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ABSTRACT 
Objective: Crimean-Congo hemorrhagic fever (CCHF) is a zoonotic disease that causes 
significant morbidity and mortality. This study aimed to evaluate the levels of apoptosis 
biomarkers—clusterin, tumor necrosis factor-related apoptosis-inducing ligand (TRAIL), 
caspase-8, cytochrome C, and apoptotic protease-activating factor 1 (Apaf-1)—in patients 
with mild and severe clinical presentations of CCHF, and to assess their relationship with 
disease severity. 

Materials and Methods: The study included adult patients admitted to our hospital with a 
confirmed diagnosis of CCHF. Patients were divided into two groups (mild and severe) based 
on the Severity Grading Score. Blood samples were analyzed for apoptosis markers using 
the enzyme-linked immunosorbent assay (ELISA) method. Apoptosis protein levels were 
measured separately during the acute and convalescent periods of the disease for both 
mild and severe cases.

Results: A total of 49 patients were included in the study. In patients with a mild disease 
course, TRAIL levels were significantly higher during the acute period compared to the con-
valescent period (p<0.001). Similarly, in patients with severe disease, TRAIL levels were also 
higher in the acute period than in the convalescent period (p=0.05). During the acute period, 
clusterin, TRAIL, caspase-8, and Apaf-1 levels were higher in patients with severe disease 
than in those with mild disease. When comparing median apoptosis protein levels during 
the convalescent period, TRAIL levels were significantly higher in patients with severe dis-
ease (p=0.009).

Conclusions: Apoptosis and apoptosis-related proteins play an important role in the patho-
genesis of CCHF. In particular, clusterin and TRAIL may serve as useful indicators of disease 
severity. Their early detection could improve clinical management by enabling timely inter-
vention for patients at risk of severe disease. 
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INTRODUCTION

Crimean-Congo hemorrhagic fever (CCHF) is 
a disease that causes serious morbidity and 
mortality and can affect multiple organ sys-

tems. The Crimean-Congo hemorrhagic fever virus 
(CCHFV) belongs to the Nairoviridae family within 
the order Bunyavirales, which comprises enveloped, 
negatively polarized single-stranded RNA viruses. 
In Türkiye, the virus is often transmitted by the bite 
of Hyalomma marginatum, a tick species of the Hy-
alomma genus (1). 

Crimean-Congo hemorrhagic fever has been de-
tected in more than 30 countries, mainly in Eastern 
Europe, Asia, and Africa. In Türkiye, the provinces 
with the highest incidence are Sivas, Yozgat, Tokat, 
and Çorum, located in the Kelkit Valley. According 
to data from the Turkish Directorate General of 
Public Health, between 2002 and 2024, 17,132 cases 
were reported, with 819 resulting in death, and the 
case-fatality rate was reported as 4.78%. The aver-
age incubation period following a tick bite is 3–7 
days. In Türkiye, the average duration of symptoms 
before hospital admission is reported to be approx-
imately 5.5 days (2,3). 

The disease starts with nonspecific symptoms such 
as diffuse joint pain, myalgia, fever, abdominal pain, 
nausea, vomiting, and diarrhea. In the following pe-
riod, petechiae, purpura, ecchymosis, hemoptysis, 
hematemesis, hematuria, melena, organ failure, 
and death may occur. In recent years, molecular 
diagnostic tests, particularly reverse transcription 
polymerase chain reaction (RT-PCR), have become 
more frequently used due to their rapid results and 
high sensitivity and specificity (4).

Both viral factors and impaired host immune re-
sponse contribute to the severity and prognosis of 
CCHF. Epithelial damage, overconsumption, and 
dysregulation of coagulation factors, as well as 
impaired vascular barrier function caused by an 
overactive inflammatory response, contribute to 
the pathogenesis of viral hemorrhagic fevers, lead-
ing to bleeding. Clinical studies have demonstrat-
ed that high viremia is directly linked to elevated 
cytokine levels and increased disease severity (5,6). 
Hemophagocytosis is believed to contribute to 

the cytopenia observed during CCHF infection (7). 
Multiorgan failure seen in CCHF may result from 
hemophagocytic activity triggered by apoptosis in 
various organs (8).

