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Abstract

HHV-6 is a member of the B-herpesvirinae subfamily. Most people acquire HHV-6 primary
infection early in life and reactivation may occur, most often in immunocompromised individuals,
leading to various clinical manifestations. HHV-6 infected cells may be identified in lymph nodes
in both reactive and neoplastic conditions. Cases were retrieved from the hematopathology
consultation service archives at National Institutes of Health from 2003 to 2017 in which infection
by HHV-6 had been documented by immunohistochemical stains to HHV-6 gp60/110 envelope
glycoprotein. Five cases of reactive lymphadenitis and 3 cases of lymphoma; 2
angioimmunoblastic T cell lymphoma and 1 classical Hodgkin lymphoma, positive for HHV-6
were identified. The reactive lymph nodes showed marked paracortical hyperplasia and admixed
large atypical lymphoid cells exhibiting pleomorphic nuclei, vesicular chromatin, and prominent
eosinophilic intranuclear inclusions. Vascular proliferation and necrosis were also present, raising
suspicion of peripheral T-cell lymphoma. The three cases of lymphoma showed similar viral
inclusions, in addition to the characteristic features diagnostic of the lymphoma. Staining for
HHV-6 was positive with a membranous and Golgi pattern and was restricted to cells with evident
inclusions on H&E. HHV-6 infected cells were positive for CD3 and CD4. HHV-6 lymphadenitis
can present with morphologic atypia creating a diagnostic pitfall for lymphoma. In such cases,
careful attention to the characteristic viral inclusions can lead to immunohistochemical analysis
highlighting the replicating virus. In cases of lymphoma, identification of the inclusions is key in
detecting the associated infection as well as in avoiding misinterpretation of the lymphoma
subtype.
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Introduction

Human herpes virus — 6 (HHV-6) was first isolated from patients with acquired
immunodeficiency syndrome and lymphoproliferative disorders and was named Human B
lymphotropic virus (HBLV)(1). Later, it has been shown that this virus is the causative agent
of exanthem subitum in children (2). The name HHV-6 was first proposed by Ablashi et al
(3). Subsequently, HHV-6 has been shown to be associated with hepatitis (4), encephalitis
(5), mononucleosis-like syndrome (4, 6) and acute lymphadenitis in immunocompetent
adults (7, 8). HHV-6 infection has also been reported in association with
angioimmunoblastic T cell lymphoma (AITL), (9) adult T cell leukemia and B cell
lymphomas (1).

HHV-6 is a member of the subfamily S-herpesvirinae, which also includes cytomegalovirus
(CMV) and HHV-7. There are two distinct species identified; HHV-6A and HHV-6B based
on the distinct epidemiology, disease associations, and biological and immunological
properties (10). These two viruses have co-linear genomes which share 90% overall identity
(12). In industrialized countries, most infections are caused by HHV-6B (12, 13) and
HHV-6A is the predominant cause of childhood viremic infection in Sub-Saharan Africa
(14). The prevalence of infection in the general population is high as shown by serologic and
PCR based methods. The infection is acquired early in life and the virus remains latent in the
host cells but may get reactivated later in life (15, 16).

Morphologic features of HHV-6 associated lymphadenitis have been described by various
groups (7, 8) and it has been described in association with lymphoproliferative disorders (1,
9, 17). However, past reports have not emphasized the key diagnostic features of HHV-6
infection in benign lymphadenitis as distinct from lymphoma.

We describe 5 cases of viral lymphadenitis due to HHV-6 infection, 2 cases of AITL and 1
case of classic Hodgkin lymphoma (CHL) associated with HHV-6 infection with an
emphasis on diagnostic pitfalls in histopathologic examination.

Material and Methods

Cases were retrieved from the archives of hematopathology consultation service at National
Cancer Institute/National Institutes of Health from 2003 to 2017 in which HHV-6 viral
infection was identified by morphology and then confirmed by immunohistochemical stain
using an antibody against HHV-6 gp60/110 envelope glycoprotein, which identifies both
HHV-6 A and B subtypes (Biodesign Inter, Saco ME, USA). Two of the cases of reactive
lymphadenitis (case 6 and 7, see Table 1) were previously reported (7). In addition, 20 cases
of AITL, without morphological evidence of viral inclusions were tested by
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immunohistochemistry for presence of HHV-6. No cases of reactive lymphadenitis without
morphologically identifiable inclusions were tested by immunohistochemical stains.

