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only borderline significance (p = 0.055). The mean BD-2 level 
of the severe group was 5,507.45 ± 4,327.06 pg/ml, while it 
was 3,611.52 ± 3,676.73 pg/ml in the mild/moderate group, 
and both were significantly higher than that of the control 
group (p = 0.001).  Conclusion:  In this study, the expression 
of serum BD-2 was raised in patients with CCHF, and this in-
crease may beneficially affect survival. Studies with larger 
sample sizes are needed to confirm the association of serum 
BD-2 with CCHF prognosis.  © 2015 S. Karger AG, Basel 

 Introduction 

 Crimean-Congo hemorrhagic fever virus (CCHFV) is 
a member of the Bunyaviridae family that belongs to the 
genus Nairovirus. The vectors of CCHFV are ticks that 
belong to the genus  Hyalomma , particularly  Hyalomma 
marginatum   [1] . Inflammatory mediators are key ele-
ments of the immune response during the course of 
CCHF infection. Natural killer cell activation, macro-
phage activation and hemophagocytosis are probable 
pathological processes in CCHF  [2] . Endothelial injury is 
thought to be caused by the release of proinflammatory 
cytokines in response to the infection rather than being a 
direct effect of the virus  [2, 3] . The CCHFV-induced 
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 Abstract 

  Objective:  The aim of this study was to investigate the role 
of the clinical course and prognosis of serum levels of 
β-defensin-2 (BD-2) in patients with Crimean-Congo hemor-
rhagic fever (CCHF).  Subjects and Methods:  Patients who 
were hospitalized in the Department of Infectious Diseases 
and Clinical Microbiology of the Faculty of Medicine, Ataturk 
University, were considered for inclusion in this study. The 
patients had positive real-time reverse transcription poly-
merase chain reaction and/or enzyme-linked immunosor-
bent assay results of the CCHF virus. There were 60 patients 
with CCHF in the study group and 25 healthy participants in 
the control group. Serum BD-2 levels were measured using 
ELISA. Data were analyzed using the Student t test or Mann-
Whitney U test.  Results:  Of the 60 patients, 6 (10%) died and 
54 (90%) were discharged following their recovery. The 
mean BD-2 level of the patient group was significantly high-
er (4,180.30 ± 3,944.19 pg/ml) than that of the control group 
(964.45 ± 266.07 pg/ml; p = 0.001). Serum BD-2 levels of the 
patients with fatal (1,529.81 ± 1,028.14) and nonfatal disease 
(4,474.80 ± 4,041.58) differed, but this difference showed 
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damage of the endothelium activates an intrinsic coagula-
tion cascade and increases thrombocyte adhesion and ag-
gregation, resulting in disseminated intravascular coagu-
lation and multiple organ dysfunction. Hemorrhage is 
the main cause of death in CCHFV  [3] . 

  Small cationic antimicrobial peptides, which are re-
leased by several cells, protect the host against attacks 
from microorganisms. β-Defensin-2 (BD-2) is mainly 
synthesized by the skin, respiratory tract and gastrointes-
tinal system cells in response to various stimuli, such as 
lipopolysaccharides and cytokines. BD-2 levels have been 
studied in various viral diseases  [2, 4] , but no study has 
investigated BD-2 levels in CCHF. BD-2 has viral infec-
tion-suppressing functions which act via different path-
ways. For example, BD-2 exhibits antiviral activity by com-
promising the viral envelope and inhibiting the entry of 
the virus into the cell  [4]  by interacting with viral glyco-
proteins and receptors  [4] . It also affects cellular signal 
pathways involved in viral replication  [4] .

  The purpose of this study was to compare serum BD-2 
levels in patients with CCHF and healthy individuals. We 
also aimed to elucidate the role of BD-2 levels in deter-
mining the clinical course of the disease and disease prog-
nosis by comparing patients with mild-moderate and se-
vere CCHF. 

