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Abstract
Aim: Secondary immune thrombocytopenia (SITP) is characterized by a low platelet count in peripheral blood. Pathogen infections are common secondary 
causes of SITP. This study aimed to characterize the destruction of megakaryocytes and platelets induced by humoral or cellular immune responses to 
infections caused by various types of pathogens in SITP patients, and to explore the treatment strategies for SITP.
Methods: This study included 153 SITP patients and 30 non-SITP patients. Serological tests, bacteria and fungi tests, mycoplasma and virus tests, Wright-
Giemsa staining, fluorescence-activated cell sorting (FACS), and immunofluorescence staining were conducted to examine the infection types, activation state 
of immune cells, and expression levels of specific antigens on megakaryocytes.
Results: Laboratory examination results showed that 96 SITP patients were infected with Escherichia coli (E. coli), which activated a humoral immune 
response. The left 57 SITP patients were accompanied by chronic Hepatitis B Virus (HBV) infection, which activated cellular immunity. Pathological damage to 
megakaryocytes and platelets by different immune responses activated by different types of pathogens may explain the complex clinical symptoms of SITP.
Conclusion: Tiered diagnosis and treatment based on clinical symptoms and laboratory diagnostic data can improve the efficacy of SITP treatment.
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Introduction
Secondary immune thrombocytopenia (SITP) is an autoimmune 
hemorrhagic disease with complex and varied clinical 
manifestations.1,2 Mild cases have no bleeding phenotype, whereas 
serious cases may suffer severe bleeding, which leads to high 
mortality. Although some SITP patients may have detectable 
underlying causes such as pathogen infection and vaccination, 
SITP is still a diagnosis of exclusion even today.3, 4 It is believed that 
SITP is related to loss of immune tolerance to platelet autoantigen, 
resulting in premature platelet destruction and a relative inadequacy 
of platelet production.5 Recently, T-cell-mediated apoptosis of 
megakaryocytes and T-cell destruction of platelets have been 
recognized as pathogenic mechanisms of SITP.6,7

Historically, the treatment of SITP mainly relies on immune-
suppressive drugs, which may bring down patients’ quality 
of life.8 With growing knowledge about the pathogenesis of 
SITP, new treatment strategies, including the thrombopoietin 
receptor agonist (TPO-RA), syk inhibitor, Fcγ receptor (FcγR) 
inhibition, and Bruton tyrosine kinase inhibitors, have been 
developed.9-11 Considering the complexity of the causes of SITP, 
although great progress has been made in SITP treatment, 
further researches regarding the pathogenesis and treatment 
of SITP are still needed in the paradigm shift from immune 
suppression to new, more targeted therapies. As pointed out in 
the latest expert consensus of the Thrombosis and Hemostasis 
Group of the Chinese Medical Association in 2023, long-term 
use of glucocorticoids, intravenous immunoglobulin (IVIG), TPO, 
TPO-RA, and splenectomy is a high-risk factor for inducing SITP 
complicating thrombosis/embolism.
Infection is a significant contributor to the development of SITP. 
Our previous studies have shown that SITP patients are usually 
accompanied by infections that activate the innate immune 
response.12 Galgano et al. also suggested that infections might 
play a role in SITP pathogenesis, and infections were associated 
with an exacerbation of thrombocytopenia.13 However, the 
relationship between platelet destruction and pathogen 
infection in SITP patients remains unclarified. In addition, there 
are few studies focusing on the treatment strategies for SITP 
patients with infections by different types of pathogens. 
Our clinical observations indicate that patients with SITP 
frequently present with concurrent infections from E. coli and 
Hepatitis B Virus (HBV). Notably, when these infections are 
effectively managed, platelet counts in SITP patients tend to 
normalize. Therefore, this study aims to elucidate the immune 
response characteristics of SITP patients infected with E. coli or 
HBV and to offer evidence-based suggestions for pharmacological 
interventions tailored to infectious cases of SITP.

