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Cytokine release syndrome in Crimean-Congo
hemorrhagic fever: can IL-1 receptor antagonist
levels be a guide in its treatment?
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Abstract. - OBJECTIVE: Crimean-Congo
Hemorrhagic Fever (CCHF) is a potentially fatal
zoonotic viral disease involving fever and hem-
orrhage. Our aim was to investigate the relation-
ship between interleukin (IL)-1 and IL-1 recep-
tor antagonist (RA) levels in patients with CCHF
and the course of the disease and mortality, as
well as to contribute to the literature at a time
when new therapeutic protocols are being in-
vestigated.

PATIENTS AND METHODS: Sixty-one pa-
tients with CCHF were admitted to our hospital’s
infectious diseases ward between March and
September 2022, and 40 healthy people were in-
cluded in the control group in our study. The pa-
tients were divided into mild/moderate (n=35)
and severe (n=26) CCHF groups depending on
the clinical course. The patients with CCHF were
also divided into surviving and exitus groups. IL-
1 and IL-1RA levels were measured from blood
specimens using the ELISA method.

RESULTS: Significant elevation in IL-1 and IL-
1RA levels was observed in CCHF cases with
a severe manifestation compared to those with
moderate disease. Both patient groups’ IL-1 and
IL-1RA levels were also significantly higher than
those of the control group. In addition, IL-1 and
IL-1RA levels were significantly higher among
the exitus patients compared to the surviving
CCHF patients. The laboratory values of lactate
dehydrogenase (LDH), aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), cre-
atinine phosphokinase (CK), platelet count, pro-
thrombin time (PT), and activated partial throm-
boplastin time (aPTT) were also significantly
higher among the patients with severe manifes-
tations compared to the moderate severity pa-
tient group, and in the exitus patients compared
to the survivors. However, platelet count and fi-
brinogen levels were lower in the patients with a
severe manifestation compared to the moderate
severity group and in the exitus patients com-
pared to the survivors. White blood cells (WBC)
were higher in exitus patients than in survivors.

CONCLUSIONS: IL-1 and IL-1RA levels were
elevated in all the CCHF patients, while the high-
er values in patients with a fatal course suggest
that the inflammatory process is very severe
and that IL-1 receptor antagonists may be need-
ed in the treatment.
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Introduction

Crimean-Congo hemorrhagic fever (CCHF) is
an acute, severe viral hemorrhagic febrile disease
that can be fatal in patients with a severe manifes-
tation'.

The disease is generally transmitted by a tick
carrying the virus. However, it can also be trans-
mitted by contact with the blood, body fluids, and
tissues of viremic humans and animals through
skin or mucosa with impaired integrity?’.

The clinical course of the disease is associat-
ed with uncontrolled viral replication and high
cytokine levels in the host tissues; it, therefore,
probably results both directly from virus-medi-
ated pathology and indirectly from immune-me-
diated pathologies capable of leading to vascular
dysfunction and, in severe cases, death®.

Recent studies® have shown that pro- and an-
ti-inflammatory cytokines play an important role
in the pathogenesis of CCHF. As with other viral
hemorrhagic fevers, the course of the disease de-
pends on the viral load and the balance between
immune response mediators and is even thought®
to be capable of exhibiting a fatal course as a re-
sult of the cytokine storm.
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Cytokines mediate immune resistance against
microorganisms by regulating the onset and con-
tinuation of the immune response and also deter-
mining the shape of that response. However, they
can also induce pathogenesis when over-synthe-
sized’.

A series of inflammatory molecules, includ-
ing interleukin-1 (IL-1), are involved in these
processes. The /L-1 gene family consists of three
proteins, [L-la, IL-1B, and IL-1 receptor antago-
nist (IL-1RA). IL-1a and IL-1p exhibit similar ef-
fects by binding to the IL-1 type I receptor?®.

IL-1RA inhibits IL-1 receptor binding in a
competitive manner, while intracellular IL-1RA
not only inhibits IL-1 binding but also regulates
IL-1 functions’.

The purpose of this study was to determine the
applicability of serum IL-1 and IL-IRA levels in
predicting the clinical course and mortality in or-
der to contribute to the treatment of patients with
severe disease.

