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ABSTRACT
Objective: To evaluate the power of the systemic immune-inﬂammation index in the prediction of mortality in severe Crimean-Congo hemorrhagic fever patients.
Study Design: Observational study.
Place and Duration of Study: Department of Anaesthesiology and Reanimation, Sivas Cumhuriyet University, Sivas, Turkey,
from January to June 2022.
Methodology: Intensive care patients diagnosed with Crimean-Congo hemorrhagic fever, between January 2012 and January
2022, were included. Demographic data, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio and systemic immuneinﬂammation index were recorded. Receiver operating characteristic analysis, Cox regression analysis and Kaplan-Meier mortality
analyses were done.
Results: A cut-oﬀ value <1.85 for neutrophil to lymphocyte ratio showed 41.67% sensitivity and 97.06% speciﬁcity. A cut-oﬀ
value <80.75 for the systemic immune-inﬂammation index showed 84.72% sensitivity and 76.47% speciﬁcity. A cut-oﬀ value
<37.86 for platelet-to- lymphocyte ratio showed 84.72% sensitivity and 73.53% speciﬁcity. In patients with systemic immuneinﬂammation index value <80.75, the mortality rate increased 2.549 times and 3.732 times in patients with a platelet-to-lymphocyte ratio value <37.86.
Conclusion: Similar sensitivity and speciﬁcity levels were found for systemic immune-inﬂammation index and platel-to-lymphocyte ratio regarding the mortality prediction power and impact on mortality. Both tests can be used for the prediction of mortality
during the hemorrhagic period in patients with severe Crimean-Congo Hemorrhagic Fever.
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INTRODUCTION
Crimean-Congo hemorrhagic fever (CCHF) is an acute viral infection disease, which progresses with ﬁndings like ecchymosis,
visceral bleeding, and hepatic dysfunction. Although the mean
mortality rate of the disease is between 10% and 40%, it may
increase up to 60%-80% depending on the region.1,2 CCHF virus,
which belongs to the Nairovirus genus, is responsible for the
disease and can be transmitted by several types of ticks.3
CCHF has four clinical periods: incubation, prehemorrhagic, hemorrhagic, and convalescence periods. The prehemorrhagic period is
characterised by non-speciﬁc infection symptoms and ﬁndings like
sudden onset of fever, headache, myalgia, and asthenia.
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Fever lasts approximately 4-5 days and may be accompanied
by diarrhoea, nausea, and vomiting. The duration of the prehemorrhagic period ranges between 1 and 7 days. The hemorrhagic
period develops rapidly and lasts usually 2-3 days. Epistaxis,
vaginal bleeding, gingival bleeding, and cerebral haemorrhage
were reported in some patients during the hemorrhagic period.
The convalescence period develops in the surviving patients
and lasts 10-20 days.4,5
Bleeding emerging during the hemorrhagic period may require
hospitalisation in ICU. These bleedings cause hemodynamic
instability and may lead to death due to organ failure. Shock and
coma may emerge as a result of alveolar haemorrhage in vital
organs and cerebral haemorrhage and may lead to death.

Currently, mortality is predicted in certain medical conditions
with the help of neutrophil-to-lymphocyte ratio (NLR), plateletto-lymphocyte ratio (PLR), and systemic immune-inﬂammation
6-9
index (SIII). It is believed that the mortality increases as a
result of the deterioration of the balance between the increased
inﬂammation and the counteracting anti-inﬂammatory mechanism.
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As CCHF progresses with thrombocytopenia and inﬂammation,
the authors believe that the SII index might be a useful tool for
predicting mortality in CCHF patients. In the literature search,
the authors did not ﬁnd any study focused on the relationship
between the SII index and mortality in CCHF cases. This study is
important in this respect. The objective of this retrospective
study was to evaluate the power of SIII in the prediction of
mortality in severe CCHF patients.

