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Objective: This study aims to explore and analyze the various causes, clinical 

features, and prognostic differences of secondary hemophagocytic syndrome 

(SHS) in children in Gansu Province, China.

Method: This study used a retrospective analysis method, selected 43 children 

with HLH who were treated in the PICU at the First Hospital of Lanzhou 

University from January 2019 to January 2025. Based on their primary 

diseases, the subjects were categorized into groups for VL, EB virus infection, 

and other infections. The clinical manifestations, laboratory results and 

clinical outcomes of each group were comprehensively analyzed.

Results: The main cause of HLH was infection (35/43 cases), with EB virus 

infection (15/35 cases) and leishmania (13/35 cases) being the most common. 

In the leishmania and EB virus infection group, the average of alanine 

aminotransferase (ALT) levels were 81 U/L and 87 U/L respectively, were 

higher than other infection group (P < 0.05). The average of procalcitonin 

(PCT) levels were 2.88 ng/mL, 4.37 ng/mL respectively in the Leishmania 

group and other infection group, were higher than EBV infection group 

(0.43 ng/mL). The average of D-dimer (D-D) levels were statistically significant 

differences among Leishmania group(2.31 mg/dL), EBV infection group 

(2.12 mg/dL) and the other infection group (3.34 ng/mL). The leishmania 

group had a cure rate of 100% (13/13), while the EB virus infection group had 

a cure rate of 26.67% (4/15).

Conclusion: Leishmania and EB virus infection are common causes of HLH in 

Gansu Province. Compared to HLH caused by other factors such as EB virus 

infection or autoimmune diseases, the prognosis of HLH in children with 

leishmania infection is relatively better.
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1 Introduction

Hemophagocytic syndrome (HPS), also known as hemophagocytic 

lymphohistiocytosis (HLH), is a rare and life-threatening condition characterized by 

excessive in!ammatory response. This syndrome features abnormal activation of the 

immune system, a cytokine storm effect, and aberrant proliferation of histiocytes. The 

core pathological mechanisms involve dysregulation of immune cells, including T cells, 

natural killer cells, and macrophages, leading to the release of large amounts of pro- 

in!ammatory cytokines such as IL-6, IFN-γ, and TNF-α, which result in multi-organ 
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damage. Hemophagocytic syndrome can be classified into two 

major categories based on etiology: primary (genetic) and 

secondary (acquired) (1).

Secondary hemophagocytic lymphohistiocytosis (sHLH) is a 

syndrome characterized by excessive in!ammatory response 

triggered by clear inducements such as infections, tumors, and 

autoimmune diseases, accounting for the majority of 

hemophagocytic lymphohistiocytosis (HLH) cases. Unlike primary 

HLH (genetic), secondary HLH does not have identifiable gene 

mutations. Among infectious causes, Epstein–Barr virus (EBV) 

infection is predominant (2). However, in the Gansu region of 

China, due to its location at the junction of the Loess Plateau and 

the Qinghai-Tibet Plateau, where livestock farming is well- 

developed, hemophagocytic syndrome caused by local diseases 

such as kala-azar and hemorrhagic fever is relatively common, 

especially prominent in the Longnan area of Gansu (3, 4). Kala- 

azar, also known as visceral leishmaniasis (VL), is a chronic 

parasitic disease caused by infection with Leishmania donovani, 

transmitted through the bite of sand!ies. The disease primarily 

affects visceral organs such as the liver, spleen, and bone marrow, 

characterized by prolonged fever, hepatosplenomegaly, 

pancytopenia, and hyperimmunoglobulinemia. It often leads to 

secondary hemophagocytic syndrome, with a mortality rate 

exceeding 90% if left untreated (5).

2 Method

2.1 Case collection

We performed genetic testing on all cases and selected cases 

without HLH-related gene mutations for inclusion in the study, 

Total collected case data of 43 children with secondary 

hemophagocytic lymphohistiocytosis admitted to the Pediatric 

Intensive Care Unit of the First Hospital of Lanzhou University 

from January 2019 to June 2025.

