Eur J Clin Microbiol Infect Dis (2015) 34:325-330
DOI 10.1007/s10096-014-2238-0

ARTICLE

Validation of a severity grading score (SGS) system
for predicting the course of disease and mortality
in patients with Crimean-Congo hemorrhagic fever

(CCHF)

M. Bakir - M. G. Gozel - I. Koksal - Z. Asik - O. Giinal -
H. Yilmaz - A. But - G. Yilmaz - A. Engin

Received: 17 July 2014 / Accepted: 25 August 2014 /Published online: 12 September 2014

© Springer-Verlag Berlin Heidelberg 2014

Abstract We aimed to validate a severity grading score
(SGS) system for predicting the course of disease and fatality
in Crimean-Congo hemorrhagic fever (CCHF). This SGS was
established using several variables that were assumed to be
associated with mortality and had clinical importance. We
included patients diagnosed with CCHF from different cen-
ters. Patients who had symptoms of CCHF for <5 days were
included. The patients were grouped into three categories
according to mortality risk. An SGS<4 showed no association
with mortality [n=323 (79.9 % of the total study population),
and all survived]. An SGS between 5 and 8 points was
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classified into the intermediate risk group (20 %), and 14 of
70 patients in this group died. An SGS>9 was classified as the
high risk of mortality group and 11 of 11 patients in this group
died (p=0.001). The sensitivity, specificity, accuracy, positive
predictive value, and negative predictive value for an SGS>9
points at admission were 96, 100, 97, 100, and 44 %, respec-
tively. This SGS system may help appropriate the triage of
patients, decrease the cost of treatment, and improve the
functionality of healthcare staff. The present study is the first
investigation about the validation of an SGS system in patients
with CCHF.

Introduction

Crimean-Congo hemorrhagic fever (CCHF) is an acute viral
hemorrhagic disease with a mortality rate between 3 and 30 %.
The virus that causes CCHF belongs to the Nairovirus genus
of the Bunyaviridae family. CCHF was first described in the
1940s in the Crimean peninsula of the former Soviet Union;
however, it is now endemic in approximately 30 countries in
Africa, Asia, Europe, and the Middle East [1]. Up to 2009,
4,448 confirmed CCHF cases have been reported in Turkey
[2].

The clinical course and outcome of CCHF infection differ
considerably among cases [3]. Although ribavirin has been
recommended for the prophylaxis and therapy of CCHEF, its
efficacy remains debatable. Most CCHF patients receive only
supportive therapy, and these patients must be monitored
closely for effective support [4, 5]. Several studies have eval-
uated the effect of several clinical and laboratory findings on
the mortality of CCHF. However, physicians in primary or
secondary care hospitals face difficulties in predicting the
disease course and determining which patients need general
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supportive therapy, including replacement of basic blood
products and balance of fluids and electrolytes, and which
patients need more advanced supportive therapy that can be
provided at a tertiary care hospital, such as thrombocyte
apheresis and intensive care monitoring. In a previous study,
Bakir et al. evaluated patients on the first day of hospitaliza-
tion, and they composed a severity grading score (SGS)
according to the clinical and laboratory findings, commented
on the course of the disease, and predicted mortality in patients
with CCHF using the SGS system [6] . They suggested that
this scoring system might not only help decide which patients
should be referred to a tertiary care hospital, but also decrease
the cost of therapy and improve the functionality of healthcare
staff.

In the previous study, an SGS system was created using the
clinical and laboratory findings of CCHF patients from a
single center [6]. In this study, we aimed to validate the SGS
system using data from multiple centers that are responsible
for the follow-up and treatment of a significant proportion of
the CCHF patients in Turkey. Furthermore, we aimed to use
the clinical and laboratory findings to determine which pa-
tients could be followed up in a secondary care hospital and
which patients should be referred to a tertiary care hospital for
monitoring in the intensive care unit or for platelet apheresis.

Materials and methods
Study design and patients

This prospective study was conducted in six different centers,
including the Cumhuriyet University Hospital, Karadeniz
Technical University Hospital, 19 Mayis University
Hospital, Gaziosmanpasa University Hospital, Ankara
Numune Training and Research Hospital, and Tokat State
Hospital, between April 1, 2012 and September 30, 2012.
These hospitals are located in a highly endemic region for
CCHEF, and they follow-up on and treat a significant portion of
CCHF patients in Turkey. Patients with suspected CCHF
according to clinical and laboratory findings that were referred
to these hospitals between April 1, 2012 and September 30,
2012 were included. All of the referred patients were hospi-
talized at the clinical ward of the departments of infectious
disease and clinical microbiology, and followed up in these
centers until definitive diagnosis. Of note, patients who had
symptoms for <5 days were included and patients who had
symptoms for >6 days were excluded, since the current study
aimed to predict the course of the disease in the early period.
Hence, 404 confirmed CCHF patients were considered for the
analysis. All patients diagnosed with CCHF were followed up
until death or complete recovery. The study protocol was
approved by the Human Ethics Committee of the
Cumhuriyet University School of Medicine.
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Diagnosis of CCHF