  Patients and Methods 

 Patient Selection 
 Patients hospitalized at the Department of Infectious Diseases 

and Clinical Microbiology, Faculty of Medicine, Atatürk University, 
Medical School Hospital, between March 2009 and August 2010 
were included in the study. All the patients were diagnosed with 
CCHF according to a real-time reverse transcription polymerase 
chain reaction (RT-PCR) assay and/or an enzyme-linked immuno-
absorbent assay (ELISA) of specimens based on the criteria of 
Swanepoel et al.  [5] , the modified criteria of Ergonul et al.  [6]  and 
clinical criteria of a poor prognosis  [7, 8] . Sixty patients (34 males 
and 26 females) and 25 healthy controls (14 males and 11 females) 
were studied. The patients were divided into two groups: those with 
mild-moderate disease (n = 42) and those with severe disease (n 
=18). All the patients were living in rural areas or had a history of 
visiting such areas; of these, 29 were engaged in farming; 18 were 
housewives, of whom 11 were also engaged in farming; 7 were in-
volved in animal husbandry; 1 was a student, and the remaining 5 
were from other occupational groups. 

  According to the criteria of Swanepoel et al.  [5] , severe disease 
is defined as the presence of at least one of the following labora-
tory values in the first 5 days after the onset of clinical symptoms, 
while absence of these symptoms indicates mild disease: a blood 
leukocyte count  ≥ 10,000/mm 3 , thrombocyte count  ≤ 20,000/mm 3 , 
aspartate aminotransferase (AST)  ≥ 200 IU/l, alanine amino trans-
ferase (ALT)  ≥ 150 IU/l, activated partial thromboplastin time 

(aPTT)  ≥ 60 s or a fibrinogen level  ≤ 110 μg/dl. Confusion, nuchal 
rigidity, bleeding from more than one source, prolonged fever, dis-
turbed consciousness, splenomegaly, somnolence, hematemesis, 
melena, high fever, disseminated intravascular coagulation and 
kidney failure are clinically recognized criteria for a poor progno-
sis  [8–10] . The patient data (epidemiological, demographic, clini-
cal and laboratory) were recorded on previously prepared forms. 
The results were compared with values from 25 healthy controls.

  Method 
 Patient blood specimens were collected on a voluntary basis. 

Informed consent forms were signed by the patients or their rela-
tives. A 5-ml blood sample was collected from an appropriate pe-
ripheral vein immediately after hospitalization. After 30 min, the 
blood was centrifuged for 5 min at 2,000 rpm, and the serum was 
separated by decantation. A 1-ml serum sample was transferred to 
one tube and 2 ml to another tube. Serum samples (2 ml) were sent 
to the Refik Saydam Hygiene Center Reference Laboratory in ac-
cordance with appropriate transportation norms of the Erzurum 
Provincial Health Directorate. The patients included in this study 
had CCHFV confirmed by PCR in the reference laboratory. Twen-
ty-five healthy individuals were enrolled as a control group. The 
patient and control group sera (in 1-ml tubes) were stored at 
–70   °   C until assayed. On the day of the study, the sera were thawed 
at +5   °   C in a refrigerator.

  Serum AST, ALT, creatine phosphokinase (CK) and lactate de-
hydrogenase (LDH) levels were measured using original kits 
(Roche Diagnostics, Mannheim, Germany). Biochemical mea-
surements were performed using standard laboratory methods. 
Hemogram parameters were determined with the Beckman Coul-
ter LH 780 (Beckman Coulter Ireland Inc./Mervue, Cork, Ireland) 
device in the laboratory. Hemogram parameters were analyzed us-
ing standard biochemical techniques and kits (LH 780). Prothrom-
bin time (PT), international normalized ratio (INR) and aPTT 
were analyzed using an ACL Top 700 ®  (Instrumentation Labora-
tory, Bedford, Mass., USA).

  Measurement of BD-2 Levels 
 Serum BD-2 levels were measured using a commercial Phoenix 

brand ELISA kit (lot No. 602700; Phoenix Pharmaceuticals Inc., 
Burlingame, Calif., USA). Wells were covered with recombinant 
anti-human BD-2. A standard or specimen was pipetted into the 
well to enable BD-2 molecules to bind to anti-human BD-2 anti-
bodies in the stable phase. Conjugate labeled with biotin, another 
antibody developed against BD-2, was then added, and BD-2 
bound to this molecule, resulting in a sandwich structure. Follow-
ing washing, peroxidase enzyme labeled with streptavidin was 
added. This enzyme binds to the conjugates marked with biotin. A 
blue-colored product emerged with the addition of the peroxidase 
substrate 3,3 ′ ,5,5 ′ -tetramethylbenzidine. The concentration of 
BD-2 in the specimen was directly proportional to the intensity of 
this blue color. In the final stage, a ‘stop solution’ was added to the 
wells to halt the reaction catalyzed by peroxidase, turning the col-
or of the solution in the wells from blue to yellow. The density of 
this color was measured at a wavelength of 450 nm. A standard 
curve was produced using concentrations corresponding to the 
absorbance obtained using the same procedure and standards that 
were obtained from serial dilutions, and the BD-2 concentrations 
in the specimens were determined using that curve.
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  Statistical Analysis 
 Standard data are expressed as numbers, percentages, and 