2.2 Diagnostic criteria

The Chinese Guidelines for the Diagnosis and Treatment of 

Hemophagocytic Lymphohistiocytosis (2022 Edition) 

recommend that the diagnostic and classification criteria for 

HLH be based on the HLH-2004 diagnostic criteria (6). The 

diagnosis of MAS refers to the 2016 edition criteria (7). Other 

factors such as HLH in!ammation index (8), !ow cytometry 

testing, and cytokines (9) were not included in the diagnostic 

criteria due to objective limitations. The diagnostic criteria for 

kala-azar were formulated according to the Law of the People’s 

Republic of China on the Prevention and Treatment of 

Infectious Diseases and its Implementation Measures. The 

confirmed diagnosis requires a history of residence in an 

endemic area along with clinical symptoms, and the presence of 

Leishman bodies in the bone marrow; for clinically diagnosed 

cases, at least one of the immunological tests including direct 

agglutination test, indirect !uorescent antibody test, rk39 

immunochromatographic strip method, or enzyme-linked 

immunosorbent assay must be positive.

2.3 Treatment methods

Treatment of the primary disease: The Leishmania infection 

group were treated with sodium antimony gluconate, the EBV 

group were treated with acyclovir; the other infections were 

treated with antibiotics. Immunosuppressants were used in MAS 

cases, and malignancy were treated with standardized 

chemotherapy regimens. The Leishmania infection group first 

received treatment with stibogluconate for 5 days, and those 

without improvement in clinical symptoms initiated the HLH 

treatment protocol.

HLH Treatment Protocol: First we used 8-week induction 

treatment with etoposide (VP-16), and dexamethasone, then 

treated with the DEP salvage regimen (Doxorubicin, Etoposide, 

and Methylprednisolone) which did not achieve partial response 

(PR) or higher efficacy.

Due to objective conditions in the Gansu region, salvage 

treatment regimens for HLH such as targeted drugs (10), 

immunotherapy (11), and gene therapy were not 

routinely adopted.

2.4 Analysis method

This study conducted a retrospective analysis of the etiology, 

clinical manifestations, laboratory tests, diagnosis and treatment, 

and outcomes of 43 children with secondary hemophagocytic 

lymphohistiocytosis (HLH) admitted to the Pediatric Intensive 

Care Unit (PICU) of the First Hospital of Lanzhou University 

from January 2019 to June 2025.

2.5 Statistical analysis

This study used SPSS version 22.0 software for statistical 

analysis. Measurement data were expressed as �X+ s, and 

intergroup comparisons were performed using one-way 

ANOVA; count data were expressed as percentages, and chi- 

square tests were used. P < 0.05 indicated statistically 

significant differences.

3 Results

This study conducted a statistical analysis of the clinical data 

of 43 cases of secondary hemophagocytic lymphohistiocytosis 

(HLH) patients. The clinical diagnostic criteria included fever, 

splenomegaly, cytopenia etc (Table 1). The primary cause of 

secondary HLH is infection, while secondary causes include 

autoimmune diseases and malignancies.

The analysis of alanine aminotransferase (ALT) levels in 

secondary HLH cases showed that the highest ALT level in the 
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Leishmania infection group was 81 U/L, with an average of 

50.69 U/L. Seven children had ALT levels ≥50 U/L. In the EB 

virus infection group, the highest ALT level was 87 U/L, with an 

average of 49.87 U/L. Six children had AST levels ≥50 U/L. 

There was no significant increase in ALT levels in other 

infection group. The differences between the groups were 

statistically significant (Table 2). Multiple comparisons revealed 

that there were statistically significant differences in ALT levels 

between the Leishmania infection group, or EB virus infection 

group, and other infection group (P < 0.05).

The analysis of procalcitonin (PCT) levels showed that in the 

Leishmania infection group, PCT levels reached a peak of 

11 ng/mL, with an average of 2.88 ng/mL, and PCT ≥ 0.5 ng/mL 

was observed in 9 children; in the EB virus infection group, 

PCT levels peaked at 1.01 ng/mL, with an average of 0.43 ng/ 

mL, and PCT ≥ 0.5 ng/mL was observed in 5 children; in the 

other infection group, PCT levels increased more significantly, 

reaching a peak of 11.4 ng/mL, with an average of 4.37 ng/mL. 

The differences among the three groups were statistically 

significant (Table 3).

The analysis of D-dimer (D-D) levels revealed that in the 

Leishmania infection group, the highest D-D level was 

11 mg/dL, with an average of 2.31 mg/dL, and 9 children had a 

D-D level of ≥1 mg/dL. In the EB virus infection group, the 

highest D-D level was 2.12 mg/dL, with an average of 0.69 mg/ 

dL, and 3 children had a D-D level of ≥1 mg/dL. The other 

infection group showed more significant increases in D-D levels, 

with the highest being 6.21 ng/mL, and an average of 3.34 ng/ 

mL. The differences among the three groups were statistically 

significant (Table 4). Multiple comparisons indicated that there 

were statistically significant differences in D-D levels between 

the Leishmania infection group, the other infection group, and 

the EB virus infection group (P < 0.05).

