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Secondary hemophagocytic lymphohistiocytosis
(SHLH) is a potentially fatal hyperinflammatory
syndrome with a heterogeneous etiology and
has nonspecific clinical and laboratory findings.
The diagnosis and treatment of adult SHLH is
challenging because the etiology of the disease
is difficult to identify, and the majority of re-
ported cases are pediatric patients. The aim of
this study was to describe the etiology, clinical
characteristics, and outcomes of adult SHLH.
Fifty-four adult patients who fulfilled the criteria
of SHLH were enrolled in the study. Viral etiol-
ogy, blood biomarkers, and clinical manifesta-
tions of SHLH were analyzed in these patients.
Twenty-four SHLH patients had viraemia,
whereas 30 SHLH patients were secondary to
other diseases. Epstein-Barr virus (EBV) was the
most common virus that associated SHLH
among all viruses studied. Severe SHLH patients
with EBV-viraemia presented significantly high
levels of ferritin, lactate dehydrogenase, aspar-
tate transaminase (AST), and alanine transami-
nase (ALT). Positively relationships existed
between EBV DNA titers and levels of AST and
ALT (P<0.05). The prognosis of SHLH patients
with EBV viraemia was worse than that of non-
EBV SHLH and non-viral SHLH. Our data reveal
that EBV is the major pathogen in virus-associ-
ated SHLH, and EBV load influence disease
development in SHLH patients with EBV infection
that prognosis is worse than other viruses asso-
ciated SHLH. J. Med. Virol. 88:541-549,
2016. © 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is char-
acterized by the activation of the mononuclear
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phagocytic system, histiocyte proliferation, and hemo-
phagocytosis. In the clinicc HLH is a rare but
potentially fatal hyperinflammatory syndrome, the
typical findings of which are high fever, hepatosple-
nomegaly, cytopenia, hypertriglyceridemia, hyperfer-
ritinemia, hypofibrinogenemia, and hemophagocytosis
in bone marrow (BM) or other organs [Henter et al.,
2007]. The diagnosis of HLH in adults is challenging,
not only because HLH occurs in many disease
entities and results in symptoms similar to these
diseases, but also because the etiology cannot be
identified in many patients. The heterogeneous etiol-
ogy and nonspecific clinical and laboratory findings of
HLH often lead to delayed diagnosis or misdiagnosis,
and thus, the mortality rate resulting from this
disease is quite high.

HLH may be inherited (i.e., primary or familial,
generally occurring in infants) or secondary to other
diseases. Contrary to primary HLH, secondary HLH
(SHLH) can occur at any age, which is associated with
a wide spectrum of underlying conditions. [Park et al.,
2012]. Infection as the main trigger of SHLH consti-
tutes 50.4% of reported cases, which include viral,
bacterial, fungal, and parasitic infections. Presently,
viral infection is the most frequent trigger of SHLH,
either as a primary infection in healthy people or
reactivated infections in patients with immunosup-
pressed diseases [Ramos-Casals et al.,, 2014]. Viral
infections may trigger SHLH by lymphocytes activa-
tion or by proinflammatory cytokines secretion. In
some countries, viruses are the most common
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infectious agents associated with SHLH, followed by
bacteria, parasites, and fungi [Tiab et al., 2000; Deane
et al., 2010]. Because some subtypes of SHLH confer a
higher mortality rate than those seen in primary HLH
[Rouphael et al., 2007], a thorough investigation of
underlying etiology is beneficial for the proper diag-
nosis and timely treatment of the disease.

SHLH has a variety of prognoses ranging from
mild to life-threatening. The natural course of SHLH
can be rapidly fatal within a few days or weeks. The
patient’s clinical manifestations, disease course, and
treatment response are affected not only by SHLH
itself, but also by its possible underlying conditions
[Park, Kim et al.,, 2012]. Until now, the formal
guideline for evaluating patients with infection-asso-
ciated SHLH has not been established [Fisman,
2000]. Although many viruses, such as Epstein-Barr
virus (EBV), human herpes virus 8 (HHPVS8), cytome-
galovirus (CMV), influenza virus, hepatitis virus, and
parvovirus B19 (PVB19), have been identified as
triggers of SHLH [Fardet et al., 2003; Henter et al.,
2006; Yilmaz et al., 2006; Rouphael, Talati et al.,
2007; Titze et al., 2009; Demircioglu et al., 2013],
many previous studies were based on sporadic case
reports. In EBV-associated SHLH, a high viral DNA
load has been associated with poor outcomes [Rou-
phael, Talati et al., 2007]. Direct molecular virologic
assays may help for better detection of this poten-
tially underdiagnosed disease, although diagnosis
after considering all the viruses associated with
SHLH would not be practical currently.