Immunohistochemistry was done on 10% neutral buffered formalin fixed paraffin embedded
sections using standard immunoperoxidase procedure with an automated immunostainer
(Roche Diagnostics Corporation, Indianapolis, IN) per the manufacturer’s instructions. The
antibody panel for the cases of reactive lymphadenitis included CD3, CD20, CD25, CD4,
CD8, CD79a, PAX-5, Epstein-Barr virus (EBV-LMP1), CD30, CD5, BCL-6 and CD10. The
antibodies used in cases of AITLs were, CD3, CD20, CD79a, PAX-5, CD4, CD8, CD2,
CD5, CD7, CD30, CD15, PD-1, BCL-6, CD10, MUM1, CD21, CD23, CD15 and CD138.
The antibodies used in the case of CHL included CD20, CD3, CD30, CD15, CD45, PAX-5,
CD79a, CD57, CD4, CD8, CD5 and EBV-LMP1.

EBER-1SH and immunohistochemical stains for other viruses (CMV, HHV-8, HSV, and
EBV) were also performed in reactive lymphadenitis cases. EBER-ISH was performed using
EBER1 DNP probe (Roche Diagnostics Corporation, Indianapolis, IN) on an automated
stainer (Roche Diagnostics Corporation, Indianapolis, IN) by previously published methods
(18).

PCR for T cell receptor gamma (TRG) gene rearrangement on all cases and immunoglobulin
(IG) gene rearrangement when the initial diagnosis warranted, were performed to rule out/
confirm a lymphoproliferative disorder. DNA was extracted from paraffin embedded tissue
sections and PCR amplified for detection of immunoglobulin (IGH and IGk loci) and TRG
gene rearrangements as previously described (19) (20) (21). For both reactions, the joining
region primer was covalently linked to a fluorescent dye FAM to allow for fluorescence
detection. The products were analyzed by capillary electrophoresis on an ABI 3130xl|
Genetic Analyzer, and electropherograms were analyzed using GeneMapper software
version 4.0 (ABI).

Details of the demographics, clinic-pathological findings and molecular findings of the 8
cases with HHV-6 positivity are given in Table 1.

Viral lymphadenitis

Five cases of reactive lymphadenitis positive for HHV-6 were identified. All patients were
adults (median age 53 years; range 28 — 64 years), including 3 males and 2 females.
Clinically they presented with generalized lymphadenopathy and fever. None of these
patients was known to be immunocompromised. The lymph node excisional biopsies (5/5)
showed complete or partial effacement of architecture with marked paracortical hyperplasia.
In 4/5 cases diffusely distributed in the paracortex, numerous large atypical lymphoid cells,
exhibiting pleomorphic nuclei, vesicular chromatin, and prominent eosinophilic intranuclear
inclusions were seen. In one case they formed small clusters. Nevertheless, none of the cases
showed isolated single cell with viral inclusions. Vascular proliferation was seen in 4/5 cases
and necrosis in 2/5, raising suspicion of peripheral T-cell lymphoma. There were
neutrophilic infiltrates including focal microabscesses in all 5 cases. All biopsies were
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negative for EBV by in situ hybridization. Immunohistochemical stains and/or molecular
analysis for other viruses (CMV, HHV-8, HSV and HTLV-1) were negative. The
immunohistochemical stains confirmed the morphologic finding of paracortical expansion
with a predominance of CD4 positive cells over CD8 positive cells. There were scattered
immunoblasts which were highlighted by CD30. The large atypical cells with intranuclear
inclusions identified by morphology were positive for HHV6 antibody in a membranous and
Golgi pattern, and were also positive for CD3 and CD4. Histologic features of viral
lymphadenitis and HHV6 immunohistochemical stain are shown in figure 1.

Lymphoproliferative disorders

There were two cases of AITL and one case of CHL, nodular sclerosis subtype, which
showed non-tumoral lymphocytes positive for HHV-6 by immunohistochemical staining.
The patients with AITL were 54 and 60 years of age, both were male and presented with a
classical clinical picture of AITL including generalized lymphadenopathy and B symptoms.
The patient with CHL was a 17-year-old male, who presented with generalized
lymphadenopathy and B symptoms and was found to have lung nodules. These cases
showed characteristic morphologic and immunohistochemical findings diagnostic of AITL
and CHL (Figure 2A and 2B). Large atypical cells, focally clustered and singly scattered,
containing intranuclear and intracytoplasmic inclusions (Figures 2C and 2D) were identified
as well. These were associated with increased neutrophils. EBV positive cells were
identified in cases of AITL and in the case of CHL the Hodgkin/Reed-Stenberg (HRS) cells
were positive for EBV. In AITL the HHV-6 positive cells were T cells as shown by the CD4
(figure 3B) and non tumoral, while EBV positive cells were B cells variable in cell size and
often small (Figure 2E). In the CHL case as shown in figure 2C, the virally infected cells
tended to be in isolated clusters, which were EBV negative.

