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Castleman disease (CD), first described
in 1956, is a rare lymphoproliferative
disorder characterized by the massive
growth of lymphoid tissue, with follicu-
lar hyperplasia, vascular proliferation,
and plasmocytosis." The lesions may
also affect nonlymphoid tissues. Three
distinct histologic subtypes of CD have
been described. The hyaline vascular
type, usually unicentric, tends to be
a mild form with few or no systemic
symptoms. The plasma cell type, often
multicentric, is associated with a
marked proliferation of plasma cells
and is highly aggressive. The mixed-type
is pathologically a mixture of the other 2
types. Patients with multicentric GD
(MCD) present multiple lesions, poten-
tially affecting all organs, lymph nodes,
liver, and spleen, and is accompanied by
constitutional symptoms and hemato-
logic abnormalities.2 MCD is the rarest
form of CD at all ages, but particularly in
children, with only few cases reported
to date.34 However, MCD usually follows
a more favorable course in children
than in adults.2 MCD is driven by human
herpesvirus-8 (HHV-8), a y2-herpesvirus®
phylogenetically classified into 5 sub-
types (A—E). This lymphotropic and
oncogenic virus is required for the
development of Kaposi sarcoma (KS),®
and its detection in adults with MCD
suggests that it may also play a role
in MCD pathogenesis.” Moreover, MCD
occurs preferentially in patients with
underlying immunodeficiency, such as
HIV infection or immunosuppressive
therapy, consistent with impaired im-
munity to HHV-8 leading to MCD .4 In-
terestingly, HHV-8-driven MCD has
never been identified in children. We
report here the case of a child with
MCD and HHV-8 infection who was
born to consanguineous parents. We
also present a systematic review of
the literature of pediatric MCD.

CASE REPORT

A 7-year-old girl presented with re-
current fever episodes since age 3
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years, generalized lymphadenopathy,
hepatosplenomegaly, and anemia with
no identifiable infectious or malignant
etiology. She was born to consanguin-
eous parents originating from and
living in a small village (<1000 in-
habitants) in the Comores where she
lived with her family (parents and
2 siblings) until the onset of the dis-
ease. Only her mother was tested for
HHV-8 and had a positive serology.
At age 7, she suffered a new episode
of fever, generalized lymphadeno-
pathy, hepatosplenomegaly, and signs
of hemophagocytic syndrome (hypo-
natremia, anemia —4 g hemoglobin/dL,
thrombocytopenia —115 000/mm®). She
tested negative for common bacterial
infections, toxoplasmosis, Epstein-Barr
virus (blood polymerase chain reac-
tion [PCRI, see Supplemental Infor-
mation, but with serological results
consistent with past infection: positive
immunoglobulin [Ig]G anti—viral capsid
antigens and IgG anti-Epstein-Barr nu-
clear antigens, negative IgM anti—viral
capsid antigens), varicella-zoster virus,
HHV-6, cytomegalovirus, enterovirus,
adenovirus, arboviruses, HIV, human
T-lymphotropic virus-1 and -2, and hep-
atitis B and C (serum antibodies). De-
tailed immunologic analyses ruled out
an underlying immunodeficiency: flow
cytometry studies showed 13% CD19*
cells (ie, 270 cells/mm?), 78% CD3* cells
(ie, 1630 cells/mm?), 35% CD4* cells (e,
730 cells/mm®), 33% CD8* cells (ie, 700
cells/mm® among the 2100 circulat-
ing lymphocytes/mm® present, with
normal mitogen and antigen stim-
ulations of T cells. Serum immunoglob-
ulin levels were high (IgG: 24.2 g/L; IgA:
18 g/L; IgM: 1.4 g/L).

