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ABSTRACT
PurposeOur aim is to analyze the clinical characteristics and prognostic factors of Epstein-Barr (EB)
virus-associated hemophagocytic lymphohistiocytosis (EBV-HLH) in children. Methods Children
with newly diagnosed HLH were retrospectively analyzed. Results Finally, a total of 95 children
with HLH were enrolled in this study, including 43 (45.3%) with EBV-HLH and 52 (54.7%) with
non-EBV-HLH. Laboratory tests showed that the levels of absolute neutrophil count (ANC)
decrease (P = 0.031) and triglycerides (TG) increase (P = 0.036) in the EBV-HLH group were
statistically significant compared with those in the non-EBV-HLH group, respectively. We found
that the remission rate during induction period in the EBV-HLH group and non-EBV-HLH group
was 75.8% and 89.3%, respectively. The correlation analysis showed that the elevated degree
of total bilirubin (TBIL) (P = 0.042), triglyceride (TG) (P = 0.009), serum ferritin (SF) (P = 0.008) and
interleukin-8 (IL-8) (P = 0.004) were related with the remission rate during induction in the EBV-
HLH group. Further univariate analysis showed that the elevated degree of TBIL (P = 0.048) and
TG (P = 0.019) were significant risk factors for the remission rate during induction in the EBV-
HLH group. In the multivariate analysis, we observed that there was statistical significance for
the degree of TG elevation (P = 0.015) between the two groups. The correlation analysis
showed that the elevated degree of TBIL (P = 0.030), the elevated degree of SF (P = 0.020) and
the elevated degree of interleukin-6 (P = 0.010) were related to the induction mortality of
children with EBV-HLH. Conclusion TBIL and TG are valid indicators to assess the efficacy and
prognosis of EVBHLH among children in induction period.
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1. Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a life-
threatening disease characterized by excessive acti-
vation of cytotoxic T lymphocytes (CTL), natural killer
(NK) cells, and macrophages, leading to hypercytokine-
mia and immune-mediated impairment of multiple
organ functions [1]. Clinical characteristics include per-
sistent fever, peripheral cytopenia, hepatosplenic
lymph node enlargement, hepatic impairment, and
coagulation abnormalities. The age of onset can be
seen in all age groups, but is more common in children
[2]. Given the high incidence of EBV-HLH in Asia, it war-
rants further study. In this study, we intend to retro-
spectively analyse the clinical and laboratory data of
95 children with HLH in our department from
January 2009 to September 2020, and divide them
into EBV-HLH and non-EBV-HLH groups according to
the causative factors. By comparing and analysing
the clinical information and laboratory data, remission
rate during the induction period and mortality rate of

the two groups, and performing risk factor analysis
related to the prognosis of EBV-HLH, we will provide
a basis for the clinical diagnosis and treatment of
EBV-HLH in children.

2. Patients and methods

2.1. Patients

Children with newly diagnosed HLH and under 15
years old between January 2009 and September
2020 from Children’s Medical Center of Sun Yat-sen
Memorial Hospital were recruited.

2.2. Diagnosis of HLH

The diagnosis of HLH is currently based on the diag-
nostic criteria of HLH-2004 [3]. The diagnosis HLH can
be established if one of either 1 or 2 below is
fulfilled, of which molecular biological evidence is an
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important basis for the diagnosis of primary hemopha-
gocytic lymphohistiocytosis (pHLH).

(1) Molecular biology meets the diagnostic criteria, i.e.
detection of gene mutation associated with HLH
included PRF1, UNC13D, STX11, STXBP2, SH2D1A,
BIRC4/XIAP, ITK deficiency, CD27 deficiency,
MAGT1, GS-2, CHS-1, HPS-II, CHS1/LYST, Rab27a
and AP3β 1.