In order to elucidate the relationship between viral
infection and incidence of SHLH, patients with
SHLH were selected for this study, and viruses that
are frequently epidemic in the local area were
measured in patients’ serum samples. Viral etiology,
demographic, clinical features, and outcomes of
SHLH patients were analyzed.

METHODS

The study protocol was approved by the Shantou
University Medical College Ethics Committee, and
informed consents were obtained from each subject
prior to our study.

Patients

All patients fulfilled five out of eight criteria for
SHLH: (1) fever >38.5°C; (2) splenomegaly; (3) cyto-
penia of two or more cell types: absolute neutrophil
count (ANC) <1 x 10%L, hemoglobin level <90 g/L,
and/or platelet count <100 x 10%L; (4) hypertriglycer-
idemia (triglyceride level >3.0 mmol/L) or hypofibri-
nogenemia (fibrinogen [FIB] level <1.50g/L); (5)
hemophagocytosis in the BM (SHLH’s typically fea-
ture is activated macrophages with engulfed leuco-
cytes, erythrocytes or their precursor cells, and
platelets); (6) hyperferritinemia (ferritin level,
>500 pg/L); (7) elevated soluble CD25 (interleukin-
2Ra chain >2400IU/ml), and (8) low or absent
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natural killer (NK) cell cytotoxicity. All patients were
adults with no family history of HLH.

Laboratory tests included a complete blood count
(CBC); blood cell morphology; C-reactive protein
(CRP); serum IgG, IgM, and IgA. Biochemical
markers included aspartate transaminase (AST), ala-
nine transaminase (ALT), gamma-glutamyl transpep-
tidase (GGT), lactate dehydrogenase (LDH), alkaline
phosphatase (ALP), FIB, ferritin, triglycerides, and
cholesterol. In order to distinguish between patients
with infections and other malignant diseases, BM
aspiration and tumor biomarker tests were performed
in all patients. Except for lymphoma and leukemia,
no solid tumors were found in our patients.

Patients were treated according to the HLH-2004
protocol, which consists of initial therapy with dexame-
thasone (10 mg/m? per day), etoposide (150 mg/m? twice
weekly), and cyclosporine, followed by dexamethasone
intravenous pulses [Henter, Horne et al., 2007].

Pathogen Measurement

To identify the viral etiology of SHLH, viruses that
were hyperendemic epidemic infection in local area
were measured. These included EBV; influenza virus
(Flu A, FluB); parainfluenza virus types 1-4 (hPIV-1,
-2, -3, and -4); respiratory syncytial virus (RSV);
adenovirus (ADV); coronavirus (0OC43, 229E, NL63,
and HKU1); human metapneumovirus (MPV); bocavi-
rus (HBoV); rhinovirus (HRV); human papillomavirus
(HPV); herpes simplex virus-1 (HSV-1); and parvovi-
rus B19 (PVB19). Human immunodeficiency virus
(HIV) was also measured. All viruses were detected
using quantitative real-time polymerase chain reac-
tion (Q-PCR) on the plasma samples. DNA/RNA
extraction and Real-time polymerase chain reaction
was according to the manufacture’s instructions
(QIAgen, Hilden, Germany). DNA was extracted from
serum using the QIAamp DNA Blood Mini Kit, and
RNA was extracted using the QIAamp Viral RNA
Mini Kit. The highly purified DNA was amplified
using the PCR Kit (Qiagen), which includes viurs-
specific primers. DNA was detected by Real-time
PCR using the Path-IDTM qPCR Master Mix (Am-
bion, Carlsbad, CA) with a program consisting of one
cycle of 95°C for 10 min, followed by 40 cycles of 95°C
for 15sec, 60°C for 60sec. RNA was detected using
the AgPath-IDTM One-Step RT-PCR Kit (Ambion,
Carlsbad) with a program consisting of one cycle of
45°C for 10 min, 95°C for 10 min, followed by 40 cycles
of 95°C for 15sec, 60°C for 45 sec. In order to confirm
the co-infection, all of them were examined using
specific primers and probes. The reaction was per-
formed in ABI 7500-Fast system (Applied Biosys-
tems). Primers were provided by the Center for
Disease Control and Prevention of Guangdong prov-
ince. Purified water was used as a negative control.
Viral load was expressed as number of EBV DNA
copies/ml. The presence of a viral load supported the
diagnosis of virus-associated SHLH.
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Below is primers of virus that detected from SHLH
patients with viramia:

HSV-1: Primers Forward 5'-TTCGACTTTGCCAGCCTG-
TAC-3, Reverse 5-CAGGGAGAGCGTGCTGAAG-3'

