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SUMMARY: In this study, we investigated the pro- and antioxidant status of patients with a pathogene-
sis of Crimean-Congo hemorrhagic fever (CCHF) in terms of their role in its pathogenesis. During the
study period, 34 children and 41 adults were diagnosed with CCHF. The control group consisted of
healthy age- and gender-matched children and adults. Serum levels of the total antioxidant capacity
(TAC), total oxidant status (TOS), oxidative stress index (OSI), and plasma total thiol (TTL) were eval-
uated and compared between groups. The difference in mean TAC values between CCHF patients and
healthy controls was not statistically significant (P À 0.05). Mean TOS, OSI, and TTL values were sig-
nificantly lower in CCHF patients than in healthy controls (P º 0.001). Comparisons between the 2
groups revealed that mean TOS and OSI values were significantly lower in adults with CCHF than in
their healthy counterparts (P º 0.001). Similarly, mean TTL levels were lower in both children and
adults with CCHF when compared separately with healthy controls (P º 0.05). There was no sig-
nificant difference in the mean serum TTL levels between children and adults with CCHF (P À 0.05).
Our results suggest that TTL may play a more important role in CCHF pathogenesis than the other
parameters investigated. The mean TOS and OSI values were higher in the control group than in CCHF
patients.

INTRODUCTION

Crimean-Congo hemorrhagic fever (CCHF) is a
potentially fatal disease caused by CCHF virus
(CCHFV), a member of the genus Nairovirus of the
family Bunyaviridae. It is the most extensively spread
tick-borne virus and the second most frequently encoun-
tered medically important arbovirus, after the dengue
virus (1–3). Most cases of CCHF have been reported
from parts of Africa, Asia, Eastern Europe, and the
Middle East (1), with a mortality rate of 3z–30z (2).
CCHFV is transmitted to humans either by ixodid tick
bites (mostly of the Hyalomma genus), or contact with
blood or tissues from CCHFV-infected patients or
viremic livestock (4). Human CCHFV infections are
usually characterized by a febrile illness accompanied by
headache, myalgia, and a petechial rash. Because of its
high fatality rate, CCHF remains one of the most im-
portant public health issues in Turkey. According to the
epidemiological data from the Turkish Ministry of
Health, more than 7,000 confirmed cases of CCHF were

reported by the year 2012, with a 5z fatality rate (un-
published data). CCHFV infection runs a more severe
and fatal clinical course in adults than in children, but
the reasons behind these differences are yet to be eluci-
dated (5).

Although CCHF pathogenesis remains poorly under-
stood, a major target of CCHFV is widely believed to be
the endothelium (6). In autopsies of deceased CCHF
patients, viral antigens were detected in endothelial
cells, and the density of molecular markers of endotheli-
al activation was found to correlate with disease severity
(7,8). Endothelial cell activation increases vascular
permeability and initiates an inflammatory response by
recruiting leukocytes via adhesion molecules such as
intracellular adhesion molecule 1 (ICAM-1), vascular
cell adhesion molecule 1 (VCAM-1), and E-selectin.
Endothelial/platelet-derived reactive oxygen species
(ROS) enhance platelet activation and adhesion while
simultaneously promoting coagulation during inflam-
mation (9,10). ROS can increase both platelet adhesion
to the endothelium (9) and platelet aggregation, pro-
mote translocation and upregulation of P-selectin at the
surface of platelets and endothelial cells (10), and
upregulate tissue factor expression (10,11). Similarities
between ROS-induced vascular changes and changes
observed in CCHF prompted us to investigate the
potential role of ROS in the pathogenesis of this disease.

