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We describe a fatal case of human herpesvirus 8–associated

bone marrow failure in a patient who had received intense

treatment for Hodgkin lymphoma and was undergoing bone

marrow transplantation. Bone marrow failure was resistant

to antiviral treatment and a second infusion of autologous

stem cells. Human herpesvirus 8 infection continues to be a

major concern in transplant recipients in critical condition.

It is well known that iatrogenic immunosuppression leads to

reactivation of latent viral infections, such as human cyto-

megalovirus (hCMV), Epstein-Barr virus (EBV), and human

herpesvirus 6 (HHV-6) infections [1]. More recently, Kaposi

sarcoma–associated herpesvirus, also known as “human herpes-

virus type 8,” has been identified [2]. HHV-8 is not ubiquitous

in the general population; seroprevalence rates are very low in

the United Kingdom and the United States and are higher only

in certain geographic areas of the world (the Mediterranean

area and Africa) [3]. In one study, 17.7% and 18.7% of Italian

blood donors had antibodies to latency-associated nuclear an-

tigen and open-reading frame (ORF) 65 protein, respectively,

and 24.1% had antibodies to �1 antigen [4]. Moreover, HHV-

8 is frequently secreted in saliva, which suggests that saliva is

probably the major transmission vehicle [5]. The increase in

the prevalence of HHV-8 seropositivity among persons who

have received transplants is considered to be a new problem,
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caused most probably by transfusion procedures [6]. Because

HHV-8 transmission has been reported to result from organ

transplantation and intravenous drug use, bone marrow trans-

plant (BMT) recipients could be at risk for HHV-8 infection.

However, little is known about risk factors for posttransplan-

tation HHV-8 disease, and the association between HHV-8 and

delay in engraftment remains to be elucidated for different types

of transplants. To date, only a few reports have been published

on microbiologically proven HHV-8 infection in transplant re-

cipients [7]. We describe a case of fatal posttransplantation bone

marrow aplasia associated with HHV-8 infection in a patient

with Hodgkin lymphoma.

Case report. In March 1998, a 17-year-old girl with a

diagnosis of stage III Hodgkin lymphoma, subtype nodular

sclerosis, was referred to the Bone Marrow Transplant Center

(Azienda Ospedaliera Bianchi-Melacrino-Morelli, Reggio Ca-

labria, Italy). The patient’s lymphoma was resistant to 4 cycles

of a chemotherapy regimen that included etoposide (60 mg/

m2), vincristine (1 mg/m2), and epirubicin (25 mg/m2). There-

fore, she received 6 cycles of a regimen that included, sequen-

tially, mechlorethamine (6 mg/m2), lomustine (100 mg/m2),

vindesine (3 mg/m2), prednisone (40 mg/m2), epirubicin (40

mg/m2), vincristine (1.4 mg/m2), procarbazine (100 mg/m2),

vinblastine (6 mg/m2), and bleomycin (10 mg/m2).

After the second cycle of the second chemotherapy regi-

men, granulocyte colony–stimulating factor was added, and

CD34+ peripheral blood stem cells/kg were collected.67.8 � 10

Because of pulmonary embolism, anticoagulant therapy was

also started. In September 2000, after an initial partial response,

the patient experienced disease progression in lymph nodes and

the lungs. In addition, examination of a bone marrow biopsy

specimen showed disease infiltration.

On the basis of these clinical data, it was decided to begin

a third-line chemotherapy regimen that consisted of 2 cycles

of doxorubicin (25 mg/m2), bleomycin (10 mg/m2), vinblastine

(6 mg/m2), and dacarbazine (375 mg/m2), followed by high-

dose sequential therapy. The patient underwent a second stem

cell mobilization, and CD34+ peripheral blood stem67.8 � 10

cells/kg were collected again. After 3 months, the patient re-

ceived conditioning therapy with mitoxantrone (60 mg/m2) and

melphalan (140 mg/m2), followed by autologous peripheral

blood stem cell rescue ( CD34+ cells/kg). Antimicrobial65.5 � 10

prophylactic treatment with ciprofloxacin (500 mg b.i.d.), itra-

conazole oral solution (5 mg/kg b.i.d.), and acyclovir (5 mg/

kg t.i.d.) was also administered.

