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a b s t r a c t

Objective: This study aimed to identify key predictors of mortality in patients with Crimean-Congo 
haemorrhagic fever (CCHF). Our specific goals included characterizing the demographic and clinical 
features of hospitalized CCHF patients in Türkiye, determining the factors associated with mortality 
among these patients, and evaluating the impact of early ribavirin administration.
Methods: A retrospective study was conducted on 1103 CCHF patients across 18 hospitals in Türkiye 
from 1 January 2019 to 20 November 2024. All data were obtained via an online data collection system 

by the designated physician at each centre. Patients with laboratory-confirmed CCHF infection who 
were hospitalized were included in the study. Univariate analyses and time-dependent Cox regression 
were conducted.
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Results: Of the 1103 patients, 65.7% (725/1102) were men; 87.2% (962/1103) resided in rural areas; and 
the mean age was 53 years. Ticks were identified as the transmission route in 68.4% (755/1103) of the 
cases. Comorbidities included diabetes mellitus, chronic heart disease, and hypertension; 4.6% (51/ 
1103) of the patients developed healthcare-related infections. Intensive care unit admission was 
required in 8.0% (88/1103) of the patients, and the overall mortality rate was 5.1% (56/1103). In uni-
variate analyses, age ≥50 years (odds ratio [OR], 3.1; 95% CI, 1.58—6.08; p < 0.001) and diabetes 
mellitus (OR, 4.49; 95% CI, 2.20—9.18; p < 0.001) were associated with increased mortality. Both 
variables remained statistically significant predictors in the multivariate analysis. Although early 
ribavirin administration, ≤96 hours from symptom onset, did not reach statistical significance in 
univariate analysis (OR, 0.52; 95% CI, 0.26—1.05; p = 0.065), it was significantly associated with 
reduced mortality in time-dependent Cox regression (adjusted hazard ratios, 0.21; 95% CI, 0.07—0.69; 
p = 0.010).
Discussion: Key factors such as age and comorbidities can predict mortality in CCHF patients. Timely 
identification of these predictors, along with early administration of ribavirin, may contribute to 
improved survival and better clinical outcomes. Deniz Güllü, Clin Microbiol Infect 2025;31:2056
© 2025 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All 

rights are reserved, including those for text and data mining, AI training, and similar technologies.

Introduction

The World Health Organization estimates that climate-related 
factors, including vector-borne diseases, will contribute to an 
additional 250 000 deaths annually in the next decades [1,2]. With 
climate change driving significant shifts in global vector pop-
ulations, vector-borne disease outbreaks have been observed in 
regions previously considered low-risk [3]. One example is 
Crimean-Congo haemorrhagic fever (CCHF), which has the widest 
geographic range among clinically significant tick-borne viral 
infections [4]. Historically, CCHF has been observed in southern 
and Eastern Europe, North Africa, the Middle East, and West Asia 
[5]. Recently, CCHF has expanded beyond these higher-risk 
regions, and cases have been observed in Spain [6] since 2016 
and in Portugal [7] since 2024. This broad distribution highlights 
the growing relevance of CCHF, as rising global temperatures and 
shifting ecosystems expand the habitat of its vector, the Hyalomma 
tick. Emphasizing the rising global significance of CCHF, Hyalomma 
ticks have also been recorded in Southern France [8], Greece [9], 
and Sweden [10].

CCHF is caused by the CCHF virus, part of the Nairovirus genus 
in the Bunyaviridae family, and is often transmitted by ticks or 
exposure to bodily fluids of infected individuals or animals [11]. 
The CCHF often progresses rapidly and severely, typically begin-
ning with nonspecific symptoms such as fever and myalgia, fol-
lowed by haemorrhagic manifestations [4]. Despite 
improvements, the mortality rate remains at 10% to 50% [12,13]. 
Although some studies have suggested the role of ribavirin 
administration in improving outcomes, current clinical manage-
ment relies heavily on supportive care with no approved use of 
antiviral medications. In addition, although several severity scor-
ing systems have been proposed [14—16], findings have been 
limited by sample size, unicentric study design, and a lack of 
external validation. Reliable identification of high-risk patients 
and timely initiation of appropriate treatment, therefore, remains 
difficult. As CCHF continues to emerge in new regions and clinical 
severity varies widely, there is a pressing need to identify patients 
most at risk of developing severe disease.