(2) Diagnostic criteria for HLH fulfilled (five out of the
eight criteria below)

① Persistent fever over than seven days (Temperature
over than 38.5°C); ② Splenomegaly; ③ Cytopenias
(affecting two of three lineages in the peripheral
blood): Hb <90 g/L (in infants <4 weeks: Haemoglobin
(Hb) <100 g/L), Platelets (PLT) <100 × 109/L, absolute
neutrophils counts (ANC) <1 × 109/L; ④ Hypertriglyceri-
demia and/or hypofibrinogenemia: Fasting triglycerides
≥3.0 mmol/L (i.e. ≥265 mg/dl), Fibrinogen ≤1.5 g/L; ⑤
Hemophagocytosis in bone marrow or spleen or
lymphnodes;⑥ Lowor absentNK-cell activity (according
to local laboratory reference); ⑦ Ferritin ≥500 mg/L; ⑧
Soluble CD25 (i.e. soluble IL-2 receptor) ≥2400 U/mL.

2.3. Inclusion criteria

New-onset children who met the International Histio-
cyte Society HLH-2004 diagnostic criteria.

2.4. Exclusion criteria

① Those with missing research data; ② Treated in an
outside hospital; ③ Death before treatment; ④ Severe
multi-organ dysfunction; ⑤ Patients who withdrew
from treatment midway.

2.5. HLH typing criteria

Disease severity was typed according to the CCLG-
HLH-2018, as described in Supplementary Table S1
and Figure 1.

2.6. Data collection

We collect general information such as gender, age,
family history and clinical symptoms such as fever,
hepatomegaly, splenomegaly, superficial lymph node
enlargement, jaundice, skin rash, plasma cavity
effusion, central nervous system (CNS) symptoms. As
for laboratory findings, we collect blood routine, liver
function which included alanine aminotransferase
(ALT), glutathione aminotransferase (AST), albumin
(ALB), γ-glutamyl transferase (γ-GGT), serum total bilir-
ubin (TBIL), and triglycerides (TG). Coagulation func-
tion include prothrombin time (PT), activated partial
thromboplastin time (APTT), fibrinogen (FIB). In
addition, inflammatory factors which included
soluble interleukin 2 receptor (sIL2R/sCD25), interleu-
kin-6 (IL-6), interleukin-8 (IL-8), interleukin-10 (IL-10),
tumour necrosis factor-α (TNF-α), serum ferritin (SF),
hemophagocytosis, whole blood/plasma EBV-DNA
load and gene mutation associated with HLH.

2.7. Therapeutic regimen

Induction and maintenance treatment was performed
according to HLH-1994, HLH-2004, and Chinese Chil-
dren’s Histiocytic Group (CCHG)-HLH-2018 regimen.
Due to the small number of cases, all those who
were given VP16 treatment were grouped into the
VP16-containing group. Treatment was divided into
two groups, the VP16-containing group (including
HLH-1994 regimen, HLH-2004 regimen, and CCHG-
HLH-2018 regimen) and the other group (mainly
using glucocorticoids) with anti-infective and suppor-
tive therapy (including anti-infective therapy, immuno-
globulin therapy, component transfusion, and plasma
filtration). Finally, efficacy was assessed by conven-
tional methods [4], and the two groups were com-
pared for induction period. The remission rate and
the mortality rate of children during the induction
period were compared between the two groups, and
the prognosis-related risk factors were analysed.

2.8. Efficacy assessment

In induction therapy, it is recommended that efficacy
be evaluated once at week 1, week 2 andweek 4. Evalu-
ation indicators include sIL2R, SF, blood routine, TG,
transaminases, hemophagocytic phenomenon,
mental status (in patients with CNS-HLH).

(1) Complete response (CR) which means all indicators
returned to normal.