Materials and Methods
Patient Selection
This study focused on SITP patients whose platelet counts 
were below 30×109/L and who exhibited laboratory-confirmed 
infections. The inclusion criteria: I) At least two consecutive 
blood routine examinations indicating platelet counts lower 
than 30×109/L and with symptoms of active hemorrhage; II) 
No significant abnormalities observed in blood cell morphology 
through peripheral blood smear microscopy; III) Presence of 
infection; IV) Adults aged 18 and older. The exclusion criteria: I) 

Patients with multiple types of infections; II) Patients diagnosed 
with other diseases in addition to thrombocytopenia and 
infection; III) Patients who have taken medication prior to the 
test or have undergone splenectomy; IV) Patients who refuse to 
give informed consent.

Clinical Data
This study encompasses 153 confirmed cases of SITP diagnosed 
in Zibo 148 Hospital from 2010 to 2022, with ages ranging 
from 29 to 76 years. Among the included patients, there were 
136 females and 17 males. The platelet count of the 153 SITP 
patients at initial diagnosis ranged from 4×109/L to 30×109/L. 
Thirty patients diagnosed solely with iron deficiency anemia in 
the hematology department of Zibo 148 Hospital during the 
same period were selected as controls. These patients exhibited 
platelet counts ranging from 230 to 490×109/L and did not 
present any signs of bacterial, viral, or parasitic infections. 
Additionally, there was no significant difference in other clinical 
data between the two groups.

Bacteria and Fungi Testing
For SITP patients with suspected infections, specimens were 
collected from throat swabs, outer ear secretions, sputum, 
midstream urine, vaginal secretions, and other relevant 
sources. The samples were inoculated onto solid culture media 
for bacteria and fungi separately and incubated under both 
aerobic and anaerobic conditions at 37℃ (for bacteria) or 28℃ 
(for fungi). The suspected pathogens were identified using a 
mass spectrometer (MALDI-8020, Shimadzu).

Mycoplasma and Virus Testing
Mycoplasma Pneumoniae was detected using a PCR Detection 
Kit (catalog No: PC3540) purchased from Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China. The ELISA kits 
for detection of HBV (catalog No: BY-EH119578), Epstein Barr 
Virus (EBV) (catalog No: BY-EH112251), Cytomegalovirus (CMV) 
(catalog No: BY-EH113011), and Herpes Simplex Virus (HSV-I/
II) (catalog No: BY-EH119549), were obtained Byabscience, 
Nanjing, China. The testing was conducted in accordance with 
the manufacturer’s instructions. 

Serum Antibody Testing
To evaluate the status of humoral immune activation, the 
levels of different types of platelet antibodies in the serum 
were tested. The ELISA kits for platelet antibody IgG (PA-IgG), 
PA-IgA, and PA-IgM detection (catalog No: SEKH-0209, SEKH-
0207, and SEKH-0218) were purchased from Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China. The ELISA kits 
were operated as instructed by the manufacturer.

Flow Cytometry
The proportion of lymphocyte subsets in peripheral blood 
was detected by FACS. The following lymphocyte subsets 
were analyzed: CD3, CD4, CD8, CD16, CD19, CD45, and CD56. 
Immunofluorescence monoclonal antibodies targeting human 
peripheral blood lymphocyte subgroups were purchased 
from BD Biosciences (catalog No: 340182). We followed the 
experimental procedure outlined by Sun et al.14 Data were 
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obtained using LSR Fortessa X-20 instruments (BD Biosciences) 
and analyzed by FlowJo (version 10.8).

Observation of Cell Morphology and Activation Status
To identify the morphological changes of megakaryocytes 
in bone marrow, bone marrow smears were prepared and 
stained with the Wright-Giemsa stain solution according to the 
technical procedure of the manufacturer, and the morphology of 
megakaryocytes was observed under a fluorescence microscope 
(SBX51, Olympus). To analyze the activation status of 
megakaryocytes and macrophages (Mφ), the expression of IgG 
and FcγRI on these cells was analyzed by immunofluorescence. 
The mouse anti-human IgG monoclonal antibody (catalog No: 
ab239260) and mouse anti-human FcγRI monoclonal antibody 
(catalog No: ab119828) were acquired from Abcam.

Ethical Approval
This study was approved by the Ethics Committee of Qilu 
Medical University (Date: 2023-03-06, No: YXLL2023019).

