Whether primary HHV-8 in-
fection, reactivation of infection, or both lead to a
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nonneoplastic illness has yet to be determined.!* We
evaluated the course of illness in two patients in whom
a primary HHV-8 infection developed after kidney
transplantation and one patient who had reactivation
of HHV-8 infection after peripheral-blood stem-cell
transplantation.

CASE REPORTS
Patient 1

Patient 1 was a 61-year-old Italian man with end-stage renal dis-
ease of unknown cause who had been receiving hemodialysis since
April 1988. He received a renal allograft from a cadaveric donor in
December 1998. The donor was a 67-year-old Italian man who had
died of a cerebrovascular accident. Serologic tests for HIV, hep-
atitis B virus, hepatitis C virus, and cytomegalovirus were negative.
The donor’s HLA haplotype was A2, All, B35, B51, DR5, DR6.

Serologic tests showed that Patient 1 was negative for HIV and
hepatitis B virus but positive for hepatitis C virus. His HLA hap-
lotype was Al, A2, B35, B51, DR5, DR6. Before transplantation
his immunosuppressive regimen consisted of cyclosporine and meth-
ylprednisolone, and in March 1999, after transplantation, he re-
ceived pulsed doses of methylprednisolone because of one episode
of rejection. In April 1999 a diagnosis of Kaposi’s sarcoma involv-
ing the cervical lymph nodes, the tracheobronchial tract, and the
gastrointestinal tract was made.

Patient 2

Patient 2 was a 44-year-old Italian man with membranoprolif-
erative glomerulonephritis who received a renal allograft in Decem-
ber 1998 from the same cadaveric donor as Patient 1. Serologic
tests were negative for HIV, hepatitis B virus, and hepatitis C virus.
His HLA haplotype was A2, All, B18, B35, DR5, DR6. He re-
ceived an immunosuppressive regimen that included cyclosporine
and methylprednisolone. The graft began to function immediately
after transplantation, and serum creatinine levels were normal
within two weeks after transplantation. In March 1999 an episode
of acute rejection was successfully treated with pulsed doses of meth-
ylprednisolone, with partial improvement of renal function (serum
creatinine, 2.0 mg per deciliter [177 pumol per liter]).

On April 20, 1999, the patient presented with a temperature of
more than 38°C and splenomegaly. The hemoglobin value was
6.8 g per deciliter, with a reticulocyte count of less than 1 percent;
the white-cell count was 3600 per cubic millimeter; and the plate-
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let count was 84,000 per cubic millimeter (Fig. 1). The protein
level was 5.8 g per deciliter (albumin, 2.2 g per deciliter; gamma
globulin, 2.26 g per deciliter), and the serum creatinine level was
1.9 mg per deciliter (168 wmol per liter). Serum aminotransferase
and lactate dehydrogenase levels were normal. Over the next 13
days, the white-cell count declined to 1800 per cubic millimeter
and the platelet count declined to 7000 per cubic millimeter (Fig.
1). A core biopsy of bone marrow showed hypocellular bone mar-
row (cellularity, about 20 percent), with reduced leukopoiesis and
erythropoiesis, but with adequate megakaryocytes. Scattered pronor-
moblasts and dysplastic maturing erythroid precursors with nucle-
ar irregularities were observed. Moderate interstitial plasmacytosis
was also present.

There was neither Kaposi’s sarcoma nor lymphomatous infiltra-
tion of the bone marrow. No signs of disseminated intravascular
coagulation or hemolysis were detected. Routine cultures of blood,
urine, and bronchoalveolar-lavage fluid and serologic tests for com-
mon bacterial, fungal, and viral pathogens were negative. No evi-
dence of herpesviruses (types 1 and 2, varicella—zoster virus, Ep-
stein—Barr virus, HHV-6, HHV-7, and cytomegalovirus), parvovirus
B19, or hepatitis A, B, C, or G virus DNA or RNA was detected
cither in the serum or in the bone marrow. A computed tomograph-
ic scan of the chest and abdomen revealed only enlargement of the
spleen (length, 16 cm).

Broad-spectrum antibiotics, antiviral agents (acyclovir and
ganciclovir), granulocyte colony-stimulating factor, epoetin, and
transfusions of platelets and red cells were administered (Fig. 1).
Intermittent fever (temperature, 38° to 39°C), anemia, and throm-
bocytopenia persisted, despite therapy, while the white-cell count
improved. Renal function progressively deteriorated (serum cre-
atinine, 3.6 mg per deciliter [318 wmol per liter]) until the patient
died of cardiac and renal failure approximately one month later.
Histologic examination at autopsy revealed neither Kaposi’s sarco-
ma nor lymphomatous infiltration of any organs.

