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Abstract

Purpose Crimean-Congo hemorrhagic fever (CCHF) is a
viral tick-borne illness. Although its etiopathogenesis is not
clearly understood, it is known to be a Nairovirus. We
aimed to examine the viral effects of intense systemic
inflammation and vascular damage on the pulmonary vas-
cular beds and lung tissues.

Methods A total of 45 patients who were diagnosed with
CCHF were considered for this retrospective study. In this
patient group, those whose lungs had been visualized via
thoracic computer tomography (CT) were entered into the
study. Diameters of the pulmonary trunk, main pulmonary
arteries, atria, and ventricles were measured. Study group
measurements were compared with the control group,
which included patients with normal thoracic CT.

Results Overall, 90 patients were enrolled in the study,
with 45 patients in the study group and 45 in the control
group. In the study group, the man-to-woman balance was
3/2. The average age in the study group was
54.07 & 17.91 years. In comparing the average diameters
of pulmonary arteries in the study and control groups, the
study group’s average pulmonary artery diameter was
significantly larger than the control group (p < 0.001).
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Conclusions The increase in diameters of the pulmonary
trunks and main pulmonary arteries due to CCHF was first
shown in this current study. Moreover, due to our findings,
it should be noted that with the rise in pulmonary artery
diameter in CCHF, pulmonary hypertension can appear
acutely, and this condition can be significantly alter clinical
course and follow-up of the viral illness.
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Introduction

Crimean-Congo hemorrhagic fever (CCHF) is a viral tick-
borne illness. It is especially prevalent in late spring and
summer months and is endemic in many geographic
regions such as Africa and the Balkans. The virus is a
member of the genus Nairovirus of the Bunyavirus family
and can lead to life-threatening bleeding [1]. Although its
etiopathogenesis is not clearly understood, the virus is
transmitted via tick bite [2] and creates an intense systemic
inflammatory response. Nonspecific symptoms like fever,
weakness, and myalgia can appear during the acute period.
In later stages of the illness, the virus can cause life-
threatening clinical conditions, including shock and spon-
taneous severe bleeding caused by decreased platelet
levels. There has been an increase in the number of cases
worldwide and in Turkey over the past few years [1, 2].
Surprisingly, studies investigating the pulmonary system in
CCHF are rather rare. Little is known about the patho-
physiological changes that result from systemic inflam-
mation and vascular damage caused by the virus, or its
clinical effects on pulmonary vascular beds and lung
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tissues [1-4]. In our study, we examined the consequences
of this systemic inflammation on the pulmonary artery,
apart from changes induced by direct and indirect vascular
endothelial damage.

Materials and Methods

A total of 90 patients who were diagnosed with CCHF and
referred to the Emergency Service and Infectious Diseases
Department between May 2010 and September 2015 were
included for consideration in this retrospective study. The
diagnosis of CCHF was made with genome detection of the
virus through either an enzyme-linked immunosorbent
assay or polymerase chain reaction after processing blood
samples in a virology lab. In this patient group, those
whose lungs were examined via thoracic computed
tomography (CT) were entered into the study. Patients with
blood diseases, malignancies, acute or chronic lung and
heart diseases, medicines that may cause pulmonary
hypertension, mediastinal pathology, or history of thoracic
radiotherapy or surgery in addition to CCHF were excluded
from the study. Patient’s medical information was gained
from their files. The ethics committee provided approval
for the study.

In addition to demographics including age, sex, occu-
pation, and location, tick exposure, clinical diseases,
patient medical history, and thoracic CT diameter mea-
surements of the pulmonary trunk, the main pulmonary
arteries, atria, and ventricles were measured. Measure-
ments were performed on the widest diameter based on the
axial images in the mediastinal window in a thoracic CT
taken at the level of the pulmonary artery bifurcation, and
vertical to the long axis. Two radiologists with at least
5 years experience performed measurements by doing at
least two measurements at different times. The average of
four measurements was used for statistical analysis. The
study group was compared with the control group, which
included patients who underwent thoracic CT due to soli-
tary pulmonary nodule follow-up. The control patients
demonstrated similar demographics and were without
additional diseases.