Time to neutrophil and platelet engraftment was 9 and 12
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Table 1. Viral pathogens detected during the leukopenic phase after peripheral
blood stem cell transplantation.

Pathogen, indicator Fraction type Result of IFA Result of PCR

Human cytomegalovirus

pp65 antigen Cellular Negative …

pp67 antigen and mRNA Cellular … Negative

Human herpesvirus 6

Antigenemia Cellular Negative …

DNA Cellular Negative Negative

Human herpesvirus 8

DNA Cellular and acellular … Positive

mRNA Cellular and acellular … Positive

NOTE. IFA, immunofluorescence assay.

Figure 1. Detection of human herpesvirus 8 DNA in acellular and
cellular fractions of peripheral blood or bone marrow. Lane 1, molecular
weight marker (fX174 DNA/Inf I); lane 2, PCR analysis of PBMCs positive
for open-reading frame (ORF) K8.1 DNA before peripheral blood stem cell
transplantation (PBSCT); lane 3, serum negative for ORF K8.1 DNA before
PBSCT; lanes 4 and 5, PBMCs and serum, respectively, both positive for
ORF K8.1 DNA after PBSCT; lanes 6 and 7, bone marrow mononuclear
cells and serum, respectively, positive for ORF K8.1 DNA after PBSCT;
lane 8, mix PCR without DNA.

days, respectively. The patient was discharged on day 12 after

transplantation. Soon after, the patient presented with cuta-

neous rash, fever, and leukopenia. A significant decrease of

trilineage bone marrow cellularity, without neoplastic infiltra-

tion, was documented. The results of tests for antibodies to

hepatitis A, B, and C viruses were negative. The results of tests

for CMV, EBV, and HHV-6 antigenemia and for HHV-6 DNA

and CMV mRNA were also negative (table 1). However, HHV-

8 DNA was clearly documented in the acellular and cellular

fractions of peripheral blood and bone marrow (figure 1). In

addition, HHV-8 mRNA was detected in bone marrow mono-

nuclear cells (figure 2). Because of the progressive lack of mar-

row cellularity, autologous CD34+ cells/kg were infused.69 � 10

In addition, hematopoietic growth factors were administered,

along with steroids. Platelet and RBC transfusions were also

given. Finally, a different antiviral therapy was attempted (fos-

carnet, 60 mg/kg b.i.d.).

Despite these treatments, HHV-8 DNA and mRNA contin-

ued to be detected in both bone marrow and peripheral blood

(data not shown), and no evidence of other associated infec-

tions was found. On day 95 after transplantation, cytopenia

persisted, and the patient died of acute respiratory distress

syndrome.

Materials and methods. Mononuclear cells were isolated

from heparinized peripheral blood and bone marrow samples

by density gradient centrifugation, using Biocoll Separation So-

lution (Biochrom-BioDivision). The patient was monitored for

hCMV, EBV, and HHV-6 infections by testing for pp65 and for

ZEBRA and TAN-HST (both from Bioline Diagnostici) antige-

nemia, respectively. hCMV antigenemia was determined in pp65-

negative polymorphonucleated cells after staining with 3 specific

monoclonal antibodies (CMV protein kinase 65 CINA pool,

clone IC3+AYM; Bioline Diagnostici), as described elsewhere [8].

Similar procedures were performed to test for EBV and HHV-

6 antigenemia in mononuclear cells stained with specific mono-

clonal antibodies (for EBV [ZEBRA], clone AZ-69, and for HHV-

6 [TAN-SHT], clone 7C7 45/15; Bioline Diagnostici). The

Nuclisens hCMV pp67 mRNA assay was performed by qualitative

nucleic acid sequence–based amplification, according to the man-

ufacturer’s instructions (Organon Teknika) [9]. For detection of

HHV-6 and HHV-8 DNA in serum and mononuclear cell sam-

ples, DNA was extracted with 2 commercial DNA isolation kits

(Micro-Geno DNA and Mini-Geno DNA kits; AB Analitica),

resuspended in a 100-mmol/L Tris solution containing 50 mmol/

L EDTA (pH 8.0), quantified using a UV spectrophotometer

reader (optical density at 260 nm), and stored at �20�C until

use.