This study represents one of the largest efforts to date, ana-
lysing data from 1103 laboratory-confirmed CCHF patients across 
18 centres in Türkiye to identify prognostic indicators for 
mortality.

Methods

Study design and setting

This retrospective multicentre cohort study aimed to identify 
factors associated with in-hospital mortality among patients 
diagnosed with CCHF. Data were collected from 18 hospitals 
located in endemic regions of Türkiye between January 2019 and 
November 2024 using a centralized online system completed by 
designated physicians.

Participants

Eligible patients were those hospitalized with clinical suspicion 
of CCHF and laboratory-confirmed infection, defined as positive 
RT-PCR for CCHF virus, performed by the national reference lab-
oratory. All patients who met these criteria during the study 
period were included.

Variables and outcome

The primary outcome was in-hospital mortality. The primary 
exposure of interest was the timing of ribavirin initiation. Epi-
demiological data were obtained through patient or caregiver 
recall at the time of admission, whereas clinical data were 
extracted from hospital records by the treating physicians. Data 
entry was manually verified by hospital physicians and cross-
checked centrally for consistency. A complete list of variables, 
their definitions, collection methods, and measurement units is 
provided in File S1.

Statistical analysis

Descriptive statistics were used to summarize patient charac-
teristics. Categorical variables were reported as frequencies and 
percentages, and continuous variables as medians with inter-
quartile ranges (IQR). Univariate analyses were conducted to 
identify variables associated with in-hospital mortality, using chi-
square or Fisher's exact test for categorical variables, and the 
Mann—Whitney U-test for continuous variables. The association 
between ribavirin timing and mortality was also assessed across 
predefined thresholds (e.g. 96 hours from symptom onset) by
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categorizing patients into early versus no/late treatment groups. 
Odds ratio (OR) and 95% CIs were reported.

To address immortal time bias and model treatment timing 
appropriately, a time-dependent Cox proportional hazards 
regression analysis was performed using the data set truncated at 
30 days of follow-up. Ribavirin was included as a time-varying 
covariate, with patients contributing unexposed time from 

symptom onset until ribavirin initiation, and exposed time 
thereafter. Those who received ribavirin within 96 hours of 
symptom onset were categorized as early treated, whereas 
patients receiving it later or not at all comprised the comparison 
group. Patients who initiated treatment on the day of death were 
considered exposed, with a minimal survival interval assigned. 
Variables for the multivariable model were selected a priori based 
on clinical relevance, not solely on statistical significance. This 
included age ≥50 years, sex, farmer, and comorbidities including 
diabetes mellitus (DM), chronic heart disease, and hypertension. 
The model did not use automatic variable selection procedures. 
Only patients with complete data for all variables included in the 
model were analysed. Proportional hazards assumptions were 
evaluated using Schoenfeld residuals via the Grambsch-Therneau 
test, whereas ties were handled using the Breslow method. 
Adjusted hazard ratios (aHRs) with 95% CIs were reported. Stat-
istical significance was defined as a 2-tailed p value < 0.05. Anal-
yses were performed using IBM SPSS Statistics for Windows, 
Version 27.0 (IBM Corp) and Stata 17.0 (StataCorp).

Ethical considerations

The study was approved by the Koç University School of Medi-
cine Ethics Board (IRB: 2023.381.IRB1.134). The requirement for 
informed consent was waived due to the retrospective study design.

