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In contrast to other causes of herpetic lymphadenitis, the histological features associated with human
herpesvirus-6 (HHV-6) infection have remained elusive since its discovery in 1986. We describe the histologic
and phenotypic changes associated with acute HHV-6 lymphadenitis in two immunocompetent adults who
presented with fever, fatigue, generalized lymphadenopathy, and elevated liver enzymes. Serologic tests for
human immunodeficiency virus, acute Epstein–Barr virus, and cytomegalovirus infection were negative. Lymph
node biopsies were consistent with viral lymphadenitis. Intranuclear and cytoplasmic inclusions were identified
in CD4-positive T lymphocytes in expanded paracortical areas. Immunohistochemical staining with monoclonal
antibody to the HHV-6 gp60/110 kDa envelope glycoprotein showed that the inclusions were positive for viral
antigen. Electron microscopy demonstrated numerous viral particles in the cytoplasm and nucleus,
characteristic of Herpesviridae family. Clustering of viral particles was observed, which has previously been
reported only in infected tissue culture cells. PCR followed by sequencing of DNA extracted from the lymph
nodes identified the virus as HHV-6, type B. This is the first report that documents distinctive histologic features
of HHV-6 lymphadenitis and demonstrates that the cells harboring the virus in vivo are CD4-positive T
lymphocytes.
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Human herpesvirus-6 (HHV-6) is ubiquitous in the
human population throughout the world, with
seroconversion occurring early in life. Primary
infection with HHV-6 in young children may cause
exanthem subitum1 and acute febrile illness. In
adults, it has been associated with hepatitis,2

encephalitis,3 and a mononucleosis-like syndrome.4

Two variants of HHV-6 exist (A and B), which have
colinear and highly homologous genomes.5 Like all
other human herpesviruses, HHV-6 remains latent
in host cells after primary infection. Reactivation
usually occurs only in immunocompromised states,
and recently HHV-6 has been recognized as an
opportunistic pathogen in patients with acquired
immune deficiency syndrome and in transplant
recipients.6 Several studies have also suggested
association between HHV-6 infection and certain

lymphoproliferative disorders. DiLuca et al7 re-
ported the presence of HHV-6, variant B, in about
one-third of Hodgkin’s lymphomas. Luppi et al8

detected HHV-6 sequences in lymph node biopsies
of seven out of 12 cases of angioimmunoblastic
lymphadenopathy with dysproteinemia. HHV-6 was
detected in tissues involved by sinus histiocytosis
with massive lymphadenopathy.9 While these find-
ings are intriguing, it is not certain that HHV-6 has a
causal role in malignancy. While viral DNA has been
detected in these tissues by PCR or DNA hybridiza-
tion, the number of positive cells by immunohis-
tochemistry has been usually less than 1%, and no
distinctive features were associated with HHV-6
infection in tissue sections.

It is still largely unknown which cell types harbor
HHV-6 in lymphoid tissues in vivo. Immunohisto-
chemical studies10 showed that HHV-6-positive cells
in cases of reactive lymphadenopathy are plasma
cells, histiocytes, and rare granulocytes. In vitro
studies have shown that HHV-6 replicates and
induces cytopathic effects in CD4þ -positive T
lymphocytes, but it has been also shown to be
tropic for other cells including CD8þ T cells, gd TReceived 9 January 2004; revised and accepted 23 April 2004
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cells, B cells, natural killer cells, monocytes/macro-
phages, and megakaryocytes.11–15

In the present report, we describe two cases of
immunocompetent adults who presented with fever
and generalized lymphadenopathy, and on biopsy
were found to have viral lymphadenitis with
massive numbers of viral inclusions in CD4-positive
T lymphocytes. The presence of the virus in these
cells was confirmed by immunohistochemistry, and
electron microscopy and molecular studies identi-
fied distinctive features of HHV-6B.