Following infection of the endothelium, viral or
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virus-mediated host-derived soluble factors promote en-
dothelial activation and dysfunction. Ensuing en-
dothelial damage may lead to coagulopathy directly or
via the dysregulation of platelet aggregation, which in
turn activates the intrinsic coagulation cascade (12,13).
This may explain why the clinical picture of CCHF in-
cludes vascular changes, thrombocytopenia, and dis-
seminated intravascular coagulation, which may collec-
tively contribute to the bleeding disorder associated with
this disease (13). Reactive oxygen/nitrogen species,
which develop as a result of endothelial damage, induce
several structural and functional changes in hemostatic
elements. Modifications of components of the
hemostatic system, such as oxidation and nitration,
have been observed in various inflammatory diseases as-
sociated with vascular complications (14). Persistence of
inflammation is a contributing factor for maintaining a
disturbed oxidative balance, which may be present in
the form of increased oxidative stress and/or dimin-
ished antioxidant activities. Some studies have demon-
strated that various inflammatory cells are activated in
many infectious diseases, which result in the production
of reactive oxygen and/or nitrogen species to kill
microorganisms (15–17). Two different studies demon-
strated a reduced total antioxidant capacity (TAC) and
elevated total oxidant status (TOS) in brucellosis
(17,18). The authors of these studies speculated that in-
creased oxidative stress may cause severe oxidative
damage in the body and found that this damage was
ameliorated after antimicrobial treatment. Another
study that investigated the oxidative status in Fasciola
hepatica infections showed that plasma TOS levels and
the oxidative stress index (OSI) were significantly in-
creased in infected patients than in healthy controls. In
contrast, they found that TAC levels were significantly
lower in patients than in controls (19).

CCHF may be possibly related to increased free radi-
cal production and antioxidant depletion, and oxidative
stress may be implicated in CCHF pathogenesis. There-
fore, this study aimed to evaluate the functional integri-
ty of the endothelium by determining TAC, TOS, and
OSI values, as well as plasma total thiol (TTL) levels, as
an essential component of antioxidant defense mecha-
nisms, in pediatric and adult CCHF patients. The
differences in oxidant mechanisms in relation to clinical
variability of CCHFV infection were also investigated.
To the best of our knowledge, this study is the first of its
kind in the English literature.

MATERIALS AND METHODS

Patient selection: The study protocol was approved
by the ethics committee of the Refik Saydam National
Public Health Agency of the Ministry of Health as well
as the local ethics committee of the Ankara University.
Patients with acute febrile syndrome highly suggestive
of CCHF (characterized by malaise, bleeding, leucope-
nia, and thrombocytopenia) who visited Cumhuriyet
University and Hacettepe University hospitals between
April 2010 and September 2011 from various regions of
northeastern Anatolia and the southern Black Sea were
approached for eligibility. Only CCHF patients con-
firmed by the virology laboratory of Refik Saydam
National Hygiene Center using immunological specific

enzyme-linked immunosorbent assay (ELISA) for IgM
and molecular assays (reverse transcription [RT]-PCR,
direct sequence analyses) were included in the study.
Blood samples were obtained upon presentation, and
stored at －809C for measurement of the study
parameters at the end of the study period. Informed
consent was obtained from all patients and/or their
guardians before investigations of the oxidative status.
No additional samples were obtained for the purpose of
this study. The control groups consisted of age- and
gender-matched healthy individuals. Based on age and
CCHF status, the patients were divided into 4 groups:
group 1, children with CCHF; group 2, adults with
CCHF; group 3, healthy children; and group 4, healthy
adults.

TAC, TOS, and thiol measurement: Serum TAC lev-
els were measured as described by Erel (20), which was
based on the bleaching of the characteristic color of a
more stable 2,2?-azino-bis(3-ethylbenz-thiazoline-6-sul-
fonic acid) radical cation by antioxidants. Results were
expressed in mmol/L Trolox equivalents. The total ox-
idant status was measured as described by Erel (21),
which was based on the oxidation of ferrous to ferric
ions in the presence of various oxidative species in acidic
medium and the measurement of the ferric ion concen-
tration by xylenol orange. Results were expressed in
mmol/L of H2O2. The TOS:TAC ratio was defined as
the OSI and used as an indicator of the degree of oxida-
tive stress (22). To calculate OSI, the unit for TAC
(mmol/L Trolox equivalents) was converted to mmol/L
Trolox equivalents, and the OSI value was calculated
as OSI ＝ TOS (mmol/L)/TAC (mmol/L Trolox
equivalents/L) × 100.