means ± SD. The data were analyzed with IBM SPSS 20.0 (Chicago, 
Ill., USA) software. Data with a normal distribution were analyzed 
with the Kolmogorov-Smirnov test. An independent-group Stu-
dent t test was used to analyze the age of the patient and the control 
group. Gender distribution within both groups was analyzed using 
a χ 2  test. The mean BD-2 levels at the time of presentation were 
measured with an independent-group Student t test. BD-2 levels 
of the mild-moderate, severe and control groups were analyzed 
with the Kruskal-Wallis test, and two-way comparisons were per-
formed with the Mann-Whitney test. Surviving, nonsurviving and 
control group BD-2 levels, hemorrhage, altered consciousness and 
pulmonary findings were analyzed with the Mann-Whitney test. 
Spearman’s correlation analysis of BD-2 levels with ALT, AST, CK, 
LDH, PT, aPTT, INR, white blood cell (WBC) and platelet (PLT) 
counts was performed. A p value <0.05 was regarded as statisti-
cally significant. 

  Results 

 The mean age of the patient group was 50.48 ± 16.85 
years, while that of the control group was 50.88 ± 14.85 
years. The sex and gender distributions were similar in 
both the patient and the control group. Of the 60 patients, 
18 (30%) patients had severe disease, while 42 (70%) had 
mild-moderate disease. Of the 60 patients enrolled in the 
study, 6 (10%) died and 54 (90%) were discharged in a 
healthy condition.

  Of the 60 patients, 45 (75%) had a history of tick con-
tact while the other 15 (25%) had no contact with ticks. 
The mean incubation period in the patients with a known 
history of contact with ticks was 3.7 ± 1.5 days (1–10 
days). 

  Blood from the patients was collected 3.2 ± 1.5 days 
(mean; range 1–7 days) after the onset of symptoms. The 
most common symptoms were fever (97%), lethargy 

(95%) and loss of appetite (80%). Hemorrhage was ob-
served during hospitalization or at subsequent follow-ups 
in 13 (22%) patients, most commonly from the gums 
(8%) and nose (8%). Melena was present in 1 (2%) patient 
during hospitalization.

  Physical Examination  
 The most common findings of physical examination 

in the patients were facial hyperemia (62%); 55% had hy-
peremia in the oropharyngeal mucosa and 38% had con-
junctival hyperemia. Severe hemorrhage developed in 6 
(10%) of the patients during monitoring. Four of these 
patients died, and the other 2 were discharged in a healthy 
condition. Rectus muscle bleeding was observed in 1 (2%) 
patient, and hemarthrosis in another patient. Radiologi-
cally, panbronchiolitis was seen in 1 patient, and wide-
spread pneumonic infiltration was observed in 2 others 
who died. Bradycardia was observed in 3 (5%), who were 
discharged in a healthy condition. Atrial fibrillation de-
veloped in 1 (2%) patient, who subsequently died. The 
laboratory values of the patients are shown in  table 1 .

  There was no significant association between patient 
age and BD-2 values (p = 0.761). There was also no sig-
nificant difference between the BD-2 levels in males 
(3,757.69 ± 3,428.04 pg/ml) and females (4,732.95 ± 
4,543.26 pg/ml; p = 0.347). BD-2 levels were lower in de-
ceased patients (1,529.81 ± 1,028.14 pg/ml) than in survi-
vors (4,474.80 ± 4,041.58 pg/ml), but the difference was 
not significant (p = 0.055). Analysis of BD-2 levels ac-
cording to the day of symptom onset showed no signifi-
cant difference between onset on days 1–3 and 4–7 (p = 
0.667). In the severe group, BD-2 levels were higher 
(5,507.45 ± 4,327.06 pg/ml) than those in the mild-mod-
erate group (3,611.52 ± 3,676.73 pg/ml), although the dif-
ference was not statistically significant (p = 0.088). A 

 Table 1.  Various laboratory findings (means ± SD and ranges) in surviving and nonsurviving patients