(2) Partial response (PR), includes ≥2 symptoms/lab-
oratory indicators improved by 25% or more, and
partial indicators need to meet the following cri-
teria, ① sCD25 level decreased by more than 1/3,
② SF and TG decreased by more than 25%, ③

Figure 1. Gender and proportion of EBV-HLH and non-EBV-
HLH groups.
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Under non-transfusion conditions: ANC <0.5 × 109/
L, need to rise by 100% and >0.5 × 109/L. If ANC
between 0.5 × 109/L and 2.0 × 109/L, need to
increase 100% and return to normal, ④ ALT
>400 U/L, need to decrease more than 50%.

(3) No response (NR), which means those whose
disease continues to progress, die or fail to
achieve PR during induction therapy.

2.9. Statistical analysis

For measurement (quantitative) data that met normal
distribution and satisfied the chi-square, independent
samples t-test was used for comparison between
groups, and mean ± standard deviation (X ± s) was
used for descriptive statistics. When normal distri-
bution was satisfied but the variance was not chi-
square, corrected test was used for comparison
between groups. For count data that were not nor-
mally distributed overall or the overall distribution
was unknown, Wilcoxon rank sum test was used for
comparison between groups, and descriptive statistics
were used for median or quartiles. The Pearson χ2 test
was used for intergroup comparisons of count (quali-
tative) data. The corrected formula was used for the
total number of cases (n≥ 40), but the theoretical fre-
quency was less than 5. The Fisher’s cut-off probability
method was used for the total number of cases (n <
40), and the theoretical frequency was less than 5. Uni-
variate or multivariate logistic regression analyses were
used to analyse the risk factors related to the prognosis
of children with HLH and the difference factors
between groups. All data were analysed using SPSS
25.0 statistical software developed by IBM, and the
results were considered significant at P < .05.

3. Results

3.1. General information

A total of 95 children with HLH were recruited from
January 2009 to September 2020, including 43 cases
(45.3%) with EBV-HLH and 52 cases (54.7%) with non-
EBV-HLH. There were 52 (54.7%) male and 43 (45.3%)
female children, the youngest being 1 month old

and the oldest being 15 years old, with a median age
of onset of three years. None had a family history of
HLH. Among non-EBV-HLH group, there were 35
cases (67.3%) of non-EBV infection-related HLH, 9
cases (17.3%) of malignancy-related HLH, 6 cases
(11.5%) of macrophage activation syndrome, and 2
cases(3.9%) of drug-related HLH.

3.2. Clinical presentation

Ninety-five cases (100%) had HLH with persistent fever
>7 days, temperature between 38.5°C and 42°C, hepa-
tomegaly in 86 cases (90.5%), splenomegaly in 78 cases
(82.1%), lymph node enlargement in 45 cases (47.4%),
jaundice in 11 cases (11.6%), pleural effusion in 10
cases (10.5%), rash in 9 cases (9.5%), and CNS symp-
toms in 8 cases (8.4%). Among them, the above clinical
presentation was compared between the EBV-HLH and
non-EBV-HLH groups (Table 1). Comparative analysis of
the two groups revealed that the incidence of spleno-
megaly, jaundice, and CNS symptoms was higher in
the EBV-HLH group than in the non-EBV-HLH group,
but there was no statistically significant difference (P
> .05). Twenty-nine cases (67.4%) were heavier in the
EBV-HLH group than in the non-EBV group (53.8%),
but there was no statistically significant difference
between the two groups (P > .05).

3.3. Laboratory examination results

Routine blood, liver function, coagulation function, SF,
bone marrow routine, and gene mutation associated
with HLH were performed on 95 children. The compari-
son of the experimental results between the two
groups (Table 2) showed that there were differences
in the data of several laboratory test results between
the two groups, but they were not statistically signifi-
cant (P > .05). Further logistic regression analysis of

Table 1. Comparison of clinical presentation in the EBV-HLH
group and the non-EBV-HLH group.

