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Abstract
Background

Patients with chronic active Epstein-Barr virus infection (CAEBV) face a remarkably high rate of early
mortality. We aimed at developing a nomogram and a risk scoring system able to predict one-year acute
mortality in patients with CAEBV.

Methods

A retrospective, two-center analysis was conducted on 180 CAEBV patients from January 2014 to
December 2024, and identified independent risk factors for 1-year death of CAEBV. Using LASSO
regression analysis, while multifactorial Cox regression was utilized to establish the nomogram model
(Nomo) and the risk stratification score (Score). Calibration plots, receiver operating characteristic (ROC)
curves, and decision curve analysis (DCA) were used to assess model’s clinical utility.

Results

Among 180 CAEBV cases, 49 patients (27.2%) died within 1 year and 131 patients (72.8%) survived.
LASSO and COX regression together identified five independent risk factors (all P < 0.05): polyserositis
(HR = 3.68, 95% CI: 1.89–7.18), cytopenia (HR = 3.29, 95% CI: 1.68–6.42), plasma EBV DNA (HR = 1.39,
95% CI: 1.16–1.66), LDH (HR = 1.01, 95% CI: 1.01–1.01), and TBIL (HR = 1.01, 95% CI: 1.01–1.02). Nomo
and Score models for predicting 1-year acute mortality in CAEBV patients was subsequently developed.
Both the Nomo and Score models demonstrated excellent discrimination (AUC > 0.8) and reliable
calibration over a 1‑year period. The Score model exhibited predictive power comparable to Nomo, as
indicated by internal cross-validation and improvement‑index analysis.

Conclusion

We developed and validated an evidence-based, weighted scoring system to stratify the mortality risk of
CAEBV. These tools can assist clinicians in rapid patient triage and facilitate the implementation of
tiered management, particularly during peak mortality periods.

Introduction
CAEBV is a T/NK cell lymphoproliferative disorder caused by persistent Epstein Barr Virus (EBV)
infection, characterized by persistent infectious mononucleosis (IM) symptoms such as fever,
lymphadenopathy, and hepatosplenomegaly, which may persist or heal slowly and are often
accompanied by multiple organ damage, such as interstitial pneumonia, central nervous system
infection, cytopenia, and other serious complications. While the 2017 WHO classification defined CAEBV
as an EBV-associated T/NK-cell lymphoproliferative disorder, the 2022 revision narrows this definition to
strictly T- or NK-cell lineage infection, thereby excluding EBV-driven lymphoproliferative disorders linked
to immunodeficiency as well as those confined exclusively to B cells1, 2. To control the inflammatory
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response and proliferation of T/NK cells caused by EBV infection, treatment often involves the use of
chemotherapy drugs and allogeneic hematopoietic stem cell transplantation (HSCT). However, despite
these interventions, treatment outcomes for this condition have generally been suboptimal3, 4. Previous
studies have reported that the 3-year survival rate for this disease is only 58%, with most patients
succumbing acutely within 1 year of onset4, 5; however, the risk factors and predictors of acute mortality
remain unclear. Therefore, we plan to conduct a two-center, retrospective cohort study to analyze the 1-
year acute survival rate of CAEBV patients, identify risk factors for death, providing a reference for early
clinical prediction.

Materials and methods

Study design and subjects
This study was a retrospective two-center analysis that collected data from 180 CAEBV patients
between January 2015 and December 2024 through the electronic medical records system, tracked their
1-year post-discharge survival status through medical record review, outpatient visits, and telephone
follow-ups, and subsequently categorized them into survival and death groups based on the outcome.
Inclusion criteria (suggested by the Research Group of Measures Against Intractable Diseases of the
Ministry of Health, Labor, and Welfare of Japan): Elevated EBV-DNA load (>102.5 copies/ml DNA); EBV
infection of T or NK cells; Systemic inflammatory symptoms (such as fever, lymphadenopathy, liver
dysfunction, progressive skin lesions and cytopenia) persisting for 3 months. Exclusion criteria:
Presence of autoimmune diseases or immunodeficiencies; progression of CAEBV to neoplastic
diseases, such as extranodal NK/T‑cell lymphoma and peripheral T‑cell lymphoma; co‑infections with
other pathogens; lack of laboratory examination results and case data; and presence of other serious
diseases.