Probe FAM 5'-AGCATCATCCAGGCCCACAACCTGT-
3 BHQ1

PIV-1: Primers Forward 5-GCTGAACTGAGACT
TGCTTTCTATTATT-3,

Reverse 5'-GATGATAGATCCCGCTTCCAACT-3’,

Probe: FAM 5-TGGGCCACAATCAATC-3' MGB

MPV: Primers Forward 5-CGTCAGCTTCAGTCAA
TTCAACAG-3/;

Reverse 5-TATTAAGTCCAATGATATTGCTGGTGTT-3

Probe FAM 5 - CTGCATTGTCTGAAAAYTGCCG-
CACAACATT-3 BHQ1

EBV: Primers Forward 5'-GTAAGCCAGACAGCAG
CCAATT-3

Reverse 5'-GGTAGAAGACCCCCTCTTACATTTGT-3

Probe FAM &5 -TGGACTCCTGGCGCTCTGATGC-
GAC-3' BHQ1

In order to exclude other infectious factors that
could induce SHLH, other pathogens were measured.
These included Chlamydia species, Rickettsia species,
Orientia tsutsugamushi, Campylobacter, Fusobacte-
rium, Mycoplasma, Legionella, typhoid, Brucella,
Lyme’s disease, and tick-borne encephalitis (TBE).
Anaplasma phagocytophilum, Ehrlichia chaffeensis,
and Borrelia burgdorferi s.1. None of these pathogens
were detected in the patients.

Statistical Analysis

Continuous variables were reported as medians
with interquartile ranges (IQRs). The Kruskal-Wallis
H test, Mann—Whitney U test, Wilcoxon signed-rank
test, and x? test were used to evaluate differences
among each group. Event-free survival (EFS) was
calculated from the date of complete remission until
the first event (i.e., relapse or death from any cause).
Survival curves were calculated using the Kaplan—
Meier method, and survival comparisons were made
using Mantel’s log-rank test. Statistical analyses
were performed using SPSS version 13.0 (SPSS Inc.,
Chicago, IL). A P value <0.05 was considered to be
statistically significant.

RESULTS
Viral Etiology of SHLH

This study included 54 adult patients with SHLH;
of these, 24 patients were identified as having
viraemia. Among all viruses measured, EBV was the
most common virus (seen in 14 of 24 patients) among
patients with viral SHLH. Previous EBV infection
can be confirmed with an antibodies test. Accord-
ingly, we analyses EBV antibodies in patients with
positive EBV viraemia. Our data showed that the
antibody is positive in all patients with EBV virae-
mia, indicating these patients having a previous EBV
infection.
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The next most common virus was HSV-1 (five
cases). There were two cases of co- infection with
EBV and HSV-1, two cases of MPV, and one case of
hPIV-1. Thirty patients with SHLH did not find
viraemia. We then divided the 54 patients into two
groups: negative viraemia and positive viraemia. In
24 cases of positive viraemia, there were 10 server
cases, while in 30 cases of negative viraemia, there
were eight server cases, more severe cases fell in the
viral group than in non-viral group (incidence: 41.6%
vs. 26.6%, respectively). Among 10 severe SHLH
patients with viraemia, eight were induced by EBV,
and two cases were induced by EBV and HSV-1 co-
infection. Among 30 cases of non-viral SHLH, the
primary etiologies were lymphoma (six cases), pulmo-
nary infection (nine cases), immune thrombocytope-
nia (four cases), and alcoholic hepatitis (three cases).
Four cases of SHLH were induced by Still’s disease,
encephalitis, lymphnoditis, and diabetes (one case
each). Four cases were induced by myelodysplasia,
myeloid proliferation disorders, multiple myeloma,
and acute leukemia (one case each).

Clinical Manifestations and Laboratory
Biomarkers in SHLH Patients

In this study, patients experienced various clinical
presentations. High fever presented in all cases,
especially in severe ones, with a mean temperature of
39.5°C (range: 38.9-40.5°C). SHLH patients’ body
temperature was significantly higher in severe cases
than in mild cases. In severe patients, the illness was
rapidly fatal within a few days or weeks, and the
majority of patients had to be transferred into
intensive care unit for treatment. Mortality rate was
37.5% in viral patients and 20.6% in non-viral SHLH
patients.

In order to compare the differences between viral
and non-viral cases of SHLH, as well as severe and
non-severe SHLH cases, patients were divided into
four groups: severe (or fatal) cases with positive or
negative viraemia, and non-severe cases with positive
or negative viraemia. Accordingly, the demographics,
clinical characteristics, and lab data were analyzed.
No difference was observed in age among the four
groups (range: 18-85 years). Male patients were
more common than female patients, accounting for
70.4%. The laboratory biomarkers for patients of four
groups were presented in (Table I).