Results

Characteristics of the study population

A total of 1103 hospitalized patients with laboratory-confirmed 
CCHF were included from 18 hospitals across Türkiye between 
2019 and 2024 (Fig. 1A, B). The median age was 53 years (IQR, 
41—63.5), and 65.7% (725/1102) were men. Most patients (962/ 
1103, 87.2%) were residents of rural areas, and 76% (838/1103) 
reported farming or animal husbandry as their occupation.

Transmission and incubation

Most patients (755/1103, 68.4%) reported a recent tick bite as 
the suspected route of transmission, followed by 15.4% (170/1103)

with direct contact with animals. Although no cases of sexual 
transmission were identified, 8 patients reported exposure 
through contact with blood or body fluids, and 2 healthcare 
workers acquired the infection via needlestick injury while man-
aging CCHF patients. Among those with a reported tick bite, the 
median incubation period was 2 days (IQR, 1—4).

Clinical features and symptom onset

The median time from symptom onset to hospitalization was 
3 days. The most common prodromal symptoms were fever (849/ 
1103, 77%), myalgia (793/1103, 71.9%), and fatigue (950/1103, 
86.1%). Haemorrhagic manifestations occurred in 15.6% (172/1103) 
of patients, most frequently presenting as epistaxis followed by 
gingival bleeding and ecchymosis.

Comorbidities and coinfections

The most frequently reported comorbidity was hypertension, 
observed in 8% (88/1103) of patients, followed by DM in 5.9% (65/ 
1103) and chronic heart disease in 4.6% (51/1103). Other comorbid 
conditions were rare, each occurring in fewer than 10 patients. 
Coinfections were documented in 29 patients, whereas Healthcare 
related infections (HRIs) developed in 4.6% (51/1103) during 
hospitalization.

Treatment

Ribavirin was administered to 36.4% (401/1103) of patients, 
with a median initiation time of 3 days after symptom onset. Blood 
products and adjunctive therapies such as fresh frozen plasma, 
platelet transfusion, or plasmapheresis were used in 17.1% (189/ 
1103) of patients.

Outcomes

Among the total cohort, 8.0% (88/1103) were admitted to the 
intensive care unit (ICU), and 5.1% (56/1103) died during hospi-
talization (Fig. 1B). The median hospital stay was 7 days (IQR, 5—9), 
and the median ICU stay among those admitted was 3 days (IQR, 
2—6).

Laboratory values

Compared with survivors, patients who died had significantly 
lower haemoglobin levels, white blood cells, and platelet counts, 
as well as prolonged activated partial thromboplastin time. 
Markers of organ damage and inflammation, such as alanine

Fig. 1. (A) Heatmap of the geographical distribution of cases across 18 centres in Türkiye. (B) Distribution of cases across 18 centres in Türkiye between years 2019 and 2024 
illustrating cases recovered from hospital (without ICU admission), recovered from ICU, mortality at ICU, and mortality at hospital (without ICU admission). ICU, intensive care unit.
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aminotransferase, aspartate aminotransferase, lactate dehydro-
genase, and creatine kinase, were all significantly elevated among 
nonsurvivors. Additionally, serum creatinine and blood urea 
nitrogen levels were higher in patients who died. The full com-
parison of laboratory findings between survivors and nonsurvivors 
is presented in Table 1.

Risk factors for mortality

In univariate analysis, patients aged ≥50 years had significantly 
higher odds of mortality compared with younger individuals (OR, 
3.1; 95% CI, 1.58—6.08; p < 0.001). Those working in agriculture 
were less likely to experience fatal outcomes than individuals in 
other occupations (OR, 0.55; 95% CI, 0.31—0.97; p = 0.036). 
Although early initiation of ribavirin at all tested thresholds was 
associated with reduced odds of death, none of the time cutoffs 
reached statistical significance; initiation within 72 and 96 hours 
demonstrated the strongest protective trends (p = 0.060 and 
p = 0.065, respectively). Additional results on clinical manifes-
tations, comorbid conditions, and therapeutic interventions are 
summarized in Table 2.