Statistical Analysis
Statistical analysis was carried out using SPSS 21.0 for Windows 
(SPSS, Chicago, IL). Measurement data were presented as the 
mean ± standard deviation. The means of the two groups 
were compared by t-test, while the differences between 
three or more group means were analyzed using ANOVA. For 
multiple comparisons, Bonferroni’s correction was followed. 
Comparisons of rates were performed by chi-square test. 
P < 0.05 was considered statistically significant.

Reporting Guidelines
This study was reported in accordance with the STROBE 
guidelines.

Results
Infection Status of the SITP Patients Investigated
Results of serological tests showed that levels of IgM against 
pathogens such as CMV, HSV I/II, and Mycoplasma pneumoniae 
in the 153 SITP patients were in the normal range, levels of 
IgG were normal or increased to varying degrees, and no EBV 
was detected. There were 96 patients infected by pathogenic 
E. coli which could be isolated from midstream urine or vaginal 
secretions, but these cases were negative for fungal infection. 
The left 57 patients were positive for HBV infection but negative 
for bacterial infection.

E. Coli Infection Leads to Activation of the Humoral Immune 
Response in SITP Patients
For SITP patients with E. coli infection, levels of PA-IgG rose to 
80.72 ± 12.50 μg/L, but levels of PA-IgA and PA-IgM were in 
the normal range (Table 1), and the proportion of CD3+CD8+T 
cells in peripheral blood decreased to 10.35 ± 2.26%, but the 
proportion of CD19+B cells increased to 34.19 ± 2.28% (Table 
2, Figure 1C and D). The CD4/CD8 ratio varies among patients 
infected with different kinds of pathogens (Table 2, Figure 1A, 
C, and E). In ITP patients infected by E. coli, the CD4/CD8 ratio 
was observed to be 38.52/10.35, whereas in HBV-infected ITP 
patients, the CD4/CD8 ratio was recorded at 37.49/42.16.

Figure 2. Destruction of bone marrow megakaryocytes and 
platelets by activation of humoral immune response in SITP 
patients with E. coli infection. (A) Wright’s staining of bone 
marrow showing naked megakaryocytes. Immunofluorescence 
staining showing anti-human IgG positive megakaryocyte (B) 
and activated Mφ with high expression of Fc gamma receptor 
I (FcγRI) (C)

Figure 1. Lymphocyte subsets in peripheral blood among non-
SITP patients and SITP patients were analyzed by FACS. In dot 
plots (A), (C), and (E), lymphocytes are gated by their CD4 and 
CD8 expression to separate CD4 single positive (gated by an 
orange line), CD8 single positive (gated by a green line), and 
CD4/CD8 double positive (gated by a blue line) T cells. Similarly, 
in dot plots (B), (D), and (F), lymphocytes are gated on the 
basis of CD19 and CD16/CD56 expression to separate B cells 
(gated by a purple line) and NK T cells (gated by a blue line). Cell 
counting data for different populations are shown in Table 2

Figure 3. Destruction of bone marrow megakaryocytes and 
platelets by activation of cellular immune response in SITP 
patients with HBV infection. (A) Wright’s staining of bone 
marrow shows megakaryocytes being attacked by lymphocytes. 
Immunofluorescence staining showing anti-human IgG negative 
megakaryocyte (B) and activated Mφ with sparse expression of 
Fc gamma receptor I (FcγRI) (C)
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Activation of the Humoral Immune Response Leads to Damage 
to Megakaryocytes and Platelets
For SITP patients with E. coli infection, proliferation of 
megakaryocytes was active in the bone marrow, but the 
proportion of platelet-producing megakaryocytes was reduced, 
and naked megakaryocytes could be commonly observed 
(Figure 2A). Damaged megakaryocytes were positive for anti-
human IgG (Figure 2B). Moreover, expression of FcγRI on Mφ 
membrane was up-regulated, and many platelets could be seen 
attached to the surface of Mφ (Figure 2C).
According to our clinical treatment experience, for SITP 
patients with E. coli infection, anti-infection combined with 
saturated glucocorticoid pulse treatment is effective. The dose 
of glucocorticoid can be reduced after one week. For patients 
with severe SITP, the administration of IVIG pulse therapy, in 
conjunction with the aforementioned treatments, can yield 
enhanced therapeutic efficacy.