Very high ferritin levels (>1500ng/ml) were
observed in patients with virus-associated SHLH
(both severe and non-severe), which could jump by up
to 1500 ng/ml (the upper limit of measurement) in
70% of severe and 50% of non- severe virus-associ-
ated SHLH cases. In severe patients, ferritin levels
were higher in the positive than in negative viraemia
group, though the difference did not reach statisti-
cally significant (P>0.05). In negative viraemia
group, ferritin levels in severe cases were signifi-
cantly higher than in the mild cases (P <0.01). The
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Fig. 1.
engulfing granulocytes and lymphocytes.

Immunoglobulin (Ig) G, IgM, and IgA levels in the
EBV-positive group were significantly lower than those
in the non-EBV SHLH group (P < 0.05). Lower levels
of FIB and WBCs, as well as higher levels of CRP and
triglycerides, were found in the EBV-induced SHLH
group than in the non-EBV group, but the difference
did not reach statistical significance (P > 0.05). Positive
correlations were found between EBV DNA load and
age (r=0.497, P=0.05), AST (r=0.515, P=0.041),
and ALP (r=0.529, P=0.035) (Fig. 2). This point was
further confirmed by our findings that mean EBV load
was 9.0 x 10° copies/ml in server SHLH patients with
EBV viraemia, while mean EBV load was 3.2 x 102
copies/ml in non-server SHLH patients with EBV
viraemia, indicating that EBV load was associated
with diseases severe status. Our results indicated that
EBV DNA load influence disease development in
SHLH patients with EBV viraemia.

Prognosis of Virus-Associated SHLH and Non-
Virus-Associated SHLH

No patients (even those with virus-associated
SHLH) received any specific antiviral treatment, as
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L :

a: Phagocytic cell engulfing red blood cells and lymphocytes. b: Phagocytic cell

viral infection was not taken into consideration at
diagnosis. Instead, most patients were treated with
the conventional protocol for the primary disease, or
symptomatic treatment. Survival information was
collected from March 2012 to 2014. The median time
from initial disease onset to death varied according to
the severity of the case. Nine SHLH patients with
viraemia and seven patients without viraemia died.
Survival time in fatal cases ranged from 6-48 days.
In viraemia cases, five patients died of multi-organ
failure, two patients died of respiratory failure, one
patient died of disseminated intravascular coagula-
tion (DIC), and one patient died of severe pneumonia.
The mortality rate was higher in patients with EBV
viraemia than in non-EBV viraemia, especially. in
high viral load (>10° copies/ml) (Table III) In non-
viraemia cases, two patients died of multi-organ
failure, two patients died of primary disease (lym-
phoma), 1 patient died of DIC, and two patients died
of severe infection. Thirty-eight patients survived
long-term.

Survival curve revealed that survival time was
significantly shorter in patients with EBV-associated
SHLH than in those with non-EBV-associated SHLH.

TABLE II. Biomarkers of SHLH Patients With EBV Viraemia/Non-EBV Viraemia

Parameters

EBYV positive

EBYV negative

Gender M/F)
EBV (copies/ml)

10/4

5.67E +5 (range:1.24E + 1-3.62E + 6)

8/2
59.50 (29.75-69.50)

Age (year) 56.50 (23.25-71.25)

Fe (ng/ml) 1500.00 (1252.50~1500.00)"* 518.00 (312.75-1500.00)
WBC (10E9/L) 3.98 (2.50-7.34) 5.25 (2.85-12.55)
HB (g/L) 92.00 (81.25-127.00) 100.50 (79.00-120.25)
PLT (10E9/L) 46.50 (13.75-67.75) 46.00 (19.00-99.50)
LDH (U/L) 842.50 (470.00-2286.75)"* 293.00 (175.50-597.75)
AST (U/L) 153.00 (70.00—-469.50)"* 36.50 (23.00-117.00)
ALT (U/L) 99.00 (46.75-199.50)"* 29.35 (13.00-89.50)
GGT (U/L) 78.50 (32.25-240.75)" 34.00 (17.75-89.75)
ALP (U/L) 127.50 (63.25-318.00) 92.00 (64.25-143.00)
IgG (g/L) 10.55 (8.53-11.53)"* 13.55 (10.30-17.65)
IgM (g/L) 0.84 (0.52-1.26)" 1.41 (0.94-2.01)

IgA (g/L) 1.67 (1.15-2.28)° 2.45 (1.37-3.54)
CRP (mg/L) 55.85 (16.65-113.75) 35.80 (11.65-94.10)
CH (mmol/L) 2.66 (1.99-3.24) 3.34 (2.62-3.97)

TG (mmol/L) 1.92 (1.33-4.51) 1.50 (0.93-2.42)

FIB (g/L) 2.01 (1.43-2.49) 2.42 (1.86-3.61)

*P < 0.05 when EBV positive group compared with EBV negative group.