In all cases of infection-related HLH, the leishmania infection 

group showed the best prognosis with no death; in contrast, the 

EBV infection group had a cure rate of only 26.67% (Figure 1), 

and the difference between the two groups was statistically 

significant (Table 5). However, there was no statistically 

significant difference in cure rates between other groups (MAS, 

malignant tumors, and other infections) and the EBV group or 

the HLH group.

4 Discussion

HLH is a syndrome characterized by excessive in!ammation 

and tissue damage due to abnormal immune activation. The 

underlying pathophysiology involves dysregulation of the body’s 

immune system, leading to impaired downregulation of 

macrophages and lymphocytes. In most patients with HLH, the 

cytotoxic functions of NK cells and cytotoxic T lymphocytes 

(CTLs) are compromised, accompanied by excessive activation 

of macrophages. Clinically, it is marked by persistent fever, 

hepatosplenomegaly, pancytopenia, and the presence of 

hemophagocytosis in bone marrow, liver, spleen, and lymphoid 

tissues. Secondary (sporadic or acquired) HLH refers to cases 

without family mutations, often triggered by specific acute 

conditions such as infections, tumors, and rheumatic diseases. 

Among these, viral infections, particularly EB virus, are the 

primary cause of infection-related HLH, while infections from 

other pathogens like bacteria, parasites, and fungi are relatively 

rare (2). In this study, secondary hemophagocytic syndrome in 

children was mainly caused by EB virus infection and 

Leishmania infection, which was different from the 

epidemiological characteristics of other places at domestic areas 

TABLE 2 One-factor ANOVA of ALT in patients with infection-related 
HLH.

Pathogen N �X SD Min Max F P

Leishmania 13 50.69 17.289 24 81 5.168 0.011

EBV 15 49.87 25.796 19 87

Others 7 22.71 6.55 13 33

Total 35 44.74 22.629 13 87

N, Number of cases; �X, Mean; SD, Standard deviation; Min, Minimum value; Max, 

Maximum value; F, F-statistic value; P, P-value (P < 0.05 indicates statistical significance).

TABLE 3 One-factor ANOVA of PCT in patients with infection-related 
HLH.

Pathogen N �X SD Min Max F P

Leishmania 13 2.88 3.75 0.25 11 5.701 0.008

EBV 15 0.43 0.26 0.18 1.01

Others 7 4.37 3.41 0.98 11.4

Total 35 2.13 3.09 0.18 11.4

N, Number of cases; �X, Mean; SD, Standard deviation; Min, Minimum value; Max, 

Maximum value; F, F-statistic value; P, P-value (P < 0.05 indicates statistical significance).

TABLE 1 Clinical manifestations of secondary HLH.

Secondary factor Fever Splenomegaly Cytopenia TG FIB Hemophagocytosis NK cells ferropr-otein sCD25

MAS (5) 5 5 5 4 4 4 5 5 4

Malignant tumor (3) 3 3 3 2 1 3 3 3 2

Infection (35) 35 35 35 16 17 23 31 32 30

TG, Triglyceride; FIB, Fibrinogen; NK cell, Natural Killer Cells; sCD25, Soluble Interleukin-2 Receptor; MAS, Macrophage Activation Syndrome.

TABLE 4 One-factor ANOVA of D-D in patients with infection-related 
HLH.

Pathogen N �X SD Min Max F P

Leishmania 13 2.31 1.38 0.16 4.3 14.108 <0.05

EBV 15 0.69 0.51 0.21 2.12

Others 7 3.34 1.68 1.63 6.21

Total 35 1.82 1.55 0.16 6.21

N, Number of cases; �X, Mean; SD, Standard deviation; Min, Minimum value; Max, 

Maximum value; F, F-statistic value; P, P-value (P < 0.05 indicates statistical significance).
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and abroad. It was mainly related to many factors such as large 

area and sparse population, large number of agricultural and 

animal husbandry population and relatively backward medical 

and health conditions in Gansu province.