HBV Infection Activates Cellular Immune Responses in SITP 
Patients
Levels of PA-IgG/M/A in the 57 SITP patients with HBV infection 
were in the normal range (Table 1). Compared with both the 
non-SITP control patients and the SITP patients infected 
by E. coli, the proportion of CD3+CD8+T cells in peripheral 
lymphocyte subsets of SITP patients with HBV infection was 
significantly increased, but the proportion of CD16+/56+NK 
cells was significantly decreased (Table 2, Figure 1E and F). 
HBV infection resulted in abnormal growth and development 
of megakaryocytes, which exhibited uneven shape and size, 
and lymphocytes attacking megakaryocytes could be observed 
in the bone marrow (Figure 3A), which explained the damage 
to megakaryocytes. For SITP patients with HBV infection, 
megakaryocytes in the bone marrow were negative for anti-
human IgG (Figure 3B), and FcγRI was sparsely expressed on 
Mφ membrane (Figure 3C).
Based on our clinical experience, the effect of glucocorticoid 
therapy is poor on SITP patients with HBV infection. Long-term 
or large doses of glucocorticoids can lead to increased HBV 
viral load and aggravated liver function damage. Anti-HBV 
drugs such as Entecavir combined with Cyclosporin A (CsA) can 

inhibit the destruction of megakaryocytes and platelets by T 
lymphocytes, thereby increasing the number of platelets.

Discussion
Initially, it was recognized that the pathogenesis of SITP 
was due to the destruction of megakaryocytes and platelets 
by abnormal activation of humoral immunity. Therefore, the 
treatment strategy with saturated glucocorticoid was adopted.15 
If the saturated glucocorticoid treatment was effective, then 
the dose of glucocorticoid would be gradually reduced.16 For 
steroid-refractory SITP patients, sequential treatment with 
immunosuppressive drugs (CsA, decitabine, etc.) combined with 
targeted drugs (anti-CD19 or anti-CD20 antibodies), and even 
splenectomy, would be applied.17 All these therapies focus on 
suppressing immune responses or removing the primary site 
of platelet clearance and auto-antibody production, rather than 
eliminating the causes of immune activation.
The CD4/CD8 ratio is a measure of the strength of the immune 
system. The impact of different pathogens on the CD4/CD8 
ratio among SITP patients has not been previously reported. We 
observed that the CD4/CD8 ratio in SITP patients infected with 
E. coli was significantly higher than that of the control group, 
whereas the CD4/CD8 ratio in HBV-infected SITP patients 
was notably lower than that of the control group. The findings 
suggest a marked difference in immune responses induced by 
various pathogens. Additionally, Malik et al.7 found that chronic 
ITP patients had significantly lower CD4/CD8 ratios compared 
with age-matched controls. This discrepancy also highlights the 
difference in immune responses between ITP and SITP patients.
The SITP patients with E. coli infection are characterized by 
increased proportion of CD19+B cells, decreased proportion 
of CD3+CD8+T cells, increased level of platelet-specific PA-
IgG in peripheral blood, anti-human IgG positive for bone 
marrow megakaryocytes, and high expression of FcγRI on Mφ 
membrane, suggesting activation of humoral immune response.
Humoral immune responses are crucial for protection against 
extracellular bacterial infection. Gram-negative bacteria express 
at their surface various amphiphilic molecules, including the 
lipopolysaccharide, which is a ligand of toll-like receptor 4 on 
the surface of platelets.18 The binding of platelets and bacteria 

Groups PA-IgM
(pg/L) P PA-IgG

(μg/L) P PA-IgA
(pg/L) P

Non-SITP control group 10.83±5.11 12.69±4.26 95.65±63.17

SITP patients with E. coli infection 10.10±3.57 0.525 80.72±12.50 <0.001 100.31±30.83 0.622

SITP patients with HBV infection 9.30±2.65 0.683 11.50±2.81 0.556 120.50±53.43 0.319

Groups CD3+CD4+
T cell P CD3+CD8+

T cell p CD16+/56+
T cell p CD19+B cell

T cell p

Non-SITP control group 35.10±4.88 25.11±3.92 14.01±3.25 11.07±2.43

SITP patients with E. coli infection 38.52±4.65 0.451 10.35±2.26 <0.001 16.12±4.33 0.385 34.19±2.28 <0.001

