
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Cheng et al. BMC Infectious Diseases         (2025) 25:1003 
https://doi.org/10.1186/s12879-025-11440-1

BMC Infectious Diseases

*Correspondence:
Biquan Chen
peter123@ldy.edu.rs

Full list of author information is available at the end of the article

Abstract
Objective  To identify potential diagnostic biomarkers distinguishing Epstein-Barr virus-associated hemophagocytic 
lymphohistiocytosis (EBV-HLH) from infectious mononucleosis (EBV-IM) in pediatric patients using a retrospective 
case-control design.

Methods  This study enrolled a total of 160 pediatric patients, including 132 with Epstein-Barr virus-associated 
infectious mononucleosis (EBV-IM) and 28 with EBV-associated hemophagocytic lymphohistiocytosis (EBV-HLH). 
Serum levels of CD4⁺ T cells, CD8⁺ T cells, and D-dimer were quantified by flow cytometry and immunoturbidimetry, 
respectively. The CD4⁺/CD8⁺ ratio was calculated from absolute counts. These parameters, along with clinical and 
laboratory features, were compared between the EBV-IM and EBV-HLH groups. Binary logistic regression was used 
to analyze the risk factors for the progression of EBV infection to EBV-HLH. The clinical value of CD4⁺/CD8⁺ ratio and 
D-dimer levels in diagnosing EBV-HLH was assessed using receiver operating characteristic (ROC) curve analysis.

Results  The average age of the EBV-HLH group was significantly lower than that of the IM group (p < 0.05). The EBV-
HLH group had significantly higher levels of NLR(Neutrophil to Lymphocyte Ratio), PLR(Platelet to Lymphocyte Ratio), 
D-dimer, EBV-DNA, disease duration, CD4⁺/CD8⁺ ratio, and AST/ALT compared to the IM group (p < 0.05).Binary logistic 
regression analysis indicated that a higher CD4⁺/CD8⁺ ratio (OR = 17.60, 95% CI: 1.89–163.64; p < 0.05) and elevated 
D-dimer levels (OR = 1.31 per 1 mg/L increase, 95% CI: 1.08–1.59; p < 0.05) were significantly associated with EBV-HLH. 
Building upon the identified associations, we evaluated the diagnostic performance of these biomarkers. ROC curve 
analysis demonstrated that CD4⁺/CD8⁺ ratio > 0.455 (Youden index = 0.638, sensitivity = 92.4%, specificity = 71.4%) 
and D-dimer > 1.675 mg/L (Youden index = 0.683, sensitivity = 82.6%, specificity = 85.7%) optimally discriminated 
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Introduction
Epstein-Barr virus (EBV) is classified as a γ-subfamily 
member of the Herpesviridae family and is a double-
stranded DNA virus. EBV is primarily transmitted 
through saliva but can also spread via blood transfusion 
and allogeneic grafts. In individuals under six years of 
age, initial infection is usually asymptomatic or presents 
with mild upper respiratory symptoms, whereas approxi-
mately 50% of adolescents develop infectious mononu-
cleosis (IM) [1].

IM is a benign, self-limiting disease caused by EBV 
infection. Common clinical manifestations include fever, 
tonsillitis, and cervical lymphadenopathy, often accom-
panied by hepatosplenomegaly and peripheral blood 
atypical lymphocytosis [2]. While most cases have a 
favorable prognosis, a small proportion of patients may 
develop multisystem complications, such as EBV-associ-
ated hemophagocytic syndrome [3].

Hemophagocytic syndrome, also known as hemo-
phagocytic lymphohistiocytosis (HLH), is a life-threaten-
ing inflammatory response syndrome caused by excessive 
immune system activation. Uncontrolled activation of 
cytotoxic T cells, natural killer cells, and macrophages 
leads to the excessive secretion and release of cytokines, 
resulting in a cytokine storm. This, in turn, causes hemo-
phagocytic infiltration in organs, multiple organ failure, 
and, in severe cases, death [4–6]. Secondary HLH is the 
most common type of HLH, with infection-associated 
HLH being the predominant form. It is linked to vari-
ous infectious agents, including bacteria, fungi, viruses, 
and protozoa. Among viral infections, herpesvirus infec-
tions, particularly EBV-associated HLH (EBV-HLH), 
constitute a major subset of secondary HLH. EBV-HLH 
accounts for approximately 70% of infection-associated 
HLH cases and has a higher prevalence among children 
and adolescents in Asia [7].In clinical practice, the initial 
symptoms of EBV-HLH are often atypical and challeng-
ing to recognize. Some patients present with symptoms 
resembling infectious mononucleosis. However, the dis-
ease progresses rapidly, leading to high mortality rates 
in patients who delay medical attention or receive an 
unclear diagnosis. Therefore, early and accurate identifi-
cation of EBV-HLH is crucial [8, 9].Previous studies on 