Clinical presentation
EBV-HLH (n =

43)
Non-EBV-HLH (n =

52)
P-

value

Fever 100% (43/43) 100% (52/52) 0
Hepatomegaly 90.7% (39/43) 90.4% (47/52) .956
Splenomegaly 88.4% (38/43) 76.9% (40/52) .147
lymph nodes enlarged 53.5% (23/43) 42.3% (22/52) .277
Icterus 18.6% (8/43) 5.8% (3/52) .052
Erythra 9.3% (4/43) 9.6% (5/52) .956
Dropsy of serous
cavity

9.3% (4/43) 11.5% (6/52) .724

CNS symptom 14.0% (6/43) 3.8% (2/52) .077

Table 2. Comparison of laboratory data in the EBV-HLH and
non-EBV-HLH group.

Laboratory data
EBV-HLH (n =

43)
Non-EBV-HLH (n

= 52)
P-

value

WBC drop (<4.0 × 109/L) 74.4% (32/43) 58.5% (31/52) .129
ANC reduction (<1.0 × 109/
L)

34.9% (15/43) 26.9% (14/52) .401

Anaemia (<90 g/L) 58.1% (25/43) 40.4% (21/52) .084
PLT reduction (<100 × 109/
L)

72.1% (31/43) 82.7% (43/52) .215

ALT rise (100 U/L) 55.8% (24/43) 32.7% (17/52) .023
AST increase (80 U/L) 34.9% (15/43) 32.7% (17/52) .821
FIB reduction (1.5 g/L) 53.4% (23/43) 44.2% (23/52) .368
ALB reduction (<30 g/L) 60.5% (26/43) 48.1% (25/52) .228
TG rise (3.0 mmol/L) 37.2% (16/43) 30.7% (16/52) .508
Elevated LDH (245 U/L) 53.5% (23/43) 43.3% (22/52) .277
Elevated TBIL (17.1 mmol/
L)

79.1% (34/43) 67.3% (35/52) .201

PT prolongation (>3 s) 18.6% (8/43) 13.5% (7/52) .494
APTT prolongation (>10 s) 46.5% (20/43) 21.1% (11/52) .008
SF rise (>500 µg/L) 23.3% (10/43) 36.9% (14/52) .681
Hemophagocytic
phenomenon

76.7% (33/43) 69.2% (36/52) .413
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the above laboratory test data between the two
groups was performed to find the difference factors,
and it was found that the differences in the degree
of ANC decrease (P = .031) and TG elevation (P = .036)
were statistically significant (Table 3), suggesting that
the degree of ANC decrease and TG elevation were
more significant in children with EBV-HLH at the
initial diagnosis.

3.4. Gene mutation associated with HLH

A total of 28 cases were sent for testing the gene
mutation associated with HLH in this study from
2017 to 2020, and 17 (60.7%) cases were positive.
While 15 cases were detected in the non-EBV-HLH
group, and 8 cases were positive, with a positive rate
of 53.3%, which were higher than those in the EBV-
HLH group (9/13, 69.2%). There were 10 cases
(35.7%) of UNC13D missense mutations, the highest
mutation frequency in this study, 6 cases (21.4%) of
LYST missense mutations, 5 cases (17.9%) of STXBP
missense mutations, 4 cases (14.3%) of AP3β1 mis-
sense mutations, and 2 cases (7.1%) of XIAP missense
mutations. Two cases of pHLH were diagnosed, both
of which were EBV-HLH, one of which. The other
pHLH case was a pathological mutation of XIAP hemi-
zygous, and the family survey confirmed that the
mutation originated from the mother. The remaining
cases had genetic missense mutations but were not
diagnosed with primary HLH because they were all
single nucleotide polymorphism (SNP) loci and the
mutations were not pathogenic.

3.5. Flow cytometry assay

NK cell activity was detected in 15 cases, including 10
cases in the EBV-HLH group and 5 cases in the non-
EBV-HLH group. NK cell activity was reduced in six
cases among the EBV-HLH group, and three cases in
the non-EBV-HLH group. Flow cytometry detected
ΔCD107a in 13 cases and 3 out of 5 cases detected
in the EBV-HLH group were reduced, with a positive
rate of 60%. When in the non-EBV-HLH group, one
out of four cases detected were reduced, with a posi-
tive rate of 25%. Due to the small number of cases,
statistical analysis was not performed in this study.