Material and methods

Case Reports

Case no. 1
A 28-year-old male student from Ghana, with no
significant past medical history except for a remote
history of malaria, was admitted to the hospital for
evaluation of an acute febrile illness that began
approximately 1 week before admission. Symptoms
included high fever, headaches, myalgias, arthralgias,
upper respiratory tract infection, and generalized
lymphadenopathy. On admission, blood and throat
cultures were obtained that were subsequently
negative and he was started on ampicillin–sulbac-
tam. The white blood cell (WBC) count was
6400 ml�1 (30% bands), hematocrit was 0.41, and
platelets 125 000 ml�1. The peripheral blood smear
showed no atypical lymphocytes. The serum crea-
tinine was 1.7 (0.5–1.3 mg/dl), BUN 8 (6–21 mg/dl),
albumin 2.9 (3.5–4.9 g/dl), CPK 3214 (52–380 U/l),
AST 78 (5–35 U/l), ALT 147 (7–56 U/l), alkaline
phosphatase 100 (38–126 U/l), and total bilirubin 0.3
(0.2–1.3 mg/dl). A malaria smear was negative.
Serologies were negative for human immunodefi-
ciency virus (HIV), hepatitis B and hepatitis C, and
cytomegalovirus (CMV). Tests for cryptococcus,
parvovirus, toxoplasmosis, and acid-fast bacilli were
negative. The RPR was nonreactive. Epstein–Barr
virus (EBV) serology showed positive titers for
EBNA and VCA IgG; the VCA IgM was negative.
FANA was negative, and complements were within
normal limits.

Abdominal ultrasound showed splenomegaly.
After ampicillin–sulbactam was begun, the patient
developed a sandpaper-like generalized rash and
peripheral blood eosinophilia. Antibiotic was
stopped and a cervical lymph node biopsy was
performed. The patient was subsequently dis-
charged on Zitromax.

Case no. 2
An acutely ill 56-year-old African-American female
was admitted with fever, rash, nausea, vomiting,
diarrhea, and right upper quadrant abdominal pain.
Her medical history was notable for a diagnosis of
rheumatoid arthritis approximately 4 weeks earlier
and initiation of the medications Sulfasalazine,
Valdecoxib, and Diclofenac. Physical examination

was remarkable for a maculopapular rash on the
right side of her face and right upper quadrant
tenderness. An admission diagnosis of hepatitis was
based on a bilirubin of 4.3 (0.2–1.0 mg/dl), alkaline
phosphatase of 191 (39–117 U/l), AST of 76 (1–40 U/l),
and ALT of 149 (9–49 U/l.) Initial WBC was 8200 ml
with 47% neutrophils and 35% bands.

Patient’s rash, which started 2 days prior to
admission, progressed over the course of her
hospitalization to be exfoliative and involved her
entire body. She developed axillary and supraclavi-
cular lymphadenopathy and palpable hepatosple-
nomegaly. CT scan of the abdomen showed
porta-hepatis lymphadenopathy and suggested cho-
lecystitis. After five relatively stable days her WBC
counts increased to 40 000 ml with a marked atypical
lymphocytosis accounting for the elevation. Eosino-
philia was not present. AST increased to 1642
(10–40 U/l), ALT to 797 (9–49 U/l), and bilirubin to
12 (0.2–1.0 mg/dl.) Serologies were negative for HIV,
hepatitis A, hepatitis B, hepatitis C, CMV, and HTLV
I & II. EBV virus serologies were positive for VCA
and EBNA IgG. EBV EA IgG and VCA IgM were
negative. Varicella/zoster IgG was positive and IgM
was negative. Blood and respiratory cultures were
negative.

The patient developed worsening liver failure
with confusion, renal failure, disseminated intra-
vascular coagulation, and pleural effusion. An
exploratory laparotomy with liver and porta-hepatis
lymph node biopsies were carried out hospital on
day 12. Bone marrow biopsy was also performed.
Based on the recognition of viral inclusions in the
biopsies acyclovir was started, but patient expired
with worsening liver failure and encephalopathy 17
days after admission. Permission for autopsy was
not obtained.

Histological Analysis

The tissue biopsies were fixed in 10% phosphate-
buffered formalin solution and paraffin-embedded
according to conventional procedures. Sections
(4 mm thick) were cut and stained with hematox-
ylin–eosin (H&E) using standard procedures.

Immunohistochemical Analysis

Immunohistochemical studies were performed on
formalin-fixed, paraffin-embedded sections using
standard immunoperoxidase staining procedures
with an automated immunostainer (Ventana Medical
System, Tucson, AZ, USA), according to the manu-
facturer’s instruction as previously described.16 The
antibody panel for lymph node staining in Case no. 1
included CD20, CD3, CD8, Alk-1, HSV-1, CMV
(clone CCH2) (Dako, Carpinteria, CA, USA), CD4,
CD56, CD25 (Novocastra Laboratories, Newcastle,
UK), HHV-8 (ORF-73)(Advanced Biotechnologies
Inc., Columbia, MD, USA), and HHV-6 gp60/110
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envelope glycoprotein, which recognizes type A and
B (Biodesign Inter, Saco ME, USA). HHV-6 mono-
clonal antibody was applied for 1 h at RT (dilution
1:50), after antigen retrieval in a microwaveable
pressure cooker (Nordic Ware) containing 1.5 l of
10 mM citrate buffer (pH of 6.0) with 0.1% Tween
20, and microwaved (Model R4A80, Sharp Electro-
nics, Rahwah, NJ, USA) for 8 min at 700 W. It was
visualized using EnvisionPlus (Dako, Carpinteria,
CA, USA) according to the manufacturer’s instruc-
tions.