the immune status of EBV-HLH patients have shown that 
these patients exhibit immune dysfunction, with abnor-
mal counts in different subsets of T lymphocytes [10]. 
Additionally, research indicates that EBV-HLH patients 
experience coagulation dysfunction. The excessive acti-
vation of macrophages leads to the overproduction of 
plasminogen activators, promoting a hyperfibrinolytic 
state. Elevated D-dimer (D-D) levels suggest a hyperco-
agulable and fibrinolytic state in the body [11]. However, 
studies investigating the association between CD4⁺/CD8⁺ 
ratio and D-dimer in EBV-HLH remain limited.Based on 
this, our study aims to observe peripheral blood CD4⁺/
CD8⁺ ratio and D-dimer levels in EBV-HLH patients and 
explore their value in predicting EBV-HLH.

Patients and methods
Patients
This retrospective study examined pediatric patients 
diagnosed with EBV-IM and EBV-HLH at Anhui Pro-
vincial Children’s Hospital from May 2018 to Decem-
ber 2024. Clinical data were collected, including sex, 
age, disease onset time, lymphocyte subsets, EBV-DNA 
copy number, AST/ALT, ALB, LDH, WBC, NLR, PLR, 
and D-dimer levels. Blood samples were collected from 
all patients on the day of admission for laboratory test-
ing.The study protocol was approved by the Institutional 
Review Board of our hospital (Ethics Approval Number: 
EYLL-2023-041) and followed the guidelines outlined 
in the Declaration of Helsinki. Due to its retrospec-
tive nature, the committee waived the requirement for 
informed consent.

Lymphocyte subset analysis by flow cytometry
Peripheral venous blood was collected from pediatric 
patients. After adding anti-CD3, CD4, and CD8 mono-
clonal antibodies, the samples were incubated for 30 min 
under light-protected conditions. Following centrifuga-
tion and supernatant removal, cells were washed with 
phosphate-buffered saline (PBS), resuspended in 1% 
paraformaldehyde fixative, and filtered through a 70-µm 
cell strainer. Fixed samples were stored at 4  °C in the 
dark. Using the negative control tube for gating strategy, 
absolute counts of CD3⁺, CD4⁺, and CD8⁺ T lymphocytes 

EBV-HLH from EBV-IM. The combined model significantly enhanced diagnostic accuracy (Youden index = 0.811), with 
AUC values of 0.837 (95%CI: 0.76–0.91), 0.869 (95%CI: 0.80–0.94), and 0.962 (95%CI: 0.935–0.989) for CD4⁺/CD8⁺ ratio, 
D-dimer, and their combination, respectively.

Conclusion  Elevated CD4⁺/CD8⁺ ratio and D-dimer serve as potential diagnostic biomarkers for pediatric EBV-HLH. 
Their combined detection enhances differentiation from EBV-IM, though validation through prospective studies is 
warranted.
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were quantified by multiparameter flow cytometry. The 
CD4⁺/CD8⁺ ratio was subsequently calculated.

Statistical methods
Statistical analysis was performed using SPSS 25.0 and 
R (version 4.3.2). For univariate analysis, normality tests 
were conducted for continuous variables. Depending on 
the sample size, either the Kolmogorov-Smirnov (K-S) 
test (for samples > 50) or the Shapiro-Wilk (S-W) test was 
used, with P < 0.05 indicating a non-normal distribution.
For variables following a normal distribution, an indepen-
dent sample t-test was used, and results were expressed 
as mean ± standard deviation (SD). For non-normally dis-
tributed variables, the Mann-Whitney test was applied, 
and results were described as median (Q1-Q3). Cate-
gorical variables were analyzed using the chi-square test, 
with Pearson’s chi-square test, continuity correction, or 
Fisher’s exact test applied based on expected frequen-
cies. Categorical variables were presented as frequency 
(percentage).A P value of < 0.05 in univariate analysis was 
considered statistically significant. Perform multivariable 
binary logistic regression using the variables found to be 
significant in univariate analysis, with a p-value < 0.05 
considered statistically significant, to identify influencing 
factors for EBV-HLH.Receiver operating characteristic 
(ROC) curves were constructed to evaluate the influen-
tial capacity of the CD4+/CD8 + ratio and D-dimer level 
on the development of EBV-associated hemophago-
cytic lymphohistiocytosis (EBV-HLH) in children with 
Epstein-Barr virus (EBV) infection.