METHODOLOGY
This study was approved by the Ethics Committee (Date:
13/01/2022; No. 2022-01/04). Written informed consent was
obtained from all participating patients. This study is designed
in line with the principles of the Helsinki Declaration. A total of
140 patients, who had a positive CCHF-polymerase chain reaction (PCR) test and followed in the intensive care unit of Sivas
Cumhuriyet University Hospital between January 2012 and
January 2022, were included in this single-centre retrospective
study. All enrolled patients had been transferred from the infectious disease clinic to the intensive care unit and completed a
routine ribavirin treatment (30 mg/Kg initial loading dose; 15
mg/Kg 4 times daily for 4 days; 7.5 mg/Kg 3 times daily for 6
days).
Patients, who had coronary artery disease, secondary infectious disease except for CCHF, underwent chemotherapy, and
radiotherapy in the last year, had a haematological disease
aﬀecting the blood cell count and bone marrow function, were
diagnosed with cancer, received corticosteroid treatment, had
chronic obstructive lung disease, ulcerative colitis, diseases
like Crohn's disease, which progress with chronic inﬂammation,
complications, diabetes mellitus with uncontrolled blood sugar,
were excluded from the study.
During the study, the age, gender, duration of the ICU hospitalisation, comorbidities, distribution of the cases according to the
years, C-reactive protein (CRP) levels on the ﬁrst ICU day,
neutrophil, lymphocyte, and platelet counts of the patients,
whose ﬁles were available, were recorded. The systemic
immune-inﬂammation index was calculated according to the
following formula and recorded: (platelet count x neutrophil
count)/lymphocyte count (109/L). PLR was calculated according
to the following formula and recorded: platelet count/lymphocyte count. NLR was calculated according to the following
formula and recorded: neutrophil count/lymphocyte count.
The statistical analyses were performed with the SPPSS version
25.0 software package. The normal distribution of the variables
was evaluated with the histogram charts and the Kolmogorov-Smirnov test. The descriptive analyses were given in mean, standard deviation, median, minimum, maximum, and IQR values.
The categorical variables were compared with Pearson's chisquare test. The intergroup evaluation of the non-parametric
variables was done with the Mann-Whitney U test. The
spearman correlation test was used in the analysis of the metric
data. The signiﬁcant cut-oﬀ values, with which the measured

values can predict mortality, were investigated with the ROC
analysis. The variables related to survival were evaluated with
the Kaplan-Meier analysis and the factors aﬀecting the
mortality were assessed with the COX regression analysis. The
p-values smaller than 0.05 were considered statistically signiﬁcant.

RESULTS
A total of 140 patients, age between 18 and 83 years, were
included in the study. Forty-nine of them were females and 91
were males. The median hospitalisation time was 5 days. The
mean NLR value was 3.83±2.82, mean PLR value was
52.26±60.63, mean SIII value was 123.21±188.10, and mean
CRP value was 61.80±63.98 mg/L.
Fifty-four patients had co-morbidities. Forty of them had hypertension, 11 diabetes mellitus, 2 benign prostate hyperplasia,
and one epilepsy. Seventy-two patients died.
The correlation of mortality with age, gender, hospitalisation
time, comorbidity, neutrophil, lymphocyte and platelet
counts, NLR, SIII, PLR, and CRP levels was assessed. According
to the analysis, the dead patients were older. The hospitalisation time was shorter in the dead patients. The mortality rate
was higher among patients with other comorbidities. In addition, the lymphocyte level was higher in the dead patients,
while the levels of platelets, NLR, SIII, and PLR were lower in this
group (Table I).
The correlation between hospitalisation time, age, NLR, SIII,
PLR, and CRP was investigated in the survived patients. The
authors found an inverse correlation between hospitalisation
time and NLR, SIII, and PLR. In other words, the hospitalisation
time was prolonged with the decrease in NLR (r: -0.307, p:
0.011), SIII (r: -0.419, p: <0.001), and PLR (r: -0.239 p: 0.049)
values.
The NLR, SIII, PLR, and CRP levels, which can be useful in
predicting mortality, were investigated. A cut-oﬀ value <1.85
for NLR showed 41.67% sensitivity and 97.06% speciﬁcity with
a positive predictive value (PPV) 93.75% and a negative predictive value (NPV) 61.11%, 95% CI, 0.637-0.804, p<0.001. A cutoﬀ value <80.75 for SIII showed 84.72% sensitivity and
76.47% speciﬁcity (PPV: 79.22%, NPV: 82.54%, 95% CI,
0.847-0.944, p<0.001). A cut-oﬀ value <37.86 for PLR showed
84.72% sensitivity and 73.53% speciﬁcity (PPV: 77.22%, NPV:
81.97%, 95% CI, 0.784-0.912, p<0.001). The authors did not
detect a signiﬁcant cut-oﬀ value for CRP (Figure 1).
The survival rate was higher in patients without comorbidities.
Furthermore, survival was worse in patients with NLR <1.85,
SIII <80.75, and PLR <37.86 (Table II, Figures 2 and 3).
The eﬀects of comorbidity, NLR, SIII, and PLR on mortality were
also evaluated. It showed that in patients with an SIII value
<80.75, the mortality rate increased 2.549 times and 3.732
times in patients with a PLR value <37.86 (Table III).
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Table I: Mortality analysis of inﬂuencing factors and distribution of the cases according to the years.
Survival (n:68)
Median (min-max)/n