Deceased (n = 6) Recovered (n = 54)

WBC, 103/mm3 4,640 ± 2,880 (2,700 – 9,900) 2,278 ± 1,003 (770 – 6,300)
PLT, n/mm3 26,500 ± 23,450 (13,000 – 73,000) 68,130 ± 34,861 (1,200 – 151,000)
AST, IU/l 802 ± 1,112 (57 – 3,000) 217 ± 345 (27 – 2,413)
ALT, IU/l 253 ± 319 (27 – 870) 105 ± 118 (16 – 605)
CK, IU/l 912 ± 550 (229 – 1,853) 634 ± 659 (34 – 2,408)
LDH, IU/l 2,187 ± 2,340 (384 – 6,496) 582 ± 467 (199 – 3,186)
PT, s 17.3 ± 2.08 (15 – 19.6) 14.4 ± 1.81 (11 – 19.4)
aPTT, s 44.7 ± 5.6 (38.6 – 52.2) 34.6 ± 5 (21.9 – 50.7)
INR 1.58 ± 0.27 (1.22 – 1.9) 1.14 ± 1.18 (0.86 – 1.68)
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comparison of serum BD-2 levels in patients with or with-
out hemorrhage (p = 0.120) and those with or without 
existing pulmonary auscultation findings (p = 0.487) re-
vealed no significant association. In patients with or with-
out altered consciousness, the difference in BD-2 levels 
did not reach the threshold for statistical significance
(p = 0.066).

  The mean serum BD-2 levels were significantly higher 
in the patient group than in the control group (4,180.30 
± 3,944.19 vs. 964.45 ± 266.07 pg/ml; p = 0.001).

  The serum BD-2 value of the control group was sig-
nificantly lower (964.45 ± 266.07 pg/ml) than in any of 
the patient groups (p = 0.001 for both groups;  table 2 ).

  The results of correlation analyses of associations be-
tween the laboratory parameters (WBC, PLT, AST, ALT, 
CK, LDH, PT, aPTT and INR) and serum BD-2 levels are 
shown in  table 3 . There was a moderately significant neg-
ative correlation between BD-2 levels and WBC (p = 
0.001), and a moderately significant positive correlation 
between BD-2 levels and AST and LDH (p = 0.015 for 
AST and p = 0.023 for LDH). No correlation was deter-
mined between serum BD-2 levels and ALT, PLT, CK, 
PT, aPTT or INR. 

  Discussion 

 This study revealed significantly higher serum BD-2 
levels in patients with CCHF compared with the healthy 
control group. These levels were remarkably raised in the 
severe patient group and increased in the mild-moderate 
group, but lower in nonsurviving than in surviving pa-
tients, and higher than in the control group. BD2 release 
may be increased to overcome severe disease. Patient se-
rums were taken at different time points. The number of 
patients with severe disease is lower than the numbers for 
patients with mild-moderate disease and controls. In or-
der to be able to generalize data, further studies evaluating 
immunological parameters, viral load and other defen-
sins together are needed. Thus, it may be suggested that 
CCHFV may increase BD-2 release, supporting the find-
ings of existing studies  [11–14] . The results seem to show 
that increased BD-2 has a positive effect on the survival 
of patients with CCHF. However, it is difficult to general-
ize the findings due to the low patient numbers in this 
study. Serum BD-2 levels were positively correlated with 
serum AST and LDH levels in the surviving patients in 
the severe patient group. The positive correlation be-
tween BD-2 levels and these enzymes suggests that the 
protection provided by BD-2 may increase in accordance 
with the levels of these protein with progressing infection. 
As with some other viral diseases, CCHF progresses with 
leukopenia. We found a negative correlation between the 
WBC count and serum BD-2 levels in our patient group. 
This suggests that increased expression of BD-2 accom-
panies leukopenia in patients with CCHF.

  The viruses responsible for viral hemorrhagic fever are 
thought to alter the hemostatic mechanism through two 
separate pathways: direct hemostasis and indirect immu-
nological and inflammatory effects  [1, 9, 15–18] . Patients 
with viral hemorrhagic fever exhibit inappropriate im-
mune responses, resulting in elevated viremia and in-
creased proinflammatory cytokine levels in the late stage 
of the disease  [15, 19] . A compromised immune system 
has also been observed in severe cases of CCHF  [17, 20, 

Patient subgroups  Control group

severe mild-moderate

n 18 42 25
BD-2, pg/ml 5,507.45 ± 4,327.06a 3,611.52 ± 3,676.73a, b 964.45 ± 266.07

a p = 0.001 vs. the control group; b p = 0.88 vs. severe disease.