Statistical Analysis

Quantitative data are expressed as the mean + SD. Inde-
pendent sample ¢-tests were used to compare the continu-
ous data between groups. Categorical variables are
presented as a count and percentage. A p value of <0.05
was considered significant. Analyses were performed using
SPSS 19 (IBM SPSS Statistics 19, SPSS Inc., IBM Co.,
Somers, NY).
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Results

Overall, 90 patients were enrolled in the study, with 45
patients in the study group and 45 in the control group. In
the study group, the man-to-woman balance was 3/2, while
in the control group the man/woman balance was 26/19. In
terms of sex, both groups were similar.

According to the age distribution, the average age in the
study group was 54.07 £ 17.91 years, while the average
age in the control group was 53.56 £ 10.96 years. In both
groups, the average age was similar and consistent. When
the age distribution was examined with regard to sex, the
average ages were also similar. The average age of women
in the study group was 52.33 + 14.92 years, while the
average age of men in the study group was
55.22 + 19.84 years. Similarly, the average age of women
in the control group was 52.32 + 8.58 years, while it was
54.46 + 12.5 years for men. The average ages of patients
in both groups showed a homogenous distribution inde-
pendent of sex.

In comparing the average diameters of pulmonary
arteries in the study and control groups, the study group’s
average pulmonary artery diameter was significantly larger
than the control group (p < 0.001) (Figs. 1, 2, 3). Mea-
surements of the average diameters of the pulmonary
trunks and the left and right main pulmonary arteries from
thoracic CT are summarized in Table 1. In addition, in
comparing the measurements of both groups, a statistically
significant difference was not detected, except for the
average left ventricle diameter (p > 0.05). The diameters

Fig. 1 A 25-year-old male presents with mediastinal and hilar
enlargements with bilateral alveolar opacities seen on chest X-ray
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Fig. 2 The same patient described in Fig. 1 was examined for the
enlargements of the pulmonary trunk and right and left main
pulmonary arteries, in addition to diameter measurements, via
enhanced thoracic CT

& - |
Fig. 3 Alveolar and ground glass opacities are seen in the parenchy-
mal window of the same patient described in Fig. 1 on thoracic CT

of the left atrium, right atrium, left ventricle, and right
ventricle measured from thoracic CT are summarized in
Table 1.

Furthermore, 16 patients were examined by echocar-
diography during their hospital admission or after their
hospitalization. The 16 patients’ average systolic pul-
monary artery pressure was 44.69 £+ 14.66 mmHg (range
between 30 and 90 mmHg), which is higher than normal.
Measurements of cardiac and pulmonary artery dimensions
in both groups were compared based on sex. There were no
statistically significant differences between any parameters
apart from the right ventricle diameter. Moreover, in the
study group, the average right ventricle diameter was
51.56 & 1592 mm in women, which was significantly

wider than
(Table 2).

A total of 17 patients (37.7 %) out of 45 died in the
study group. Moreover, 7 out of 16 patients who had a high
sPAP in echocardiography died. There was no significant
relationship between the average diameters of the cardiac
and pulmonary artery dimensions and survival rates
(Table 3).

in men (42.07 £ 9.89 mm) (p < 0.05)

Discussion

In CCHF, the clinical course of disease begins with the
viral entry into the body through the skin, mucosa, or
inhalation. The virus is met by the body’s monocytes,
macrophages, and dendritic cells; then, if the virus is not
sufficiently eliminated by the host’s defense cells, it is
replicated [5-7]. The virus first spreads to regional lymph
nodes, and then to the other organ systems, through vas-
cular pathways. The virus damages the liver, spleen, and
endothelial cells due to its direct cytotoxic effect. This
evokes cytokine and chemokine release from defense cells
with non-cytopathic effects, and can lead to endothelial
damage as well as an intense inflammatory response. When
factors and mechanisms related to this pathogenesis are
considered generally, the prognosis of the disease corre-
sponds to viral burden, the sufficiency of the host’s
immune system, and the inflammatory response [8—12].
There are similar diseases caused by hantavirus, which
belongs to the Bunyavirus family. These other diseases
include viral hemorrhagic fevers, and are similar in both
pathophysiological mechanisms and in clinical character-
istics. Hantavirus pulmonary syndrome (HPS) is one such
disease, which utilizes similar clinical and pathophysio-
logical mechanisms compared with the lung symptoms of
CCHF. These two viruses cause similar immune responses
and systemic inflammation in the host [13, 14]. Further-
more, when examining lung symptoms of HPS caused by
both CCHF and the hantavirus, the affinities of these two
members of the Bunyavirus family for lung tissue are better
understood.