Year

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

Age (year)
Gender

Female
Male
Length of stay (day)
Comorbidity Absent
Present
Neutrophil
Lymphocyte
Platelet
NLR
SIII
PLR
CRP (mg/L)
Year

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

Age (year)
Gender

Female
Male
Length of stay (day)
Comorbidity Absent
Present
Neutrophil
Lymphocyte
Platelet
NLR
SIII
PLR
CRP (mg/L)

9
8
5
7
1
1
4
8
15
10
45.44±18.90
21
47
7.76±3.35
49
19
3.07±2.57
0.68±0.42
42.1±26.12
4.67±2.92
200.09±246.28
83.43±71.29
69.58±80.00
Survival (n:68)
Median (min-max)/n
9
8
5
7
1
1
4
8
15
10
45.44±18.90
21
47
7.76±3.35
49
19
3.07±2.57
0.68±0.42
42.1±26.12
4.67±2.92
200.09±246.28
83.43±71.29
69.58±80.00

Median (min-max)/%

p-value

Non-survivors (n:72)
Median (min-max)/n Median (min-max)/%

(47.37)
(66.67)
(50.00)
(43.75)
(20.00)
(25.00)
(36.36)
(36.36)
(65.22)
(55.56)
43 (29.5-62)
(30.9)
(69.1)
7 (5-9)
(72.1)
(27.9)
2.07 (1.27-4.18)
0.53 (0.4-0.82)
36 (26-49)
3.97 (2.59-5.74)
138.58 (82.07-207.01)
68.58 (32.45-105.05)
47.1 (23.7-83.5)

10
4
5
9
4
3
7
14
8
8
53.69±19.08
28
44
3.82±2.96
37
35
4.38±4.38
1.51±1.13
20.51±14.00
3.04±2.49
50.6±32.03
22.82±24.30
54.46±43.15
Non-survivors (n:72)
Median(min-max)/%
Median (min-max)/n
(47.37)
10
(66.67)
4
(50.00)
5
(43.75)
9
(20.00)
4
(25.00)
3
(36.36)
7
(36.36)
14
(65.22)
8
(55.56)
8
43 (29.5-62)
53.69±19.08
(30.9)
28
(69.1)
44
7 (5-9)
3.82±2.96
(72.1)
37
(27.9)
35
2.07 (1.27-4.18)
4.38±4.38
0.53 (0.4-0.82)
1.51±1.13
36 (26-49)
20.51±14.00
3.97 (2.59-5.74)
3.04±2.49
138.58 (82.07-207.01) 50.6±32.03
68.58 (32.45-105.05) 22.82±24.30
47.1 (23.7-83.5)
54.46±43.15

(52.63)
(33.33)
(50.00)
(56.25)
(80.00)
(75.00)
(63.64)
(63.64)
(34.78)
(44.44)
60 (34.5-69.5)
(38.9)
(61.1)
3 (2-4.5)
(51.4)
(48.6)
3.05 (1.19-6.01)
1.26 (0.75-1.85)
16 (10-27)
2.34 (1.49-3.7)
44.44 (24.83-73.1)
12.1 (7.17-30.85)
42.8 (19.05-76.65)

0.425

0.009²
0.321
<0.001²
0.012
0.229²
<0.001²
<0.001²
<0.001²
<0.001²
<0.001²
0.554²

Median(min-max)/%
(52.63)
(33.33)
(50.00)
(56.25)
(80.00)
(75.00)
(63.64)
(63.64)
(34.78)
(44.44)
60 (34.5-69.5)
(38.9)
(61.1)
3 (2-4.5)
(51.4)
(48.6)
3.05 (1.19-6.01)
1.26 (0.75-1.85)
16 (10-27)
2.34 (1.49-3.7)
44.44 (24.83-73.1)
12.1 (7.17-30.85)
42.8 (19.05-76.65)

0.425

0.009²
0.321
<0.001²
0.012
0.229²
<0.001²
<0.001²
<0.001²
<0.001²
<0.001²
0.554²

¹Chi-square test, ²Mann whitney U test; NLR: Neutrophil/lymphocyte ratio; SIII: Systemic immune-inﬂammation index; PLR: Platelet/lymphocyte ratio; CRP: Creactive protein; p<0.05: Statistically signiﬁcant.
Table II: Kaplan-Meier survival analysis.