Acute-phase serum samples were sent to the Virology
Laboratory of Refik Saydam Hygiene Center in Ankara,
Turkey, for serological and virological analyses. All serum
specimens were stored at —70 °C until testing. Definitive
diagnosis of CCHF infection was based on typical clinical
and epidemiological findings: detection of CCHF virus-
specific IgM by enzyme-linked immunosorbent assay
(ELISA) and/or by detection of genomic segments of the
CCHEF virus by reverse transcription-polymerase chain reac-
tion (RT-PCR) in the acute phase of the disease.

SGS system

The SGS system was established using variables that were
published in a previous study, with minor differences [6]. In
the previous study, we used the disseminated intravascular
coagulation (DIC) score for the SGS. In this study, we did
not evaluate the DIC score because not all centers collect all of
the parameters, such as fibrinogen and D-dimers, that are
necessary for this evaluation. Instead, we evaluated parame-
ters such as activated partial thromboplastin time (aPTT) and
international normalized ratio (INR). The variables used in the
SGS system and the points for each variable are listed in
Table 1. The maximum SGS obtained in this study was 14
points. According to the SGS points at hospital admission, the
patients were classified into three risk groups for mortality:
low (0—4 points), intermediate (5-8 points), and high (9-14
points).

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) version
14 for Windows (SPSS Inc., Chicago, IL, USA) was used for
the statistical analysis. Non-parametric data were expressed as
median (min—max) and categorical data as percentages. The
SGS for each patient was analyzed using the Mann—Whitney
U-test in patients with fatal and non-fatal CCHF infection.
Proportions for categorical variables were compared using the
Chi-square test. The accuracy, sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV)
for the SGS were calculated. A p-value <0.05 was considered
significant in all analyses.

Results

In this study, we evaluated the clinical and laboratory findings
of 404 patients from six different centers. Of the patients, 237
(58.7 %) were males and 167 (41.3 %) were females, with a
median age of 47 years (range 16-90 years), and a median
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Table 1 Variables of the severity grading score (SGS) system

Items Classification SGS points
Aspartate transaminase <5xULNV 0
>5xULNV 1
Alanine transaminase <ULNV 0
>ULNV 1
Lactate dehydrogenase <3xULNV 0
>3xULNV 1
White blood cells <10,000 cells/uL. 0
>10,000 cells/uL 1
Hepatomegaly No 0
Yes 1
Organ failure No 0
Yes 1
Bleeding No 0
Yes 1
Age <60 years 0
>60 years 1
Platelets >100,000 cells/uL 0
>50,000, <100,000 cells/uL 1
<50,000 cells/pl 2
Prolongation of PT <3s 0
>35,<6s 1
>6's 2
aPTT <70 0
>70 1
INR <1.6 0
>1.6 1

ULNV upper limit of normal value; PT prothrombin time; aPTT activated
partial thromboplastin time; /VR international normalized ratio

follow-up time of 7 days (range 1-30 days). In addition, 25
patients (6.2 %) died, and 379 were discharged. Only the RT-
PCR results were positive for 201 patients (49.8 %), only the
CCHF virus-specific IgM was positive for 70 patients
(17.3 %), and both RT-PCR and CCHF virus-specific IgM
were positive for 133 patients (32.9 %). Table 2 shows the
prognostic effects of each parameter in the SGS system. The
median SGS at hospital admission for all patients was 2 (range
0-12), and it was higher for the patients who died during the
follow-up period: 8 (range 5—12). On the other hand, the score
for patients who survived was 2 (range 0-8) (p<0.001).
SGS<4 was not associated with mortality [#=323 (79.9 %
of the total study population), and all survived]. An SGS
between 5 and 8 points was classified as intermediate risk of
mortality (20 %), and 14 of the 70 patients in this group died.
SGS>9 was associated with high risk of mortality (100 %),
and all of the 11 patients in this group died (p=0.001)
(Table 3). Approximately 50 % (12 of 25 patients) of the
deaths occurred within 72 h of admission.

The sensitivity, specificity, accuracy, PPV, and NPV for an
SGS>9 points at admission were 96, 100, 97, 100, and 44 %,
respectively.