Patients and Methods

Sixty-one patients with CCHF were admitted
to our hospital’s infectious diseases ward between
March and September 2022, and 40 healthy in-
dividuals with no tick contact or symptoms were
included in the study. Patients aged over 18 were
included. Patients with acute or chronic disease,
hematological pathology, malignancy, or system-
ic drug use were excluded. The control group con-
sisted of 40 healthy individuals.

CCHEF patient group consisted of patients with
a history of tick bites, with a positive transcrip-
tase (RT)-PCR test in blood samples sent from
patients with concomitant high fever, elevated liv-
er enzymes, leukopenia, and thrombocytopenia.

Blood specimens collected from the CCHF pa-
tients and control group were centrifuged for 15
min at 4,000 rpm for serum separation. The sera
obtained were stored at -80°C in Eppendorf tubes.
IL-1 and IL-1R A parameters were subsequently in-
vestigated and recorded from the same specimens.
CCHF patient group laboratory values including
serum lactate dehydrogenase (LDH), aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), creatinine phosphokinase (CK), fibrinogen,
white blood cells (WBC), platelet count, prothrom-
bin time (PT), and activated partial thromboplastin
time (@aPTT) were also recorded.

The 103 individuals enrolled in the study were
divided into three groups. The first group consist-

ed of healthy individuals consenting to take part
in the study (n=40). The CCHF cases were classi-
fied as moderate or severe disease manifestations
based on their LDH, AST, ALT, CK, WBC, PT,
aPTT, platelet count, and fibrinogen values. The
patients were evaluated using the Swanepoel sys-
tem, based on platelet counts <20x10%/1, AST>200
U/l, ALT>150 U/l, aPTT>60 s, and fibrinogen
<110 mg/dI>.

The second, CCHF PCR (+) group, consisted
of patients with a moderate disease manifestation
(n=35), and the third, CCHF PCR (+), group con-
sisted of patients with a severe disease manifes-
tation (n=26). The CCHF PCR (+) patients were
also subdivided into surviving and fatal groups.

Blood Specimens and Analyte Assay
Techniques

The patients’ IL-1 and IL-1RA levels were in-
vestigated using the enzyme-linked immunosor-
bent assay (ELISA) method (BT LAB, Shanghai,
China). Serum LDH, AST, ALT, and CK levels
were determined using commercial kits on a
Beckman Coulter AU5821 device (Tokyo, Japan)
housed in the laboratory. Ferritin levels were
measured using commercial kits on a Beckman
Coulter DxI800 device. WBC and platelet counts
were measured with a Sysmex XN-9000 device
(Cobe, Japan) and were recorded as cells/uL. PT,
aPTT, and fibrinogen tests were conducted on a
Stago STAR Max device (Paris, France).

Statistical Analysis

Data were recorded and analyzed using SPSS
software for Windows (version 20.0; IBM Corp.,
Armonk, NY, USA). Categorical variables were
presented as numbers and percentages, and
numerical variables as meantstandard devia-
tion. Visual (histogram) and analytical methods
(Kolmogorov-Smirnov or Shapiro-Wilk tests)
were used to evaluate the normality of the dis-
tribution of variables. The Chi-square test was
applied to compare categorical variables, and the
t-test or One-Way Analysis of Variance, as appro-
priate, in the comparison of continuous variables.
The significance of differences between groups
was assessed using the post-hoc Tukey test. Pear-
son’s correlation coefficient was applied for linear
correlation analysis. The receiver operating char-
acteristic curve (ROC) technique, which indicates
the predictive power of a specific method, was
employed to determine sensitivity, specificity,
area under the curve (AUC), and cut-off values.
Statistical significance was set at p<0.05.
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Table 1. Comparison of laboratory parameters at admission in patients with moderate and severe Crimean-Congo hemorrhagic fever.