Total serum thiol or sulfhydryl group concentrations
were measured by the methods originally modified by
Hu (23). Thiols interact with 5,5?-dithiobis-(2-nitroben-
zoic acid) (DTNB), and form a highly colored anion
with a maximum peak at 412 nm (e412 ＝ 13,600 M－1

cm－1). In the manual protocol described by Hu (23), a
25-mL aliquot of fresh serum was mixed with 1 mL of
Tris-EDTA buffer (0.25 mmol/L Tris base, 20 mmol/L
EDTA, pH 8.2), and the absorbance at 412 nm was
read. Next, a 25-mL aliquot of DTNB stock solution (10
mmol/L, in absolute methanol) was added to the solu-
tion. After 15 min at ambient temperature, the absor-
bance was read again together with a DTNB blank. The
sulfhydryl group concentration was calculated using
reduced glutathione as a sulfhydryl group standard, and
the result was expressed in mmol/L.

Statistical analysis: Statistical analyses were per-
formed using SPSS software for Windows ver.15.0
(SPSS Inc., Chicago, Ill., USA). Depending on the nor-
mality of distribution, values for continuous variables
were provided either as means ± standard deviations or
as medians (minimum–maximum). Frequencies of
nominal variables were presented as percentages. For
continuous variables with a normal distribution, more
than 2 groups were compared using Welch univariate
analysis of variance (ANOVA), whereas for abnormally
distributed variables, the Kruskal–Wallis test was
preferred. Multiple comparisons were made using the
Games–Howell test or Mann–Whitney U-test with Bon-
ferroni correction. For 2-group comparisons of in-
dependent variables, the Student's t-test was used as a
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Table 1. TAC, TOS, OSI, and TTL values in patient and control groups

Parameter
Group 1
(children)
n ＝ 34

Group 2
(adults)
n ＝ 41

Group 3
(healthy children)

n ＝ 20

Group 4
(healthy adults)

n ＝ 41
P

TAC1) (mmol Trolox equiv./L) 2.66 ± 0.31 2.66 ± 0.52 2.65 ± 0.68 2.73 ± 0.31 À0.05
TOS2) (mmol H2O2/L) 7.27 (0.98–64.6) 2.37 (0.72–75.9) 10.38 (1.97–91.2) 12.03 (8.35–23.3) À0.05*

À0.05**

º0.001***

OSI2) (arbitrary unit) 0.28 (0.03–2.87) 0.09 (0.03–4) 0.51 (0.08–2.10) 0.46 (0.24–0.89) À0.05*

À0.05**

º0.001***

TTL1) (mmol/L) 128.40 ± 32.38 110.77 ± 41.50 167.86 ± 37.79 607.75 ± 62.10 À0.05*

º0.05**

º0.001***

TAC, total antioxidant capacity; TOS, total oxidant status; OSI, oxidative stress index; TTL, plasma total thiol.
1): Values are given as mean ± standard deviation.
2): Values are given as median (minimum–maximum).

*Group 1 vs. Group 2.
**Group 1 vs. Group 3.

***Group 2 vs. Group 4.

Fig. 1. ROC curves for all CCHF patients versus healthy con-
trols; total oxidant status (black line), oxidative stress index
(black dots), and plasma total thiol (interrupted line).
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parametric test, whereas the Mann–Whitney U-test was
the preferred non-parametric test. Cut-off values to dis-
tinguish between the study and control groups were de-
termined using ROC analysis, after which sensitivity,
specificity, and negative and positive predictive values
(NPV and PPV, respectively) were calculated. A
probability (P)-value of º0.05 was considered statisti-
cally significant.