The antibody panel for lymph node staining in
Case no 2 included CD20, CD3, CD30, CD34, CD43,
CD45RO, CD68, EBV, HSV-I & II, and CMV. Addi-
tional immunohistochemical stains were performed
for Varicella–zoster (Phenopath Laboratories, Seattle,
WA, USA).

Electron Microscopic Analysis

Lymph node tissue was removed from paraffin
blocks, deparaffinized overnight in xylene,
rehydrated in PBS, and postfixed in osmium
tetroxide (0.5%),. dehydrated, and embedded into
Maraglas epoxy resin. Ultrathin sections (90 nm)
were made and double-stained with uranyl acetate
and lead citrate, and viewed with a Philips CM10
transmission electron microscope.

Molecular Analysis

In Case no 1, genomic DNA was extracted from a
formalin-fixed, paraffin-embedded cervical lymph
node tissue block. PCR was amplified for detection
of T-cell receptor gamma chain gene rearrangements.
Two separate reactions were performed, one with
primers Vg101, Vg11, and Jg12 and a second with
primers Vg 101, Vg11, and Jp12, according to
published methods.17 The products were analyzed
by acrylamide gel electrophoresis. PCR for HTLV–I
and II was performed with two sets of primers: one
directed to sequences in the TAX gene and the other
to sequences in the POL gene. The products were
transferred to NYTRAN and hybridized with probes
directed to internal sequences of the TAX and POL I
and POL II genes. PCR for HHV-6 and HHV-7 was
performed with 500 ng of DNA extracted from the
lymph node using specific primers. Primer se-
quences for HHV-6 were 50-CTGTATTAGTTGTGCG
TCTC-30 and 50-CATCGACATCGGGATGCTTC-30

and for HHV-7 were 50-TATCCCAGCTGTTTTCATA
TAGTAAC-30 and 50-GCCTTGCGGTAGCACTAGAT
TTTTTG-30. The PCR conditions used were one
cycle at 941C for 5 min; 35 cycles of 941C� 1 min,
551C� 2 min, 721C� 3 min; followed by one cycle of
721C� 7 min. Negative controls included 500 ng of
DNA from peripheral blood mononuclear cells from
4 patients with unrelated conditions. A 1.7 kb band
was present only with the HHV-6 primers using

DNA from the lymph node biopsy. The band was
excised from the gel and DNA was sequenced.

In Case no. 2, formalin-fixed, paraffin-embedded
sections of the lymph node were assayed by
Colorimetric Microtiter Plate PCR for HHV-6, HHV-7,
HHV-8, and EBV as previously described.18

In Situ Hybridization Studies

In situ hybridization studies for EBV were per-
formed using INFORM EBER probe and ISHiView
Blue detection system on an automated system
(BenchMark, Ventana Systems, Tucson, AZ, USA)
in Case no. 1.

Results

Histological analysis of lymph nodes obtained from
both patients revealed marked paracortical expan-
sion with a polymorphous population of atypical
cells of varying sizes. Some cells contained large
centrally placed nucleoli and resembled immuno-
blasts. Many of the atypical cells, particularly in the
subcapsular areas, contained large, eosinophilic,
nuclear, and/or cytoplasmic inclusions, suggestive
of a viral etiology (Figure 1a, Case no. 1). Scattered
eosinophils and plasma cells were present and
residual small follicles were seen.

Immunohistochemical analysis with antibody
against HHV-6 envelope glycoprotein (gp60/
110 kDa) highlighted numerous viral inclusions in
the paracortical areas of lymph nodes (Figure 1b).
The inclusions were mostly cytoplasmic with a
Golgi distribution. The majority of cells in the
paracortex, including the atypical cells containing
the inclusions, were CD3-positive (Figure 1c) and
CD4-positive (Figure 1d) T lymphocytes. CD20
highlighted only residual follicles and rare scattered
larger cells in paracortical areas, consistent with
immunoblasts. Antibody to CD8 stained only a
minority of small, scattered lymphocytes. Staining
with CD25 antibody was negative in atypical cells
and highlighted small, activated T cells. ALK-1 and
CD56 immunostains were negative. Immunohisto-
chemistry was also negative for HSV-1, CMV, or
HHV-8.