Patient 3

Patient 3 was a 63-year-old man in whom non-Hodgkin’s lym-
phoma (the peripheral T-cell type) developed in September 1997
that involved bilateral laterocervical, supraclavicular, axillary, and
inguinal lymph nodes and parotid glands. The results of bone mar-
row biopsies, performed in December 1997 and February 1998,
were normal. Lymphoma progressed despite chemotherapy with
cyclophosphamide, doxorubicin, vincristine, and prednisone. The
patient then received high-dose sequential therapy with cyclophos-
phamide, methotrexate, etoposide, mitoxantrone, and melphalan,
followed by autologous peripheral-blood stem-cell transplantation
in May 1998. A dose of 11.8 X 106 unmanipulated CD34+ cells
per kilogram of body weight was reinfused; the neutrophil count
exceeded 500 per cubic millimeter within 13 days, and the platelet
count exceeded 20,000 per cubic millimeter within 15 days. Pro-
phylactic treatment with ciprofloxacin, itraconazole, acyclovir, and
immune globulin was administered.

Two days after transplantation, the patient presented with an
intermittent fever (temperature, >38°C), which lasted six days,
and diarrhea, which lasted four days. A core biopsy of bone marrow
was performed 62 days after transplantation to evaluate the cytope-
nia that had developed during the preceding 3 to 4 weeks and had
become increasingly severe. The platelet count had declined from
130,000 per cubic millimeter on day 35 to 26,000 per cubic mil-
limeter on day 62, the hemoglobin level had decreased from 10.0 g
per deciliter on day 35 to 7.9 g per deciliter on day 62, and the
white-cell count had declined from 12,000 per cubic millimeter
on day 42 to 3300 per cubic millimeter on day 62 (Fig. 2).

The biopsy showed a severely hypocellular bone marrow (cel-
lularity, about 10 percent), with markedly reduced leukopoiesis,
no megakaryocytes, foci of megaloblastoid erythropoiesis, and small
clusters of lymphocytes. Moderate interstitial plasmacytosis was
also present. There was no lymphomatous infiltration of the bone
marrow. There were no signs of disseminated intravascular coagu-
lation or hemolysis. Antiplatelet antibodies were not detected.

On day 77 the platelet count reached a nadir of 8000 per cubic
millimeter and the white-cell count dropped to 2000 per cubic
millimeter, with an absolute neutrophil count of less than 500 per
cubic millimeter. At this time the patient was not receiving my-
closuppressive drugs. Serologic tests for herpesvirus (herpes sim-
plex virus types 1 and 2, varicella—zoster virus, Epstein—Barr virus,
HHV-6, HHV-7, and cytomegalovirus), parvovirus B19, and hep-
atitis A, B, C, and G virus DNA or RNA were negative. Treatment
with intravenous immune globulin, corticosteroids, and granulo-
cyte colony-stimulating factor was ineffective, and the patient re-
ceived supportive therapy in the form of platelet and red-cell
transfusions.

On day 115, despite persistent peripheral cytopenia, radiother-
apy was initiated because of the progression of lymphoma. On day
143, progressive enlargement of multiple lymph nodes, pleural ef-
fusion, and lymphomatous ascites developed. The patient died of
cardiac failure 151 days after transplantation.

METHODS

Serologic Studies

Serum samples from Patients 2 and 3 were collected several times,
before and after transplantation, as indicated in Figures 1 and 2.
Serum samples from Patient 1 were collected at the same times as
those from Patient 2 (data not shown). The serologic assays have
been described elsewhere.!517

Histopathological, Immunohistochemical, and in Situ
Hybridization Studies

Formalin-fixed and paraffin-embedded bone marrow specimens
were obtained from core biopsies in Patient 2 as well as five con-
trols: four patients with hematologic diseases (one with chronic
myelogenous leukemia, two with myelodysplastic syndrome, and
one with aplastic anemia) and one healthy subject. A nested poly-
merase-chain-reaction (PCR) assay showed that all biopsy speci-
mens from the controls were negative for HHV-8 DNA. Bone
marrow specimens were obtained from core biopsies in Patient 3,
fixed with B-5, and embedded in paraffin.