Discussion

The typical course of CCHF infection has been classified into
four distinct phases: incubation, prehemorrhagic, hemorrhag-
ic, and convalescence [7]. However, patients with CCHF may
present with a clinical profile spectrum varying from mild,
which includes flu-like symptoms and no hemorrhagic man-
ifestations, to severe, which includes flu-like symptoms and
hemorrhagic manifestations. Hemorrhagic findings develop
within 3—-6 days of disease onset in severe cases [7, 8].
Several studies have reported prognostic factors for CCHF
from various parts of the world. Swanepoel et al. reported that
the fatality risk will be 90 % if one of the following criteria are
fulfilled: leukocyte count >10,000/mm>, platelet count
<20,000/mm’, aspartate aminotransferase (AST) level >200
U/L, alanine transaminase (ALT) level >150 U/L, aPPT>60s,
and fibrinogen level <110 mg/dL during the first 5 days of
illness [9]. Cevik et al. [8] emphasized that thrombocytopenia
of <20x 10°/L [hazard ratio (HR) 9.67], a prolonged aPTT>
60 s (HR 11.62), the existence of melena (HR 6.39), and
somnolence (HR 6.30) were independently associated with
mortality. Yilmaz et al. [10] reported that the risk of a severe
clinical course in CCHF patients increased 2.59 and 3.93
times, respectively, in the presence of platelet counts and
hemoglobin levels below cut-off values. Moreover, the risk
increased to 2.95,2.92, and 3.47 times when the levels of INR,
AST, and C-reactive protein, respectively, were above the
predetermined cut-off values. Tasdelen Fisgin et al. [11] re-
ported advanced age as an early indicator of poor prognosis in
patients with CCHF. According to these studies, the mean
ALT, AST, lactate dehydrogenase, creatine phosphokinase,
INR, and white blood cell levels were higher; the mean
platelet was lower; and the mean prothrombin time and
aPTT were longer in the fatal cases than in the non-fatal cases
[3, 6, 8, 11-15]. In addition, petechia/ecchymosis, bleeding
from multiple sites, and somnolence were reported to be more
common in the fatal cases than in the non-fatal cases [8, 14,
15]. Predicting the clinical course of CCHF disease may be of
lifesaving importance because it enables accurate and appro-
priate management of the supportive treatment. However, it is
difficult to comment on the severity of the disease and to
determine which patients should be referred to a tertiary care
hospital. For this purpose, Bakir et al. composed an SGS
system to predict the course of the disease and fatality in
CCHF patients for the first time [6]. They used mortality-
associated risk factors described in the literature and clinical
observations to determine the parameters within the SGS
system. The patients were grouped into three categories
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Table 2 Variables associated

with mortality in Crimean-Congo Patients Survivors, 1 (%) Non-survivors, 7 (%) p-Value
hemorrhagic fever (CCHF)
patients Age <60 years 283 (95.3) 14 (4.7) 0.04
>60 years 96 (89.7) 11 (10.3)
Bleeding No 319 (96.1) 13(3.9) 0.001
Yes 60 (83.3) 12 (16.7)
Hepatomegaly No 332 (95.4) 16 (4.6) 0.001
Yes 47 (83.9) 9 (16.1)
Organ failure No 378 (95.5) 18 (4.5) 0.001
Yes 1(12.5) 7 (87.5)
Aspartate transaminase <5xULNV 313 (99.4) 2 (0.6) 0.001
>5xULNV 66 (74.2) 23 (25.8)
Alanine transaminase N 207 (100) 0 0.001
>ULNV 172 (87.3) 25 (12.7)
Lactate dehydrogenase <3xULNV 299 (98.7) 4(1.3) 0.001
>3xULNV 80 (79.2) 21(20.8)
Leukocyte (cells/uL) <10,000 375 (94.7) 21(5.3) 0.001
>10,000 4 (50) 4 (50)
Prolongation of PT <3s 361 (97.0) 11 (3.0) 0.001
>35,<6s 12 (66.7) 6(33.3)
>6 s 6(42.9) 8(57.1)
aPTT <70 378 (97.2) 11 (2.8) 0.001
>70 1(6.7) 14 (93.3)
INR <1.6 363 (96.8) 12(3.2) 0.001
ULNYV upper limit of normal val- zL6 16 (55.2) 13 (44.8)
ue; N normal value; PT pro- Platelet (cells/uL) >100.000 151 (99.3) 1(0.7) 0.001
thrombin time; aPTT activated >50.000, <100.000 149 (98.7) 2(1.3)
partial thromboplastin time; INR <50.000 79 (78.2) 22 (21.8)

international normalized ratio

according to the mortality risk as follows: low or no risk,
intermediate risk, and high risk. They demonstrated that
SGS<5 showed no association with mortality (n=158 cases,
and all patients survived), and this group constituted 66.7 % of
the patients with CCHF. They showed that an SGS of 6-10
showed a moderate risk of mortality (10 %), and 7 of 70
patients in this group died. Furthermore, an SGS >11 was
shown to indicate a high risk of mortality (67 %), and 6 of 9
patients in this group died (p=0.001). The sensitivity, speci-
ficity, accuracy, PPV, and NPV for an SGS > 11 points were
67, 100, 98, 100, and 98 %, respectively [6].