Methods
The following clinical data at diagnosis were collected anonymously from electronic medical records:
Epidemiological analysis included age, gender, area of onset, as well as personal history of smoking,
alcohol, hypertension, and diabetes. Assessed clinical symptoms comprised fever, lymphadenopathy,
abdominal pain, fecal occult blood, neurological manifestations, hepatomegaly, splenomegaly,
pulmonary infection, polyserositis, cytopenia, and thrombocytopenic purpura. Laboratory indicators
evaluated were platelet count (PLT), hemoglobin (HGB), alanine aminotransferase (ALT), albumin (ALB),
total bilirubin (TBIL), rheumatoid factor (RF), C-reactive protein (CRP), prothrombin time (PT), activated
partial thromboplastin time (APTT), fibrinogen (FIB), lactate dehydrogenase (LDH), triglycerides (TG),
alpha-fetoprotein (AFP), ferritin (FER), and EBV DNA in plasma (pEBV DNA).

For variable selection, least absolute shrinkage and selection operator (LASSO) regression analysis was
applied with 10-fold cross-validation. The optimal penalty parameter (λ) was defined using the 1-
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standard error (lambda.1se) criterion to ensure a parsimonious and robust model. Variables with non-
zero coefficients were subsequently incorporated into a multivariable Cox proportional hazards
regression model to calculate hazard ratio (HR) and 95% confidence interval (95% CI). Additionally, a
scoring system (Score) was constructed based on the HR of independent predictors. Specifically,
continuous variables were transformed into graded categorical variables according to clinical guidelines,
clinically meaningful cut-off values and common usage practices. Each variable was assigned a score
weight proportional to its HR, facilitating an intuitive and clinically applicable risk quantification system.
Model performance was evaluated using ROC and time-ROC curve analyses, reporting AUC with 95% CI.
Clinical utility was assessed via DCA, while calibration curves and internal cross-validation were applied
to examine model consistency.

Statistical Analysis
Continuous variables with normal distribution were expressed as mean ± standard deviation and
compared using the independent Student’s t-test or one-way ANOVA. Non-normally distributed variables
were presented as median (interquartile range, IQR) and compared using the Mann–Whitney U test or
Kruskal–Wallis H test. Categorical variables were presented as numbers (percentages) and compared
using the chi-squared test. A two-sided p-value < 0.05 was considered statistically significant. All
statistical analyses were performed using R software (version 4.3.2).

Results
Baseline and clinical characteristics of enrolled patients with CAEBV.

From an initial cohort of 934 adults with EBV infection, 557 cases of acute infection and 141 cases with
EBV-associated neoplastic diseases were sequentially excluded. The final cohort comprised 180
patients who met the diagnostic criteria for CAEBV and were followed for one year. The primary endpoint
was overall survival, with a median follow-up duration of 375 days (IQR 330–419). According to the pre-
specified eligibility criteria, 180 patients were enrolled in this study (Fig. 1), among whom 49 patients
(27.2%) died within one year. The distribution of primary causes of death was as follows:
hemophagocytic syndrome (HLH) accounted for 19 cases (38.8%), multiple organ dysfunction (MODS)
for 11 (22.4%), severe infection for 8 (16.3%), lymphoma or leukemia for 7 (14.3%), and other
complications for the remaining 4 (8.2%). Relative to the survival group, the death group exhibited
significant differences (all p < 0.05) in the distribution of area of onset, fecal occult blood, neurological
symptoms, polyserositis, cytopenia, and thrombocytopenic purpura; with respect to laboratory
parameters, levels of ALT, TBIL, LDH, and pEBV DNA were significantly elevated (all p < 0.05), whereas
PLT, HGB, and ALB were markedly reduced (all p < 0.05) (Table 1).
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Table 1
Comparison of baseline data and clinical characteristics between survival group and death group

Variablesa Survival Group
(n = 131)

Death Group (n = 
49)

χ²/Z P value

Gender n (%)     0.105 0.746

Male 81 (61.83) 29 (59.18)    

Female 50 (38.17) 20 (40.82)    

Area of onset n (%)     4.291 0.038

Town 51 (38.93) 11 (22.45)    

Countryside 80 (61.07) 38 (77.55)    

Age (years old) n (%)     1.083 0.582

≤30 48 (36.64) 14 (28.57)    

30–45 29 (22.14) 13 (26.53)    

>45 54 (41.22) 22 (44.90)    