In the multivariable Cox regression model, a total of 1044 
patients were included, with 50 mortality events. After adjustment 
for covariates, ribavirin administration within ≤96 hours from 

symptom onset was independently associated with a significantly 
lower risk of in-hospital mortality (aHR, 0.21; 95% CI, 0.07—0.69; 
p = 0.010). Increased age (aHR, 2.56; 95% CI, 1.24—5.30; p = 0.011) 
and DM (aHR, 2.71; 95% CI, 1.28—5.74; p = 0.009) were also sig-
nificantly associated with higher mortality (Table 3). No violation of 
the global proportional hazards assumption was detected. The 
unadjusted Kaplan—Meier survival curves comparing early ribavirin 
administration versus no or late treatment are presented in Fig. 2.

Discussion

In this large multicentre study of 1103 hospitalized patients 
with laboratory-confirmed CCHF in Türkiye, we analysed key 
demographic and clinical characteristics, disease outcomes, and 
treatment patterns to identify factors associated with mortality. 
Our results contribute to the growing body of evidence on CCHF

severity predictors, particularly in endemic regions, and offer 
insights into the timing of antiviral treatment.

In the same period, from 2019 to 2024, a total of 6570 
laboratory-confirmed patients were reported from the Ministry of 
Health of Türkiye [17]. Our study included detailed clinical, labo-
ratory, and outcome features of 17% of the cases, and the geo-
graphical distributions of the cases were parallel, as presented in 
Fig. 1A.

The median age of patients was 53 years, with a male pre-
dominance (725/1102, 66%), and most residing in rural areas (962/ 
1103, 87%). In Türkiye, CCHF predominantly affects middle-aged 
males in rural settings due to occupational exposure to ticks and 
livestock. Comparatively, data from Iraq show a younger mean age 
of 36 years, with 58.9% males and 45.2% residing in rural areas [18]. 
Demographic variations may indicate different patterns of 
urbanization and occupational exposure, underscoring the 
importance of regional epidemiological factors in CCHF trans-
mission and risk profiles.

Mortality and ICU admission rates in CCHF patients vary widely 
across countries and studies. The World Health Organization 
estimates case fatality rates between 10% and 40%, reflecting dif-
ferences in surveillance quality, diagnostic capacity, healthcare 
infrastructure, and case reporting patterns across affected regions 
[19]. In our study, the mortality rate was 5.1% (56/1103), which is 
compatible with the Ministry of Health report [17], and the ICU 
admission rate was 8% (88/1103). The fluctuation may stem from 

study design, better access to care, earlier recognition at high-
volume centres, and greater resource availability. Notably, 21 
patients in our cohort died without ICU admission (Fig. 1B), likely 
due to late presentation and critical illness at the time of hospital 
arrival.

In our cohort, older age was independently associated with 
higher mortality (p = 0.008), aligning with previous studies that 
identified age as a strong predictor of poor outcomes [20]. The 
protective trend observed among farmers may reflect increasing 
awareness and early presentation in this high-risk population. DM 

was found to be a risk factor for mortality in univariate analysis 
(p < 0.001, Table 2), contradicting some studies in the literature 
that have found no association between DM and CCHF severity 
[21]. The association between DM and mortality also remained 
significant after adjustment (p = 0.009, Table 3). This could be

Table 1
Comparison of laboratory findings between patients who died and those who survived

Variables Survived (n = 1047) Died (n = 56) Test statistic (Z) p value

Haemoglobin level (g/dL) 14.2 (13—15.3; n = 1045) 13.5 (12.5—15; n = 54) − 1.86 0.062
White blood cell count (× 10 3 /uL) 2.6 (1.84—3.74; n = 1047) 3.3 (1.78—5.75)

(n = 54)
− 2.11 0.035

Lymphocyte (× 10 3 /uL) 0.57 (0.39—0.89; n = 969) 0.68 (0.38—1.26)
(n = 50)