3.6. Efficacy

3.6.1. Comparison of remission rate and
mortality during the induction period in the EBV-
HLH group and the non-EBV-HLH group
The remission rate in the EBV-HLH group was 75.8%,
which was lower than that in the non-EBV-HLH
group (89.3%), but there was no statistically significant
difference between the remission rates of the two
groups (P > .05). The mortality rates during the

induction period were 17.2% and 14.3% in the EBV-
HLH and non-EBV-HLH groups, respectively, with no
statistically significant differences between the two
groups (P > .05).

3.6.2. Analysis of factors related to remission rate
and mortality during the induction period in the
EBV-HLH group
The correlation analysis of experimental results and
remission rate during the induction period in the
EBV-HLH group revealed that the degree of TBIL
elevation (P = .042), TG elevation (P = .009), SF
elevation (P = .008), IL-8 elevation (P = .004) were
associated factors affecting the induction remission
rate in children with EBV-HLH, and the differences
were all significant (Table 4). Further univariate analysis
was performed to find the independent risk factors
affecting the induction remission rate of children in
the EBV-HLH group, and TBIL elevation (P = .048) and
TG elevation (P = .019) were found to be the indepen-
dent risk factors affecting the induction remission rate
of children in the EBV-HLH group, with significant
differences (Table 5). A multivariate regression analysis
of TBIL and TG levels revealed that the difference in the
degree of TG elevation (P = .015) was still statistically
significant (Table 6).

3.6.3. Effect of VP16-containing regimen of EBV-
HLH group during the induction period
In 29 patients who used VP16, 22 (75.9%) patients
achieve CR with a mortality rate of 17.2% (5/29).
While in 14 cases without VP16, 11 (78.5%) patients
achieve CR, with a mortality rate of 14.3% (2/14).
However, the difference was not statistically significant
(P > .05).

3.6.4. Effect of EBV-DNA on remission rate and
mortality during the induction period
One of the important bases for determining whether
EBV infection is whether the whole blood/plasma
EBV-DNA copy number is elevated (≥1.0 × 103

copies/ml was considered positive in this study). Our
study showed that the whole blood EBV-DNA was
detected in 43 cases, with a positive rate of 100%
and the load of EBV-DNA ranged from 1.1 × 103 to
6.7 × 108 copies/ml. In the meantime, plasma EBV-
DNA was detected in 38 cases, with a positive rate of
71.0%, and EBV-DNA load was 1.0×103–2.9×106

copies/mL. The remission rate was significantly
higher in the EBV-DNA load <106 copies/mL group
than in the EBV-DNA load ≥106 copies/mL group.

There were four deaths in the EBV-DNA load ≥106

copies/mL group, and three deaths in the EBV-DNA
load <106 copies/mL group, with a mortality rate of
16.7% and 15.7%, respectively. The difference
between the two groups was not significant (P > .05).
The remission rate was 70.4% in 27 cases with
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plasma EBV-DNA load ≥103 copies/mL and 19 cases in
remission, and 87.5% in 16 cases with EBV-DNA load
<103 copies/mL and 14 cases in remission. The remis-
sion rate during the induction period was higher in
the group with plasma EBV-DNA load <103 copies/
mL than in the group with EBV-DNA load ≥103

copies/mL, but the statistical difference was not signifi-
cant (P > .05). There were four deaths and 14.8% mor-
tality in those with plasma EBV-DNA load ≥103 copies/
mL and three deaths and 18.8% mortality in those with
plasma EBV-DNA load <103 copies/mL. The difference
between the two groups was not significant (P > .05).