 Table 2.  Comparison of BD-2 levels in the 
patient and controls

 Table 3.  Correlation between serum BD-2 levels and simultane-
ously investigated laboratory test results

Parameter Mean ± SD (range)  BD-2

 R p

WBC 2,514.5 ± 1,455.4 (770 – 9,900) –0.414 0.001
PLT 63,966.67 ± 36,012.7 (12,000 – 151,000) –0.082 0.531
AST 275.17 ± 492.8 (27 – 3,000) 0.314 0.015
ALT 120.17 ± 152.4 (16 – 870) 0.247 0.057
CK 662.12 ± 654 (34 – 2,804) 0.011 0.935
LDH 742.58 ± 946.6 (199 – 6,496) 0.294 0.023
PT 14.688 ± 2 (11 – 19.6) –0.138 0.293
aPTT 35.63 ± 6.7 (21.9 – 52.2) 0.037 0.781
INR 1.1857 ± 0.2 (0.86 – 1.9) –0.139 0.290
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21] . In CCHF, reduced mononuclear cell infiltration oc-
curs in areas of intense hepatocellular injury, whereas in-
creased infiltration occurs in areas with less injury. The 
absence of a significant inflammatory response in infect-
ed and injured hepatocytes among patients with CCHF 
shows that the damage derives directly from the cyto-
pathic effect of the virus  [19] . In a previous study, serum 
transaminases were significantly elevated in association 
with liver injury  [19] . In the present study, the mean ALT 
and AST of the nonsurviving patients were significantly 
higher than those of the survivors.

  BD has a suppressive effect on viral and bacterial infec-
tions, which is exerted via various pathways. The expres-
sion of BD-2 increases in epithelial cell cultures in re-
sponse to interleukin-1α and -1β, tumor necrosis factor-α, 
interferon-γ, Gram-negative bacteria,  Candida albicans , 
 Mycobacterium tuberculosis  and  bovis , lipopolysaccha-
rides and lipoarabinomannan  [4] . 

  Significant levels of BD-2 were released in several viral 
infections. BD-2 has been shown to play a protective role 
in viral infections of the respiratory system. Synthesis of 
BD-2 and BD-3 was also reported to increase in bron-
chial epithelial cells in  Rhinovirus  infections  [14] . It has 
also been shown to suppress infection in human influ-
enza A,  Rhinovirus  and respiratory tract infections. BD-2 
also exhibited a very powerful in vitro antiviral effect 
against influenza A virus infection  [12, 13] . 

  Several studies have investigated the therapeutic effect 
of BD due to their ability to kill various infectious agents 
and their immunoregulating effects. The administration 
of molecules by topical or systemic routes that stimulate 
BD synthesis is a reliable and economical therapeutic op-
tion  [4] . Support therapy represents the basis of treatment 
in CCHF. Acetylsalicylic acid, nonsteroidal anti-inflam-
matory drugs and anticoagulant therapy are contraindi-

cated. Intramuscular injections should be avoided  [1, 22] . 
In the present study, all the patients received support 
therapy. We suggest that BD-2 can be included among the 
treatment modality options. 

  The aim of the present study was to elucidate the role 
of BD-2 in CCHF and to draw attention to the interaction 
between the adaptive and innate immune systems. To 
better understand the role of BD-2 in the pathogenesis of 
CCHF, its prognostic value and its treatment effect, fur-
ther studies are needed. Such studies should simultane-
ously examine all immunological parameters, viral load 
and serum BD-2 values in addition to changes in these 
parameters during the various stages of the disease. How-
ever, data to support this idea are lacking in the literature. 
Based on our clinical observations, we think that such a 
study of the pathogenesis would fill an important gap in 
the literature. The findings of the current study should be 
of use in guiding subsequent work and of benefit in the 
diagnosis and treatment of this disease, for which there is 
currently no effective treatment. BD-2 may be useful in 
the treatment of this disease in the future.

  Conclusion 

 In this study, serum BD-2 expression was increased in 
the patient group compared to healthy subjects. This in-
crease may be helpful in survival. Studies including a larg-
er sample size are needed to confirm the association of 
serum BD-2 with CCHF prognosis.
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