“*P<0.01.
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Fig. 2. EBV DNA copies positively correlated with age, ALT, and ALP.

Similarly, EFS was significantly shorter in patients
with severe SHLH than in those with non-severe
SHLH, in both the viral and non-viral groups
(Fig. 3). Our data demonstrated that patients with
EBV-associated SHLH have poorer outcomes than
those with non-EBV-associated SHLH, and SHLH
patients with viraemia have poorer short-term sur-
vival rates than patients without viraemia.

DISCUSSION

SHLH is a life-threatening disease. Patients may
deteriorate very rapidly after disease onset and die of
multi-organ dysfunction and other complications. In
children, the outcomes of EBV-associated SHLH have
been reported, including a 90% overall response rate
to multi-agent therapy that includes corticosteroids,
etoposide, and cyclosporine. In contrast, adult pa-
tients with infectious SHLH die within days or
months [Sharp et al., 2014]. The factors affecting
disease prognosis remain incompletely understood.
Diagnosis and treatment of SHLH in adults is
challenging not only because the majority of reported
data were from pediatric patients and there is no
well-established network for adult SHLH, but also

because SHLH occurs in many disease entities
[Janka and Lehmberg 2014; Otrock and Eby 2015].
Presently, the incidence of virus-associated SHLH is
increasing; however, no systematic study has been
conducted on the incidence and clinical features of
this subtype of SHLH [Rouphael, Talati et al., 2007].
EBYV belongs to the group of B lymphotropic human
v-herpes viruses. EBV infects more than 95% of the
global population with prevalence varying by socio-
demographics and region [Svahn et al., 2006]. EBV is
also one of the most frequent pathogens found in
infection-associated SHLH [Fox et al., 2010]. In 52—
62% of reported herpes virus-infected cases of SHLH,
43% are caused by infection with EBV and 9% are
caused by CMV infection [Deane, Selmi et al., 2010].
Although the predominant cause of infection-associ-
ated SHLH differs in each country because of the
population’s specific genetic backgrounds and differ-
ences in suspected triggering agents, the majority of
virus-associated SHLH cases in Asian countries are
caused by EBV infection [Imashuku 2002]. This
phenomenon possibly due to more pathogenic EBV
strains presenting in this region [Rouphael, Talati
et al., 2007; Janka and Lehmberg, 2014]. Our study
is consistent with these findings: not only the

TABLE III. Clinical Outcomes in Severe Patients With EBV Viraemia

Patients Gender/age EBVcopies/ml Survival time Cause of death

1 F/85 3.10E + 06 6 days DIC

2 F/67 7.38E+ 05 6 days Multi-organ failure
3 M/21 6.14E + 05 20 days Multi-organ failure
4 M/61 3.28E + 04 27 days Respiratory failure
5 F/21 3.62E + 06 17 days Respiratory failure
6 F/78 3.60E + 04 48 days Multi-organ failure
7 M/24 2.90E + 05 12 days Severe pneumonia
8 M/72 3.43E + 04 7 days Multi-organ failure
9 M/22 1.57E + 05 Survival —

10 M/55 4.54E + 05 32 days Multi-organ failure
11 M/69 1.57E + 02 Survival —

12 M/55 2.10E + 02 Survival —

13 M/45 2.72E+01 Survival —

14 M/18 1.24E + 01 Survival —

F, female; M, male.
Survival time indicate the time from disease onset to die.
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Fig. 3. Kaplan—Meier survival curve for overall survival stratified by severe or non-severe
outcome. a: survival curve between severe and non-severe SHLH patients (P <0.01). b: show
significantly different survival rate existed in patients with EBV viraemia and without EBV

viraemia (P < 0.05).

incidence of EBV-associated SHLH was higher than
other virus-associated SHLH cases, but also EBV was
main virus found in the fatal cases, moreover, mean
EBV load was significantly higher in server viral
SHLH patients than in non-server viral SHLH
patients, indicating that EBV load could influence
disease development in SHLH patients with EBV
infection. EBV induced SHLH confers the worst
prognosis [Rouphael, Talati et al., 2007].