Staining for HHV-6 was positive with a membranous and Golgi pattern (Figure 3A) and was
restricted to cells with evident inclusions on H&E. CD3 and CD4 were positive in the cells
with viral inclusions (Figure 3B). These cells were immunophenotypically distinguishable
from the EBV positive cells in AITL (negative for PD1 (Figure 3C) and CD10) and CHL,
and HRS cells (negative for CD30 and CD15) in the case of CHL.

All 20 AITL cases lacking viral inclusions were negative for HHV-6 by
immunohistochemistry.

Molecular analysis

PCR for HHV-6 performed on 2 previously reported cases identified HHV-6B species (7).

PCR showed a polyclonal pattern of TRG gene rearrangement in all 3 cases of reactive
lymphadenitis with adequate DNA samples. The two cases of AITL showed clonal TRG
rearrangement and polyclonal 1G gene rearrangement. Molecular analysis was not
performed in the case of CHL.
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Discussion

HHV-6 can be associated with viral lymphadenitis, and the histological features, if not
appreciated, can lead to misdiagnosis. The morphological findings of complete/partial
effacement of architecture with marked paracortical expansion, atypical morphology of the
lymphoid cells, necrosis and vascular proliferation in HHV-6 infection may raise concern for
a diagnosis of lymphoproliferative disorder, particularly peripheral T cell lymphoma. The
presence of large atypical cells resembling immunoblasts with prominent eosinophilic
intranuclear inclusions may result in a mistaken diagnosis of classical Hodgkin lymphoma.
In cases of lymphoma with associated HHV-6 infection, presence of neutrophilic infiltrates
and necrosis may obscure the morphology of underlying lymphoma, thus leading to
misinterpretation.

Epidemiologic studies using serologic and molecular methods have shown that most people
get infected by HHV-6 early in life. Children get primary infection which can be clinically
asymptomatic or can be in the form of exanthem subitum or roseola infantum and thus the
HHV-6 and HHV-7 viruses are called Roseola viruses. By contrast, primary infection is not
common in adults and they are prone to develop reactivation of latent virus particularly in an
immunocompromised state (13, 15, 16), although rare cases of primary infection in adults
have been reported (6).

In vitro cell culture studies have shown that both HHV-6A and HHV-6B replicate in
peripheral blood mononuclear cells and cord blood lymphocytes, particularly T cells (22).
Ex vivo studies have shown that even though HHV-6 A and B replicate in human lymphoid
tissues, the effect on cellular viability and immunophenotype are different for the two
species. Productive infection in both CD4+ and CD8+ T cells is identified; however,
HHV-6A is more efficient in infecting CD8+ T cells compared to HHV-6B, while both
species depleted CD4+ T cells (23). A loss of surface CD3 expression in HHV-6 infected
cells also was identified (22, 23). CD3 plays a major role in antigen recognition and the T
cell immune response. Thus, it is possible that HHV-6 can cause dysregulation of T cell
immune function. In addition, in vitro studies have shown than HHV-6 infection causes
cytopathic effects including ballooning and multinucleated giant cells (24). These findings
are in keeping with our findings, as we observed multinucleation and/or binucleation of
virally infected cells in reactive lymphadenitis and non tumoral cells in AITL (see Figure
3A). HHV-6 viral inclusions were limited to CD4+ T cells. Moreover, the infected cells
showed morphologic atypia in the form of cellular and nuclear enlargement and cytoplasmic
and nuclear inclusions, as well as increased apoptosis. Data previously published by other
groups have shown that follicular dendritic cells (FDCs) show positive staining with
antibodies specific for HHV6 late antigen p101K (17, 25). The cases we have studied did not
show positive staining of FDCs with the HHV6 antibody that we used. Moreover, the
distribution pattern of the virally infected cells was limited to the paracortex and did not
involve secondary follicles or follicular dendritic cells. The receptor used by HHV-6B to
enter cells is detected with CD134, a member of the TNF receptor superfamily expressed by
T cells (26). This supports our finding of T cells being infected by the virus.
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There have been contradictory proposals about the causal role of HHV-6 in
lymphoproliferative disorders and in progression over the years (9, 17), particularly as the
virus was first isolated from peripheral blood mononuclear cells of patients with
lymphoproliferative disorders (1). An association between AITL and HHV-6 has been
published by several groups. One group found a positive association of the presence of viral
DNA and temporal progression of AITL cases, suggesting that HHV-6 might be causing
AITL, aiding disease progression or both (9). Another specific disease association that has
been discussed in literature is with CHL (27). However, these studies identified the virus
only by PCR and did not perform immunohistochemical stains to identify viral cellular
localization. Prior studies using both PCR and immunohistochemical methods suggested that
the virus is absent from the neoplastic cells in both Hodgkin and non-Hodgkin lymphomas.
17)