− 1.35 0.176

Platelet count (× 10 3 /μL) 89 (46—127; n = 1046) 39 (21—121; n = 54) − 3.7 <0.001
aPTT (s) 32 (28—37; n = 1013) 38 (29—54; n = 52) − 3.2 0.001
INR 1.08 (0.98—1.2; n = 1012) 1.1 (0.98—1.4; n = 49) − 1.46 0.143
Fibrinogen (mg/dL) 254 (210—300; n = 620) 230 (145—284; n = 31) − 1.94 0.052
D-Dimer (g/L) 1.8 (0.84—4.56; n = 315) 4.76 (1.08—35.2; n = 22) − 2.1 0.036
ALT (U/L) 58 (30—124; n = 1046) 135 (54—397; n = 54) − 4.47 <0.001
AST (U/L) 106 (45—251; n = 1046) 222 (77—1161; n = 54) − 3.88 <0.001
LDH (U/L) 420 (275—675; n = 996) 766 (383—2836; n = 52) − 5.43 <0.001
CK (U/L) 278 (136—680; n = 990) 388 (202—1005; n = 49) − 2.04 0.041
BUN (mg/dL) 25 (15.5—38; n = 951) 33 (17.4—47; n = 51) − 2.49 0.013
Creatinine (mg/dL) 0.88 (0.7—1.02; n = 1034) 0.94 (0.7—1.53; n = 54) − 2.4 0.016
CRP (mg/L) 9.5 (3.3—27; n = 918) 15 (4.3—43.7; n = 48) − 1.8 0.072
PCT (ng/mL) 0.17 (0.1—0.5; n = 511) 0.53 (0.1—1; n = 27) − 2.37 0.018
Ferritin (g/mL) 1.65 (0.61—2; n = 282) 1.83 (0.99—2.4; n = 8) − 0.76 0.448

Continuous variables are presented as median (interquartile range). Died and survived group sizes are reported per variable due to missing data. Mann—Whitney U-tests 
were used to compare distributions between groups; Z-statistics are reported in place of U due to large sample sizes. p values < 0.05 were considered statistically significant 
and are shown in bold and underlined.
aPTT, activated partial thromboplastin time; INR, international normalized ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydro-
genase; CK, creatine kinase; BUN, blood urea nitrogen; CRP, C-reactive protein; PCT, procalcitonin.
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attributed to the endothelial dysfunction frequently observed in 
patients with DM [22]. Since endothelial dysfunction plays a key 
role in CCHF pathogenesis, preexisting comorbidities that impair 
endothelial function could worsen disease progression in affected 
patients [23].

HRIs significantly impact hospitalized patients, especially those 
with preexisting infections. In our cohort, 51 patients developed 
secondary infections, most commonly soft tissue infections 
(phlebitis, n = 14), followed by catheter-related bloodstream 

infections (n = 12), pneumonia (n = 8), and urinary tract infections 
(n = 6). These complications necessitate broad-spectrum anti-
biotics and supportive care, complicating care and outcomes. HRIs 
were significantly associated with in-hospital mortality

Table 2
Univariate analysis of factors associated with in-hospital mortality

Variable N = survived (%) N = died (%) OR CI (95%) p value

Sex
Female 354 (34.3) 18 (32.1)
Male 687 (65.7) 38 (67.9) 1.103 0.621—1.961 0.738

Age
<50 y 456 (44.2) 11 (20.4)
≥50 y 575 (55.8) 43 (79.6) 3.100 1.581—6.080 <0.001

Occupation
Others 245 (23.4) 20 (35.7)
Farmer 802 (76.6) 36 (64.3) 0.550 0.313—0.967 0.036

Hospitalization after symptom onset 
<4 d 627 (61.5) 32 (59.3)
≥4 d 392 (38.5) 22 (40.7) 1.100 0.630—1.920 0.738