EBYV infects via the oropharyngeal route, and is
transmitted primarily through saliva. Primary EBV
infection is mostly asymptomatic, following primary
infection, EBV DNA can be detected in blood (mainly
in the B-lymphocyte) from most individuals, and is
rapidly cleared in 1-3 weeks [Bauer et al.,, 2005;
Zoufaly et al., 2009]. EBV establishes lifelong latency
at low copy numbers (1-50 copies among 10° cells) in
the B-cell memory compartment [Heslop 2005]. The
incidence of potentially life-threatening complications
depends on the EBV viral load, in our study, EBV
viral titers was significantly higher in severe SHLH
patients than in non-severe patients, moreover, pa-
tients with worse prognosis had higher EBV copies
than those of good prognosis (>10*copies/ml vs. 10"
2copies/ml). Clinically, EBV DNAemia is an infectious
complication following hematopoietic stem cell or
solid organ transplantation or HIV infection, a sig-
nificant proportion of patients with EBV DNAemia
can be life-threatening [Ocheni et al., 2008; van Esser
et al., 2001; Zoufaly, Stellbrink et al., 2009]. There is
scarce data of EBV viraemia existing in patients with
SHLH. As EBV antibody were detected in our
patients, EBV reactivation is suspected to these
patients. EBV reactivation is likely due to the over
immunosuppression and persistent EBV infection
[Bamoulid et al., 2013].

In our study, diagnosed patients were treated using
conventional therapy. Because viral infection was
seldom considered as the etiology for SHLH, treat-
ment for viral infection was lacking. Thus, we cannot
exclude whether the high mortality rates among
patients with EBV-associated SHLH resulted from

ineffective therapy though there is no effective treat-
ment for these viral infections. We can conclude that
the prognosis for severe cases of non-EBV SHLH was
better than the cases of EBV-associated SHLH.
Compared with EBV, other viral SHLH, including
HSV-1, MPV, and hPIV-1, had better prognoses.

The molecular mechanisms that underlie virus
SHLH are unclear. A cytokine- driven condition
triggered by viral replication has been postulated,
and it has been speculated that hypercytokinemia
impairs the normal functioning of cytotoxic T-lym-
phocytes, NK cells, or both. In SHLH, hemophagocy-
tosis and cytokine overproduction may result in
cellular damage and multi-organ dysfunction [To
et al.,, 2001; Muralitharan et al., 2007]. Cytokine
storm in SHLH is more pronounced in EBV-associ-
ated disease, causing hemophagocytosis and organ
dysfunction. This might explain why the majority of
fatal cases were found in EBV-associated SHLH. If
SHLH were a manifestation of an overwhelming
hypercytokinemia, then treatment of the infection
might not have been sufficient [Han et al., 2012].

SHLH can clinically mimic an infection and ob-
scure its coexistence [Rouphael, Talati et al., 2007].
Thus, it is of major importance for physicians to be
aware that the clinical picture of SHLH, sepsis, and
MODS can share common features. These syndromes
cannot be reliably discriminated by using diagnostic
criteria devised for SHLH alone. Therefore, the
diagnosis of SHLH must rely on other -clinical,
laboratory, and histopathological findings [Henter,
Horne et al., 2007]. Phagocytosis of blood cells is a
hallmark of SHLH [Goel et al., 2012]. During inflam-
mation, macrophages may engulf erythrocytes, leuko-
cytes, platelets, and their precursor cells, enacting a
unique and evolving aspect of macrophage biology
[Risma and Jordan, 2012]. In this study, hemophago-
cytosis was found in the BM smears of all patients,
indicating that BM hemophagocytosis has a high
sensitivity for diagnosing SHLH. There is significant
overlap in the clinical and laboratory findings be-
tween SHLH and malignant diseases (particularly
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lymphomas or tumor metastasis), sepsis, and multi-
ple organ dysfunction syndrome (MODS), which
makes it difficult to differentiate these patients
[Castillo and Carcillo, 2009]. Under these circum-
stances, hemophagocytosis would help to differen-
tially diagnose these patients, especially those who
do not fulfill the criteria for SHLH and are over-
looked. Among the various biomarkers available for
diagnosing SHLH, the presence of hemophagocytosis
is what most practitioners continuing to rely on to
timely and differentially diagnose the patients [Gupta
et al.,, 2008]. Hemophagocytosis is triggered specifi-
cally by interferon gamma (IFN-y), and the direct
action of IFN-yon macrophages leads to the develop-
ment of severe consumptive anemia and cytopenia
[Zoller et al., 2011]. Indeed, unexplained acute cyto-
penia is commonly observed and has been associated
with worse outcomes in critically ill patients [Risma
and Jordan 2012]. Although hemophagocytosis has
high sensitivity for differential diagnosis, it has been
observed that patients’ prognosis is various, even
when the same hemophagocytosis is observed in BM
[Gupta et al., 2008]. Serum ferritin is a biomarker of
a final common pathway of systemic inflammatory
response, and hyperferritinemia is frequently used as
a marker of SHLH severity. In our study, higher
levels of ferritin, LDH, AST, and ALT were found in
the severe SHLH group compared with the non-
severe SHLH group, indicating that ferritin, LDH,
AST, and ALT are all sensitive biomarkers that
reflect disease severity for SHLH.