Plasma EBV-DNA load is a key indicator of whether
EBV is in a proliferative and lytic state. Although the
indicators of clinical staging do not include viral load,
the active or inactive EBV may be related to the sever-
ity of the disease. The plasma EBV-DNA load was ≥103

copies/mL in 27 cases, of which 5 (18.5%) were mild
and 22 (81.5%) were severe. The plasma EBV-DNA
load was <103 copies/mL in 16 cases, of which 4
(25.0%) were mild and 12 (75.0%) were severe. The pro-
portion of severe cases was higher in the positive
group than in the negative group, but the statistical
difference was not significant (P > .05).

4. Discussion

The early diagnosis of HLH is still difficult due to the
lack of specific clinical manifestations and laboratory
indices. A retrospective analysis of 142 children with
EBV-HLH reported that HLH was characterized by
fever (100%), hepatosplenomegaly (55–85%), and
superficial lymph node enlargement (40–50.0%) as
the main clinical manifestations [5]. In this present
study, all children with HLH showed persistent fever
for more than 1 week and hepatosplenomegaly
(82.1–90.5%), while the incidence of superficial lymph
node enlargement was lower (47.4%), and this clinical
feature is clearly different from infectious mononucleo-
sis and deserves the attention of clinicians.

In the diagnosis and management of HLH, labora-
tory tests are indicators that clinicians pay close atten-
tion to. Although there is a lack of specific indicators in
the diagnosis of HLH, progressive haematocrit
reduction, elevated liver enzymes, and extremely elev-
ated SF are notable features of HLH. In the current
study, we found that the degree of haematocrit, liver
injury, and abnormal coagulation in the EBV-HLH
group was higher than that in the non-EBV-HLH
group. Further regression analysis revealed the
degree of ANC reduction at the initial diagnosis and

Table 3. Laboratory results of the EBV-HLH group and non-EBV-HLH about laboratory results.

Characteristic β SE OR P-value

95% CI

Lower Upper

Age −0.070 0.070 0.932 .318 0.813 1.070
Hb 0.004 0.014 1.004 .761 0.977 1.032
PLT −0.001 0.003 0.999 .854 0.994 1.005
ANC 0.382 0.177 1.466 .031* 1.036 2.074
ALT −0.001 0.002 0.999 .602 0.996 1.002
AST 0.000 0.002 1.000 .817 0.994 1.004
LDH 0.000 0.000 1.000 .259 1.001 1.001
TBIL 0.005 0.006 1.005 .413 0.993 1.017
ALB 0.064 0.045 1.006 .159 0.975 1.164
SF 0.000 0.000 1.000 .385 1.000 1.000
FIB 0.395 0.281 1.485 .159 0.857 2.574
TG −0.274 0.219 0.763 .036* 0.593 0.983
Hemophagocytic phenomenon −0.291 0.580 0.748 .616 0.240 2.329

*P < .05.

Table 4. Laboratory results and remission rate in 43 EBV-HLH
cases.
Laboratory data Average value Median P-vale

ALT 221.52 U/L 197.00 U/L .333
AST 250.48 U/L 202.00 U/L .450
LDH 1369.81 U/L 1134.50 U/L .880
TBIL 28.39 μmol/L 15.70 μmol/L .042*
ALB 29.79 g/L 28.55 g/L .364
TG 4.40 mmol/L 3.50 mmol/L .009*
PT 19.36 s 12.80 s .786
APTT 33.20 s 31.75 s .202
FIB 1.52 g/L 1.40 g/L .546
SF 9128.21 μg/mL 3016.00 μg/mL .008*
SIl2R 11,170.90 U/mL 7600.00 U/mL .152
IL-6 47.47 pg/mL 10.60 pg/mL .651
IL-8 32.16 pg/mL 19.50 pg/mL .004*
IL-10 258.35 pg/mL 84.75 pg/mL .152
NK 5.66% 3.30% .303

*P < .05.