Parameter Moderate (n=35) Severe (n=26) P

WBC (/uL) 2,950.2+1,120.3 3,890.5+3,519.3 0.397
Platelet count (cells/uL) 72.66+37.73 11.23+£5.57 <0.001
AST (U/L) 216.57+99.59 1,028.08+294.13 <0.001
ALT (U/L) 289.57+134.53 2,197.31+£1,563.74 <0.001
LDH (U/L) 546.29+180.52 2,907.69+1,893.76 <0.001
CK (U/L) 371.71x197.27 1,207.69+476.27 <0.001
PT(s) 13.43+£2.48 26.35+6.01 <0.001
aPTT (sec) 43.71+6.21 71.35+7.94 <0.001
Fibrinogen (ng/mL) 4.85+0.87 2.24+1.07 <0.001

Values are expressed as mean + standard deviation. WBC: white blood cell, CK: Creatine kinase, ALT: alanine aminotransferase, AST:
aspartate aminotransferase, LDH: Lactate dehydrogenase, PT: prothrombin time, aPTT: activated partial thromboplastin time.

Results

Mean ages were 47.51x14.04 years in the
CCHF patients with moderate disease severity
and 53.27£14.62 in those with severe manifes-
tations. The mean age of the control group was
52.78+13.72 years. No significant age difference
was determined between the patient and control
groups (p=0.183).

The mean age of the exitus CCHF patients was
63.20£13.19 years, compared to 47.37+13.33 in the
surviving patients. The difference between these
two groups was statistically significant (p=0.001).

No significant gender difference was observed
between the three groups (p=0.151).

Eight (19.5%) of the exitus CCHF patients
were men, and two (10.0%) were women, while
33 (80.5%) of the surviving patients were men,

and 18 (90.0%) were women. There was no signif-
icant gender difference between the two groups
(p=0.346)

A comparison of the total patient group labo-
ratory data is shown in Table I. LDH, AST, ALT,
CK, PT, and aPTT values were significantly high-
er in the patients with severe disease than in the
group with moderate disease (p<0.001 for all),
while platelet count and fibrinogen values were
lower (p<0.001 for all). The two groups had no
statistically significant difference in WBC values
(p<0.397).

IL-1 and IL-1RA levels were significantly
higher in the CCHF patients with severe dis-
ease manifestations than in those with moder-
ate disease and were also significantly higher
in both patient groups than in the control group
(Figure 1).
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Figure 1. Box plots showing the groups’ serum IL-1 and IL-1RA levels.
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Table Il. Comparison of IL-1 and IL-1RA levels in patients with Crimean-Congo hemorrhagic fever between severe and non-

severe disease and patients who survived and died.

Parameter Moderate Severe Survivor Non-survivor Control P
(n=35) (n=26) (n=51) (n=10) (n=40)
mean=SD meanz=SD meanx=SD meanz=SD meanz=SD
IL-1 (ng/L) 139.02+29.89 277.78+49.72 172.93+£57.78 326.82+40.198 53.02+38.73 <0.001%°¢
IL-1RA (ng/L) 473.59+143.68  874.73+£226.66  568.97+196.21  1,030.08+275.66  104.59+54.75  <0.001*b¢

*=Comparison of moderate and severe patients, "=Comparison of survivor and non-survivor patients, =Comparison of patients

and controls.

The patients were divided into two groups on
the basis of mortality, survival, and exitus. The exi-
tus patients consisted of individuals who developed
macrophage activation syndrome (MAS) during
follow-up. IL-1 and IL-1RA levels were significant-
ly higher in the exitus patients than in the surviv-
ing group (Table II). In addition, WBC, LDH, AST,
ALT, CK, PT, and aPTT values were also signifi-
cantly higher in the exitus patients (respectively
p<0.004, for others p<0.001). Platelet count and fi-
brinogen values were all significantly lower in the
exitus group (p<0.001 for all) (Table III).

IL-1 levels exhibited significant, high posi-
tive correlation with IL-1RA, longest PT, longest
aPTT, highest AST, highest ALT, highest LDH,
and highest CK, and significant, low negative
correlation with lowest platelet count, and lowest
fibrinogen levels.

IL-1RA levels exhibited significant, high pos-
itive correlation with IL-1, longest PT, longest
aPTT, highest AST, highest ALT, highest LDH,
and highest CK, and significant, moderate nega-
tive correlation with lowest platelet count, lowest
fibrinogen levels (Table V).