Smoking n (%) 40 (30.53) 18 (36.73) 0.628 0.428

Drinking n (%) 33 (25.19) 14 (28.57) 0.211 0.646

Surgical history n (%) 28 (21.37) 12 (24.49) 0.200 0.654

Hypertension history n (%) 13 (9.92) 5 (10.20) 0.003 0.957

Diabetes history n (%) 6 (4.60) 3 (6.10) 0.179 0.673

Fever n (%) 119 (90.84) 46 (93.88) 0.125 0.724

Head and neck lymphadenopathy
n (%)

89 (67.94) 38 (77.55) 1.586 0.208

Multiple lymphadenopathy (≥ 3
regions)b n (%)

58 (44.27) 29 (59.18) 3.174 0.075

Abdominal painc n (%) 60 (45.80) 23 (46.94) 0.019 0.892

Fecal occult bloodd (%) 32 (24.43) 21 (42.86) 5.830 0.016

Neurological manifestationse n
(%)

20 (15.27) 15 (30.61) 5.361 0.023

Hepatomegaly n (%) 61 (46.56) 29 (59.18) 2.271 0.132

Splenomegaly n (%) 99 (75.57) 43 (87.76) 3.178 0.075

Pulmonary infectionf n (%) 80 (61.07) 32(65.31) 0.272 0.602
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Variablesa Survival Group
(n = 131)

Death Group (n = 
49)

χ²/Z P value

Polyserositisg n (%) 52 (39.69) 35 (71.43) 14.381 < 0.001

Cytopeniah n (%) 57 (43.51) 36 (73.47) 12.816 < 0.001

Thrombocytopenic purpurai n (%) 28 (21.37) 18 (36.73) 4.423 0.035

PLT, ×109/L 110.00 (58.00,
205.00)

76.00 (54.00,
120.00)

-2.128 0.033

HGB, g/L 123.00 (108.50,
139.00)

112.00 (99.00,
126.00)

-2.342 0.019

ALT, U/L 57.00 (32.50,
91.55)

81.00 (47.00,
164.00)

-3.310 < 0.001

ALB, g/L 32.40 (28.30,
36.65)

29.20 (24.90,
32.40)

-3.288 0.001

TBIL, µmol/L 17.87 (10.70,
28.35)

23.45 (15.10,
55.80)

-3.222 0.001

RF, IU/mL 10.40 (9.75,
11.90)

10.80 (9.46,
11.60)

-0.189 0.851

CRP, mg/L 19.10 (9.29,
46.59)

25.20 (14.90,
40.50)

-0.736 0.462

PT, s 12.55 (12.00,
14.38)

12.65 (11.88,
15.70)

-0.670 0.504

APTT, s 37.50 (31.63,
45.00)

38.25 (32.43,
52.50)

-1.058 0.290

FIB, g/L 2.10 (1.37, 3.53) 1.67 (1.10, 2.97) -1.599 0.109

LDH, U/L 376.00 (185.50,
602.50)

453.00 (339.00,
772.00)

-3.133 0.002

TG, mmol/L 1.99 (1.37, 2.82) 2.06 (1.23, 2.96) -0.151 0.880

AFP, µg/L 1.67 (1.08, 2.41) 1.40 (0.97, 1.91) -1.594 0.111

FER (log10, µg/L) 3.99 (3.66, 4.20) 4.18 (3.82, 4.20) -0.857 0.392

pEBV DNAj (log10, copies/mL) 4.15 (3.06, 4.77) 4.70 (4.39, 6.17) -4.250 < 0.001
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Variablesa Survival Group
(n = 131)

Death Group (n = 
49)

χ²/Z P value

* PLT, platelet; HGB, hemoglobin; ALT, alanine aminotransferase; ALB, albumin; TBIL, total bilirubin; RF,
rheumatoid factor; CRP, C-reactive protein; PT, prothrombin time; APTT, activated partial
thromboplastin time; FIB, fibrinogen; LDH, lactate dehydrogenase; TG, triglyceride; AFP, alpha-
fetoprotein; FER, ferritin; EBV DNA, Epstein-Barr Virus Deoxyribonucleic Acid.

a All laboratory test results and clinical characteristics considered for diagnosis were obtained within one week before and after the

diagnosis.

b Multiple lymphadenopathy (≥3 regions) is defined as the involvement of three or more of the following sites: head, neck, axilla, chest

cavity, abdominal cavity, pelvic cavity, groin, etc.