In situ hybridization study for EBV using an
EBER-1 probe was performed on Case no. 1 and
was negative.

Histological analysis of liver biopsy from Case no. 2
showed an intense and expansile portal inflamma-
tory reaction with viral inclusions in lymphoid cells
and hepatocytes (Figure 1f). There was extensive
periportal hepatocyte necrosis and loss. A bone
marrow exam showed vaguely granulomatous lym-
phohistiocytic aggregates, a large population of
reactive lymphoid cells, and maturing hematopoi-
esis. Lymphoid cells in association with lympho-
histiocytic aggregates showed rare viral inclusions.
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Figure 1 Histological and immunohistochemical findings. (a) and (b) HE-stained sections of the cervical lymph node from the Case no. 1
with markedly expanded paracortical areas containing a polymorphous population of atypical cells of varying sizes. Many of the cells
contain large, eosinophilic, nuclear, and/or cytoplasmic inclusions, suggesting viral etiology. (c) Immunostaining for HHV-6 revels
numerous positive atypical cells. Cytoplasmic inclusions are positive; however, antibody does not stain nuclear inclusions. (d) and (e).
Immunohistochemical stains reveal that atypical cells, including cells with inclusions (arrows), are positive for CD3 (d) and CD4 (e) and
negative for CD8 (not shown). (f) H&E-stained section of the liver biopsy from the Case No 2 demonstrating viral inclusions.
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Transmission electron microscopy (TEM) was
performed in both cases and revealed numerous
viral particles consistent with HHV-6 (Figures 2a
and b, Case no. 1) in a subset of lymphocytes.
Particles were present both in the nucleus and in the
cytoplasm of infected cells. In the nucleus, empty
capsids or nucleocapsids lacking a tegument and an
envelope were seen (solid arrows). In the cytoplasm,
nucleocapsids were surrounded by a thick tegument
(arrowheads) and many of them had an envelope
with spikes (open arrows and inset) (Figure 2a).
Intranuclear virions were of smaller size (108 nm)
than cytoplasmic virions (average size 139 nm
excluding spikes). The cytoplasmic virions occurred
singly or in clusters. Clustered virions were some-
times seen in membrane-bound vacuoles (Figure
2b).

PCR of DNA extracted from the lymph nodes of
both patients, using primers specific for HHV-6 and
HHV-7 showed a 1.7 kb band only with HHV-6
primers. The band was excised from the gel in Case
no. 1 and sequence analysis showed that it corre-
sponded to HHV-6, type B. In addition, in Case no. 1
molecular studies for T-cell receptor gene rearrange-
ments were negative and PCR analysis failed to
detect HTLV-I and HTLV-II.

Discussion

In this report, we describe the unique features of
HHV-6-associated lymphadenitis in two adults pre-
senting with an acute febrile illness. Lymph node
biopsies showed marked paracortical expansion due
to a proliferation of large atypical cells resembling
immunoblasts. Numerous intranuclear and cyto-
plasmic inclusions were seen in expanded para-
cortical areas. Immunohistochemical studies
showed that the cells containing the inclusions
were CD3/CD4-positive T lymphocytes, and electron
microscopic analysis demonstrated numerous viral
particles in the cytoplasm and nuclei of the infected
cells, consistent with the herpesvirus family.
Immunohistochemical staining for HHV-6 using
an antibody against the envelope glycoprotein
gp60/110 kDa was positive, while immunohisto-
chemical stains for HSV-1, CMV, EBV, and HHV-8
were negative. PCR and sequence analysis con-
firmed HHV-6 with a type B genotype.

Figure 2 Transmission electron microscopy (TEM) micrographs
of infected cervical lymph node. (a) Naked nucleocapsids are
present in the nucleus (solid arrows). Nuleocapsids surrounded
by a thick fuzzy coat (tegument) are present in the cytoplasm
(arrowheads). Some of the tegumented nucleocapsids in the
cytoplasm are also surrounded by an outer envelope with spikes
(open arrows). Mature virions composed of the nucleocapsid, the
tegument and the envelope with spikes are shown in the inset.
Bar equals 1 mm. (b) Several clusters of mature virions in
membrane-bound vacuoles (endosomes) are present in the
cytoplasm of this cell. Bar equals 0.5mm.
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The florid and monomorphic expansion of the
paracortex has not been described in the previous
report of HHV6-associated lymphoproliferative dis-
orders.10 Initially, the atypical cytological features of
the virally infected cells raised the possibility of
involvement by non-Hodgkin’s lymphoma with
immunoblastic features. However, the lack of an
aberrant phenotype and absence of evidence of a
clonal T-cell process did not support this diagnosis.
We also considered CMV lymphadenitis in the
differential diagnosis. CMV infection is usually
associated with viral inclusions in endothelial cells.
However, in rare instances CMV infection of T cells
has been described.19 Such cells may contain
characteristic owl’s eye inclusion bodies in
expanded paracortical areas.