At a cut-off value of 210.85 ng/L, serum IL-IRA
levels exhibited 97% sensitivity and 95% specificity
in differentiating CCHF cases from healthy individ-
uals [AUC=0.995, p<0.001, 95% Confidence Inter-
val (CI) 0.988-1.00]. Additionally, at a cut-off val-
ue of 107.67 ng/L. serum IL-1 levels exhibited 95%
sensitivity and 90% specificity in differentiating
CCHEF cases from healthy individuals (AUC=0.963,
<0.001, 95% CI 0.925-1.00) (Figure 2).

Discussion

Inflammation is an inseparable part of immune
reactions to infections. However, a number of highly
pathogenic viruses result in high morbidity and mor-
tality, causing an excessive and prolonged inflamma-
tory response on the part of cytokines and chemok-
ines, known as ‘cytokine release syndrome’'’.

CCHF is a potentially severe disease caused
by the virus®. After entering the body, the CCHF
virus produces viremia and leads to inflammation
in tissues and organs, particularly mononuclear
cells and neutrophils'.

Table Ill. A comparison of laboratory results between the fatal and non-fatal cases.

Parameter Non-survivors Survivors P
meanx=SD meanx=SD
n=10 n=51

Age 63.20+13.19 47.37+13.33 <0.001
WBC (/uL) 2,601.34+1,143.39 4,933.64+3,204.99 <0.004
Highest alanine transferase level (U/L) 3,819.00+1,152.81 570.10+£562.67 <0.001
Highest aspartate transferase level (U/L) 1,329.00+212.94 412.16+312.66 <0.001
Highest lactic dehydrogenase level (U/L) 5,020.00+1,283.91 872.94+553.70 <0.001
Highest creatinine phosphokinase level (U/L) 1,740.00+217.05 529.61+£308.117 <0.001
Lowest fibrinogen level (g/L) 1.17+0.22 4.24+1.24 <0.001
Lowest platelet count (1x10° cells/L) 5.404+2.06 54.53+41.29 <0.001
Longest prothrombin time (s) 32.20+5.35 16.33+4.97 <0.001
Longest activated partial thromboplastin time (s) 77.10+£8.98 51.25+12.62 <0.001

WBC: white blood cell.

8937



N. Celik, E. Laloglu

Table IV. Correlation analysis of IL-1 and IL-1RA laboratory parameters.

IL-1 IL-TRA
Correlation Correlation
coefficient (r) P coefficient (r) P

IL-1 0.862 <0.001
IL-1IRA 0.862 <0.001

Longest PT 0.858 <0.001 0.697 <0.001
Longest aPTT 0.834 <0.001 0.710 <0.001
Lowest PLT -0.668 <0.001 -0.495 <0.001
High ALT 0.787 <0.001 0.702 <0.001
High AST 0.883 <0.001 0.822 <0.001
High LDH 0.822 <0.001 0.697 <0.001
High CK 0.837 <0.001 0.713 <0.001
Lowest fibrinogen -0.820 <0.001 -0.644 <0.001

IL-1: interleukin-1, IL-1RA: IL-1 receptor antagonist, CK: Creatine kinase, ALT: alanine aminotransferase, AST: aspartate
aminotransferase, LDH: Lactate dehydrogenase, PT: prothrombin time, aPTT: activated partial thromboplastin time, PLT: platelets.

An insufficient antibody response is reported
in fatal cases of CCHF. Inflammatory mediators
play an important role in these cases, and shock,
together with a fulminant course, is observed'?.

Severe or irregular (uncontrolled) inflamma-
tion contributes to the pathogenesis of numerous
acute and chronic conditions. Cytokines, gener-
ally known as interleukins, are proteins that reg-
ulate the inflammatory response by transmitting
pro- and anti-inflammatory signals. [L-1 is an im-
portant proinflammatory cytokine involved in the
innate immune response®. It is also involved in
the pathogenesis of various inflammatory diseas-
es, including viral infections'.

Both IL-1 and IL-1RA are produced by en-
dothelial cells, smooth muscle cells, and macro-
phages®.

The binding of IL-1 to its receptor results in
several inflammatory effects, including leuko-
cyte extravasation, protease, and prostaglandin
production, and T-cell activation. Long-term in-
flammation is harmful to surrounding tissues and
must be controlled in order to reduce collateral
tissue damage®.