Ten microliters of DNA was used to amplify ORF U31 of

HHV-6 by nested PCR assay and ORF K8.1 of HHV-8 by a

single-step PCR assay (2 commercial kits were used: the Am-

pliquality HHV-6 and Ampliquality HHV-8 kits [AB Anali-

tica]). An HHV-8 DNA fragment size of 527 bp was expected.

The quality of all DNA samples was tested by PCR assay of b-
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Figure 2. Detection of human herpesvirus 8 DNA in acellular and
cellular fractions of peripheral blood or bone marrow. Lane 1, RT-PCR
analysis of bone marrow mononuclear cells positive for open-reading
frame (ORF) K8.1 mRNA after peripheral blood stem cell transplantation
(PBSCT); lane 2, mix PCR without reverse transcriptase; lane 3, serum
before peripheral blood stem cell transplantation; lanes 4 and 5, PCR
analysis of PBMCs and bone marrow mononuclear cells, respectively,
both positive for ORF K8.1 DNA after PBSCT (first detection); lane 6,
molecular weight marker (fDNA/Inf I).

Figure 3. Detection of human herpesvirus 8 DNA in cellular fractions
of peripheral blood and bone marrow before and after peripheral blood
stem cell transplantation (PBSCT). Lane 1, Low molecular weight marker;
lanes 2 and 3, PCR analysis of PBMCs positive for open-reading frame
(ORF) K8.1 DNA before PBSCT; lanes 4 and 5, PCR analysis of PBMCs
and bone marrow mononuclear cells, respectively, both positive for ORF
K8.1 DNA after PBSCT (first detection); lanes 6 and 7, PCR analysis of
PBMCs and bone marrow mononuclear cells, respectively, positive for
ORF K8.1 DNA after PBSCT (second detection); lane 8, mix PCR without
DNA.

globin, and its expected fragment size of 268 bp was used as

a control. Assay specificity was confirmed by positive results

when HHV-6 and HHV-8 DNA controls were used. Positive

controls run with the samples included a negative water blank.

PCR products were detected by electrophoresis in 2% agarose

gels and visualized after ethidium bromide staining. Molecular

weight markers were included in each gel.

HHV-8 K8.1 cDNA was obtained by RT-PCR. mRNA from

cells was isolated by using an mRNA isolation kit (Blood RNA

kit; AB Analitica). Approximately 0.3 mg of mRNA was reverse

transcribed with the Ampliquality HHV-8 kit, according to the

manufacturer’s instructions. As a negative control, cDNA syn-

thesis was performed without reverse transcriptase. One-

microliter aliquots of the same cDNA preparation were used

for PCR amplification in 50 mL of final reaction mixture with

specific primers designed to amplify 433-bp and 250-bp frag-

ments within ORF K8.1.

Discussion. The occurrence of primary or reactivated hu-

man herpesvirus infections among transplant recipients is as-

sociated with immunosuppressive therapy and causes serious

and harmful complications. Multiple concomitant viral infec-

tions might also enhance the lytic-cycle spread of emerging

infectious pathogens, such as HHV-8. This is a g-herpesvirus

that has been shown by genomic sequence analysis to be closely

related to herpesvirus saimiri and rhesus monkey rhadinovirus

[10]. The biological characteristics of this virus are very inter-

esting for its possible pathogenetic role in neurological and

lymphoproliferative diseases [11, 12].

Previous studies have shown that HHV-8 may play a role in

supporting bone marrow plasma cellular proliferation and/or

neoplastic transformation in patients with multiple myeloma,

which suggests that the viral agent may be very important in

the development of this B cell malignancy [13]. However, the

same microorganism may have a variable pathogenic role in

malignant and nonmalignant diseases in human hosts [14].

Primary infection with HHV-8 or HHV-8 reactivation may

be associated with different pathologic events that occur after

transplantation [15].

HHV-8 infection causes a viruslike syndrome that involves

fever, splenomegaly, and myelosuppressive activity in both

solid-organ and BMT recipients [7]. In transplant recipients,

transient reactivation of HHV-8 is associated with fever, cu-

taneous rash, and hepatitis. These clinical features are similar

to those of infections caused by other members of the her-

pesvirus family, such as HHV-6 and hCMV. Notably, acute and

persistent HHV-8 replication has been associated with high

morbidity and mortality.
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We attempted to link the clinical and hematological signs in

our patient, such as cutaneous rash, fever, and bone marrow

suppression, to the results of laboratory and molecular inves-

tigation in which tests for several herpesvirus groups were done.