Table 5. Independent risk factors affecting the rate of
induction remission in the EBV-HLH group.

Laboratory data β SE OR P-value

95%CI

Lower Upper

ALT −0.003 0.003 0.997 .285 0.991 1.003
AST −0.001 0.002 0.999 .584 0.995 1.003
LDH 0.000 0.000 1.000 .921 0.999 1.001
TBIL 0.027 0.013 1.027 .048* 1.000 1.054
ALB −0.087 0.096 0.917 .366 0.759 1.107
TG 0.388 0.166 1.474 .019* 1.065 2.042
SF 0.000 0.000 1.000 .133 1.000 1.000
FIB −0.231 0.600 0.794 .700 0.245 2.573
PT 0.012 0.013 1.012 .350 0.987 1.035
APTT −0.004 0.037 0.996 .923 0.927 1.071
sIL2R 0.000 0.000 1.000 .200 1.000 1.000
IL-6 −0.001 0.004 0.999 .886 0.992 1.007
IL-8 0.037 0.018 1.037 .058 1.002 1.074
IL-10 0.002 0.001 1.002 .094 1.000 1.004
NK (%) −0.101 0.110 0.904 .359 0.729 1.121

*P < .05.
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the degree of TG elevation were statistically significant,
suggesting that children with a significant degree of
ANC decline and TG elevation at initial diagnosis
should be alerted to the possibility of EBV-HLH. Allen
et al. [6] evaluated 330 patients with SF above
500 µg/L and concluded that SF above 10,000 µg/L
had a sensitivity of 90% for HLH and a specificity of
96%. A Japanese single-centre study of 29 children
with HLH and 3 adults with HLH suggested that
serum IL-6 >300 ng/L reflects poor prognosis in
patients with HLH in terms of the effect of cytokines
on patient prognosis [7]. In our study, we investigated
the EBV-HLH group and found that TBIL, TG, SF, and IL-
8 levels at primary treatment were associated with
outcome of the children, and TBIL and TG levels were
independent risk factors for prognosis, which are con-
sistent with those reported in the previous literature
[8,9]. In the analysis of the correlation between the
results of experimental examinations and mortality
during the induction period in the EBV-HLH group,
the degree of elevated TBIL, elevated SF, and elevated
IL-6 were significantly different, and our results were
consistent with those reported in the literature
[10,11]. TG was significant in both univariate and multi-
variate logistic regression analyses in this study,
suggesting that TG is a prognostic correlate with
strong clinical value.

The plasma/whole blood EBV-DNA load assay is a
reliable basis for determining whether EBV infection
is active or not, as EBV activity implies the amplification
of viral load, and when the amplification reaches a
certain level, the infected cells will undergo lysis and
release recombinant EBV. Therefore, it is theoretically
believed that the rise in EBV copy number in whole
blood is earlier than in plasma, reflecting a higher sen-
sitivity on EBV infection, and plasma EBV load is more
important in reflecting whether the virus is active or
not. Our study showed that the positivity rate of
whole blood EBV-DNA and plasma EBV-DNA in the
EBV-HLH group were 100% and 71.0%, respectively.
Our present research also demonstrated that the
remission rate during the induction phase was higher
in the whole blood EBV-DNA load <106 copies/mL
group than in the EBV-DNA load ≥106 copies/mL
group without any significant difference due to the
insufficient number of cases. Furthermore, no signifi-
cant difference was in mortality between the two
groups, which may be related to our aggressive

antiviral therapy and timely use of chemotherapy con-
taining VP16 regimen.