Secreted IL-1RA inhibits IL-1 receptor binding
in a competitive manner, while intracellular IL-
1R A not only inhibits IL-1 binding but also modu-
lates the effects of IL-1 beyond the receptor’.
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MAS emerges as a result of a fulminant cyto-
kine storm and is associated with pancytopenia,
tissue hemophagocytosis, hepatic function dis-
order, coagulopathy, and/or central nervous sys-
tem dysfunction. MAS is a cause of fatal multiple
organ dysfunction syndrome, which generally
emerges as a complication of infection, malignan-
cies, and autoimmune disorders'.

Intensive care requirements were developed in
10 of our patients with CCHF during follow-up.
Patients with thrombocytopenia, leukopenia,
blurred consciousness, hepatic enzyme elevation,
and hemorrhage problems were followed up as
MAS. Mortality rates as high as 60% have been
reported in adult MAS in some studies'™!8. All the
cases that developed MAS in this study were fa-
tal. Serum IL-1 levels in the CCHF patients were
significantly higher than those in the healthy con-
trol group. They were also significantly higher
in the CCHF patients with severe manifestations
compared to those in the moderate disease group.
Moreover, IL-1 was significantly higher in the ex-
itus CCHF patients than among the survivors.

Since IL-1RA prevents proinflammatory sig-
nals and blocks the effects of IL-1 by bindings to
IL-1 receptors, it is a natural anti-inflammatory
marker that should be present at high levels in the
body'’. In the present study, IL-IRA levels were
statistically significantly higher in the CCHF pa-
tients than in the healthy control group. In addi-
tion, IL-1RA levels were significantly higher in
the patients with manifestations of MAS and in
the exitus patients compared to the surviving pa-
tients.

Significant IL-1 and IL-1RA elevation in pa-
tients with CCHF may be interpreted as indicat-
ing intense inflammatory/anti-inflammatory war-
fare.

Inflammation is thought to be very severe in
patients with severe CCHF manifestations, and
the release of natural IL-1R A increases in order to
cope with the inflammation resulting from cyto-
kine release. The increase in IL-1R A levels, in ad-
dition to IL-1 in exitus patients developing MAS,
suggests that it may be beneficial to support these
patients by means of external IL-1R A therapy.

Studies"?' have documented that IL-1 plays
a critical role in the pathogenesis of acute and
chronic inflammation. IL-1 receptor blockage is
one of the strategies currently employed in the
treatment of conditions deriving from IL-1%2.

IL-1IRA has been used in the antagonization
of IL-1, with its important role in cytokine storm
syndrome?.

ILIRA levels have been investigated in vari-
ous infectious diseases and have been found to be
high?2s.

IL-1R A elevation has been linked to fatal cas-
es of human Ebola virus (EBOV) infection. It has
been suggested®® that elevated IL-IRA may con-
tribute to host protection against EBOV infection,
possibly by suppressing an overactive proinflam-
matory immune response as a last-ditch effort.

IL-1 elevation is regarded as an early diagnos-
tic marker in sepsis, and increasing levels may
serve as a biomarker allowing septic patients to
be identified among poor prognostic markers?’.

Elevated IL-1R A has also been shown***to be
associated with high survival rates following sep-
tic shock. Another study®® described high IL-1RA
levels as a marker of fatal sepsis.

Considering the cycle from these two distinct
perspectives, IL-IRA levels rise significantly
during the hottest part of the inflammatory war but
may not reach sufficiently high levels actually to
win that war in some cases. We proposed this idea
in the context of patients with CCHF. Further con-
firmatory studies are, of course, required. This re-
quires urgent investigation, especially in cases that
develop severe MAS, and prompt action should be
taken for external support if necessary.

Higher IL-1RA levels have been reported®’ in
severe COVID-19 cases compared to patients with
milder manifestations. Another study®? reported
significantly higher IL-1RA levels in COVID-19
patients who developed MAS compared to cases
without MAS.

Suppression of members of the proinflamma-
tory IL-1 family has been shown'* to exhibit a
therapeutic effect in several inflammatory diseas-
es, also including viral infections.

A previous study** showed improved pulmo-
nary functions and a decreased risk of mortality
in COVID-19 patients treated with IL-1R drugs
and developing MAS compared to patients who
were not given IL-1R A medications.