Clinical symptoms
Fever 811 (77.5) 38 (67.9) 0.614 0.344—1.096 0.096
Myalgia 755 (72.1) 38 (67.9) 0.816 0.459—1.454 0.490
Abdominal pain 246 (23.5) 22 (39.3) 2.107 1.210—3.670 0.007
Vomiting 428 (40.9) 25 (44.6) 1.166 0.679—2.004 0.577
Diarrhoea 270 (25.8) 23 (41.1) 2.006 1.157—3.477 0.012
Headache 539 (51.5) 29 (51.8) 1.012 0.591—1.734 0.964
Conjunctivitis 169 (16.1) 5 (8.9) 0.509 0.200—1.295 0.149
Rash 153 (14.6) 8 (14.3) 0.974 0.452—2.099 0.946
Haemorrhage 154 (14.7) 18 (32.1) 2.747 1.528—4.937 <0.001
Fatigue 908 (86.7) 42 (75) 0.459 0.244—0.863 0.013
Loss of appetite 357 (34.1) 19 (33.9) 0.993 0.563—1.751 0.979

Haemorrhage type
No haemorrhage 904 (86.3) 39 (69.6) 1 (ref)
Petechiae 39 (3.7) 2 (3.6) 1.189 0.277—5.102 0.816
Ecchymosis 15 (1.4) 4 (7.1) 2.865 1.417—5.790 0.003
Haemorrhage 89 (8.5) 11 (19.6) 6.181 1.960—19.49 0.002

Haemorrhage site
Gingival 40 (3.8) 4 (7.1) 1.937 0.668—5.617 0.276
Epistaxis 47 (4.5) 6 (10.7) 2.553 1.042—6.254 0.047
Vaginal 31 (3.0) 1 (1.8) 0.596 0.080—4.446 0.919
Rectal 15 (1.4) 5 (8.9) 6.745 2.359—19.28 0.002

Comorbidities
Diabetes mellitus 54 (5.2) 11 (19.6) 4.495 2.201—9.178 <0.001
Chronic heart disease 46 (4.4) 5 (8.9) 2.133 0.813—5.599 0.177
Hypertension 81 (7.7) 7 (12.5) 1.704 0.748—3.883 0.203

Healthcare-related Infections
No 1003 (95.8) 49 (87.5)
Yes 44 (4.2) 7 (12.5) 3.256 1.395—7.600 0.012

Treatment
Ribavirin 382 (36.5) 19 (33.9) 0.894 0.507—1.576 0.698
Vitamin K 8 (0.8) 8 (14.8) 22.06 7.928—61.41 <0.001
Plasmapheresis 25 (2.4) 9 (17.3) 8.355 3.677—18.99 <0.001
Fresh Frozen Plasma 146 (14.2) 43 (76.8) 20.03 10.51—38.16 <0.001
Dexamethasone 146 (14.2) 43 (76.8) 20.03 10.51—38.16 <0.001
Prednisolone 57 (5.6) 4 (7.4) 1.354 0.473—3.882 0.541
Thrombocyte 289 (28) 46 (82.1) 11.84 5.897—23.78 <0.001
Erythrocyte Suspension 35 (3.5) 13 (23.2) 8.456 4.174—17.13 <0.001

Ribavirin treatment initiation
≤24 h 88 (8.4) 1 (1.8) 0.198 0.027—1.449 0.080
≤48 h 169 (16.1) 5 (8.9) 0.509 0.200—1.295 0.149
≤72 h 244 (23.3) 7 (12.5) 0.470 0.210—1.051 0.060
≤96 h 307 (29.3) 10 (17.9) 0.524 0.261—1.052 0.065

p values were considered statistically significant and are shown in bold and underlined. 
OR, odds ratio.