Diagnostic criteria
Patients meeting the HLH-2004 criteria and exhibit-
ing active EBV infection were classified as having EBV-
HLH [12]. The diagnosis of HLH requires at least five 
of the following eight criteria:1.Fever,2.Splenomegaly,3.
Cytopenia affecting two or more blood cell lineages 
(hemoglobin < 90  g/L, platelets < 100 × 10⁹/L, and/
or neutrophils < 1.0 × 10⁹/L),4.Hypertriglyceridemia 
(≥ 265  mg/dL) and/or hypofibrinogenemia (≤ 150  mg/
dL),5.Evidence of hemophagocytosis in bone marrow, 
spleen, liver, or lymph nodes,6.Decreased or absent 
natural killer (NK) cell activity,7.Elevated ferritin levels 
(≥ 500 µg/L),8Increased interleukin-2 receptor levels (sol-
uble CD25).Patients with primary HLH were excluded 
from the study, as this includes familial HLH and HLH 
caused by genetic mutations in RAB27A, LYST, AP3B1, 
SH2D1A, and BIRC4.

The diagnosis of EBV-IM was based on a combina-
tion of clinical symptoms and laboratory findings [13]. 
Key clinical indicators included:1.Fever,2.Pharyngoton-
sillitis,3.Cervical lymphadenopathy,4.Splenomegaly,5.
Hepatomegaly,6.Eyelid edema.Biomarkers for EBV-IM 
included:1.Positive anti-EBV-VCA-IgM and anti-EBV-
VCA-IgG antibodies with negative anti-EBV-NA-IgG 
antibodies,2.Negative anti-EBV-VCA-IgM antibody 
but positive anti-EBV-VCA-IgG with low-affinity 
antibodies,3.A ≥ 4-fold increase in anti-EBV-VCA-IgG 
levels between two serum samples,4.Positive polymerase 
chain reaction (PCR) detection of EBV DNA.A diagnosis 
of EBV-IM required at least three clinical indicators and 
one non-specific laboratory test result.

Results
Patient characteristics
Among the 160 pediatric patients included in the study, 
28 were diagnosed with EBV-HLH, comprising 15 males 
and 13 females, with an average age of 2.66 years. Among 
them, 22 cases (78.6%) had hepatomegaly, and 20 cases 
(71.4%) had splenomegaly. A total of 132 patients were 
diagnosed with EBV-IM, including 82 males and 50 
females, with an average age of 4 years. Among these, 
106 cases (80.3%) had hepatomegaly, and 95 cases (72%) 
had splenomegaly. There were no significant differences 
between the two groups in terms of sex, hepatomegaly, or 
splenomegaly (P > 0.05).The average age in the EBV-HLH 
group was significantly lower than that in the IM group 
(P < 0.05). Additionally, the EBV-HLH group showed 
significantly higher levels of NLR, PLR, D-dimer, EBV-
DNA, disease onset time, CD4⁺/CD8⁺ ratio, and AST/
ALT compared to the IM group (P < 0.05). However, 
there was no significant difference in PT between the two 
groups (P > 0.05) (Table 1).

Table 1  Baseline characteristics and single factor test results 
between the two groups
Variable IM EBV-HLH t/Z/X2 P
Age(year) 4(3–6) 2.66(1.46–4.25) 2.441 0.014
NLR 0.27(0.17–0.39) 0.46(0.28–1.12) −3.562 0.000
PLR 17.19(10.82–26.3) 33.07(18.12–69.85) −4.342 0.000
PT 12.6(11.9-13.43) 12.55(11.8-13.62) −0.137 0.892
D-dimer(mg/L) 0.78(0.54–1.45) 4.8(1.96–10.75) −6.119 0.000
EBV-DNA 0.13(0.04–0.71) 2.77(1.25–31.05) −5.926 0.000
Onset time(day) 4(2–7) 7(5–10) −3.084 0.002
CD4⁺/CD8⁺ ratio 0.2(0.14–0.29) 0.78(0.32–1.56) −5.601 0.000
AST/ALT 1.12 ± 0.53 2.07 ± 1.83 −2.733 0.011
Sex 0.707 0.400
Female 50(37.9%) 13(46.4%)
Male 82(62.1%) 15(53.6%)
Hepatomegaly 0.043 0.835
No 26(19.7%) 6(21.4%)
Yes 106(80.3%) 22(78.6%)
Splenomegaly 0.003 0.954
No 37(28%) 8(28.6%)
Yes 95(72%) 20(71.4%)
NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, PT 
alanine aminotransferase, AST aspartate aminotransferase, ALT alanine 
aminotransferase
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Analysis of factors influencing EBV-HLH development
A binary logistic regression model was established, using 
the occurrence of EBV-HLH as the dependent variable 
and incorporating the statistically significant indicators 
from Table 1 as independent variables. The results dem-
onstrated that elevated D-dimer (OR = 1.31 per 1  mg/L 
increase, 95% CI: 1.08–1.59, P = 0.007) and higher CD4⁺/
CD8⁺ ratio (OR = 17.60, 95% CI: 1.89–163.64, P = 0.012) 
were independently associated with EBV-HLH diagno-
sis after adjusting for covariates (Table 2). A nomogram 
(Fig. 1) was constructed to illustrate these predictive vari-
ables, with each assigned a point value ranging from 0 to 
100. By summing these points and locating them on the 
total score scale, the corresponding probability of EBV-
HLH development could be determined.