c Abdominal pain, the patient−reported symptom of pain localized to the abdominal region.

d Fecal occult blood, a positive fecal occult blood test indicates the presence of hidden (non−visible) blood in the stool, typically when

the amount of bleeding exceeds 5 milliliters.

e Neurological manifestations, clinical signs or symptoms indicating dysfunction of the central or peripheral nervous system.

f Pulmonary infection, the presence of an infectious process involving the lower respiratory tract, such as pneumonia.

g Polyserositis, polyserositis is defined as the inflammation of at least two serous membranes (e.g., pleura, peritoneum, or

pericardium), diagnosed by imaging studies such as ultrasound or computed tomography.

h Cytopenia (reduction in at least two of the three peripheral blood lines) is defined as hemoglobin < 90 g/L, platelets < 100 × 109/L,

and neutrophils < 1.0 × 109/L.

i Thrombocytopenic purpura, a condition characterized by a low platelet count (thrombocytopenia) leading to the appearance of

purpura (small bleeding spots under the skin).

j pEBV DNA refers to the viral DNA load of Epstein-Barr virus detected and quantified in the plasma compartment, usually measured by

real-time polymerase chain reaction (PCR) and expressed as copies per milliliter (copies/mL) or log₁₀ transformed copies/mL.

LASSO analysis of the impact on acute death within 1 year in CAEBV
The 13 variables mentioned above were included in the LASSO analysis, wherein, as the penalty factor
increases, the coefficients of the initially included variables are progressively shrunk. The results showed
that when the lambda value was selected as lambda. min (0.042), 9 variables with non-zero coefficients
were screened out. When the lambda value was selected as lambda.1se (0.074), 7 variables were
identified as predictors: polyserositis, hypocytosis, pEBV DNA, LDH, PLT, ALT, and TBIL, all of which
exhibited non-zero coefficients in the LASSO regression model (Fig. 2). Subsequently, multivariate Cox
regression analysis confirmed that polyserositis (HR = 3.68, 95% CI = 1.89–7.18), cytopenia (HR = 3.29,
95%CI = 1.68–6.42), pEBV DNA (HR = 1.39, 95%CI = 1.16–1.66), LDH (HR = 1.01, 95%CI = 1.01–1.01), TBIL
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(HR = 1.01, 95%CI = 1.01–1.02) were independent risk factors for CAEBV patients to predict acute
mortality within 1 year.

Establishment of scoring systems for predicting acute death in CAEBV within 1 year.

A nomogram model for predicting acute death within one year in CAEBV patients was constructed based
on five independent influencing factors: polyserosal effusion, cytopenia, pEBV DNA, LDH, and TBIL. Each
parameter was scored individually, and the sum of these scores calculated the total score to estimate
the risk of acute death in CAEBV patients (Fig. 3A). Each variable was assigned a weighted score
proportional to its regression coefficient. For improved clinical applicability, continuous variables were
grouped into predefined clinically relevant categories (e.g., pEBV DNA levels of ≤ 3, 3–5, 5–7, and > 7 log
copies/mL), and a simplified risk stratification score (range: 0–11 points) was developed (Fig. 3B).

Evaluation of a nomogram model for predicting acute death in CAEBV within 1 year.

Both the nomogram and the scoring system demonstrated sustained predictive performance for
mortality across all time points (4, 8, and 12 months). Time‑dependent ROC analysis yielded AUCs (95%
CI) of 0.813 (0.733–0.893), 0.869 (0.802–0.936), and 0.894 (0.835–0.953) for the nomogram, and 0.805
(0.722–0.888), 0.838 (0.761–0.915), and 0.843 (0.768–0.917) for the score model, respectively, with all
AUCs > 0.7 (Fig. 4A–C). Calibration curves showed good agreement between predicted and observed
death probabilities (Fig. 4D–F). Decision curve analysis indicated favorable net clinical benefit for both
models at clinically relevant threshold ranges: 7%–34%, 9%–79%, and 11%–87% for the nomogram at 4,
8, and 12 months, and 7%–36%, 10%–73%, and 11%–87% for the scoring system at corresponding time
points (Fig. 4G–I). Internal cross‑validation confirmed consistent performance, with C‑indices of 0.813,
0.815, 0.823 (nomogram) and 0.796, 0.792, 0.785 (score model), and AUCs of 0.822, 0.879, 0.905
(nomogram) and 0.816, 0.844, 0.850 (score model), respectively, indicating excellent discrimination
(Fig. 5). The net reclassification index and integrated discrimination improvement further demonstrated
that the score model’s discriminative ability was comparable to that of the nomogram (Table 2).
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Table 2
Net reclassification improvement and integrated discrimination improvement index of the nomo diagram