Apoptosis refers to a programmed process in which 
cells that are no longer needed and no longer func-
tion self-destruct, a process controlled by genes, re-
quiring protein synthesis and energy, and ensures 
homeostasis in the organism. Apoptosis is an ener-
gy-dependent process characterized by unique bio-
chemical and morphological features that involve 
numerous molecules.

Apoptosis-related proteins such as tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL), 
caspase-8, cytochrome C, apoptotic protease-acti-
vating factor 1 (Apaf-1), and clusterin are involved 
in both intrinsic and extrinsic pathways of cell 
death. Clusterin, in particular, exists in two forms: 
secretory and nuclear. Evaluating these biomarkers 
may provide early insight into disease severity and 
improve clinical decision-making. However, current 
knowledge on the effect of apoptosis on the progno-
sis of CCHF and how these biomarkers are affected 
according to the stages and severity of the disease 
remains limited.

This study aimed to investigate the relationship be-
tween apoptosis biomarkers and disease severity in 
patients with CCHF, and to evaluate their potential 
as independent prognostic indicators.

HIGHLIGHTS

•	 It is important to elucidate the etiopathogenesis 
mechanisms of CCHF and their effect on prog-
nostic factors.

•	 The sensitivity and specificity of apoptosis pro-
teins can aid in identifying patients who are at 
high risk of severe illness. 

•	 Elevated apoptosis protein levels at hospital ad-
mission may indicate that the disease is likely to 
worsen. 

•	 Predicting the severity of the disease at an early 
stage can reduce permanent organ damage and 
mortality by implementing appropriate treat-
ment strategies.
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MATERIALS AND METHODS
The study included adult patients admitted to the 
Department of Infectious Diseases and Clinical 
Microbiology at Yozgat Bozok University Research 
and Application Hospital, who were diagnosed with 
Crimean-Congo hemorrhagic fever. The definitive 
diagnosis of patients hospitalized with a prediag-
nosis of CCHF was made by real-time polymerase 
chain reaction (RT-PCR) testing of blood samples 
sent to the reference laboratory of the Public Health 
Institution of Türkiye, Ministry of Health. 

The Severity Grading Score (SGS) system, which 
evaluates disease severity using biochemical 
markers such as alanine transaminase (ALT), as-
partate aminotransferase (AST), lactate dehydro-
genase (LDH), white blood cell count (WBC), ac-
tivated partial thromboplastin time (aPTT), and 
international normalized ratio (INR), was used. 
These markers are valuable in severe and fatal 
CCHF cases and are detectable in blood tests. Ac-
cording to the SGS criteria defined by Bakır et al. 
(9), patients with a score of 0–4 were classified as 
mild cases, and those with a score of 9–14 were 
classified as severe cases. 

Blood samples were collected during the acute 
phase (days 3–6 after symptom onset) and conva-
lescent phase (days 10–14). For deceased patients 
(n=12), convalescent samples were unavailable, 
and only acute-phase data were analyzed. Blood 
samples from patients with a definite diagnosis of 
CCHF were analyzed for apoptosis markers (clus-
terin, TRAIL, caspase-8, cytochrome C, Apaf-1) us-
ing the ELISA method at the Yozgat Bozok Universi-
ty School of Medicine Microbiology Laboratory.

Statistical analyses were performed using STATA 
version 11.0 (College Station, TX, USA). Continuous 
variables were expressed as mean ± standard de-
viation. Median values were used when data were 
not normally distributed. For comparisons between 
mild and severe patient groups, the Student’s t-test 
was used for continuous variables with normal dis-
tribution, and the Mann-Whitney U test was used 
for non-normally distributed variables. Categorical 
variables were analyzed using Pearson’s chi-square 
test or Fisher’s exact test. Chi-square values were 
reported using continuity correction as provided by 

the software. A p-value of <0.05 was considered sta-
tistically significant. 

To evaluate the independence of risk factors asso-
ciated with disease severity, a multivariate logistic 
regression model was constructed, including age 
and apoptosis biomarkers. The sensitivity, speci-
ficity, positive predictive value (PPV), and negative 
predictive value (NPV) of each test for distinguish-
ing between mild and severe disease were calculat-
ed. Receiver operating characteristic (ROC) curves 
were generated, and the area under the curve (AUC) 
values were compared using the method of Hanley 
and McNeil. 

This study was conducted in accordance with the 
principles of the Declaration of Helsinki. The study 
protocol was approved by the Institutional Ethics 
Committee of Yozgat Bozok University (2017-KAEK-
189_2022.06.23_05). Written informed consent was 
obtained from all participants. 

