
Abstract. – OBJECTIVES: The complement
system participates in the defense of the body
against viral infections through various mecha-
nisms. In the present study conducted on chil-
dren having Crimean-Congo Hemorrhagic Fever
(CCHF), the aim was to evaluate whether the
complement system had a role in the pathogene-
sis of the disease.

PATIENTS AND METHODS: Forty-one patients
diagnosed with CCHF and 32 healthy controls were
included in the study. Serum complement compo-
nent 3 (C3), 4 (C4) and complement product Bb
(Bb) levels were measured in both groups.

RESULTS: Compared to the control group,
serum C3 levels were lower and Bb levels were
higher in CCHF patients (p < 0.01). Moreover, in
the patient group, C3 levels were positively cor-
related with WBC and PLT counts, and Bb levels
were positively correlated with AST, ALT and
LDH activities. In the patient group, serum Bb
levels were negatively correlated with WBC and
PLT counts.

CONCLUSIONS: The results of the present
study suggest that increased activity of the alter-
native pathway of the complement system in
children with CCHF may have a role in the patho-
genesis of the disease.

Key Words:
Crimean-Congo haemorrhagic fever, Complement

3, Complement 4, Bb.

Introduction

Crimean-Congo Hemorrhagic Fever (CCHF),
which is a zoonotic viral disease having a high
mortality rate, is one of the hemorrhagic fever
viruses (HFV)1. While the functional vascular
damage varies from mild to severe, so there can
be asymptomatic or inducing life-threatening he-
morrhage. The pathogenic mechanisms vary ex-
tremely and include deficiency of hepatic synthe-
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sis of coagulation factors owing to hepatocellular
necrosis, cytokine storm, increased permeability
by vascular endothelial growth factor, comple-
ment activation, and disseminated intravascular
coagulation in one or more hemorrhagic fevers2.
The disease is caused by the CCHF virus, which
is a member of the Nairovirus genus of the Bun-
yaviridae family. The clinical features, showing a
common marked progression, are characterized
by fever, hemorrhage and increased vascular per-
meability accompanied by severe thrombocy-
topenia. The fatality rate of the disease varies be-
tween 3% and 30% in adult population1. Mortali-
ty is significantly low in children3. In Turkey, the
first cases of CCHF were diagnosed in 2002 and
the mortality rate was reported as 5% by the
Ministry of Health4.
The complement system is an important com-

ponent of innate immunity, and plays a pivotal
role in the process of recognition of foreign anti-
gens and pathogens. In addition, the complement
system participates in the inflammatory response
elicited against infection, and has a role in acti-
vating the adaptive immune system5. The classi-
cal pathway (CP), the lectin pathway (LP) and
the alternative pathway (AP) are the three path-
ways leading to complement activation. Activa-
tion of the complement system by these path-
ways results in several effector functions that
contribute to virus inactivation and elimination6,7.
There exist many studies showing that there is

a correlation between HFV infections and the
complement system proteins6,8-10. Despite the in-
creasing knowledge concerning HFV, the patho-
genesis of CCHF has not been understood fully
yet especially why the mortality rate different be-
tween the adult and pediatric populations1,11. In
the literature, there is no study related to the
serum levels of the complement pathway system
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categorical variables was assessed using the Chi-
square test. Statistical analysis was performed us-
ing SPSS 14.0 (SPSS Inc. Chicago, IL, USA)
and p < 0.05 was regarded as significant.

Results

Forty-one children with CCHF and 32 healthy
children enrolled to the study. Groups were simi-
lar for age and gender [median age, 12.8 (4-17)
vs. 11.4 (3-16), p > 0.05; 26 (63.4%) vs. 14
(43.8%) female, p > 0.05]. Thirty-five (87.5%) of
those in the CCHF group had a history of tick
bite or tick contact. The most frequently ob-
served clinical symptoms were fever and seen in
38 (92.7%), tonsillopharyngitis in 19 (46.3%),
nausea in 17 (41.5%) and vomiting in 16 (39.0%)
patients. Three (7.3%) of those having findings
of hemorrhage had petechiae-purpura and ecchy-
mosis, five (12.2%) had maculopapular rash, ten
(24.4%) had rush on face or conjunctivitis, and
one (2.4%) had hematuria. Other clinical find-
ings were fatigue, diarrhea, nausea and headache.
No patients had mortality.
When the data of the patient and the control

groups were compared, AST, LDH and Bb values
were significantly higher (p < 0.05) and PLT,
WBC and C3 levels were significantly lower in
the CCHF group (p < 0.05) (Table I). However,
there was no significant difference in terms of
ALT, Hb and C4 levels (p > 0.05). Moreover, C3
had a positive correlation with PLT (R: 0.311; p
= 0.007) and WBC (R = 0.315; p = 0.007). While
complement Bb was positively correlated with
AST (R=0.628; p = 0.001), ALT (R = 0.269; p =
0.021) and LDH (R = 0.524; p = 0.001), the cor-
relation of Bb with WBC (R = –0.671; p = 0.007)
and PLT (R = –0.677; p = 0.007) was negative.
(Table II).