Lymph node biopsy showed mixed-type
MCD (Fig 1). HHV-8 genes were also
detected in a blood sample by specific
PCR (5779 copies/150000 cells). The
virus was identified as a B1 subtype
HHV-8, from a subgroup of the sub-
Saharan African B subtype (Supple-

mental Fig 2) 8-10 Plasma samples were
tested for HHV-8-specific IgG, in immu-
nofluorescence assays (HHV-8 indirect
fluorescent assay, ABI, Columbia, MD).
IgG antibodies directed against lytic
(IgGyytic) but not against latent antigens
were detected in our patient (I€Gyc
positive at dilution 1/5120). We assessed
further the degree of consanguinity by
genotyping the patient with the genome-
wide single-nucleotide polymorphism
(SNP) array 6.0 (Affymetrix, Santa Clara,
CA) including >900 000 SNPs. The pro-
portion of homozygous regions (of at
least 300 kb or based on at least 50
contiguous SNPs) within the whole ge-
nome, as estimated by PLINK software,
was 2.95% indicating a high level of
homozygosity (that expected for a mar-
riage between second cousins).

The severity of the disease led to
this patient being treated with a
4-week course of rituximab (375
mg/m?/injection/week) and etoposide
(150 mg/m?/injection). The patient
responded to treatment but relapsed 6
months later, requiring another 4-week-
long course of the same drugs at the
same doses. Complete remission was
then achieved, and the child remains
free of relapse 4 years later, at age 13.

SYSTEMATIC REVIEW OF THE
LITERATURE

We conducted a systematic, comput-
erized literature search (see Methods
in the Supplemental Information) to
identify case reports or series of
pediatric MCD cases. We identified 468
potentially eligible articles (Supple-
mental Fig 3), ending up with 22 rel-
evant articles, relating 35 cases of
pediatric MCD (see references in the
Supplemental Information). Three pa-
tients in whom primary immunode-
ficiency was suspected (Klinefelter
syndrome, humoral deficiency, and
T-cell deficiency; references 21 and
22 in the Supplemental Information)
were excluded from the analysis. We
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FIGURE 1

Histologic features of axillary lymph node sections from our patient. Pathologic analyses showed lymph
nodes with abnormal germinal centers of variable size and shape, and atretic follicles with prominent
hyalinization penetrating blood vessels in the germinal center. The lamination of the mantle cell layers
led to a typical “onionskin” appearance of the follicle. Immunohistochemical staining of lymph node
sections showed numerous plasma cells (anti-CD138 antibody staining) in the interfollicular region.
Latent nuclear antigens (LANA) protein was detected in situ, in plasmacytes. A, Low magnification
(X20) showing abnormal atretic hyaline-vascular germinal centers, “onionskin” cuffing of lympho-
cytes, and a central hyaline vascular region. B, High magnification (X40) revealing sheets of plasma
cells in the interfollicular region (arrows). This biopsy showed features of both the hyaline vascular
and plasma cell type types (mixed type) of Castleman disease. C, Immunohistochemistry with anti-
(D138 antibody at high magnification (>X40) confirming the presence of numerous plasma cells in the
interfollicular region (arrows). D, Immunohistochemistry for LANA protein results in the staining of

cells around the germinal center (arrows).

investigated the potential pathogenic
influence of HHV-8 on the occurrence of
MCD by focusing on the 32 remaining
cases of MGD in which no inherent
condition could be detected (refer-
ences 1-20 and Supplemental Table 2).
None of the 32 children had been treated
with immunosuppressive drugs, and all
11 (34%) patients tested for HIV were
found to be negative.