Evaluation of the diagnostic performance of CD4⁺/CD8⁺ 
ratio and D-dimer for EBV-HLH
The model was built using the significant factors identi-
fied in the logistic regression analysis, and a nomogram 
was constructed using the rms package. The ROC curve 
was plotted using the pROC package, with bootstrapped 
resampling performed 1,000 times. The results showed 
that the model’s ROC had an AUC of 0.962 (95% CI: 
0.9353–0.989), with a specificity of 0.811 and a sensitivity 

of 1.Through bootstrap resampling (1,000 iterations), the 
AUC was estimated at 0.962 (95% CI: 0.9311–0.9646), 
indicating consistent internal validation. A calibration 
curve was generated using the rms package with 1,000 
bootstrap resampling iterations. The results demon-
strated that the model curve closely overlapped with the 
calibration curve and was near the ideal curve, suggesting 
good agreement between predicted and actual probabili-
ties.Additionally, a Decision Curve Analysis (DCA) was 
performed using the rmda package. The DCA indicated 
that the model provided a certain net benefit when the 
threshold probability was between 0 and 0.2 (Figs.  2,  3, 
and 4).

Discussion
In typical EBV infections such as IM, B lymphocytes 
infected by EBV activate a large number of cytotoxic T 
lymphocytes, leading to the destruction of EBV-infected 
B lymphocytes and facilitating patient recovery [14, 15].
In contrast, for EBV-HLH patients, natural killer (NK) 
cells and/or T lymphocytes become infected by EBV, 
resulting in monoclonal proliferation. The disease pro-
gresses rapidly, causing multi-organ system dysfunction 
and posing a severe threat to the patient’s life [16, 17].

Table 2  Binary logistic regression results
Variable β S.E Z-value OR 95%CI(lower) 95%CI(upper) P-value
(Intercept) −5.097 1.775 −2.872 0.006 0 0.198 0.004
Age −0.102 0.229 −0.446 0.903 0.576 1.416 0.656
NLR 0.225 0.847 0.265 1.252 0.238 6.589 0.791
PLR 0.012 0.025 0.469 1.012 0.963 1.063 0.639
D-dimer 0.267 0.099 2.697 1.307 1.076 1.587 0.007
EB-DNA 0.168 0.136 1.232 1.182 0.906 1.544 0.218
Onset time 0.078 0.061 1.275 1.081 0.959 1.22 0.202
CD4⁺/CD8⁺ ratio 2.868 1.138 2.52 17.596 1.892 163.643 0.012
AST/ALT 0.142 0.791 0.179 1.152 0.245 5.428 0.858
NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, PT alanine aminotransferase, AST aspartate aminotransferase, ALT alanine aminotransferase

Fig. 1  The nomogram for prediction of EBV-HLH
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The pathogenesis of EBV-HLH is complex and not 
yet fully understood. However, immune dysfunction is 
widely recognized as one of its primary causes [18]. In 
EBV-HLH research, differences in lymphocyte subsets 
significantly impact patient prognosis. CD4 + T cells, 
also known as helper T cells, promote the proliferation 
and differentiation of B cells, T cells, and other immune 
cells. They can abnormally stimulate the monocyte-
macrophage system, leading to its rapid proliferation 
and activation and the production of large amounts 
of inflammatory cytokines. The cytokines secreted by 
CD4 + T cells that induce macrophage proliferation 
are the initiating factors of HLH. CD8 + T cells, includ-
ing cytotoxic T lymphocytes (CTLs) and suppressor 
T cells, primarily function by specifically killing target 
cells through cytotoxic effects and secreting inhibitory 
factors to weaken or suppress immune responses. Per-
sistent and abnormal activation of cytotoxic CD8 + T 
cells, along with the resulting cytokine storm, is the core 