RESULTS

A total of 49 patients were included in the study, 
comprising 30 males (61.2%) and 19 females (38.8%), 
with a mean age of 50.37 ± 16.22 years. Patients in 
the severe group were significantly older than those 
in the mild group (p<0.001). Twelve patients (24.5%) 
died, all of whom were in the severe group. A total 
of 32 patients (65.31%) were farmers by occupation. 

When the median apoptosis protein levels of mild 
patients were compared between the acute and 
convalescent periods, TRAIL levels were found 
to be significantly higher during the acute phase 
(p<0.001). No significant differences were observed 
in the levels of clusterin, caspase-8, Apaf-1, and cy-
tochrome C (Table 1). In patients with severe dis-
ease, a similar comparison between the acute and 
convalescent periods revealed a significant differ-
ence only in TRAIL levels (p=0.005); there were no 
significant differences in the other four apoptosis 
markers (Table 1).

A comparison of apoptosis protein levels during 
the acute phase between mild and severe cases re-
vealed significantly higher levels of clusterin, TRAIL, 
caspase-8, and Apaf-1 in the severe group. No sig-
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nificant difference was observed in cytochrome C 
levels (p=0.459) (Table 2). During the convalescent 
period, TRAIL levels remained significantly higher 
in patients with severe disease (p=0.009) (Table 2).

Cut-off values for apoptosis proteins indicating dis-
ease severity are shown in Table 3. Sensitivity and 
specificity values were as follows: clusterin, 91.67% 
sensitivity and 64% specificity; TRAIL, 87.5% sensi-
tivity and 68% specificity; caspase-8, 91.67% sensi-

tivity and 84% specificity; Apaf-1, 83.33% sensitiv-
ity and 60% specificity; and cytochrome C, 58.33% 
sensitivity and 52% specificity. Positive and negative 
predictive values are also detailed in Table 3.

A statistical comparison of the receiver operating 
characteristic (ROC) curves for all five apoptosis 
proteins revealed a significant difference in their 
areas under the curve (p=0.011) (Table 4; Figures 
1-5).

Apoptosis 
protein

Mild  
(acute)

Mild 
(convalescent) p Severe  

(acute)
Severe 

(convalescent) p

Clusterin 0.145 0.242 0.055 0.281 0.226 0.286

TRAIL 1.529 0.991 <0.001 2.497 1.625 0.005

Caspase-8 0.082 0.111 0.241 0.225 0.152 0.323

Apaf-1 0.514 0.509 0.679 0.725 0.472 0.249

Cytochrome-C 0.783 0.759 0.386 0.949 0.881 0.919

Table 1. Apoptosis protein levels in mild and severe CCHF patients.

CCHF: Crimean-Congo hemorrhagic fever, Apaf-1: Apoptotic protease-activating factor-1, TRAIL: TNF-related apoptosis-inducing ligand.

Apoptosis  
protein

Mild  
(acute)

Mild 
(convalescent) p Severe  

(acute)
Severe 

(convalescent) p

Clusterin 0.145 0.282 <0.001 0.242 0.226 0.685

TRAIL 1.529 2.497 <0.001 0.991 1.625 0.009

Caspase-8 0.082 0.225 <0.001 0.111 0.151 0.089

Apaf-1 0.514 0.725 0.014 0.509 0.472 0.746

Cytochrome-C 0.783 0.948 0.459 0.759 0.881 0.745

Table 2. Comparison of apoptosis protein levels between mild and severe CCHF patients.

CCHF: Crimean-Congo hemorrhagic fever, Apaf-1: Apoptotic protease-activating factor-1, TRAIL: TNF-related apoptosis-inducing ligand.

Apoptosis protein Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Clusterin ≥0.174 91.67 64 89.79 51.73

TRAIL ≥0.187 87.5 68 90.43 61.16

Caspase-8 ≥0.142 91.67 84 97.62 58.44

Apaf-1 ≥0.562 83.33 60 83.89 59.01

Cytochrome-C ≥0.879 58.33 52 58.86 50.42

Table 3. Diagnostic performance of apoptosis proteins in indicating disease severity.

PPV: Positive predictive value, NPV: Negative predictive value, Apaf-1: Apoptotic protease-activating factor-1,  
TRAIL: TNF-related apoptosis-inducing ligand.
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Figure 1. ROC curve for clusterin. Figure 2. ROC curve for TRAIL.