Bone marrow, peripheral blood, and serum specimens were

serially examined, with the aim of finding evidence of active

hCMV, EBV, HHV-6, or HHV-8 replication. Assays for hCMV,

EBV, and HHV-6 antigenemia, as well as molecular tests for

hCMV mRNA and HHV-6 DNA, had negative results during

the symptomatic period. In contrast, HHV-8 DNA was detected

by single-step PCR in mononuclear cells in both blood and

bone marrow samples. Therefore, to examine the virus life cycle

stage, we looked for mRNA of the HHV-8 structural gene tran-

script K8.1. This was found in all hematological samples during

the period after autologous bone marrow transplantation. Be-

cause the results of tests for hCMV, EBV, and HHV-6 were

negative, we concluded that HHV-8 was the most likely cause

of this patient’s disorder.

It should be emphasized that evidence needs to be carefully

collected before the presence of microbial nucleic acid se-

quences in blood is definitively correlated with a specific in-

fectious disease. Detection of HHV-8 DNA has been the main-

stay for confirming the presence of this virus in tissue. Because

nested DNA PCR is particularly prone to contamination and

the production of false-positive results, we decided to use a

single-step PCR assay to detect HHV-8 DNA. However, PCR

detection of specific DNA sequences is not able to distinguish

between the latent and the lytic stages of the virus life cycle.

Demonstration of HHV-8 mRNA by RT-PCR, especially of

structural gene transcripts, appears to offer the most accurate

reflection of viral replication. Detection of structural gene tran-

scripts is indicative of chronic persistent infection. Previous

studies have reported that lytic-cycle polypeptides from HHV-

8 are predominantly encoded by ORF K8.1, which is present

in the same genomic position as virion envelope glycoproteins

of other g-herpesviruses [16]. K8.1 was found to be expressed

during lytic HHV-8 replication in body cavity–based lymphoma

1 cells and was localized on the surface of cells and virions

[17]. Previous studies have shown that 2 spliced mRNAs are

transcribed from the K8.1 locus of HHV-8 (K8.1a and K8.1b),

in addition to an unspliced message (K8.1g) [18, 19]. The

primers of the Ampliquality HHV-8 kit recognize a fragment

deleted by splicing of the K8.1 locus, and, therefore, a smaller

fragment than is expected to result from DNA amplification

(latent genome) will be obtained. This procedure ensures the

specificity of the amplified fragment, even when viral DNA is

present in the RNA sample, which makes quality-control pro-

cedures or the use of DNase unnecessary.

In our case, 2 observations suggest that HHV-8 viremia was

probably caused by viral reactivation, rather than by primary

infection. Both DNA and mRNA were found in sequential sam-

ples obtained at the time of clinical symptoms and during the

posttransplantation period. On the other hand, only HHV-8

DNA was detected in peripheral blood before transplantation,

and we failed to detect any copies of mRNA K8.1. Unfortu-

nately, it was not possible to perform a quantitative molecular

kinetic analysis of HHV-8 load, and only qualitative analysis

was done (figure 3).

A recent study, in which a real-time PCR assay was used,

provided evidence in support of a strong correlation between

ingravescent clinical features and a high HHV-8 load [20]. In

addition, Quinlivan et al. [21] suggest that HHV-8 copy num-

ber, as determined by quantitative-competitive PCR, should be

used as biomarker during clinical follow-up. Our report is in

agreement with the observations of other groups and confirms

the association between HHV-8 and bone marrow failure in

patients who have undergone autologous transplantation. The

detection of lytic protein transcript mRNA, a method for prov-

ing a clinical suspicion, is a clear indicator of chronic and

persistent infection; this supports the idea that a strong and

close relationship exists between the presence of actively in-

fected cells and adverse outcome in HHV-8–associated disease.

In conclusion, severe manifestation of HHV-8 infection may

result in irreversible aplasia in BMT recipients. Therefore, in

such subjects, the care usually exercised in dealing with other

latent pathogens should be applied to early recognition and

appropriate treatment of HHV-8 syndrome. Monitoring the

HHV-8 load might be useful as a reference standard for mea-

suring the success of therapy for HHV-8.
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