Immunohistochemical analysis with a polyclonal rabbit antibody
against recombinant latent nuclear antigen 1 (latency-associated
nuclear antigen 1, or LANA) of HHV-8 encoded by open-read-
ing-frame 73 (ORF 73)18.1° was performed at a dilution of 1:500
in phosphate-buffered saline in the biopsy specimens as well as in
a primary-effusion lymphoma cell line (BCBL-1), according to an
alkaline phosphatase—anti-alkaline phosphatase technique.

Serial biopsy specimens also underwent hybridization with a ri-
boprobe labeled with sulfur-35 (specific activity approximately
2 X 10° dpm per microgram), generated from an HHV-8—specific
T0.7 complementary DNA clone, as described previously.20

Molecular Studies

Nucleic acids were extracted from the same cell-free serum
samples2! as well as from Ficoll-separated and unseparated periph-
eral-blood cells and bone marrow.22.23 PCR assays for viral sequenc-
es have been described elsewhere.21-30

RESULTS
Donor

Serum obtained from the donor one day before the
kidneys were removed was positive for HHV-8 in five
serologic assays. Antibodies against latent and lytic
HHV-8 antigens were detectable on immunofluores-
cence assays, and antibodies against three different
recombinant proteins, derived from ORF 65, K8.1,
and 73, were detectable on enzyme-linked immuno-

Volume 343 Number 19 1379

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

O O N
N O N
S Y A
Q“Q/ef’\@ Q“Q/ef’\@ QQQ/Q;%\&
) S A N \ ™
@Q c,oQ @Q ooQ (o° c,oQ

- I I I Serum HHV-8 DNA
+ + +

HHV-8 antibodies

* * *
EEEN ] En

* K

o] P 2

o O
| Epoetin |

Transplantation Epoetin |

* Death
180
160
1404
120 1
100
801
604
404
20
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
104
9_
8_
7_
6_
5_
4
3_
2_
1_

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

124

Platelet Count
(X10-3/mm3)

White-Cell Count
(X10-3/mm3)

104

Hemoglobin
(g/dl)

O T T I T T T T T 1
> D ‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b@‘b <b @‘b %] %%‘b‘b%‘b‘b

RS ,L\@ S PP P TP o \@\\\@\\@\\@ \@ <\\@ S \@ ST e

RO U G URGR AR CR S SR ° RN A N N NN\

Figure 1. Changes in the Platelet Count, White-Cell Count, Hemoglobin Level, Serum Level of Human Herpesvirus 8 (HHV-8) DNA,

and Results of Tests for Antibodies against HHV-8 Antigen in Patient 2 from the Time of Renal Transplantation to Death.

Therapy consisted of epoetin, granulocyte colony-stimulating factor (circles), and transfusions of platelets (squares) and red cells

(stars).
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Figure 2. Changes in the Platelet Count, White-Cell Count, Hemoglobin Level, Serum Level of Human Herpesvirus 8 (HHV-8) DNA,
and Results of Tests for Antibodies against HHV-8 Antigen in Patient 3 from the Time of the Autologous Peripheral-Blood Stem-Cell

Transplantation on Day 0 to Death.

Therapy consisted of corticosteroids, granulocyte colony-stimulating factor (circles), and transfusions of platelets (squares) and red

cells (stars). A lytic immunofluorescence assay was used to detect HHV-8 antibodies.
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sorbent assay and Western blotting. HHV-8 sequenc-
es (ORF 26 and K1) were also detected by a nested
PCR assay in the DNA extracted from unseparated
peripheral-blood mononuclear cells.

Renal-Transplant Recipients

Serum samples obtained from Patients 1 and 2 at
the time of transplantation were negative for HHV-8
in five serologic assays, as were serum samples obtained
three months before transplantation in the case of Pa-
tient 1 and one month beforehand in the case of Pa-
tient 2. The analysis of the first available post-trans-
plantation serum sample, obtained four months after
transplantation from Patient 1, at the onset of Kaposi’s
sarcoma, and from Patient 2 at the onset of symptoms,
showed seroconversion. Two subsequent serum sam-
ples, obtained one week apart from both patients, were
also positive for HHV-8 on all serologic assays used.