Figure 3. ROC curve for caspase-8. Figure 4. ROC curve for Apaf-1.

Figure 5. ROC curve for cytochrome-C.



Apoptosis in CCHF Affects Prognosis

Demirel MS et al. 296

Apoptosis proteins AUC SD p

Cytochrome-C 0.5617 0.0843

0.011

Apaf-1 0.7050 0.0772

TRAIL 0.8033 0.0637

Clusterin 0.8125 0.0623

Caspase-8 0.8792 0.0571

Table 4. ROC curve analysis of apoptosis proteins.

AUC: Area under the ROC, SD: Standard deviation, Apaf-1: Apoptotic protease-activating factor-1, TRAIL: TNF-related apoptosis-inducing ligand.

Table 5. Comparison of AUC between caspase-8 and other apoptosis proteins.

AUC: Area under the ROC, SD: Standard deviation, Apaf-1: Apoptotic protease-activating factor-1, TRAIL: TNF-related apoptosis-inducing ligand.

AUC SD p

Caspase-8 0.8792 0.0571 -

Clusterin 0.8125 0.0623 0.246

TRAIL 0.8033 0.0637 0.337

Apaf-1 0.7050 0.0772 0.013

Cytochrome-C 0.5617 0.0843 0.001

Table 6. Multivariate logistic regression analysis of risk factors for severe CCHF.

OR: Odds ratio, CI: Confidence interval, Apaf-1: Apoptotic protease-activating factor-1, TRAIL: TNF-related apoptosis-inducing ligand.

Independent factor OR 95% CI p

Age 1.04 0.98–1.11 0.218

Clusterin 53.25 4.61–614 0.017

TRAIL 9.91 1.98–49.70 0.005

Caspase-8 79.9 0.0001–3.580 0.509

Apaf-1 0.011 0.00006–1.827 0.084

Cytochrome-C 0.38 0.064–2.276 0.292

Table 7. Apoptosis protein levels in severe CCHF survivors vs. non-survivors.

Apaf-1: Apoptotic protease-activating factor-1, TRAIL: TNF-related apoptosis-inducing ligand.

Parameter Survivor Non-survivor p

Sex (Female) 7 5 0.68

Age 55.17 61.42 0.29

Clusterin 0.260 (0.187–2.20) 0.308 (0.107–1.283) 0.93

TRAIL 2.508 (0.929–2.569) 2.432 (0.663–2.576) 0.48

Caspase-8 0.242 (0.118–2.447) 0.2145 (0.067–1.242) 0.59

Apaf-1 0.920 (0.128–2.409) 0.623 (0.34–1.997) 0.38

Cytochrome-C 1.023 0.793 0.35



Infect Dis Clin Microbiol. 2025; 3: 291-300

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License. 297

When caspase-8, the marker with the highest AUC, 
was compared with the other apoptosis proteins, no 
significant difference was found between its AUC 
and that of clusterin or TRAIL. However, Apaf-1 and 
cytochrome C had significantly smaller AUCs com-
pared to caspase-8 (Table 5; Figures 1–5).

Multivariate regression analysis showed that only 
TRAIL (p=0.005) and clusterin (p=0.017) remained 
independent predictors of severity. Although older 
age was associated with severe disease in univar-
iate analysis, it did not remain statistically signifi-
cant in the logistic regression model (Table 6). 

Finally, the levels of apoptosis proteins during the 
acute phase were compared between surviving and 
deceased patients in the severe group. No signifi-
cant differences were found between these two 
subgroups (Table 7).

DISCUSSION

In CCHF, the immune system plays a critical role 
in controlling the disease. Viral factors and an im-
paired host immune response, including an exag-
gerated proinflammatory cytokine response, con-
tribute to the severity and prognosis of the disease. 
Impairment and ineffectiveness in the immune 
response can lead to uncontrolled viremia, which 
results in bleeding, multiorgan failure, and death. 
The multiorgan failure seen in CCHF is thought to 
be the result of hemophagocytic activity triggered 
by apoptosis in various organs (8).