model and score model
Time Item Est. Lower Upper p

4-month IDI -0.025 -0.093 0.056 0.468

NRI 0.019 -0.310 0.332 0.374

Median improvement -0.141 -0.485 0.268 0.348

8-month IDI -0.025 -0.087 0.056 0.448

NRI 0.006 -0.300 0.270 0.281

Median improvement -0.250 -0.545 0.173 0.209

1-year IDI -0.063 -0.117 0.018 0.129

NRI -0.133 -0.332 0.156 0.146

Median improvement -0.393 -0.647 0.114 0.119

*Abbreviations: IDI, Integrated Discrimination Improvement; NRI, Net Reclassification Improvement.
The IDI and median improvement values were not statistically significant at the 4‑month, 8‑month,
and 1‑year time points. (p > 0.05), The NRI and median improvement show non-significant results at
the 4‑month, 8‑month, and 1‑year time points. (p > 0.05).

Discussion
EBV infects more than 90% of adults worldwide, typically as an asymptomatic infection. Primary
infection with this virus typically causes IM, which is usually self‑limiting and has a favorable prognosis6,

7. However, chronic active EBV infection is a serious condition characterized by the persistent
proliferation of NK or T lymphocytes, systemic inflammation, and a high EBV DNA load in peripheral
blood. Moreover, given that the clinical manifestations of CAEBV closely resemble those of EBV-related
lymphomas, and considering that its treatment primarily involves chemotherapy and hormonal therapy—
it is no longer classified merely as an infectious condition. Instead, it has been redefined as Epstein-Barr
virus-associated Lymphoproliferative Disorders. Initially considered a disease primarily affecting
children, CAEBV has been found through further studies to present more frequently in adults, who tend to
exhibit a more severe prognosis and less favorable response to therapeutic interventions compared to
children8, 9. Although the annual incidence of CAEBV is extremely low, approximately 0.18 per 100,000

people in Japan, its mortality rate exceeds 80%9, 10. The high mortality rate of CAEBV is primarily
attributable to disease progression and severe complications rather than the viral infection itself11, 12.
The leading causes of death include hemophagocytic lymphohistiocytosis (HLH), multiple organ
dysfunction syndrome (MODS), lymphoma, and others11, 13. Our observed 1-year mortality rate of 27.2%
is closely consistent with the nationwide Japanese survey, which reported a 3-year survival of only 58%
and nearly 40% of deaths within 20 months of onset. Together, these findings confirm that CAEBV carries
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an exceptionally high early fatality risk and follows a relentlessly progressive course, strongly
emphasising the urgent need for timely therapeutic intervention. Based on accumulated evidence, earlier
HSCT is universally recognized as the only strategy that improves survival in CAEBV patients, both within
and outside Asia14. For patients who do not undergo transplantation, the prognosis remains extremely
poor—one cohort of 149 non-transplanted CAEBV patients reported a 3-year mortality rate of 90.9%15.
Even among those who receive HSCT, early outcomes have not always been encouraging; interestingly, a
2008 study documented that all seven transplanted patients in a small cohort died between 1 and 16
months post‑transplantation, with a median survival of only 5 months16. In stark contrast, a 2020 study
reported a survival rate as high as 83%, suggesting a significant improvement in outcomes for CAEBV9.
We hypothesize that this apparent paradox may be attributed to two main factors: first, advances in pre-
transplantation chemotherapeutic regimens; and second, a selection bias introduced by the evolving
criteria for HSCT eligibility, leading to imbalances between the patient groups compared9. Together with
the above findings, this figure strongly underscores that CAEBV is a rapidly progressive and extremely
life‑threatening disease. Hence, there is an urgent need to develop novel therapeutic approaches and
more refined evaluation tools—not only to reduce early mortality but also to serve as a bridge to HSCT,
ultimately improving overall survival in this challenging patient population.