In our study, SHLH patients with EBV viraemia
had inadequate disease control and died within days or
weeks of disease onset, whereas a significant fraction
of SHLH patients with lower virus load or without
viraemia responded adequately to conventional ther-
apy and the majority experienced a complete response.
Although it is not possible to elucidate the mechanism,
our data reveal that patients with high EBV DNA
titers have worse prognoses.

REFERENCES

Bamoulid J, Courivaud C, Coaquette A, Chalopin JM, Gaiffe E,
Saas P, Ducloux D. 2013. Subclinical Epstein-Barr virus viremia
among adult renal transplant recipients: Incidence and conse-
quences. Am J Transplant 13:656—662.

Bauer CC, Aberle SW, Popow-Kraupp T, Kapitan M, Hofmann H,
Puchhammer-Stockl E. 2005. Serum Epstein-Barr virus DNA
load in primary Epstein-Barr virus infection. J Med Virol
75:54-58.

Castillo L, Carcillo J. 2009. Secondary hemophagocytic lymphohis-
tiocytosis and severe sepsis/systemic inflammatory response
syndrome/multiorgan dysfunction syndrome/macrophage activa-
tion syndrome share common intermediate phenotypes on a
spectrum of inflammation. Pediatr Crit Care Med 10:387-392.

Deane S, Selmi C, Teuber SS, Gershwin ME. 2010. Macrophage
activation syndrome in autoimmune disease. Int Arch Allergy
Immunol 153:109-120.

Demircioglu F, Kazanci E, Genc DB, Erdogan H, Goksugur SB,
Bekdas M. 2013. HIN1 infection-related hemophagocytic lym-
phohistiocytosis in a child. Turk J Haematol 30:426—428.

Fardet L, Blum L, Kerob D, Agbalika F, Galicier L, Dupuy A,
Lafaurie M, Meignin V, Morel P, Lebbé C. 2003. Human
herpesvirus 8-associated hemophagocytic lymphohistiocytosis in

J. Med. Virol. DOI 10.1002/jmv

Chen et al.

human immunodeficiency virus-infected patients. Clin Infect Dis
37:285-291.

Fisman DN. 2000. Hem ophagocytic syndromes and infection.
Emerg Infect Dis 6:601-608.

Fox CP, Shannon-Lowe C, Gothard P, Kishore B, Neilson J,
O’Connor N, Rowe M. 2010. Epstein-Barr virus-associated
hemophagocytic lymphohistiocytosis in adults characterized by
high viral genome load within circulating natural killer cells.
Clin Infect Dis 51:66—69.

Goel S, Polski JM, Imran H. 2012. Sensitivity and specificity of
bone marrow hemophagocytosis in hemophagocytic lymphohis-
tiocytosis. Ann Clin Lab Sci 42:21-25.

Gupta A, Weitzman S, Abdelhaleem M. 2008. The role of hemopha-
gocytosis in bone marrow aspirates in the diagnosis of hemopha-
gocytic lymphohistiocytosis. Pediatr Blood Cancer 50:192—-194.

Han DK, Baek HdJ, Shin MG, Kim JW, Kook H, Hwang TJ. 2012.
Scrub typhus-associated severe hemophagocytic lymphohistiocy-
tosis with encephalomyelitis leading to permanent sequelae: A
case report and review of the literature. J Pediatr Hematol
Oncol 34:531-533.

Henter JI, Chow CB, Leung CW, Lau YL. 2006. Cytotoxic therapy
for severe avian influenza A (H5N1) infection. Lancet
367:870-873.

Henter JI, Horne A, Arico M, Egeler RM, Filipovich AH, Imashuku
S, Ladisch S, McClain K, Webb D, Winiarski J, Janka G. 2007.
HLH-2004: Diagnostic and therapeutic guidelines for hemopha-
gocytic lymphohistiocytosis. Pediatr Blood Cancer 48:124-131.

Heslop HE. 2005. Biology and treatment of Epstein-Barr virus-
associated non-Hodgkin lymphomas. Hematology Am Soc Hema-
tol Educ Program 1:260-266.

Imashuku S. 2002. Clinical features and treatment strategies of
Epstein-Barr virus-associated hemophagocytic lymphohistiocyto-
sis. Crit Rev Oncol Hematol 44:259-272.

Janka GE, Lehmberg K. 2014. Hemophagocytic syndromes-an
update. Blood Rev 28:135—-142.

Muralitharan S, Pathare A, Wali Y, Dennison D, Krishnamoorthy
R. 2007. CD45 gene C77G mutation in haemophagocytic lympho-
histiocytosis. Acta Haematol 118:160-161.