Studies have shown that the release of mitochon-
drial proteins in cells infected with CCHFV is regu-
lated through various mechanisms, thus affecting 
apoptosis (10). Poly (ADP-ribose) polymerase (PARP) 
is a nuclear enzyme that is induced in response to 
DNA damage and initiates a caspase-independent 
pathway that triggers apoptosis (11). It has been 
demonstrated that CCHF can induce the cleavage 
of poly-ADP-ribose polymerase (PARP), a process as-
sociated with apoptosis and known to be a feature 
of apoptosis and caspase activation during the late 
post-infection period (12).

A 2012 study reported that apoptosis is induced in 
human hepatocyte cells during the late stages of 

CCHFV infection. It has been reported that CCHFV 
induces endoplasmic reticulum stress, releasing 
cytochrome C from mitochondria and inducing 
apoptosis intrinsically. Additionally, inflammatory 
mediators released during viral replication were 
found to activate the death receptors, initiating the 
extrinsic pathway (13).

There is limited research investigating the role of 
apoptosis in CCHF, and three recent studies are in 
vitro studies (10,13,14). One study was focused on 
pediatric patients (15), while others explored apop-
tosis-related gene expression in leukocytes of adult 
patients (8). One of the most comprehensive inves-
tigations, by Engin et al. (17), analyzed serum levels 
of apoptosis biomarkers including sFas, sFasL, cyto-
chrome C, Apaf-1, caspase-3, caspase-8, caspase-9, 
perforin, granzyme B and M30. In this study, we 
investigated the relationship between these apop-
tosis proteins and disease severity, as well as the 
involvement of intrinsic and extrinsic apoptotic 
pathways during CCHF disease.

Although apoptosis is widely known to increase 
with aging and to contribute to age-related cellular 
decline, its role in disease-specific processes, such 
as those in CCHF, may follow a different pattern. 
Aging is associated with increased apoptosis rates 
in many tissues, yet senescent cells also exhibit 
resistance to apoptosis. Some studies have shown 
enhanced expression of caspase-8 in aged lym-
phocytes, but our findings indicate that apoptosis 
biomarker elevations in CCHF likely reflect dis-
ease-driven immune dysregulation rather than age 
alone (16).

In our study, TRAIL levels were significantly ele-
vated in both the mild and severe patient groups 
during the acute phase. Moreover, clusterin, TRAIL, 
caspase-8, and Apaf-1 levels were significantly 
higher in patients with severe disease compared to 
those with mild disease in the acute phase. TRAIL 
and clusterin further emerged as independent pre-
dictors of severity in multivariate analysis, while 
age did not show a significant association after ad-
justment.

In contrast to our findings, Guler et al. (8) report-
ed no differences in Apaf-1 and caspase-8 gene 
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expressions between the patient group and the 
control group. However, Engin et al. (17) found 
that Apaf-1 and caspase-8 levels were high in the 
patient group compared to both the control group 
and the convalescent period. In our study, levels of 
Apaf-1 and caspase-8 did not change significantly 
between the acute and convalescent phases, but 
were significantly higher in severe patients during 
the acute period. 

In the early stages of CCHAV infection, it was re-
ported that the release of cytochrome C from mi-
tochondria was inhibited by the viral nucleocapsid 
protein expressed in infected cells (10). In our study, 
cytochrome C levels in severe patients were similar 
to those in mild patients at the early stage of the 
disease. Again, no significant difference was found 
in cytochrome C levels between the acute period 
and the convalescent period in both patient groups.

It has been demonstrated that CCHAV infection 
can indirectly induce apoptosis through the release 
of cytokines from infected cells (10). It has been 
shown that the non-structural proteins encoded 
by CCRAV can induce apoptosis through intrinsic 
and extrinsic apoptotic pathways (14). Engin et al. 
(17) showed that the extrinsic apoptosis pathway 
was activated in the early stages of CCHF disease, 
while the intrinsic apoptosis pathway was activated 
as the disease progressed. Similarly, Papa et al. (18) 
reported that both intrinsic and extrinsic apoptosis 
pathways are induced in patients with CCHF. In our 
study, Apaf-1 levels, an intrinsic pathway compo-
nent, were found to be higher in the severe patient 
group during the acute period. Caspase-8, which 
functions in the extrinsic pathway, was detected 
at higher levels in patients with a severe clinical 
course compared to those with a mild course. In a 
study by Guler et al. (8) on the extrinsic pathway, it 
was reported that TRAIL, one of the most import-
ant ligands inducing apoptosis, was up-regulated. 
In our study, TRAIL levels, which function as an 
apoptosis-inducing protein in the extrinsic path-
way, increased during the acute period in mild pa-
tients and decreased during the convalescent pe-
riod (p<0.001). In severe patients, while it was high 
during the acute period, it decreased towards the 
convalescent period (p=0.05). During the convales-
cent period, TRAIL levels were found to be higher 

in patients with severe disease compared to those 
with mild disease (p=0.009). 