HHV-8 DNA (ORF 26 and K1 sequences) was not
detectable in serum samples from the two patients at
the time of transplantation or before the procedure,
but it was detected by PCR assay in the three available
serum samples collected after transplantation, both
from Patient 1 (50 to 100 copies of HHV-8 DNA per
milliliter, as determined semiquantitatively by serial
dilutions of DNA from the patient) (data not shown)
and from Patient 2 (50,000 to 100,000 copies of
HHV-8 DNA per milliliter) (Fig. 1). Sequence analy-
sis of the two highly variable regions of the KI gene
from these two patients and the donor showed that
both the nucleotide and the amino acid sequences
were identical, and phylogenetic analysis showed that
the infecting strain belonged to clade C, which is rath-
er common in Italy.28 (Additional information is avail-
able on our Web site at http://www.unimo.it/gisl/
luppi/nobacknejm.htm).

HHV-8 LANA was expressed in the nuclei of about
3 percent of the bone marrow cells from Patient 2
(Fig. 3A and 3B). Cells expressing LANA appeared
morphologically to be immature bone marrow cells.
LANA was present in distinct subnuclear domains in
a pattern similar to that seen in cultured primary-effu-
sion lymphoma cell lines (Fig. 3D).!8 No staining with
this antibody was seen in bone marrow specimens ob-
tained from core biopsies in the five controls (data not
shown).

Recipient of Autologous Peripheral-Blood Stem Cells

HHYV-8 DNA (ORF 26 and K1) was transiently
detected by a nested PCR assay (50 to 100 copies of
HHV-8 DNA per milliliter) in the serum obtained
from Patient 3 two days and eight days after transplan-
tation, the period during which he had an intermittent
fever, but the levels became undetectable immediately
thereafter (Fig. 2). HHV-8 DNA was also undetect-
able in the serum collected 84 days before transplan-
tation. A PCR assay with degenerate (nonspecific)
primers for the DNA polymerase gene of herpesvi-
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ruses confirmed the presence of HHV-8 sequences
in the patient’s serum. HHV-8 DNA (ORF 26 and
K1) again became detectable in the serum obtained
62 days after transplantation, and the viral load was
high enough (50,000 to 100,000 copies per milliliter)
to be detectable even by a one-step PCR assay (Fig.
2). On the basis of the sequencing of the KI gene,
the HHV-8 variant in this patient was classified as
clade A.28

HHV-8 DNA (500 to 1000 copies per milliliter),
detected by a nested PCR assay in serial serum sam-
ples, persisted concomitantly with the bone marrow
aplasia and peripheral cytopenia until the patient died
(Fig. 2). HHV-8 DNA sequences were also detected
by a nested PCR assay in the DNA extracted from
the Ficoll-separated peripheral-blood stem cells col-
lected on day 62 after transplantation. In situ hybrid-
ization studies also revealed a few HHV-8—-infected
cells that expressed the latent TO0.7 transcript in the
aplastic bone marrow obtained on day 62 (Fig. 4).
No hybridization signal was detectable in the two his-
tologically normal bone marrow specimens obtained
in December 1997 and February 1998 after the diag-
nosis of non-Hodgkin’s lymphoma (Fig. 4). Immuno-
histochemical analysis also revealed HHV-8 LANA
only in the aplastic bone marrow (Fig. 3C). On mor-
phologic examination, HHV-8—positive cells appeared
to be immature bone marrow cells. The presence of
antibodies against HHV-8 lytic antigens was docu-
mented by immunofluorescence assay in the serum
obtained 84 days before transplantation and after
transplantation, but no antibodies against the latent
nuclear antigen or recombinant capsid (ORF 65) or
membrane (ORF K8.1) proteins were found.

DISCUSSION

The findings in our three patients show that pri-
mary infection with HHV-8 or reactivation of infec-
tion may be associated with nonmalignant disease af-
ter transplantation. In one renal-transplant recipient,
the sudden onset of persistent fever, splenomegaly, and
marked cytopenia suggested the presence of an acute
infectious disease. Extensive microbiologic testing be-
fore the patient’s death failed to identify any other
agents. Subsequent studies showed seroconversion and
high levels of viremia, indicative of a recent primary in-
tection with HHV-8. Our finding of HHV-8 LANA,
which is expressed in persistently (latently) infected
cells,18-31 within immature bone marrow cells strength-
ens the causal relation between primary HHV-8 infec-
tion and the bone marrow failure in this patient.