After our study entitled “A new perspective to determine
the severity of cases with Crimean-Congo hemorrhagic fever”
in 2012, a new study to determine the severity of cases with
CCHF was presented by Dokuzoguz et al. [16] in 2013. The
authors showed that the severity scoring index (SSI) predicts
mortality effectively in their study. For calculation of the SSI,
five parameters were considered, as follows: platelet count,
aPPT, fibrinogen, bleeding, and somnolence. Then, the scores
of the patients were calculated by the algebraic sum of the
points, defined for the parameters. They classified patients
into three groups as mild, moderate, and severe cases. The
cut-off point between moderate and severe cases was set at 10,
since the case fatality rate was >50 % in the case of SSI > 10.

@ Springer

The results of the current study seem to support this previous
observation. To the best of our knowledge, our study was the
first investigation on the validation of the SSI in patients with
CCHF.

In our previous study, the CCHF patients were classified
into three groups according to the risk of mortality. The first
group, which did not show any mortality, comprised 66.7 % of
the patients with CCHF. These patients could be monitored in
a secondary care hospital. However, our previous study in-
cluded patients from only one center. In the present study, we
evaluated and validated the SGS using 404 patients from six

Table 3 Number of surviving and non-surviving patients according to
the SGS at hospital admission

SGS at hospital admission

04, n (%) 5-8, n (%) >9, n (%)
Survivor 323 (100) 56 (80) 0(0)
Non-survivor 0(0) 14 (20) 11 (100)
Total 323 70 11
p=0.001
SGS severity grading score
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different centers located in a highly endemic region. According
to our new SGS scale, the low or no risk group included 79.9 %
of all cases, which was higher than the proportion (66.7 %)
observed in our previous study. Our previous study included
patients from only one center, and that hospital serves as a
tertiary care hospital; this study included patients from six
different centers, including both secondary and tertiary care
hospitals. In our previous study, all patients were followed up
in a tertiary care hospital, and a significant portion of those
patients was referred from the secondary care hospital because
the patients required advanced supportive therapy. In this study,
the patients were recruited from both secondary and tertiary care
hospitals. Therefore, a significant portion of these patients had a
mild disease course; this might have caused the differences in
the proportion of patients in the first (low or no risk) group. We
did not evaluate the DIC score because fibrinogen and D-dimer
levels that are necessary to determine the DIC score were not
adequately evaluated in all of the centers. Therefore, we con-
sidered parameters such as aPTT and INR. Hence, this study
utilized aPTT and INR instead of the DIC score.

There are some limitations of our study worthwhile men-
tioning. First of all, we did not check for the viral load of
CCHF patients, though high viral load was shown to be
associated with excess mortality in some previous studies
[17, 18]. Of note, the determination of viral load was not
practical in the field, and we considered that it was not
appropriate for such a scoring system. Secondly, there may
be differences in supportive therapy administered to the pa-
tients, including blood transfusion, and blood product and
fluid replacement, due to the multicenter design of the study,
which left therapy to the discretion of the primary physician.
However, all participating centers have served the best of
medical care to their CCHF patients since the beginning of
the epidemic in Turkey, and, hence, all could possibly be
considered as experienced centers.

In conclusion, risk stratification of patients according to the
SGS is important in terms of patient management. Because of
disease severity and mortality risk, the practitioners of primary
and secondary care facilities refer patients with CCHF to
tertiary care hospitals, and superfluous referral of patients to
tertiary care hospitals might be prevented by an SGS-based
triage. If patients with moderate and high SGS can be identi-
fied, they can then be referred to tertiary care hospitals, which
have intensive care units and blood centers that can perform
platelet apheresis. Subsequently, the percentage of patients
who are referred to tertiary care hospitals will decrease. This
approach might also decrease care costs and improve the
functionality of the healthcare staff. In addition, patients with
a high risk of death could be identified early. Furthermore, we
believe that the SGS might be useful in the therapeutic
decision-making process; hence, the recommended treatment
options (ribavirin, steroid, plasma exchange, etc.) might be
administered as early as possible.
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