Discussion

In the present study, C3 level was lower and Bb
level was higher in children with CCHF when com-
pared to the healthy controls. C4 level did not show
any significant difference between the groups.
The pathogenesis of CCHF caused by CCHF

virus has not been fully elucidated yet1,11. In our
study, the aim was to evaluate whether there
was a correlation between the complement lev-
els and pathogenesis of the disease in children
with CHHF.

in CCHF infection in pediatrics population.
Therefore, our aim was to investigate serum
complement 3 (C3), complement 4 (C4) and Bb
(Bb), which is product of complement B, levels
in children with CCHF.

Patients and Methods

Sequential patients enrolled to the study
whose hospitalized at the Pediatric Service of the
Medical Faculty of Cumhuriyet University be-
tween May 2012 and August 2013 for CCHF.
Gender and age matched subjects who are free
from inflammatory diseases consisting as a
healthy control (HC) group for comparing in
same time period. Real-time reverse transcrip-
tion-polymerase chain reaction (RT-PCR) studies
for CCHF were carried out at Refik Saydam Hy-
giene Institute, which is a national reference lab-
oratory. Before the study, consent was obtained
from the Ethical Committee of the Medical Fac-
ulty of Cumhuriyet University. All the clinical
and laboratory parameters were recorded. In pa-
tient groups, blood samples were taken during
the acute phase just after hospitalization and all
blood samples kept at –70°C until analyzed.
In all the patients, demographic characteristics

and laboratory tests leukocyte (WBC), thrombo-
cyte (PLT), hemoglobin (Hb), aspartate amino-
transferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase (LDH) were
recorded on admission. Activity indicators were
Bb and C3 levels for the AP and C4 level for the
CP12. Bb level was measured by Quidel, Elisa Kit
(Quidel Corporation, San Diego, CA, USA) and
C3 level was measured by GenWay Elisa Kit
(GenWay Biotech, Inc. San Diego, CA, USA)
while Cusabio Elisa Kit (Cusabio Biotech Co.,
LTD., Wuhan, Hubei, P.R. China) was used to
measure serum C4 level.

Statistical Analysis
In descriptive analysis, the mean±SD was used

for the homogeneous parameters while the arith-
metic median (Min.-Max.) was used for the non-
homogeneous parameters. In intergroup compar-
isons, the Student’s t test, which is a parametric
test, and the Man-Whitney-U test, which is a
non-parametric test, were used. Moreover, the
Pearson’s correlation analysis was used for the
homogeneous parameters while the non-homoge-
neous parameters were analyzed using the
Spearsman’s correlation. Difference between the
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CCHF patients (n = 41) Healty Control (n = 32) p-value

ALT (IU/l)* 28.0 (9-329) 19.0 (6-49) 0.022
AST (IU/l)* 73.0 (18-557) 17.5 (6-49) < 0.01
LDH (IU/l)* 321.5 (128-1435) 204.0 (119-283) < 0.01
WBC (×109 cells/l)* 2690.0 (750-6990) 7395.0 (3380-12380) < 0.01
Hb (g/dl)** 13.45 ± 1.42 12.86 ± 1.36 0.07
PLT (×103 cells/µl)* 103 (8-203) 307.0 (189-503) < 0.01
C3 (mg/ml)** 1.15 ± 0.22 1.34 ± 0.26 < 0.01
C4 (µg/ml)** 4.54 ± 1.45 4.34 ± 0.96 0.08
Bb (µg/ml)* 2.11 (0.08–4.33) 0.13 (0.04-1.68) < 0.01

Table I. Comparison of laboratory of the CCHF patients and Healty Control.

*Median (min.-max.); **Mean ± SD.

C3 Bb
Continuous
variables Correlation coefficient p Correlation coefficient p

CWBC 0.315 0.007 -0.671 0.007
PLT 0.311 0.007 -0.677 0.007
AST -0.198 0.094 0.628 0.001
LDH -0.146 0.221 0.524 0.001
ALT -0.007 0.956 0.269 0.021

Table II. Correlation analysis in between the study markers and the routine parameters in patients whith CCHF.

Arenaviridae, Bunyaviridae, Filoviridae and
Flaviviridae are among the viruses that cause
HFV which refers to a group of illnesses. In gen-
eral, severe multisystem syndrome is described
by the term “viral hemorrhagic fever”2. In pedi-
atric CCHF cases, findings such as tonsil-
lopharyngitis, stomachache, diarrhea and muscle
pain are observed more frequently when com-
pared to the adults13,14. Moreover, mortality and
morbidity of the disease is better in pediatric cas-
es when compared to the adults15. Similar to the
previous studies, fever, headache, rash on face-
eyes, diarrhea, nausea, vomiting and tonsil-
lopharyngitis were the most frequent clinical
findings in our study. Moreover, our findings,
namely high LDH, AST and ALT and low WBC
and PLT, were similar to the results obtained in
the previous studies1,13,16. Mortality was observed
in none of our patients.
Several component proteins of the comple-