Kala-azar is endemic in many tropical regions and the 

Mediterranean basin around the world (12), it is endemic in 

Xinjiang, Gansu, Sichuan, Shaanxi and Shanxi provinces. Kala- 

azar has a long incubation period, ranging from 2 weeks to 18 

months. Children typically develop symptoms within 2–8 

months after infection, especially if bitten by sand!ies during 

the peak season (June to July), with most cases occurring in 

winter and spring. The main clinical manifestations of visceral 

leishmaniasis (VL) include irregular fever, pancytopenia, and 

hepatosplenomegaly. This condition may be due to the 

Leishmania parasite multiplying extensively in the 

reticuloendothelial system after invading the host, thereby 

evading both innate and cellular-mediated immune responses, 

leading to excessive activation of macrophages and the 

production of large amounts of cytokines (13). In this study, 

children with kala-azar exhibited significant splenomegaly, and 

half of the patients also had elevated liver enzymes. This is due 

to the parasites proliferating in the reticuloendothelial system, 

leading to a substantial accumulation of parasites in the spleen, 

liver, and bone marrow. Studies abroad have shown that there is 

a certain rate of false negatives in diagnosing kala-azar through 

serological tests especially in immunosuppressed or 

immunocompromised patients, so it is recommended to use 

PCR testing to enhance diagnostic sensitivity (12). Due to the 

limitations of objective conditions, this study confirmed the 

presence of Leishmania ameboides through bone marrow smear 

and rk39 antibody test. When no Leishmania ameboides was 

found in the bone marrow smear, the rk39 antibody test still 

showed high sensitivity (13), which can reduce missed 

or misdiagnoses.

In the world, such as Europe, North America and South 

America, amphotericin B is recommended as the first choice for 

treating kala-azar (14, 15). However, the high cost of liposomal 

amphotericin B limits its use in impoverished areas. Considering 

Chinese national conditions, the 2017 edition of the’ Expert 

Consensus on Diagnosis and Treatment of Leishmaniasis Infection 

in China’ recommends that due to its low cost, easy availability, 

and extensive application experience, antimony agents remain the 

preferred treatment option. In this study, all cases of kala-azar 

were treated with sodium antimony gluconate. After standardized 

treatment for the primary disease, the clinical manifestations 

related to HLH rapidly improved, and never initiated VP-16 

chemotherapy regimen, resulting in a generally favorable prognosis.

Epstein–Barr virus (EBV) belongs to the herpesvirus family 

and is one of the pathogens that cause long-term human 

infection (16), about 90 percent of the global population is 

infected (17). Most EBV infections are subclinical or occult. 

Clinically, the most common manifestation of EBV infection in 

children is infectious mononucleosis (IM), characterized by 

fever, pharyngitis, and enlarged cervical lymph nodes, often 

FIGURE 1 

Comparison of prognosis of HLH with different infections.

TABLE 5 Analysis of HLH outcomes associated with infection.

Pathogen Cure rate Death χ2 P OR

Leishmania 13 0 15.702 <0.01 3.75

EBV 4 11

χ², Chi-square value; P, P-value (P < 0.05 indicates statistical significance); OR, Odds ratio.
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accompanied by symptoms such as hepatosplenomegaly and 

eyelid swelling. IM is typically a self-limiting condition, with a 

good prognosis in most cases. However, EBV infection can also 

lead to serious conditions, such as HLH or malignant tumors 

(18). Among all the factors leading to HLH in children, EBV 

infection is the most common cause. According to the statistical 

analysis of 2019 HLH cases in China (19), Among the 1,445 

cases across 31 regions, EBV infection was the leading cause, 

accounting for 44.01%. In this study, EBV infection was one of 

the primary causes. During the follow-up period, 11 patients in 

the EBV-HLH group unfortunately passed away during 

treatment, while only 4 patients survived and continued to be 

followed up. This finding reaffirms the poor clinical prognosis of 

EBV-HLH cases.

This study indicates that in all cases of infection-related HLH, 

patients with VL-HLH and EBV-HLH were more likely to 

experience liver function impairment. This is consistent with the 

tendency of both VL (20) and EB virus to affect the liver. In EBV- 

HLH cases, the elevation of procalcitonin (PCT) and D-dimer (D- 

D) levels was not significant, which aligns with the clinical features 

of viral infections. In contrast, in cases of Leishmania and other 

pathogen infections, the elevation of PCT and D-D levels was 

more common, especially in cases of other pathogens. This 

phenomenon is consistent with the elevated in!ammatory markers 

following severe bacterial infections (21) and the hypercoagulable 

state resulting from vascular endothelial damage (22).

5 Conclusion

In the Gansu region, pediatric kala-azar continues to be prevalent. 

Both EB virus infection and kala-azar are common causes of HLH. 