RESULTS

Serum samples were collected from a total of 34 chil-
dren (mean age, 11.95 ± 4.69 years; range, 0.5–18
years; female-to-male ratio, 0.61) and 41 adults (mean
age, 42.78 ± 15.24 years; range, 19–71 years; female-
to-male ratio, 1.05) who were diagnosed with CCHF.
The control group consisted of age- and gender-match-
ed 20 healthy children and 41 healthy adults.

There were no statistically significant differences in
mean TAC values between the CCHF patients (groups 1
and 2) and healthy controls (groups 3 and 4) (P À 0.05).
Similarly, no significant differences were observed fol-
lowing 2-group comparisons (group 1 vs. group 2,
group 1 vs. group 3, and group 2 vs. group 4; P À 0.05
for all).

The mean TOS and OSI values were significantly low-
er in CCHF patients compared with healthy controls (P
º 0.001 for both). A 2-way comparison of mean TOS
and OSI values between children and adults with CCHF
revealed no statistically significant differences.
Although the mean OSI value was significantly lower in
children with CCHF compared with their healthy coun-
terparts (P º 0.05), a similar difference was not ob-
served with TOS (P À 0.05). In adults, the mean TOS
and OSI values in CCHF patients were significantly
lower than in healthy controls (P º 0.001). The mean
TTL value was significantly lower in CCHF patients
compared with healthy controls, and a statistically sig-
nificant difference persisted following 2-way compari-
sons of children (group 1 vs. group 3) and adults (group
2 vs. group 4) (P º 0.05 for both comparisons). The
difference in mean TTL values between children and

adults with CCHF was statistically insignificant. TAC,
TOS, OSI, and TTL values, as well as results of the
2-way comparisons are summarized in Table 1.

The optimal cut-off values for TOS, OSI, and TTL
were identified by plotting ROC curves. ROC curves of
all CCHF patients versus healthy controls are depicted
in Fig. 1. The area under the curve, specificity, sensitivi-
ty, PPV, NPV, and cut-off levels are listed in Table 2.
The calculated cut-off values for TOS, OSI, and TTL to
distinguish CCHF patients with were 5.02, 0.16, and
178.13, respectively, with respective specificities of
96.7z, 98.4z, and 83.6z. The PPVs for the 3 set cut-
off values were 95.7z, 97.8z, and 87z, respectively,
with respective sensitivities of 60.3z, 60.3z, and
97.1z. NPVs for these cut-off values were 67z,
67.4z, and 96.2z, respectively.

Although there were no fatalities among the children,
3 (7.3z) of the 41 adults with CCHF succumbed to the
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Table 2. The area under the curve, cut-off, specifity, sensitivity, positive predictive and negative predictive
values of TOS, OSI, and TTL

AUC Cut-off
level

Specificity
(z)

Sensitivity
(z)

PPV
(z)

NPV
(z)

TOS Group 1 ＋ 2 vs. 3 ＋ 4 0.718 5.02 96.7 60.3 95.7 67
OSI 0.725 0.16 98.4 60.3 97.8 67.4
TTL 0.942 178.1 83.6 97.1 87 96.2

TOS, total oxidant status; OSI, oxidative stress index; TTL, plasma total thiol; AUC, area under the curve;
PPV, positive predictive value; NPV, negative predictive value.
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infection. Because of the low number of fatalities, we
could not compare the oxidative status parameters be-
tween the surviving and deceased patients.