Gender
Comorbidity
NLR
SIII
PLR

Overall
Female
Male
Absent
Present
>1.85
<1.85
>80.75
<80.75
>37.86
<37.86

Estimate

Std. error

95% conﬁdence interval
Lower bound
Upper bound

9.758
9.049
9.710
11.391
7.696
10.906
5.188
14.238
6.519
14.047
6.291

0.684
1.164
0.779
0.852
0.875
0.741
0.832
0.757
0.704
0.822
0.720

8.418
6.768
8.183
9.721
5.981
9.454
3.557
12.754
5.138
12.435
4.879

11.099
11.330
11.236
13.060
9.411
12.358
6.818
15.722
7.900
15.659
7.703

p-value

0.416
0.029
<0.001
<0.001
<0.001

Kaplan-Meier analysis; NLR: Neutrophil/lymphocyte ratio; SIII: Systemic immune-inﬂammation index; PLR: Platelet/lymphocyte ratio; p<0.05: Statistically signiﬁcant.
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Table III: The eﬀect of NLR, PLR and SIII on mortality.
B
SE

p

Exp(B)

95.0% CI for Exp (B)
Lower
Upper

Comorbidity
NLR (<1.85)
SIII (<80.75)
PLR (<37.86)

0.183
0.169
0.012
<0.001

1.381
1.422
2.549
3.732

0.859
0.861
1.229
1.843

0.323
0.352
0.936
1.317

0.242
0.256
0.372
0.360

2.222
2.348
5.286
7.557

COX Regresyon analizi; NLR: Neutrophil/lymphocyte ratio; SIII: Systemic immune-inﬂammation index; PLR: Platelet/lymphocyte ratio; B: Regression coeﬃcient;
SE: Standard error of the coeﬃcient; Exp(B): Hazard ratio; CI: Conﬁdence interval; p<0.05: Statistically signiﬁcant.

DISCUSSION
According to the ﬁndings in this study, in CCHF patients, the
level of thrombocytopenia at admission to the ICU helped to
predict mortality much more than the severity of inﬂammation. The SIII and PLR values have a comparable power in the
prediction of mortality. In this disease, although severe inﬂammation is the cause of thrombocytopenia, the severity of
thrombocytopenia was useful in the determination of the prognosis, even though inﬂammation was suppressed as a result
of the antiviral treatment at admission to the ICU.

Figure 1: ROC analysis of NLR, SIII, PLR and CRP to predict mortality.

Figure 2: Kaplan-Meier survival analysis for SIII.

Figure 3: Kaplan-Meier survival analysis for PLR.

Recent studies showed that SIII might be used for the predictions of the prognosis and mortality in patients with cancer,
coronary artery disease, hip fractures and Covid-19
patients.8-13 The common feature of these conditions is inﬂammation but there is no study published in the literature
focused on SIII in CCHF which is also an inﬂammatory
disease. This study is unique in this respect. As CCHF is
restricted to a certain geographical area, studies focused on
the diagnosis and prognosis of the disease are critical for the
increase of awareness about the disease worldwide.
The factors which determined the mortality in CCHF included:
age, haemorrhage, hepatomegaly, organ failure, aspartate
transaminase, alanine transaminase, lactate dehydrogenase,
leukocyte count, prolonged prothrombin time (PT), activated
partial thromboplastin time (aPTT), international normalised
ratio (INR), and platelet count. A scoring system named
Severity Grading Score (SGS) was developed with the help of
these parameters and the sensitivity, speciﬁcity, PPV, and
NPV were 96%, 100%, 97%, and 44% respectively in CCHF.14
In a study conducted by Bakır et al., SGS was used for the
determination of the CCHF mortality, and data obtained at
ﬁrst application to the hospital were analysed.14 This study
diﬀers with respect to the patient population. In this study,
data from the blood sample was obtained at admission to the
ICU from the patients, who were transferred to the ICU, while
they were under treatment in the hospital with the diagnosis
of CCHF. Instead of the interpretation of SGS, which consists
of 12 factors, introducing a tool like SIII with few factors and
practical mortality prediction properties to the literature, will
be more useful in routine practice. However, it is also a fact
that it is not surprising that the variables in SGS, which bring
organ failure to the forefront have higher predictive power
compared to the hemogram parameters in predicting
mortality.