Previous studies in CAEBV have primarily focused on comparing demographic differences, clinical
features and treatment outcomes 9, 11. A study has identified age > 8 years as an independent predictor
of poor prognosis3. However, an unresolved question remains: how to define risk factors specifically for
patients older than 8 years, or even for adult populations? While some reports indicate a female
predominance among elderly patients, a separate study of 42 T/NK cell proliferative disorders reported
79% male patients; overall, however, no consistent gender bias has been established9, 17. In our cohort,
we observed markedly elevated transaminase levels, especially in fatal cases, which aligns with prior
evidence of EBV-related hepatic involvement9, 14. Smoking is highly correlated with EBV capsid antigen
and transcription activator protein seropositivity18, 19. Furthermore, although a recent study identified
smoking as a independent risk factor20, our findings revealed no significant association between
smoking history and prognosis. This suggests that while smoking may contribute to disease initiation, it
maybe not a major driver of subsequent progression or severity. Cytopenias were the most common
presenting sign (93/180, 51.7%), occurring at a slightly lower frequency than the 80% reported in non-
Asian populations, a discrepancy potentially attributable to later-stage disease data collection in this
cohort14. This was particularly notable in the acute mortality group in adult, underscoring the urgent
need for novel early warning factors or predictive models.

The 2022 revised Japanese diagnostic criteria to the diagnostic criteria has recommended incorporating
reduced NK-cell activity and EBV DNA > 10,000 IU/mL into the guidelines21, 22. Previously, the diagnosis
relied more on exclusion of other conditions, but the focus has now shifted toward obtaining evidence of
viral proliferation and active disease. Notably, persistently high EBV-DNA loads and chronic, uncontrolled
active viral replication are consistently linked to adverse outcomes. The clinical management of CAEBV,
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encompassing screening, prevention, diagnosis, and treatment, is heavily reliant on EBV DNA load
assessment20, 23, 24, and our study focuses on plasma EBV DNA load, which demonstrates a stronger
correlation with active disease burden than PBMC23, 25. A study from Beijing Friendship Hospital has
established an association between plasma EBV DNA and CAEBV complicated by hemophagocytic
lymphohistiocytosis (HLH), further underscoring the clinical significance of plasma viremia in this
setting5, 23. As an EBV-associated malignancy, NPC has shown consistent correlation between post-
treatment EBV clearance and improved survival outcomes. Serial cEBV DNA monitoring reveals
progressive viral activity decline during treatment, with viral clearance predicting longer survival26, 27.
Furthermore, prior studies have also demonstrated that an EBV DNA load > 2.88×10⁴ IU/mL offers high
diagnostic accuracy for lymphoma-associated HLH28. CAEBV exhibits considerable heterogeneity in its
cellular origin and clonal architecture, complicating its pathological classification. Emerging opinions
even propose infection of a common progenitor cell29, 30. This very complexity makes the use of
conventional clinical and laboratory markers a more feasible and immediately applicable strategy for
predicting patient outcomes in most healthcare settings. In patients from Asia and Central and South
America, EBV primarily infects T or NK cells, with the T-cell type being more common and associated
with a poorer prognosis8, 31. Interestingly, another study indicates the mortality rates were comparable
between two cell types14. A nationwide survey in Japan reported that only 14 of 91 patients were

pathologically diagnosed with CAEBV9, highlighting the diagnostic challenges. Moreover, latest criteria
still require a disease duration of more than three months. Although CAEBV diagnosis relies on EBER-ISH
and EBV-DNA assays11, post-diagnostic assessment maybe depend more heavily on virological and
clinical indicators. Therefore, we developed a prognostic model based on a large cohort of 180 Chinese
patients, which represents the largest such series reported to date. We prospectively assessed 1‑year
survival outcomes at the infectious disease departments of two major hospitals. Multivariate Cox
regression analysis identified polyserositis, cytopenia, EBV DNA, lactate dehydrogenase (LDH), and total
bilirubin (TBIL) as significant predictors of death risk, highlighting their combined diagnostic and
prognostic value in this patient population. To facilitate the transition from risk identification to early
intervention, we advocate the following: for patients with a total score > 5, prompt organ support and
vigilant monitoring are strongly advised; for those scoring exactly 5 (just below the threshold), regular
check-ups and systematic therapy are also reasonable options.