Twenty (63%) were boys, and the mean
age of the reported patients was 10.2
years (SD: 5.0 years; median: 10.0 years;
range: 2—18 years; Table 1). All children
presented multiple lymphadenopa-
thies. Hepatomegaly and/or spleno-
megaly, and clinical and/or biological
signs of inflammation were found in
most patients. This disease was found
to affect all organs and systems: the
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blood was affected in half the patients
and the kidneys (glomerulonephritis,
nephrotic syndrome) in a quarter; the
lungs, joints, brain (stroke, seizures),
eyes, and the ear, nose, and throat
system were affected less frequently.
Four (13%) children presented cancer
(2 KS, 2 T- or B-cell lymphomas), and
3 (9%) children died (2 in the months
immediately after MCD diagnosis and
1 after 5.5 years of follow-up during
treatment of lymphoma). None of the
case reports provided information
about parental consanguinity. Only
7 (22%) children were screened for
HHV-8 infection (references 8,13,18,19
in the Supplemental Information), all
between 1996 and 2008, with techni-
ques providing various degrees of di-
agnostic accuracy for HHV-8 infection;

CASE REPORT

also, the time lag between disease on-
set and testing was not always clearly
defined. All these children tested neg-
ative: 6 tests were based on biopsy
(4 PCR analyses and 2 immunohisto-
chemical analyses, with screening for
latent nuclear antigens (LANA) protein
in 1 case), with 1 of these 6 cases also
testing negative by blood PCR, and the
final case was tested serologically
(unspecified method). Neither of the
2 patients also displaying KS or lym-
phoma was investigated for HHV-8.

Sixteen (50%) patients were reportedto
be from regions in which HHV-8 is en-
demic (Africa, Oman, and the Mediter-
ranean region—dJordan, Turkey, Italy,
Israel, Spainf), on the basis of their
ethnic origin or the location of the
hospital to which they were admitted
(see Table 1). Patients from regions of
endemic HHV-8 infection tended to be
younger (P = .08), were more likely to
present hepatomegaly and/or spleno-
megaly (P = .02), clinical and/or bio-
logical signs of inflammation (P=.001),
and were also more likely to have suf-
fered from cancer (2 KS and 2 lym-
phomas vs 0, P = .02). Other disorders
potentially related to immunologic
mechanisms (renal diseases, arthritis,
autoimmune hemolytic anemia, etc)
were not significantly associated with
regions of endemic HHV-8 infection, but
sample sizes were small (Table 1).

DISCUSSION

We describe here the first child with
proven HHV-8 infection and MCD. This
diagnosis was based on (1) clinical
observation, with typical clinical fea-
tures (lymphadenopathiesin morethan
two areas, hepatosplenomegaly); (2)
typical histopathologic MCD lesions
with the detection of HHV-8 antigen by
immunohistochemistry in situ; (3) the
detection of HHV-8 DNA in blood. The
etiology of MCD remains unclear, butthe
known occurrence of HHV-8 in adult
cases of MCD suggests that this virus
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TABLE 1 Characteristics of the Included Cases According to the HHV-8 Endemicity Status of the
Region From Which They Originated

recessive predisposition.’-> On in-
fection with HHV-8, this deficiency may

Characteristics All Cases? Cases From Cases From P Value When lead to excessive proliferation of
Regions in Regions in Comparing Cases .

Which HHV-8 15 Which HHV-8  From Endemicand D IYMPhocytes and plasmocytes in lym-

Not Endemic® Is Endemicb Nonendemic HHV-8 phoid organs. This genetic hypothe-

Regions® sis is consistent with the rarity of

Male 20 (63) 9 (45) 11 (55) 2 MCD in childhood, with only 32 cases

Age (years) 10.0 (£5.0) 11.7 (£5.1) 8.0 (*+ 4.3) .008 repor‘ted worldwide since 1965, half
Clinical features L. .

Mass (es) 8 (25) 2 (25) 6 (75) 1 of whom originated from regions

HSM/HM/SM 25 (78) 10 (40)¢ 15 (60) 03 in which HHV-8 is endemic. It is also

Inflammatory syndromee 18 (56) 4 (22)d 14 (78) < 001 supported by the observation of KS

Renal involvementf 9 (28) 4 (44) 5 (56) 7 . . . .

Ascites, edema 6 (19) 5 (83) 1a7) o7 in 2 patients with MCD, given that

Hematologic disorders 20 (63) 12 (60) 8 (40) 1 some primary immunodeficiencies, in-
Anemia 20 (63) 12 (60) 8 (40) 1 cluding IFNyRI deficiency'® and Wiskott-
AIHA 9 (28) 5 (56) 4 (44) 7 .