The effects of CCHF on the lung have not been clearly
delineated, and there is limited information concerning
these effects. When pathophysiological mechanisms at the
molecular level are taken into consideration, this process,
caused by numerous inflammatory factors, is associated
with increased endothelial damage and vascular perme-
ability. In turn, these conditions are closely related to
clinical conditions like pleural effusion, alveolar hemor-
rhage, acute respiratory distress syndrome (ARDS), and
shock occurring in the lungs of patients with CCHF
[15, 16]. For this reason, it can be stated that the CCHF
virus, which causes an intense systemic inflammatory
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Table 1 The comparison of

mean ages and measurements in " fd(z;trrloj: SD " i/}l;gr}ll +SD p

control and study groups
Age 45 53.56 £+ 10.96 45 54.07 £ 17.91 0.871
Diameter of PT (mm) 45 23.8 £ 2.65 45 30.92 £ 4.87 <0.001
Diameter of RMPA (mm) 45 19.47 £ 243 45 24.73 £ 4.09 <0.001
Diameter of LMPA (mm) 45 18.24 £+ 2.95 45 23.2 £ 3.96 <0.001
Diameter of LA (mm) 45 40.07 + 6.23 45 42.8 £ 9.46 0.110
Diameter of LV (mm) 45 5422 £ 6.7 45 58.84 £ 11.44 0.022
Diameter of RA(mm) 45 43.36 £ 5.75 45 43.02 £ 9.7 0.843
Diameter of RV (mm) 45 4527 £+ 5.36 45 45.87 £ 13.34 0.780
sPAP (mmHg) 0 - 16 44.69 £ 14.66 -

Statistical p values (p > 0.05) are given in italic
Statistically significance p values (p < 0.05) are given in bold italic

PT pulmonary trunk, RMPA right main pulmonary artery, LMPA left main pulmonary artery, LA left
atrium, LV left ventricle, RA right atrium, RV right ventricle, sPAP systolic pulmonary artery pressure

Table 2 The comparison of mean ages and measurements according to gender in control and study groups

Control P Study p

Female Male Female Male

n Mean + SD n Mean + SD n Mean £ SD n Mean + SD
Age 19 52324858 26 5446+ 125 0523 18 5233 4+£1492 27 5522 4+19.84 0.602
Diameter of PT (mm) 19 23324263 26 24.15+2.66 0.300 18 30.81 £ 5.11 27 31 £48 0.900
Diameter of RMPA (mm) 19 18.89 +2.26 26 19.88 £+ 2.5 0.180 18  25.28 4+ 3.63 27 2437+ 44 0.472
Diameter of LMPA (mm) 19 17.37 £ 248 26 18.88 £ 3.14  0.088 18 23.17 £+ 3.65 27 2322 +4.23 0.964
Diameter of LA (mm) 19 38374505 26 4131+6.79 0119 18 43 4+ 10.31 27  42.67 +9.05 0.909
Diameter of LV (mm) 19 5342 4+£568 26 5481 £ 7.41 0.499 18  59.56 + 12.8 27 5837 £10.66 0.738
Diameter of RA (mm) 19 4258 £ 7.11 26 4392 458  0.445 18 4339+ 7.72 27 42778 £ 1096  0.839
Diameter of RV (mm) 19 4442 £ 551 26 4588 £5.27 0.372 18 51.56 £ 1592 27 42.07 £ 9.89 0.033
sPAP (mmHg) 0 - 0 - - 9 40 + 8.66 7 50.71 £ 19.02  0.153

Statistical p values (p > 0.05) are given in italic
Statistically significance p value (p < 0.05) is given in bold italic

PT pulmonary trunk, RMPA right main pulmonary artery, LMPA left main pulmonary artery, LA left atrium, LV left ventricle, RA right atrium,

RV right ventricle, sPAP systolic pulmonary artery pressure

response, leads to an intense inflammatory response in
vascular and defensive cells of the lungs in a similar
fashion. Thus, changes happening due to this intense
inflammatory response and endothelial damage in pul-
monary vascular beds, especially in pulmonary arteries,
have become significant in revealing the etiopathogenesis
related to the lungs in CCHF. As indicated in our study, a
significant rise in the diameter of the pulmonary artery of
CCHF patients can be the evidence of this intense
inflammatory response and endothelial damage. Further-
more, 16 patients with CCHF were evaluated with
echocardiography, and a high sPAP was detected in all of
them; the average sPAP value was 44.69 + 14.66 mmHg.
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In addition, the lowest sPAP value was 30 mmHg, while
the highest was 90 mmHg. In the echocardiography of one
patient in the study group, which was performed during the
patient’s hospitalization, the sPAP and other cardiac
symptoms were detected at normal levels. However, the
sPAP was 40 mmHg higher than normal in the echocar-
diography done on the 10th day of hospitalization. In the
follow-up examinations, there was clinical recovery and
the sPAP value decreased to normal levels.