DISCUSSION

To date, little is known about the pathogenic mecha-
nisms of CCHFV, and data in the literature are limited.
CCHF is similar to other viral hemorrhagic fevers, i.e.,
it targets and impairs the function of cells that initiate
antiviral immune responses, eventually leading to vascu-
lar dysregulation (4). Similarities in ROS-induced vascu-
lar changes and those observed in CCHF prompted us
to investigate the potential role of ROS in the pathogen-
esis of this disease. To the best of our knowledge, the
present study is the first in the English literature to in-
vestigate the role of pro- and antioxidant mechanisms in
CCHF pathogenesis by evaluating TAC, TOS, OSI, and
plasma TTL levels. Here, we observed significantly low-
er TOS and OSI values in CCHF patients compared
with healthy age- and gender-matched controls, with no
difference in TAC values. This finding is a paradox that
is difficult to explain; however, one could argue that the
timing of sampling or rather methodological limitations
may have led to findings that were not revealed in our
small study population. Our results suggested that
CCHF-associated endothelial damage is not adequately
explained solely by pro- and antioxidant mechanisms.

TTLs are extraordinarily efficient antioxidants with
the ability to react with free radicals to protect against
ROS-induced damage (24). Both intracellular and ex-
tracellular redox states of thiols play critical roles in the
determination of protein structure and function, regula-
tion of enzymatic activity of transcription factors, and
promotion of antioxidant protection (25). TTL groups
are found in all cells of body and are indispensable for
cell survival. Proteins constitute the main antioxidant
component of serum, and the sulfhydryl groups are
primarily responsible for their antioxidative effects.
TTL levels have also been shown to be positively cor-
related with thrombocyte counts and negatively cor-
related with the risk of bleeding. However, TTLs may
increase bleeding tendency by detrimentally affecting
the coagulation cascade (24,25). These findings were the
incentive behind the evaluation of TTL levels in our
study, which revealed significantly lower levels in
CCHF patients compared with healthy controls. This
finding could be attributable to the positive correlation
between TTL levels and thrombocyte counts and nega-
tive correlation between TTL levels and risk of bleeding,
which was frequently observed in CCHF patients. In
contrast, high TTL levels can be protective against the

development of CCHFV infections. It is possible that a
reduction in the TTL levels is more important in CCHF
pathogenesis than reductions in TAC and TOS.

There are few reports regarding the effects of the an-
tioxidant NO, which can protect cells against oxidative
injury, inhibit leukocyte adhesion, and participate in
antimicrobial defense, in CCHF pathogenesis. It has
been suggested that NO may hinder the early stages of
viral replication, thereby preventing viral spread as well
as promoting viral clearance and host recovery (26).
Tutuncu et al. (27) observed significant increases in NO
levels in CCHF patients. Other investigators have
reported higher NO levels in patients with non-fatal
CCHF compared with those who eventually died of
CCHF, suggesting that NO may have a protective role
against CCHFV infection. Based on our findings, we
propose that higher serum TTL levels play a protective
role in CCHFV infection.

CCHF is more fatal in adults than in children in
whom the mortality rates tend to be low. Although
numerous studies have attempted to determine predic-
tors of CCHF severity and mortality in adults (28–30),
similar studies have not been conducted in children. The
reasons behind the more severe course in adults com-
pared with children remain unknown. In the present
study, a comparison between children and adults did
not reveal significant differences in TAC, TOS, OSI,
and TTL values. The milder clinical course of CCHF in
children could not be explained by these parameters
alone; therefore, further multicenter studies are war-
ranted to help elucidate the varying clinical course of
CCHFV infection in children and adults.

The clinical picture of CCHF is most likely a result of
a complex interplay between direct and indirect effects
of viral infection of the endothelium. Our study is the
first to evaluate TAC, TOS, OSI, and TTL for their
potential role in CCHF pathogenesis. Although we
could not demonstrate significant changes in TAC levels
between CCHF patients and healthy controls, the mean
TOS and OSI levels were significantly lower in the for-
mer. We also observed significantly lower TTL levels in
CCHF patients. According to our results, TTL levels
may be a useful predictor to diagnose or follow-up
CCHF patients. Although further studies including seri-
al patient samples are obviously needed to help elucidate
the role of pro- and antioxidant pathways in CCHF
pathogenesis, our findings undoubtedly suggest that
other undetermined factors are likely also involved.
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