We also documented the transmission of HHV-8
from a kidney donor to two transplant recipients by
showing that seroconversion occurred almost simul-
taneously in the two transplant recipients and that the
K1 sequences of the HHV-8 DNA were the same in
the donor and the two recipients. The K1 gene of
HHV-8 is highly variable and has been used to iden-

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



BONE MARROW FAILURE ASSOCIATED WITH HUMAN HERPESVIRUS 8 INFECTION AFTER TRANSPLANTATION

Figure 3. Expression of Human Herpesvirus 8 (HHV-8) Latent Nuclear Antigen in Bone Marrow Cells from Patient 2 (Panels A and
B, X450) and Patient 3 (Panel C, X400) and an HHV-8-Infected Primary-Effusion Lymphoma Cell Line (Panel D, X500).

Immunohistochemical analysis was performed with a polyclonal rabbit antibody against recombinant latent nuclear antigen 1 (LANA)
of HHV-8 encoded by open-reading-frame 73 (ORF 73). Specimens were counterstained with hematoxylin. LANA was detected in
the nuclei of immature bone marrow cells (arrows) from Patient 2 four months after kidney transplantation (Panels A and B) and
Patient 3 two months after the transplantation of peripheral-blood stem cells (Panel C). The pattern of expression of LANA was
similar in the nuclei of the HHV-8-infected BCBL-1 cells (Panel D). There was no staining of bone marrow specimens obtained from
core biopsies in five controls or of normocellular bone marrow specimens obtained from core biopsies in Patient 3 in December
1997 and February 1998, before transplantation (not shown).
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Figure 4. Expression of a Human Herpesvirus 8 (HHV-8) T0.7 RNA Transcript in Serial Core-Biopsy Specimens of Bone Marrow from

Patient 3 (X340).

Specimens were counterstained with hematoxylin and eosin. The results of hybridization with an ¥S-labeled riboprobe (specific
activity, approximately 2X10° dpm per microgram), generated from a T0.7 complementary DNA clone,?° were negative in the nor-
mocellular bone marrow specimens obtained from core biopsies in December 1997 (Panel A) and in February 1998 (not shown),
before transplantation, whereas a few HHV-8 T0.7 RNA transcripts (arrows in Panel B) are evident in the aplastic bone marrow spec-
imen obtained from a core biopsy in July 1998 (day 62), two months after transplantation.

tify HHV-8 isolates.2%28 The simultaneous occurrence
of disseminated Kaposi’s sarcoma in one renal-trans-
plant recipient and bone marrow failure in the other
suggests that the same virus may have a different
pathogenic potential in different, although HLA-relat-
ed, human hosts.

In Patient 3, the detection of antibodies against
HHV-8 lytic antigen before transplantation suggests
that the viremia was likely to be due to reactivation of
the infection rather than to a primary infection with
HHV-8. The detection of HHV-8—-infected cells by
in situ hybridization and immunohistochemical analy-
sis in the aplastic bone marrow, in which plasmacy-
tosis was evident, but not in two previous normal bone
marrow specimens from the same patient, suggests
that infection of bone marrow cells occurred as a result
of viral reactivation and that the virus is myelosup-
pressive.

Among herpesviruses, Epstein—Barr virus has been
implicated in aplastic anemia,?? and cytomegalovirus
and HHV-6 have been reported to exert a myelo-
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suppressive effect in vitro and to be largely responsible
for delayed platelet engraftment in transplant recipi-
ents.22333¢ Our findings suggest that HHV-8 can also
cause bone marrow failure, at least in immunosup-
pressed patients after transplantation. The severity of
the illness in our patients was most likely related to the
immunosuppression and is not typical of a primary
infection or a reactivation of infection in immuno-
competent subjects. The plasma-cell infiltration in the
aplastic bone marrow of these transplant patients may
be associated with the HHV-8 infection.578:35
Kaposi’s sarcoma is very rare after the transplanta-
tion of allogeneic or autologous bone marrow or pe-
ripheral-blood stem cells.3¢ However, we found that
other complications associated with HHV-8 infection
may occur occasionally in such patients, at least in our
geographic area (the lower Po valley of northern Italy),
where the seroprevalence of HHV-8 infection among
blood donors is about 13 percent.3”38 The identifi-
cation of a serologic response to HHV-8 in Patient 3
by the lytic immunofluorescence assay but not by the
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three other assays illustrates the drawbacks of relying
on a single antibody assay to identify HHV-8 infection
in HIV-negative patients without Kaposi’s sarcoma.16:3
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