Our findings support this observation. We identified positive immunostaining for HHV-6
only in cases in which the viral inclusions were evident on H&E sections. HRS cells in the
case of CHL also were negative for HHV-6 associated protein. Cells staining for HHV-6
showed similar morphology in all 8 cases - enlarged immunoblast-like cells with large
vesicular nuclei and intranuclear +/- intracytoplasmic inclusions.

The antibody we used is against the viral envelope glycoprotein (gp60/110kDa) and thus
highlights only the cells in which the virus is replicating and producing viral particles and
not cells with latent infection. Thus, this stain might be underestimating the cases with latent
HHV-6 infection. The theory that HHV-6 is a silent bystander in lymphoproliferative
disorders is supported by the presence of serologic evidence of past infection and molecular
detection of HHV-6 DNA in both neoplastic and normal tissues in a majority of the
population (15-17). However, it cannot be entirely excluded that the immunosuppressive
effect of HHV-6 is causing changes in the tumor microenvironment and thus causing
progression of the disease??: 23, Alternatively, viral infection of bystander T-cells might
expand secondary to decreased immune surveillance in patients with advanced disease.

Of interest, all three cases of lymphoma also contained EBV positive cells, which were
distinguishable from the HHV-6 positive cells by morphology and in-situ hybridization (see
Figure 2E). The co-existence of EBV and HHV-6 in AITL has been described before (9).
None of the 3/5 viral lymphadenitis cases in our cohort in which EBER-ISH was done, was
positive for EBV. EBV and HHV-6, both belong to the herpes virus family but belonging to
different subfamilies and have different biology and pathogenetic mechanisms. Nevertheless,
co-infection in patients with lymphoma suggests decreased immune surveillance as a
possible cause.

In conclusion, HHV-6, particularly HHV-6B can be identified in various lymphoid
pathologies including Hodgkin and non-Hodgkin lymphomas as well as reactive lymph
nodes. It is important to identify the viral inclusions in infected cells, which should lead to
further evaluation using immunohistochemical methods, molecular analysis and possibly
serology. Failure to properly identify the inclusions could lead to diagnostic pitfalls
including: 1) failure to identify the presence of infection in cases of viral lymphadenitis 2)
misinterpretation of viral lymphadenitis as lymphoma, particularly T cell lymphoma or even
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Hodgkin lymphoma 3) failure to recognize the presence of infection in cases otherwise
aracteristic of lymphoma.
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Figure 1.
Histologic features of viral lymphadenitis. A, Section of the lymph node with fibrinoid

necrosis H&E x100 B, There was significant vascular proliferation H&E x200 C, Higher
power view of the atypical cells with intranuclear eosinophilic inclusions H&E, x400 C
insert, intranuclear inclusion D, Immunohistochemical stain for HHV6 highlighting virally
infected cells with membranous and Golgi pattern x400.
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Figure 2.
Morphological and immunohistochemical features of CHL and AITL with HHV-6 infection.

A, CHL, nodular sclerosis type with mononuclear Hodgkin cells and polymorphous
background H&E x400; B, CHL, the Hodgkin cells are highlighted by CD30 stain x400; C,
CHL, There were focal aggregates of cells with intranuclear eosinophilic viral inclusions
similar in morphology to the viral lymphadenitis H&E, x400; D, AITL, there were large
atypical cells with intranuclear viral inclusions similar in morphology to the viral
lymphadenitis. Arrow points a multinucleate cell with intranuclear inclusion H&E, x400; E,
AITL, there are small mononuclear EBV positive cells, which are clearly distinct from the
virally infected cells (arrows), EBER-ISH, x400. CHL - classic Hodgkin lymphoma, AITL
— Angioimmunablastic T cell lymphoma, EBER-ISH — Epstein Barr Virus early antigen — in
situ hybridization.
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Figure 3.
AITL. A, Immunohistochemical stain for HHV-6 highlighting numerous virally infected

cells with a membranous and Golgi pattern. A HHV-6 positive multinucleated cell positive is
seen (arrow). B, AITL, Cells with inclusions are also positive for CD4 staining (arrow). C,
AITL, the atypical T cells are highlighted by PD-1 positive staining x400. The cells with
viral inclusions were negative for PD-1(arrows) AITL — Angioimmunoblastic T cell
lymphoma.
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