Since most people become infected with HHV-6
during childhood, reports of symptomatic HHV-6
infections in adults are relatively uncommon.
Mononucleosis-like illness due to HHV-6 with
fatigue, cervical lymphadenopathy, sore throat, and
elevated liver enzymes lasting several weeks has
been reported.4 HHV-6 type B was responsible for
illness in most of the prior reports in immunocom-
petent patients, as well as in our cases, while HHV-6
type A is usually detected in patients with HIV
infection. Primary infection with HHV-6 is almost
ubiquitous in infancy, and is associated with febrile
illness, including exanthem subitum (also known as
roseola infantum or sixth disease).1 HHV-6 remains
in the host for life after primary infection. While the
actual site of latency has yet to be established,
monocytes,14 macrophages, and early bone marrow
progenitor cells20 are likely sites for persistence.

In this study, we demonstrated the presence of
HHV-6 viral particles in CD4-positive T lympho-
cytes in lymph node biopsies from symptomatic
patients. This is the first report to demonstrate
massive infection of CD4-positive lymphocytes in
symptomatic, apparently immunocompetent adults.
CD8-positive cells were not infected, although there
are reports that CD8-positive T lymphocytes can also
be infected with HHV-6 in vitro.21

EM features of the viral particles were character-
istic for HHV-6. So far, ultrastructural studies of the
HHV-6 virus in human biopsy material have been
very limited.22,23 The most characteristic feature that
distinguishes HHV-6 and HHV-7 from other herpes-
viruses is a prominent tegument layer in viral
particles present in the cytoplasm,24 as shown in
the present case. Detailed ultrastructural analysis of
an HHV-6-infected human T-lymphoid cell line25

showed that HHV-6, like other herpesviruses,
acquires an envelope at the inner nuclear membrane
and loses its initial envelope at the outer nuclear
membrane (de-envelopment). Naked nucleocapsids
are then released into the cytoplasm and acquire a
tegument and a new envelope with spike glycopro-
teins (re-envelopment). Our finding of both unenve-
loped and enveloped tegumented nucleocapsids in
the cytoplasm is consistent with the reported de-

envelopment/re-envelopment maturation pathway
of the virus. In addition, we show for the first time
in human tissue clustering of mature HHV-6 virions
in membrane-bound vacuoles, thought to represent
endosomes. Virus-containing vacuoles have been
previously reported at the peak of virus production
in the cytoplasm of tissue culture cells infected with
pseudorabies virus26 and endosomal inclusions of
virions were observed in tissue culture cells infected
with HHV-625 and pseudorabies virus.26 Endosomes
have been considered to facilitate transport of the
virus to the plasma membrane26 or to serve as sites of
viral degradation.25 While the function of the
clustered virions in the membrane-bound vacuoles
is unknown, their abundance in present cases
supports the diagnosis of an active HHV-6 infection.

An interesting association in Case No 2 is the
diagnosis of rheumatoid arthritis 4 weeks prior to
patient’s admission and medication with several
drugs, including sulfasalazine. Sulfasalazine is one
of several drugs associated with drug-induced
hypersensitivity syndrome, which has been
hypothesized to cause activation of T lymphocytes
followed by reactivation and efficient replication
of HHV-6.27 Thus, drug hypersensitivity might
precipitate HHV-6-associated viral lymphadenitis
in individuals with past, rather than primary,
exposure to HHV-6.

Note

During the revision of the manuscript, we encoun-
tered a third case of HHV-6-associated acute lym-
phadenitis in an immunocompetent adult. The
patient was a 34-year-old woman who developed
erythematous induration on both feet after insect
bite. Patient was placed on multiple antibiotics.
After 3 weeks, she developed edema, sandpaper
rash, lymphadenopathy, and hepatosplenomegaly.
Lymph node biopsy revealed prominent paracortical
hyperplasia and numerous viral inclusions in CD4-
positive T cells. Immunohistochemical and PCR
studies confirmed infection with HHV-6. Patient
was placed on steroids and the symptoms gradually
resolved.
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