Thrombocytopenia 11 (34) 9 (82) 2 (18) 009 Aldrich syndrome,” h_a\_/e been shown
Neutropenia 2 (6) 2 (100) 0 (0) 1 to confer predisposition to KS and

Lung diseases 4 (13) 3 (75 1(25) 3 other infections. Two children have also

Skin involvement (rash) 7(22) 5(71) 2 (29) 2 been reported with familial hemopha—

Arthritis/arthralgia 3(9) 1(33) 2 (67) 5 . L .

Cerebral involvement 39 00 3 (100) o7 gocytic lymphohistiocytosis related to

Hepatitis 7(22) 5 (71) 2 (29) 2 perforin mutations; in these cases,

Uveitis 16) 0O 1(100) S HHV-8 infection was responsible for the

Sinusitis 1(3) 1 (100) 0(0) 3 L. . .

Cancer occurrence 4 (13) 0 (0)d 4 (100 03 onset of the clinical signs revea“ng the
Lymphoma occurrenceh 2 (8) 0 (0) 2 (100) 1 underlying genetic disease.’® More-
Kaposi sarcoma 26 00 2 (100) 1 over, 3 unrelated Turkish children with

Death 5O 163) 26D s classic, isolated KS born to first-cousin
Histologic features . . .

Hyaline vascular type 10 (32) 7(70) 3 (30) 3d parents with no relevant familial his-

Plasma cell type 15 (48) 8 (53) 7(47) tory were recently reported.’™ One of

Mixed type 6 (19) 2 (33) 4 (67)

AIHA, autoimmune hemolytic anemia; HM, hepatomegaly; HSM, hepatosplenomegaly; SM, splenomegaly.
aValues are expressed in n (%), with the percentage calculated using the total number of cases (n=32); age is expressed as

a mean value (* SD).

bValues are expressed in n (%), with the percentage calculated from the number of cases with the corresponding character-
istics; age is expressed as a mean value (%= SD). HHV-8 was considered to be endemic to the following regions: Africa, Oman,
and the Mediterranean region (Turkey, Jordan, Italy, Israel, and Spain).

c X2 or nonparametric tests were carried out.
d Comparing the 3 histologic types together.

e Clinical (fever, fatigue, loss of wt, growth retardation, etc) and/or biological inflammatory syndrome.
fThree cases of glomerulonephritis, and 2 of nephrotic syndrome.

€ Two cases of pneumonia, 1 of pleural effusion, and 1 of respiratory distress syndrome before death.
h One was a B-cell lymphoma, the other was a T-cell lymphoma.

may be involved in its pathogenesis.
HHV-8 may produce a molecule ho-
mologous to human interleukin-6,
leading to the systemic signs of the
disease, lymphoproliferation, and
plasma cell differentiation.’2 Qur case
report suggests that the association
between MCD and HHV-8 can be ex-
tended to children. Moreover, system-
atic literature review revealed that
almost half of the cases of pediatric
MCD originated from areas in which
HHV-8 is endemic: even though the
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proxy used to classify regions as HHV-8-
endemic may need refinement, this
indicates the possibility of such an
association in other children. It would
therefore be interesting to check
for HHV-8 infection in children with
MCD.

The child described here was also born
to consanguineous parents. This sug-
gests that MCD in childhood may be
favored by rare inborn errors of immu-
nity against HHV-8 infection, including, as
in this particular patient, autosomal

these children was recently shown to
suffer from STIM1 deficiency.2 Collec-
tively, these findings suggest that in-
born errors of immunity to HHV-8 may
provide a context favoring the rare oc-
currence of HHV-8-associated classic KS
and/or MCD in children. Additional
investigations are required to increase
our understanding of the full conse-
quences for the immune response of
these inborn errors of immunity.
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