Kala-azar has diverse clinical manifestations and lacks specific 

symptoms, making it prone to misdiagnosis and missed diagnosis. 

If pediatric VL-HLH is identified early and treated with 

antimonials, most cases have better prognosis and can avoid further 

VP-16 treatment. In contrast, HLH associated with EB virus 

infection has a higher mortality rate and a poorer prognosis.

Data availability statement

The original contributions presented in the study are included 

in the article/Supplementary Material, further inquiries can be 

directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Lanzhou 

University First Hospital Medical Ethics Committee. The studies 

were conducted in accordance with the local legislation and 

institutional requirements. Written informed consent for 

participation in this study was provided by the participants’ 

legal guardians/next of kin. Written informed consent was 

obtained from the individual(s), and minor(s)’ legal guardian/ 

next of kin, for the publication of any potentially identifiable 

images or data included in this article.

Author contributions

YZ: Writing – review & editing, Writing – original draft. JY: 

Data curation, Writing – review & editing, Investigation, Formal 

analysis. ZT: Writing – review & editing, Funding acquisition, 

Resources, Project administration.

Funding

The author(s) declare that no financial support was received 

for the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential con!ict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

Zhou et al.                                                                                                                                                              10.3389/fped.2025.1660880 

Frontiers in Pediatrics 05 frontiersin.org



References

1. 中国医师协会血液科医师分会, , 中华医学会儿科学分会血液学组, 噬血细胞 
综合征中国专家联盟, 等. 中国噬血细胞综合征诊断与治疗指南 (2022年版). 中华 
医学杂志. (2022) 102(20):1492–9. doi: 10.3760/cma.j.cn112137-20220310-00488

2. 王晶石, 王昭. 噬血细胞综合征的诊疗进展. 内科急危重症杂志. (2025) 
31(2):108–12. doi: 10.11768/nkjwzzzz20250203

3. 刘爱生, 杨俊科, 张丑吉. 甘肃省三级甲等医院疾病谱流行病学分析与慢性病防 
治策略. 中国社会医学杂志. (2015) 32(5):412–4. doi: 10.3969/j.issn.1673-5625.2015.05. 
028

4. 余大为, 李凡, 冯宇, 等. 甘肃省文县, 迭部县家犬感染利什曼原虫危险因素研 
究. 中国热带医学. (2022) 22(1):5–8. doi: 10.13604/j.cnki.46-1064/r.2022.01.02

5. 刘真真, 唐光敏, 叶慧, 等. 黑热病79例临床诊治回顾性分析. 临床荟萃. (2015) 
30(3):316–8. doi: 10.3969/j.issn.1004-583X.2015.03.020

6. Henter J, Horne A, Arico M, Egeler RM, Filipovich AH, Imashuku S, et al. HLH- 
2004: diagnostic and therapeutic guidelines for hemophagocytic lymphohistiocytosis. 
Pediatr Blood Cancer. (2007) 48(2):124–31. doi: 10.1002/pbc.21039

7. Ravelli A, Minoia F, Davi S, Horne A, Bovis F, Pistorio A, et al. 2016 Classification 
criteria for macrophage activation syndrome complicating systemic juvenile idiopathic 
arthritis: a European league against rheumatism/American college of rheumatology/ 
paediatric rheumatology international trials organisation collaborative initiative. 
Arthritis Rheumatol. (2016) 68(3):566–76. doi: 10.1002/art.39332

8. Zoref-Lorenz A, Murakami J, Hofstetter L, Iyer S, Alotaibi AS, Mohamed SF, 
et al. An improved index for diagnosis and mortality prediction in malignancy- 
associated hemophagocytic lymphohistiocytosis. Blood. (2022) 139(7):1098–110. 
doi: 10.1182/blood.2021012764

9. Xu X, Tang Y. Dilemmas in diagnosis and management of hemophagocytic 
lymphohistiocytosis in children. World J Pediatr. (2020) 16(4):333–40. doi: 10. 
1007/s12519-019-00299-3

10. Charlesworth JEG, Kavirayani A. Intravenous anakinra for the treatment of 
haemophagocytic lymphohistiocytosis/macrophage activation syndrome: a 
systematic review. Eur J Haematol. (2023) 111(3):458–76. doi: 10.1111/ejh.14029

11. Rajapakse P, Andanamala H. Hemophagocytic lymphohistiocytosis secondary 
to immune checkpoint inhibitor therapy. World J Oncol. (2022) 13(2):49–52. 
doi: 10.14740/wjon1464