A study by Güven et al. (15) in pediatric patients 
found significantly elevated serum levels of per-
forin, caspase-3, and sFasL in both severe and 
non-severe groups compared to healthy controls. 
In the same study, no significant difference was 
found between the levels of these apoptotic bio-
markers when comparing the severe and non-se-
vere disease groups. Similarly, Engin et al. (17) in-
vestigated serum levels of sFasL, cytochrome C, 
Apaf-1, caspase-3, caspase-8, caspase-9, perforin, 
granzyme B, and M30 and found no relationship 
between disease severity and these apoptosis bio-
marker levels. In contrast, our study found signifi-
cantly higher levels of clusterin, caspase-8, Apaf-1, 
and TRAIL in patients with severe disease during 
the acute phase, suggesting that these proteins 
may serve as biomarkers for disease severity. 

Our study defined the convalescent period as 10–14 
days after the onset of symptoms. In contrast, an-
other study (17) considered the patient to be in con-
valescence if the platelet count was above 100,000/
mm³ and tended to increase, INR, prothrombin 
time (PT), and aPTT results were within normal 
limits, liver enzyme levels were normal or tended 
to decrease, and all clinical findings, including fe-
ver, improved. In our study, 25 mild and 24 severe 
patients were evaluated during both the acute and 
convalescent periods. In contrast, the other study 
(17) included two mild, seven moderate, and three 
severe patients, who were compared during the 
acute and convalescent periods with 30 healthy pa-
tients. In our study, severe patients were found to 
be older, whereas in the other study, age statistics 
were not specified between different patient groups. 
For these reasons, different results may have been 
obtained.

There are two forms of clusterin, which is a heterod-
imeric glycoprotein. The secretory form exhibits an 
anti-apoptotic effect by inhibiting the transport of 
Bax protein, a key regulatory protein for apoptosis, 
into mitochondria, whereas the nuclear form has a 
pro-apoptotic effect (19,20). Previous studies have 
not used clusterin protein to assess apoptosis in 
CCHF patients or to measure its effect on disease 
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severity. The form of clusterin detected in serum 
is sCLU, which is recognized for its anti-apoptotic 
properties. 

In our study, no significant difference was found in 
clusterin levels between the acute and convales-
cent periods in either the mild (p=0.055) or severe 
(p=0.286) groups. However, clusterin levels during 
the acute phase were significantly higher in pa-
tients with severe disease compared to those with 
mild disease (p<0.001). Elevated clusterin levels in 
severe patients in the acute period may be consid-
ered an indicator of severe disease. This situation 
can be interpreted as the activation of anti-apop-
totic pathways by the secretory type clusterin, 
which ensures homeostasis during the period 
when apoptosis increases. However, this hypoth-
esis requires further investigation through more 
comprehensive studies.

Our study has several limitations. First, the sample 
size of 49 patients limits the generalizability of our 
findings. Second, the absence of a healthy control 
group restricts our ability to determine whether 

biomarker elevations are disease-specific or reflect 
general immune activation. 

This study is the first to evaluate the apoptosis 
markers clusterin and TRAIL in CCHF patients, 
alongside caspase-8, Apaf-1, and cytochrome C. 
Apoptosis is induced in the acute phase of CCHF 
disease, especially in severe patients. Apoptosis and 
proteins that affect apoptosis play a key role in the 
pathogenesis of the disease. The evaluated apop-
tosis proteins demonstrated strong sensitivity and 
specificity for identifying patients with severe dis-
ease. A significant association was found between 
clinical severity and markers of apoptosis. Severe 
disease activates apoptosis.

In conclusion, this study highlights the potential 
prognostic value of apoptosis biomarkers—partic-
ularly TRAIL, caspase-8, Apaf-1, and clusterin—in 
CCHF. TRAIL and clusterin were independent pre-
dictors of disease severity, while age did not retain 
significance in adjusted models. Further large-scale, 
controlled studies are needed to confirm these find-
ings and explore their clinical utility.
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