Table 3
Time-dependent Cox regression model evaluating the effect of early ribavirin 
administration on in-hospital mortality truncated at 30 days

Variables aHR 95% CI p value

Being a female 0.611 0.323—1.153 0.128
Age (≥50 y) 2.565 1.241—5.301 0.011
Being a farmer 0.604 0.328—1.114 0.106
Diabetes mellitus 2.708 1.278—5.739 0.009
Chronic heart disease 1.242 0.481—3.208 0.654
Hypertension 0.951 0.404—2.239 0.909
Ribavirin initiation within ≤96 h 0.214 0.066—0.694 0.010

p values were considered statistically significant and are shown in bold. 
aHR, adjusted hazard ratio.
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(p = 0.012). This association is likely bidirectional, as many HRIs 
are acquired during hospital stays, reflecting the risks of prolonged 
hospitalization and invasive interventions.

An association with mortality was observed for several treat-
ment options relevant to the haemorrhagic phase, including those 
aimed at addressing coagulation issues and supporting blood 
volume (Table 2). This inverse association, where more treatment 
correlates with higher mortality, is likely due to confounding by 
indication. This means patients who were more severely ill receive 
more intensive interventions as a last resort. Hence, the observed 
links probably reflect illness severity, not a direct negative effect of 
the treatments themselves.

The role of ribavirin administration in the management of CCHF 
has remained an important topic of debate. Several studies have 
suggested that ribavirin has great potential in reducing adverse 
outcomes [13,24,25], whereas others have found no significant 
benefit of ribavirin use [26—28]. In our study, although early 
ribavirin administration showed no statistically significant asso-
ciation with mortality in univariate analysis (Table 2), this likely 
reflects methodological limitations such as immortal time bias. In 
contrast, the time-dependent Cox regression model, which 
accounted for treatment timing, demonstrated a statistically sig-
nificant protective effect of early ribavirin use on survival (Table 3). 
Additionally, ribavirin use was determined by individual clinicians 
at participating centres in the absence of standardized national 
guidelines, resulting in variations in treatment timing. In some 
cases, ribavirin may have been administered too late, particularly 
in patients with severe haemorrhagic symptoms, reducing its 
potential to alter the disease course [13].

This study has several limitations inherent to its retrospective 
observational design. First, the reliance on clinical documentation 
and patient or family recall introduces the potential for recall bias, 
particularly regarding symptom onset and tick bite history. Sec-
ond, in the absence of a national treatment guideline for ribavirin 
use in CCHF, treatment decisions were made at the discretion of 
local clinicians, possibly introducing variability in indications for 
initiation. Although we applied time-dependent modelling to 
minimize immortal time bias and adjusted for key clinical cova-
riates, the possibility of residual confounding remains. Unmeas-
ured factors, such as disease severity not fully captured by

available variables, could partially explain the observed associa-
tion between ribavirin administration and improved survival. 
Other potential confounders, including differences in supportive 
care, clinical decision-making, or timing of hospital admission, 
may also have contributed to the observed outcomes. Finally, as 
only the oral formulation of ribavirin is available in Türkiye, its use 
may have been restricted in patients with gastrointestinal bleed-
ing, including gingival or oral mucosal haemorrhage. Despite these 
limitations, this study offers important observational evidence 
regarding the potential role of ribavirin and other risk factors in 
influencing mortality.

Conclusion

Our findings suggest a potential clinical benefit of early rib-
avirin administration in patients with CCHF. In this observational 
cohort, initiation of ribavirin within 96 hours of symptom onset 
was independently associated with a reduced risk of in-hospital 
mortality. Although this supports the plausibility of a time-
sensitive antiviral effect, the absence of standardized treatment 
protocols, the retrospective design, and the exclusion of non-
hospitalized cases limit the generalizability and causal inter-
pretation of these results. Future studies should aim to establish 
clear criteria for initiation timing and integrate patient demo-
graphics, laboratory trends, and treatment responses to better 
define ribavirin's role and contribute to the development of unified 
clinical management guidelines for CCHF. The findings of this 
study may serve as a basis for generating hypotheses and 
informing the design of such prospective investigations.
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