ment system preferentially recognize non-self-
structures on microbial surfaces and start a cas-
cade that results in inflammation, opsonization
and/or lysis of microorganisms17. Each of the
three pathways is initiated by different comple-
ment recognition proteins. Factor B is the key
component in the activation of the AP. Factor B

is cleaved to Ba and Bb, which are detected as
separate products. Increased Bb levels observed
in our study suggest that the AP of the comple-
ment system is activated. Initial analysis usually
involves immunochemical quantification of indi-
vidual components, most often of C3 and C4,
followed by other selected components led by
clinical considerations or positive findings in to-
tal functional screening, e.g. suspicion of defi-
ciency18. There are many reports showing that
there is a relation between C3 and C4 deficien-
cies and resistance against infection19-21. More-
over, an increase in any of the C4 activation
products indicates activation of the CP and/or the
LP18. However, in our study, C4 levels were simi-
lar in the patient and the control groups. This
suggests that the classical pathway has no signifi-
cant activation. C3 complement protein has an
important role in defense against viruses, fungi,
and parasitic infections19. For this reason, suscep-
tibility to infections in people having C3 defi-
ciencies is related with the role of this compo-
nent in the serum lytic properties and op-
sonophagocytosis19. In our work, C3 levels were
found to be low. This suggests that C3, just like
dengue virus10,21, has a role in limiting a CCHF
virus infection.
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In the literature, there are many papers showing
that LP activation is important in virus neutraliza-
tion in HFV infections. Mannose-binding lectin
(MBL) plays an important role in natural immuni-
ty against viruses by binding directly to the carbo-
hydrates on the surfaces of different virus families
such Ebola virus22, dengue virus (DENV)23, and
West Nile virus24. Any decrease in C3, C4 and
Factor B synthesis due to a genetic disorder was
found to be associated with increased mortality in
this patient group17. In a study, neutralization of
Ebola and Marburg viruses, MBL-associated
lectin pathway is important in biological effects
and suggest that MBL can interact with filoviruses
during infection in humans7. In researches on the
complement system in DENV infection, it was
shown that C3, C4 and factor B were decreased in
all the patient, C3 degradation products were in-
creased and there was a correlation between C3
and C4 consumption and severity of the disease10.
Finding no difference between the groups with re-
gard to C4 levels in the present study is not consis-
tent with either the studies showing that the classi-
cal pathway is activated7,17,25, or those showing
that both the classical and the alternative pathways
are activated9. This finding is consistent with the
studies reporting that the alternative pathway is ac-
tivated10. This suggests us that the pathogenesis of
the disease is not the same even though HFVs
have the same clinical findings. In addition, while
the complement system plays a protective role
against infectious diseases, it also contributes to
pathogenesis26. Avirutnan et al27 showed that Fla-
vivirus nonstructural protein 1 (NS1) activates
complement and by products such as anaphylatox-
ins and that membrane attack complex may con-
tribute to vascular leakage in dengue hemorrhagic
fever patients, similary to infection CCHF11.
In the literature, there are only two works com-

paring the complement system in CCHF virus in-
fection and made in adult populations8,25. Ozturk et
al8 reported that the C3 and C4 levels were signifi-
cantly low in CCHF patients dying while Engin et
al25 found that serumMBL levels did not differ sig-
nificantly between those having a severe form of
CCHF and those having a non-severe form while
MBL levels were significantly lower in patients
with CCHF than in healthy controls. CCHF virus
infection may induce liver damage28 and thus the
complement proteins cannot be synthesized suffi-
ciently20. Moreover, the complement system pro-
teins, which are acute phase proteins, may increase
due to inflammation in CCHF patients18. However,
previously there is no study investigating comple-

ment system and CCHF in pediatric population. In
the present paper, C4 levels showing the CP activi-
ty were not statistically significantly higher in the
CCHF group when compared to the control group.
While C3 levels were low and Bb levels were high
in the patient group when compared to the healthy
group. Low levels of C3 and high levels of Bb
showed us that C3 was consumed for the virus
neutralization and the AP was activated. These
findings were consistent with the previous studies
on HFV9,10. Having no difference between the
groups in terms of C4 level supports that the com-
plement system is not activated through the CP10.
As a result, in our study, C4 was not correlated

with WBC, PLT, AST, ALT and LDH while C3
was positively correlated with WBC and PLT and
negatively correlated with AST, ALT and LDH.
Moreover, Bb was negatively correlated withWBC
and PLT and positively correlated with AST, ALT
and LDH. In accordance with these findings, C3
and Bb have roles in CCHF pathogenesis. So they
could be used together with laboratory findings on
WBC, PLT, AST, ALT and LDH which are essen-
tial in the follow-up of the patients13,14,29.

Conclusions

This work suggests that activation of the com-
plement system via alternative pathway may
have an important role in the pathogenesis of the
disease in children with CCHF. In order to evalu-
ate the role of the complement system in the
pathogenesis of CCHF, larger studies both on pe-
diatric and adult populations where the patients
are grouped and compared based on the severity
and mortality of the disease are required.
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