Ocheni S, Kroeger N, Zabelina T, Sobottka I, Ayuk F, Wolschke C,
Muth A, Lellek H, Petersen L, Erttmann R, Kabisch H, Zander
AR, Bacher U. 2008. EBV reactivation and post transplant
lymphoproliferative disorders following allogeneic SCT. Bone
Marrow Transplant 42:181-186.

Otrock ZK, Eby CS. 2015. Clinical characteristics, prognostic
factors, and outcomes of adult patients with hemophagocytic
lymphohistiocytosis. Am J Hematol 90:220-224.

Park HS, Kim DY, Lee JH, Lee JH, Kim SD, Park YH, Lee JS, Kim
BY, Jeon M, Kang YA, Lee YS, Seol M, Lee YJ, Lim YS, Jang S,
Park CJ, Chi HS, Lee KH. 2012. Clinical features of adult
patients with secondary hemophagocytic lymphohistiocytosis
from causes other than lymphoma: An analysis of treatment
outcome and prognostic factors. Ann Hematol 91:897-904.

Ramos-Casals M, Brito-Zeron P, Lopez-Guillermo A, Khamashta
MA, Bosch X. 2014. Adult haemophagocytic syndrome. Lancet
383:1503-1516.

Risma K, Jordan MB. 2012. Hemophagocytic lymphohistiocytosis:
Updates and evolving concepts. Curr Opin Pediatr 24:9-15.

Rouphael NG, Talati NJ, Vaughan C, Cunningham K, Moreira R,
Gould C. 2007. Infections associated with haemophagocytic
syndrome. Lancet Infect Dis 7:814-822.

Sharp TM, Gaul L, Muehlenbachs A, Hunsperger E, Bhatnagar J,
Lueptow R, Santiago GA, Munoz-Jordan JL, Blau DM, Ettestad
P, Bissett JD, Ledet SC, Zaki SR, Tomashek KM. 2014. Fatal
hemophagocytic lymphohistiocytosis associated with locally ac-
quired dengue virus infection—New Mexico and Texas, 2012.
MMWR Morb Mortal Wkly Rep 63:49-54.

Svahn A, Berggren J, Parke A, Storsaeter J, Thorstensson R, Linde
A. 2006. Changes in seroprevalence to four herpesviruses over
30 years in Swedish children aged 9-12 years. J Clin Virol
37:118-123.

Tiab M, Mechinaud F, Harousseau JL. 2000. Haemophagocytic
syndrome associated with infections. Baillieres Best Pract Res
Clin Haematol 13:163-178.

Titze U, Janka G, Schneider EM, Prall F, Haffner D, Classen CF.
2009. Hemophagocytic lymphohistiocytosis and Kawasaki dis-
ease: Combined manifestation and differential diagnosis. Pediatr
Blood Cancer 53:493—495.



Viral Etiology and Clinical Features of SHLH

To KF, Chan PK, Chan KF, Lee WK, Lam WY, Wong KF, Tang NL,
Tsang DN, Sung RY, Buckley TA, Tam JS, Cheng AF. 2001.
Pathology of fatal human infection associated with avian
influenza A H5N1 virus. J Med Virol 63:242—-246.

van Esser JW, van der Holt B, Meijer E, Niesters HG, Trenschel R,
Thijsen SF, van Loon AM, Frassoni F, Bacigalupo A, Schaefer
UW, Osterhaus AD, Gratama JW, Lowenberg B, Verdonck LF,
Cornelissen JdJ. 2001. Epstein-Barr virus (EBV) reactivation is a
frequent event after allogeneic stem cell transplantation (SCT)
and quantitatively predicts EBV-lymphoproliferative disease
following T-cell-depleted SCT. Blood 98:972-978.

549

Yilmaz S, Oren H, Demircioglu F, Firinci F, Korkmaz A, Irken G.
2006. Parvovirus B19: A cause for aplastic crisis and hemopha-
gocytic lymphohistiocytosis. Pediatr Blood Cancer 47:861.

Zoller EE, Lykens JE, Terrell CE, Aliberti J, Filipovich AH, Henson
PM, Jordan MB. 2011. Hemophagocytosis causes a consumptive
anemia of inflammation. J Exp Med 208:1203-1214.

Zoufaly A, Stellbrink HdJ, Heiden MA, Kollan C, Hoffmann C, van
Lunzen J, Hamouda O. 2009. Cumulative HIV viremia during
highly active antiretroviral therapy is a strong predictor of
AIDS-related lymphoma. J Infect Dis 200:79-87.

J. Med. Virol. DOI 10.1002/jmv