pathogenic mechanism of HLH. The CD4⁺/CD8⁺ ratio 
is a sensitive indicator for diagnosing immune dysfunc-
tion in humans [10, 19, 20]. When the balance between 
CD4 + T cells and CD8 + T cells is disrupted, immune 
dysregulation occurs, leading to excessive cytokine secre-
tion and disease progression.This study found that the 
EBV-HLH group exhibited a higher CD4⁺/CD8⁺ ratio, 
which aligns with the findings of Kelkar et al. [21]. This 
observation contrasts with that reported by Chaturvedi 
et al. [10]. Their group demonstrated increased expres-
sion of PD1, Ki67, and Granzyme B in activated CD8 + T 
cells (CD8 + CD38high cells) alongside elevated cytokine 
secretion. We propose that due to persistent activation, 
CD8 + T cells gradually become hyporesponsive and 
lose the capacity to secrete effector cytokines following 
stimulation. Consequently, this impairs their ability to 
dampen or suppress the immune response, ultimately 
compromising viral clearance [22].

Fig. 3  Calibration curves of the derivation cohort and internal validation cohort

 

Fig. 2  For CD4⁺/CD8⁺ ratio, D-dimer, and their combination, the optimal cut-off values for diagnosis were 0.455 (AUC 0.837, sensitivity 0.924, specificity 
0.714), 1.675 mg/L (AUC 0.869, sensitivity 0.826, specificity 0.857), and 0.068 (AUC 0.962, sensitivity 0.962, specificity 1.000), respectively
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Coagulation dysfunction is common in HLH, and it is 
primarily mediated by cytokine storms. Abnormal cyto-
kines can directly or indirectly affect platelets, fibrinogen, 
and liver function, ultimately disrupting coagulation and 
fibrinolysis. Studies have shown that in HLH patients, 
activated macrophages upregulate urokinase plasmino-
gen activator receptor expression on monocytes under 
the influence of related cytokines. This receptor binds 
to urokinase-type plasminogen activator, enhancing 
local fibrinolysis and leading to fibrin degradation [23]. 
D-dimer is a specific degradation product of cross-linked 
fibrin by plasmin and serves as an indicator of secondary 
fibrinolysis. Elevated D-dimer levels suggest increased 
fibrinolytic activity, reflecting both hypercoagulable 
and fibrinolytic states, making it a useful biomarker for 
thromboembolic diseases. Previous studies have indi-
cated that elevated D-dimer is an important independent 
and persistent risk factor for cardiovascular events and 
cancer [24]. It is also an early indicator of macrophage 
activation syndrome (MAS) in febrile patients with active 
rheumatic disease and a marker for severe infections [25, 
26]. A 2021 study suggested that EBV infection in HLH 
patients can significantly affect coagulation function, 
with D-dimer demonstrating a high sensitivity (88.90%) 
in predicting EBV-HLH [21]. In our study, peripheral 
blood D-dimer levels were significantly higher in EBV-
HLH patients compared to IM patients. This finding sug-
gests that elevated peripheral blood D-dimer levels may 
help distinguish EBV-HLH from IM. The underlying 
mechanism may involve the excessive production of plas-
minogen activators by activated macrophages in EBV-
HLH patients, leading to the degradation of cross-linked 

fibrin and subsequent abnormal elevation of D-dimer 
levels.

In this diagnostic analysis, both elevated CD4⁺/CD8⁺ 
ratio (Youden index = 0.638) and D-dimer (Youden 
index = 0.683) showed significant discriminatory capac-
ity for EBV-HLH. Optimal diagnostic thresholds were 
> 0.455 for CD4⁺/CD8⁺ ratio and > 1.675  mg/L for 
D-dimer. The combined model achieved markedly 
higher accuracy (AUC = 0.962, 95%CI: 0.935–0.989) than 
either marker alone (vs. CD4⁺/CD8⁺ ratio AUC = 0.837, 
*P*=0.002; vs. D-dimer AUC = 0.869, *P*=0.008).

There are several limitations to this study. First, as a 
retrospective analysis, we were unable to monitor the 
progression from fever to the diagnosis of EBV-HLH in 
patients. Second, due to the single-center nature of this 
study, the reproducibility of our results needs to be vali-
dated through larger, multicenter studies.

Conclusions
CD4⁺/CD8⁺ ratio and D-dimer are potential diagnostic 
biomarkers for distinguishing EBV-HLH from EBV-IM in 
pediatric patients. Higher levels of CD4⁺/CD8⁺ ratio and 
elevated D-dimer were significantly associated with EBV-
HLH in our cohort.Their combined use may improve 
diagnostic accuracy for EBV-HLH, pending validation in 
prospective studies.
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