Another study®* showed that treatment with IL-
IRA drugs can prevent hemodynamic alterations,
septic shock, and organ infection by exhibiting
novel therapeutic effectiveness on COVID-19.

Similarly, the high levels of IL-1 and IL-IRA in
CCHF patients, especially in patients with MAS
and in fatal cases, suggest that the fight against in-
flammation is quite severe. It can be thought that
although the body increases the level of ILIRA
in suppressing the inflammation caused by ILI,
it cannot reach a sufficient level. We think that
the idea of increasing the effect of IL1 receptor
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antagonists in the fight against patients with MAS
will shed light on the studies to be done in CCHF.

Laboratory changes that can be seen in the
course of CCHF disease include anemia, leuko-
penia, thrombocytopenia, increase in AST and
ALT levels, prolongation of PT and aPTT times,
increase in fibrin degradation products and de-
crease in fibrinogen®. In addition, leukocytosis
can be seen as an indicator of poor prognosis>*.

In our study, the laboratory parameters of the
patients who showed signs of serious disease were
at a level that supports these studies***3%. A sig-
nificant association was observed with disease se-
verity. AST, ALT, CK, LDH, PT, and PTT values
were significantly higher in severe disease mani-
festations. Thrombocytopenia and low fibrinogen
levels were also detected in these patients. While
WBC values were low in both patient groups with
moderate and severe clinical courses, the WBC
values of the patients who died were higher than
the surviving patients.

In addition, IL-1 and IL-1R A exhibited signif-
icant positive correlations with the highest AST,
ALT, CK, LDH, PT, and PTT values, and signif-
icant negative correlations with low platelet and
fibrinogen levels.

A significant positive correlation was deter-
mined between IL-1 and the highest AST, highest
ALT, highest LDH, highest CK, longest PT, lon-
gest PTT, and IL-1RA levels, while a significant
negative correlation was observed with the lowest
platelet count and lowest fibrinogen.

IL-1RA exhibited a significant positive cor-
relation with the highest AST, highest ALT, high-
est LDH, highest CK, longest PT, and longest
PTT values and a significant moderate negative
correlation with the lowest platelet count and low-
est fibrinogen level.

The results of this study also suggested that
high IL-1 and IL-1RA levels may be regarded as
poor prognostic laboratory parameters in terms of
showing the severity of inflammatory warfare.

At a cut-off value of 210.85 ng/L, serum IL-
IRA levels differentiated cases of CCHF from
healthy individuals with 97% sensitivity and 95%
specificity (AUC=0.995, p<0.001, 95% confidence
interval 0.988-1.00). In addition, at a cut-off value
of 107.67 ng/L, IL-1 levels differentiated cases of
CCHF from healthy individuals with 95% sensi-
tivity and 90% specificity (AUC=0.963, p<0.001,
95% confidence interval 0.925-1.00) (Figure 2).
This suggests that IL-1 and 1LIRA levels may be
effective in determining the disease course in pa-
tients with CCHF.

8940

Supportive therapy represents the primary
treatment in CCHF. The antiviral agent ribavirin
has also been used®” in human CCHF cases, al-
though the clinical evidence is inconsistent, and
this led to debates among clinicians. Novel anti-
viral therapeutics against CCHF now need to be
developed on an urgent basis in order to manage
the growing threat to public health posed by this
highly infectious pathogen.

Limitations

The principal limitation of this study was the
small sample size. Further studies involving larg-
er patient numbers are now needed to confirm the
role of IL-1-RA in treating CCHF patients.

Conclusions

It is, therefore, of great importance to deter-
mine the mechanism responsible for the patholo-
gy and focus on treating it accordingly. Significant
elevation in IL-1, which we think may constitute
one of the cytokines responsible for the clinical
manifestation in patients with CCHF, was deter-
mined in the present study. We also think that an
increase in IL-1RA levels can be a useful guide
in determining the severity of inflammatory war-
fare. New supportive studies on this subject are
now needed.We believe that the effects of IL-1
can be suppressed by increasing the level of IL-
IRA in the body to change the course of severe
inflammation, especially in patients with MAS.
In this case, as in many other diseases, we found
that external IL-1R A support may be beneficial to
reduce the effects of inflammation.
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