While our study represents the largest reported Asian cohort to date with decade-long data, this study
has several limitations. Its retrospective, two-center design may introduce inherent biases related to
medical resources, economic status, and evolving diagnostic and treatment standards over its decade-
long timeframe. Most notably, we were unable to compare pathological subtypes due to missing
classification data, a direct consequence of regional healthcare disparities. Due to the limitations of
local medical resources, this study did not conduct an in-depth investigation based on pathological
types, genetic levels, or cytokine profiles. Despite these limitations, we successfully constructed a highly
accurate predictive nomogram for CAEBV. We hope this model will aid clinicians in patient management,
improve outcomes, and ultimately help reduce mortality. Future studies should integrate pathological,
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genetic, and cytokine profiling with these robust clinical indicators to further refine prognostic
stratification.

Conclusions
A nomogram and risk score model based on polyserosal effusion, cytopenia, pEBV DNA, LDH, and TBIL
serve as effective, practical tools for individualized risk assessment and early intervention.

Abbreviations
CAEBV chronic active Epstein-Barr virus infection

HLH hemophagocytic lymphohistiocytosis

HSCT hematopoietic stem cell transplantation

IM infectious mononucleosis

ALT alanine aminotransferase

ALB albumin

TBIL total bilirubin

RF rheumatoid factor

CRP C-reactive protein

PT prothrombin time

APTT activated partial thromboplastin time

FIB fibrinogen

TG triglycerides

AFP alpha-fetoprotein

FER ferritin

pEBV DNA plasma Epstein-Barr virus DNA

LASSO least absolute shrinkage and selection operator

AUC area under the curve

DCA decision curve analysis
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NRI net reclassification index

IDI integrated discrimination improvement

CI confidence interval

HR hazard ratio

ROC receiver operating characteristic

WHO World Health Organization
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Figure 1

Flowchart of patient collection and reasons for the exclusion of some samples.
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Figure 2

Texture feature selection using the least absolute shrinkage and selection operator (LASSO) binary
logistic regression model. (A) Coefficient paths of different variables using the LASSO model: seven
variables with nonzero coefficients were chosen by the optimal lambda. (B) LASSO shrinkage parameter
λ selected by 10- fold cross-validation with minimum criteria. The Mean-Squared Error (red dots) and its
95% error bar (grey interval) was plotted against ln(λ) sequence. Vertical line shown the optimal value of
λ selected by the minimum criteria (1-SE criteria: the regularized model that the cross-validated error is
within one standard error of the minimum). A shrinkage factor λ of 0.074, with ln(λ)=− 2.60 was chosen
for optimal parameter.

(C) Nomogram model predicts acute death in CAEBV patients within 1 year.

Figure 3

The nomogram model and risk scoring scale were developed to predict progression from CAEBV to
death within 1 year. (A) Nomogram of the prediction model: Points on the top scale assign weights to
each predictor. The sum of all predictor points yields the total risk score, which is then projected onto the
bottom scale to estimate the 1‑year probability of death in CAEBV patients. (B) Risk stratification score:
Variable scores are weighted according to their corresponding nomogram points, and the total score is
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calculated by summing all individual variable scores. The 1‑year risk probabilities of death (displayed on
the right) were derived from Cox regression analysis. Based on this scoring scale, the risk of death in
CAEBV patients is stratified into distinct clinical categories.

Figure 4

Comparison of the Nomo and Score Models Using ROC, Calibration, and Decision Curve Analyses (A-B)
Receiver operating characteristic (ROC) curves showing the discriminative performance of Nomo and
Score models at 4, 8, and 12 months in the CAEBV cohort; (C) Time-dependent ROC curve of the
nomogram model. (D–F) Calibration plots of the nomogram at 4 months (D), 8 months (E), and 12
months (F) in the CAEBV cohort. (G–I) Decision curve analysis plots of the nomogram at 4 months (G), 8
months (H), and 12 months (I) in the CAEBV cohort. The decision curves plot the standardized net
benefit (y-axis) across a range of risk thresholds (x-axis) for three strategies: intervene on all patients
("All"), intervene on none ("None"), and intervene based on the nomogram's predicted risk ("Nomogram").
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Figure 5

The internally cross-validated cloud-and-rain plot compares the Nomo and Score models. Using 10‑fold
cross‑validation repeated 2000 times, we evaluated the predictive performance of both models for death
in CAEBV patients. The internally validated C‑index (concordance index) measures the discriminatory
ability of each model at 4 months, 8 months, and 1 year. Additionally, the time‑dependent AUC derived
from internal cross‑validation quantifies the models’ discriminatory performance across multiple data
splits over the same three prediction horizons (4 months, 8 months, and 1 year).
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