In this study, the reason SIII was preferred to predict CCHF
mortality was that thrombocytopenia has a central place in
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the pathogenesis of the disease. The most common laboratory ﬁnding is thrombocytopenia at the ﬁrst application to
the hospital.15 The most important reason for the progress to
the hemorrhagic period is not the prolongation of PT, aPTT,
and INR, but thrombocytopenia, which is determined before
these parameters deteriorate. Therefore, the authors investigated PLR in one of this prior studies.1 The diﬀerence
between SIII from PLR is that SIII shows the severity of inﬂammation with the patient's immune response taking the
neutrophil count into the calculation. In this study, which
was conducted with 34 ICU patients in 2020, the sensitivity
and speciﬁcity of PLR were 81.3% and 100% respectively. In
this study, which was conducted with 140 patients, the sensitivity and speciﬁcity of PLR were 84.72% and 73.53% respectively. With the increase in the sample size, it was observed
that the mortality rate was comparable between these two
studies. The decrease in PLR level from 100% to 73.53% can
be explained by the smaller sample size of the previous
study. Nevertheless, despite the increase in sample size, the
high sensitivity of the PLR in predicting mortality was
preserved.
The mortality analysis done in this study showed that
mortality increased by 2.54 and 3.73 times respectively,
when SIII and PLR values were under the cut-oﬀ values,
while NLR did not reveal a signiﬁcant correlation with the
increase in the mortality rate. Therefore, following the COX
regression analysis with the high speciﬁcity and low sensitivity found for NLR<1.85, it was observed that high NLR
levels did not signiﬁcantly elevate the mortality rate. As it
can be understood from this result, PLR and SIII, which are
thrombocytopenia-based parameters, are more powerful
tests to display whether the disease will lead to death,
rather than NLR, which reﬂects the severity of inﬂammation
in the hemorrhagic period of CCHF. Bleeding, which is a clinical ﬁnding closely related to thrombocytopenia and
emerges during the progress of the disease, is the cause of
organ failure and death, Therefore, the analysis of these
parameters is consistent with the clinical course of the
disease. It should be kept in mind that the cut-oﬀ values
determined for NLR, PLR, and SIII were obtained during the
hemorrhagic period of the disease. Diﬀerent comments can
be proposed for the NLR values determined during the incubation and prehemorrhagic periods. To demonstrate the
eﬀectiveness of the severity of inﬂammation in predicting
the progress of the disease, an investigation of the inﬂammation parameters during the incubation and prehemorrhagic
periods might provide more valuable ﬁndings.
CRP, which is another inﬂammation marker, did not provide
a signiﬁcant cut-oﬀ level for mortality in this study. There
are studies published in the literature, which reported that
like CRP, also NLR indicated inﬂammation.16-19 In this study,
the reason why NLR displayed more signiﬁcant results than
CRP in indicating inﬂammation is that this study was
designed for a viral disease. As lymphopenia is in the fore1542

ground in acute viral infections, NLR provided more signiﬁcant results in CCHF compared to CRP. CRP increases in
many inﬂammatory events and thus it is not speciﬁc to any
inﬂammatory factor. Although high-sensitivity CRP (hs-CRP)
levels provide signiﬁcant results for mortality in CCHF
patients, which may progress with liver damage, the investigation with SGS did not change the sensitivity of SGS.20
There are some limitations of this study. The retrospective
design may cause some biases. The use of hs-CRP, which
became popular in CCHF recently, instead of CRP might
reveal more signiﬁcant results. The investigation of these
parameters in patients, who had received ribavirin treatment, was another limitation of this study. The included
patients were patients, who were transferred to ICU despite
they were under ribavirin treatment in the clinic. Therefore,
the authors did not have treatment-naive patients. The lack
of information about the viral load in patients was another
limitation of the study.

CONCLUSION
Similar sensitivity and speciﬁcity levels were found for SIII
and PLR regarding the mortality prediction power and
impact on mortality. Both tests can be used for the prediction of mortality during the hemorrhagic period in patients
with severe CCHF.
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