Positivity for gene mutation associated with HLH is
the gold standard for the diagnosis of pHLH, which is
highly prevalent in young children, and previous litera-
ture reported that 90% of pHLH develops within two
years of age [12-14]. Pulliye et al. [15] reported that a
12-year-old boy with a final diagnosis of pHLH, and
Clementi et al. [16] reported two adult cases over 20
years of age, which were eventually confirmed by
genetic screening to be pHLH due to mutations in
the PRF gene. Therefore, genetic testing should be
actively performed in children with early onset of
pHLH, but pHLH should not be ruled out in teenager
and adult patients, and genetic testing should be per-
formed as much as possible. In this study, 28 cases of
gene mutation associated with HLH were examined,
and the positive rate in the EBV-HLH group was
69.2% compared with 53.3% in the non-EBV-HLH
group, which was considered to be related to the
fact that some of the patients with EBV-HLH were
pHLH, suggesting that we should attach great impor-
tance to the genetic testing and the detection of
HLH-related protein expression in children with EBV-
HLH, so as to clarify the exact mechanism of phagocy-
tosis and guide further treatment.

The HLH-2004 protocol study pointed out that NK
cell activity was consistently reduced in EBV-HLH
patients, especially in remission, and the diagnostic
pHLH compliance rate was 94.4% [17,18], suggesting
that NK cell activity assay has important clinical value
for the diagnosis of HLH. The ΔCD107a assay is an
important tool for rapid screening of pHLH associated
with degranulation pathways (FHL-3 to FHL-5, CHS and
GS-2) and can target a subset of pHLH patients early.
Although the number of cases in this study was too
small to draw definite conclusions, preliminary obser-
vations showed that the decrease in NK cell activity
and the rate of ΔCD107a positivity were higher in the
EBV-HLH group than in the non-EBV-HLH group,
suggesting an underlying genetic background of
EBV-HLH and that some of the EBV-HLH belong to
pHLH, and this group of children has a poor prognosis
and needs to undergo allo-HSCT. Because early
identification of pHLH is important to save the life of
the child, these tests should be performed as early as
possible in children considered for EBV-HLH.

The early application of VP16 is important in the
treatment of EBV-HLH, and Imashuku et al. [19,20]
suggested that VP16 inhibits the synthesis of EBV
core antigenic determinants in addition to efficiently
suppressing excessive inflammatory responses and
thus has a concurrent anti-EBV effect. The overall
induction remission rate in our study was 76.8%, and
the induction remission rate in the EBV-HLH group
was 79.1%, which achieved a better outcome, probably
due to the timely application of VP16 in severe children

Table 6. Multivariate analysis of independent risk factors
affecting the rate of induction phase remission in the EBV-
HLH group.

Factors β SE OR P-value

95%CI

Lower Upper

TBIL 0.030 0.018 1.031 .086 0.996 1.067
TG 0.447 0.184 1.563 .015* 1.089 2.244

*P < .05.
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with confirmed EBV-HLH in our centre after diagnosis.
Further studies showed that the induction remission
rate in the EBV-HLH group with the VP16 regimen
was lower than that in the non-EBV-HLH group,
suggesting that EBV-HLH has a relatively poor progno-
sis, consistent with the literature [21] (Table 7).
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Table 7. Related laboratory results and induction period
mortality in 43 EBV-HLH cases.
Laboratory data Average value Median P-value

ALT 221.52 U/L 197.00 U/L .332
AST 250.48 U/L 202.00 U/L .332
LDH 1369.81 U/L 1134.50 U/L .075
TBIL 28.39 μmol/L 15.70 μmol/L .030*
ALB 29.79 g/L 28.55 g/L .875
TG 4.40 mmol/L 3.50 mol/L .182
PT 19.36 s 12.80 s .314
APTT 33.20 s 31.75 s .661
FIB 1.52 g/L 1.40 g/L .149
SF 9128.21 μg/mL 3016.00 μg/mL .020*
SIl2R 11,170.90 U/mL 7600.00 U/mL .516
IL-6 47.47 pg/mL 10.60 pg/mL .010*
IL-8 32.16 pg/mL 19.50 pg/mL .661
IL-10 258.35 pg/mL 84.75 pg/mL .516
NK 5.66% 3.30% .088

*P < .05.
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