SITP patients with HBV infection 37.49±3.36 0.316 42.16±2.15 0.011 7.24±1.63 0.003 9.16±3.07 0.267

Table 2. Effect of pathogen infections on the percentage of peripheral lymphocyte subsets in SITP patients

Table 1. Effect of pathogen infections on the concentration of platelet antibodies in SITP patients
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then activates Mφ and neutrophils to mediate inflammation 
and inhibits the spread of pathogens.17,19,20 If the infection 
is not effectively controlled, the aggregates of platelets and 
pathogenic bacteria may affect the structure and function 
of glycoprotein IIb/IIIa on the platelet membrane, making 
the damaged glycoprotein IIb/IIIa become an autoantigen, 
thus activating a specific humoral immune response against 
glycoprotein IIb/IIIa.15,21 Antibodies against glycoprotein IIb/IIIa 
bind with megakaryocytes and platelets, inducing opsonization 
of Mφ, which upregulates expression of FcγRI as observed in 
SITP patients with E. coli infection (Figure 2C).
High doses of glucocorticoids can suppress the proliferation of 
proB-progenitors and inhibit transcription of B cell activating 
factor, thus inhibiting B cell maturation and plasma cell 
transformation to produce antibodies.21, 22 For SITP patients 
infected with extracellular bacteria, effective anti-infection 
treatment combined with a short course of high-dose 
dexamethasone can achieve a better curative effect. For 
severe SITP patients, the addition of IVIG pulse treatment helps 
block the FcγRI on Mφ membrane, blocking the damage of 
Mφ to platelets, thus enhancing the efficacy of glucocorticoid 
treatment.
Cellular immunity responds very specifically to intracellular 
pathogens like viruses. We found that, in peripheral blood of 
SITP patients with HBV infection, the levels of platelet antibodies 
were normal, but the proportion of CD3+CD8+T cells increased 
significantly, indicating that HBV infection may lead to changes 
of antigen structure on megakaryocyte membrane which 
activate CD3+CD8+ cytotoxic T lymphocytes (CTL), then CTLs 
attack the abnormal megakaryocytes, affecting megakaryocyte 
development and platelet generation. Glucocorticoids can bind to 
T cell receptor (TCR), inhibiting the phosphorylation of multiple 
molecules in the T cell signaling pathway, and down-regulating 
the expression of interleukin 2.23 CsA can restrain the secretion 
of interleukin 2 by T helper 1 cells and suppress the activation 
of CTL.24 Therefore, on the basis of effective anti-HBV therapy, 
the combination of low-dose glucocorticoids and CsA has a good 
effect on the treatment of SITP patients with HBV infection.

Limitations
It should be noted that this study is subject to certain 
limitations. Firstly, patients with iron deficiency anemia were 
selected as controls. Use of iron deficiency anemia patients 
instead of healthy controls may have influenced immunological 
comparisons. Although the immune characteristics of 
individuals with iron deficiency anemia are comparable to 
those of healthy individuals, variations in other indicators may 
influence the results. Secondly, there exists a wide range of 
pathogens that can lead to SITP; however, only E. coli and HBV 
were investigated in this research. While this study provides 
significant insights for the treatment of SITP resulting from 
bacterial and viral infections, further research is necessary to 
explore the immune response characteristics and treatment 
strategies for SITP associated with infections caused by other 
types of pathogens. Moreover, our findings are primarily based 
on laboratory tests and clinical treatment experiences, lacking 
functional studies that could clarify the mechanisms underlying 
the immune responses.

Conclusion
Pathological damage to megakaryocytes and platelets by 
pathogen infection activated immune system may be an 
important factor in the pathogenesis of SITP. Different types 
of pathogens activate different kinds of effector cells and 
result in distinct patterns of damage to megakaryocytes and 
platelets. Therefore, SITP patients need to be checked for 
bacterial or viral infection; if infection is diagnosed, treatment 
strategies depending on infection types are suggested. Anti-
infection treatments help eliminate the source of antibody 
production, while immunosuppressive drugs are beneficial to 
suppress the remaining infection-activated immune cells. In 
conclusion, classification of SITP according to pathogen types 
and laboratory diagnostic data helps enhance the efficacy of 
SITP treatment.
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