Engin et al. evaluated 52 patients with CCHF by
echocardiography. As a result, when they separated the
patients into two groups consisting of severe and mild
forms based on their clinical symptoms, the average sPAP



Lung (2016) 194:807-812 811
Table 3 The distribution of .
survival according to the Survival P
patients in the study group Alive Death
n Mean £+ SD n Mean £+ SD
Diameter of PT (mm) 28 52.57 + 18.34 17 56.53 + 17.44 0.479
Diameter of RMPA (mm) 28 31.63 + 5.49 17 29.76 £ 3.47 0.170
Diameter of LMPA (mm) 28 25.32 £ 4.67 17 23.76 £ 2.75 0.166
Diameter of LA (mm) 28 23.61 £ 4.22 17 22.53 £ 3.52 0.383
Diameter of LV (mm) 28 43.75 + 9.89 17 41.24 £+ 8.77 0.394
Diameter of RA (mm) 28 57.39 £ 12.13 17 61.24 £+ 10.08 0.279
Diameter of RV (mm) 28 4282 + 1141 17 43.35 £ 6.25 0.841
sPAP (mmHg) 28 45.71 £ 13.06 17 46.12 £+ 14.18 0.923
Diameter of PT (mm) 9 47.22 £+ 18.05 7 4143 £9 0.452

Statistically significant p values (p > 0.05) are given in italic

PT pulmonary trunk, RMPA right main pulmonary artery, LMPA left main pulmonary artery, LA left
atrium, LV left ventricle, RA right atrium, RV right ventricle, sPAP systolic pulmonary artery pressure

value measured by echocardiography in both groups was
high (48 and 36 mmHg, respectively). When the patients
were grouped as fatal and nonfatal and compared, the SPAP
was 50 mmHg in the fatal group and 39 mmHg in the
nonfatal group. In that study, the comparisons among all
groups were statistically significant (p < 0.05) [17]. These
results suggest that pulmonary hypertension found in
echocardiographic examinations is based on coagulation
deficits, vascular endothelial damage, and an inflammatory
response that occurs with CCHF’s pathophysiology. In our
study, the increased diameter of the pulmonary trunks and
main pulmonary arteries in patients with CCHF might also
be the result of pulmonary hypertension occurring during
the clinical and pathophysiological processes of the
disease.

Our choice to conduct a retrospective study is our first
limitation; however, patients’ medical information and
radiological images had been properly recorded, and there
were no difficulties in retrieving their data. Another limi-
tation is that echocardiography could not be performed on
all patients. The reason for this was that some patients’
general condition was not suitable for an echocardio-
graphic evaluation. In addition, an optimal measurement
method is necessary to conduct the follow-up of the
patients with echocardiography during their hospitalization
and clinical follow-up period, and perform an evaluation of
cardiac and pulmonary artery dimensions with thoracic CT
in a parallel manner.

In conclusion, pathophysiological changes in CCHF
have not yet been clearly elucidated. However, in many
studies conducted at the molecular level, there are an
intense systemic inflammation and endothelial damage at
the basis of the disease. The difference in the severity of
clinical findings among patients is related to the viral

burden, the presence of intense inflammation, endothelial
damage, and the response provided by the immune system
of the host. Nevertheless, there is still little known about
the effect of CCHF on the lungs. In a few studies cited
here, clinical consequences like pleural effusion, alveolar
hemorrhage, ARDS, and shock were mentioned, and the
fact that the diameters of pulmonary trunks and main
pulmonary arteries increase due to CCHF was first shown
in the current study. Moreover, due to our findings, it
should be noted that with the rise in pulmonary artery
diameter in CCHF, pulmonary hypertension can appear
over an acute period, and this condition can be significant
over the clinical course and follow-up of the disease.
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