12. Gestels N, Bottieau E, De Vooght A, van Ierssel S, Libbrecht S, Driessen A, et al. 
An unusual case of acute cholestatic hepatitis: visceral leishmaniasis with 
secondary haemophagocytic lymphohistiocytosis. Acta Gastroenterol Belg. (2025) 
88(1):78–84. doi: 10.51821/88.1.13361

13. 中国利什曼原虫感染诊断和治疗专家共识. 中华传染病杂志. (2017) 
35(9):513–8. doi: 10.3760/cma.j.issn.1000-6680.2017.10.001

14. Mathison BA, Bradley BT. Review of the clinical presentation, pathology, 
diagnosis, and treatment of leishmaniasis. Lab Med. (2023) 54(4):363–71. doi: 10. 
1093/labmed/lmac134

15. Fischer T, Fischer M, Schliemann S, Elsner P. Treatment of 
mucocutaneous leishmaniasis - A systematic review. J Dtsch Dermatol Ges. (2024) 
22(6):763–73. doi: 10.1111/ddg.15424

16. Das R, Nguyen AD. EBV-Associated Myopericarditis. StatPearls Publishing LLC 
(2025).

17. Ascherio A, Munger KL. EBV And autoimmunity. Curr 
Top Microbiol Immunol. (2015) 390(Pt 1):365–85. doi: 10.1007/978-3-319-22822-8_ 
15

18. Sausen DG, Basith A, Muqeemuddin S. EBV and lymphomagenesis. Cancers 
(Basel). (2023) 15(7). doi: 10.3390/cancers15072133

19. Yao S, Wang Y, Sun Y, Liu L, Zhang R, Fang J, et al. Epidemiological 
investigation of hemophagocytic lymphohistiocytosis in China. Orphanet J Rare 
Dis. (2021) 16(1):342. doi: 10.1186/s13023-021-01976-1

20. Dhawan S, Dharamdesani SS. Diverse liver morphology in two cases of visceral 
leishmaniasis: same face, different expressions. Trop Doct. (2022) 52(1):174–7. 
doi: 10.1177/00494755211038129

21. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, 
et al. Surviving sepsis campaign: international guidelines for management of sepsis 
and septic shock 2021. Intensive Care Med. (2021) 47(11):1181–247. doi: 10.1007/ 
s00134-021-06506-y

22. Williams B, Zou L, Pittet JF, Chao W. Sepsis-induced coagulopathy: a 
comprehensive narrative review of pathophysiology, clinical presentation, diagnosis, 
and management strategies. Anesth Analg. (2024) 138(4):696–711. doi: 10.1213/ 
ANE.0000000000006888

Zhou et al.                                                                                                                                                              10.3389/fped.2025.1660880 

Frontiers in Pediatrics 06 frontiersin.org

https://doi.org/10.3760/cma.j.cn112137-20220310-00488
https://doi.org/10.11768/nkjwzzzz20250203
https://doi.org/10.3969/j.issn.1673-5625.2015.05.028
https://doi.org/10.3969/j.issn.1673-5625.2015.05.028
https://doi.org/10.13604/j.cnki.46-1064/r.2022.01.02
https://doi.org/10.3969/j.issn.1004-583X.2015.03.020
https://doi.org/10.1002/pbc.21039
https://doi.org/10.1002/art.39332
https://doi.org/10.1182/blood.2021012764
https://doi.org/10.1007/s12519-019-00299-3
https://doi.org/10.1007/s12519-019-00299-3
https://doi.org/10.1111/ejh.14029
https://doi.org/10.14740/wjon1464
https://doi.org/10.51821/88.1.13361
https://doi.org/10.3760/cma.j.issn.1000-6680.2017.10.001
https://doi.org/10.1093/labmed/lmac134
https://doi.org/10.1093/labmed/lmac134
https://doi.org/10.1111/ddg.15424
https://doi.org/10.1007/978-3-319-22822-8_15
https://doi.org/10.1007/978-3-319-22822-8_15
https://doi.org/10.3390/cancers15072133
https://doi.org/10.1186/s13023-021-01976-1
https://doi.org/10.1177/00494755211038129
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1213/ANE.0000000000006888
https://doi.org/10.1213/ANE.0000000000006888

	Clinical analysis of secondary hemophagocytic syndrome in children in Gansu province
	Introduction
	Method
	Case collection
	Diagnostic criteria
	Treatment methods
	Analysis method
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


