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Abstract

Background: Crimean Congo Hemorrhagic Fever (CCHF) is a highly infectious zoonotic disease of humans
transmitted by Hyalomma ticks. Earlier studies have shown CCHF seroprevalence in livestock throughout India, yet
sporadic outbreaks have been recorded mostly from the Gujarat state of India since 2011. Occupational vulnerability
to CCHF for animal handlers, veterinarians, abattoir workers, and healthcare workers has been documented. The
current study was planned to determine the seroprevalence of CCHF with an intention to identify the high -risk
population and high -risk areas from Gujarat state, India.

Methods: Based on the socio-clinical data, the human population of Gujarat was divided into eight categories viz.
A: CCHF affected person/house/close contact, B: Neighborhood contacts, C: Animal handlers, D: General population,
E: Farmers, F: Abattoir workers, G: Veterinarian, H: Healthcare workers. A total of 4978 human serum samples were
collected from 33 districts of Gujarat during year 2015, 2016 and 2017. All the samples were screened for the
presence of anti-CCHFV IgG using indigenously developed anti-CCHFV IgG ELISA. Univariate regression analysis was
performed to recognize significant risk factors for CCHF seropositivity.

Results: Twenty-five serum samples were found to be positive with an overall CCHF human seropositivity of 0.5%
(95% Cl 0.30-0.74%). Gender predisposition to CCHF prevalence was observed in males (OR: 2.80; p-value: 0.020).
The risk for seropositivity increased sevenfold when a person was in contact or neighbor with a CCHF case
(OR 7.02; p-value: <0.0001). No significant difference in seropositivity was observed within different age
groups. Veterinarians, healthcare workers, and control group were found to be seronegative for CCHF.

Conclusions: In-spite of CCHF sporadic outbreaks reported in Gujarat, the seropositivity for CCHF in the state
was low as compared to other endemic countries. Males, close contacts and neighbors were identified as a
high-risk population for CCHF infection. To recognize the high-risk area, tick screening and animal serosurvey
would be a wiser choice. The study also suggests circulation and under diagnoses of CCHFV in the naive
regions of Gujarat.
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Background

Crimean Congo hemorrhagic fever (CCHF) is a
tick-borne zoonotic disease caused by CCHF virus
(CCHFV) belonging to family Nairoviridae, genus
Orthonairovirus [1]. This virus is known to cause case
fatality rate of up to 80% in humans [2, 3]. The disease
is prevalent in Africa, Asia, Southeast Europe and the
Middle East [3, 4]. CCHFYV infection is highly infectious
with a high rate of human-to-human transmission. Do-
mestic animals and Hyalomma ticks play an essential
role in the amplification of virus and transmission to
human. Nosocomial infection, bite of infected ticks, crush-
ing ticks with bare hands and contact with the blood of in-
fected animals/ humans tissue fluids are the major routes
of transmission of CCHF to humans. Available informa-
tion suggests that CCHF cases mainly occur as a result of
occupational exposure among abattoir workers, farmers,
veterinarians, and healthcare workers [5].

India reported its first CCHF case in the year 2011
from Ahmedabad, Gujarat [6]. Since then, several spor-
adic cases and outbreaks of CCHF have been reported
mostly from Gujarat and few from Rajasthan and Uttar
Pradesh States of India [7, 8]. Over some time, the
majority of CCHF cases have been published from vari-
ous districts of Gujarat thus making Gujarat an endemic
state for CCHF disease in India. Though serological
evidence against CCHF in humans has been reported in
India [9, 10], a systematic data on CCHF seroprevalence
is lacking. CCHF IgG seropositivity of 5.4% in cattle and
10.99% in sheep and goats from most of the states of
India has been recorded earlier without any remarkable
difference between Gujarat and the other states thus
indicating the prevalence of this virus throughout the
country [11]. India has well-organized animal husbandry,
and a larger rural population depends for their livelihood
by maintaining livestock. Despite the countrywide
presence of the vector species and domestic reservoir
animals, CCHF human cases and human outbreaks have
been reported predominantly only from one state in
India, ie., Gujarat. Intending to understand CCHF sero-
prevalence and to identify high-risk populations and
high-risk areas in Gujarat, the present cross-sectional
serosurvey was undertaken in the human community.

Methods

Study design

The study area, period and characteristic of study
population

All the 33 districts of Gujarat were considered as a site for
sample collection from the human population during the
year 2015, 2016 and 2017. Human serum samples were
collected from Ahmedabad, Amreli, Patan, Aravalli, Kheda,
Morbi, Kutch, Surendranagar, Mahesana, Jamnagar,
Botad, Valsad, Anand, Rajkot, Panchmahal, Devbhoomi
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Dwarka, Banaskantha, Bharuch, Bhavnagar, Dahod,
Gir-Somnath, Junagadh, Mahisagar, Narmada, Navsari,
Sabarakantha, Surat, Tapi, Vadodara, Chhota Udepur,
Porbandar, Gandhinagar and Dang districts of Gujarat
State.

The transmission of CCHF infection to humans through
contact with CCHFV infected individuals, animals and
bite of ticks is well known. Since 2011, many sporadic
CCHEF cases were reported from Gujarat State making it
an endemic state for CCHF [7, 9]. Based on available rec-
ord history, individual CCHF survivors were identified,
and their households were traced. The categories were
designed based on socio-clinical data of the subject and
the occupational risk to CCHF infection. Study population
belonging to Gujarat State was categorized as Category
A: CCHEF affected person/CCHF affected house/caretaker
of the patient, close contacts, person involved in transpor-
tation of CCHF cases to hospital; Category B: All the
family members (except children aged <5yrs.) of neigh-
borhood (i.e. within 50-100 m of the radius of confirmed
CCHEF case house; Category C: Animal handlers (person
living in close contact with livestock, persons grazing the
livestock) Category D: General population (low-risk
group); Category E: Farmers; Category F: Abattoir
Worker; Category G: Veterinarians; Category H: Health-
care workers. Samples of pregnant women and critically ill
patients were not collected. Stratified purposive sampling
was planned from Category A and B category, and
random sampling was done from categories C, D, E,
F, G and H..

Sample collection and processing

The Institutional Human Ethics Committee of
ICMR-NIV, Pune (IHEC No, NIV/IEC/2017/37/42) ap-
proved the study. Informed written consent was obtained
from all the subjects and parent/guardian in case of a
child (< 18 yrs) subjects from the study population. Blood
sample (3—5 mL) was collected from the study population
in clot activator tube and transported to ICMR-NIV, Pune
in a cold chain. After the receipt of the samples at NIV,
each sample was checked for its quality and condition.
Serum was separated from the blood sample of each
subject and further aliquoted as 50 puL, 250 pL, stock and
stored at —20°C until further use. Each sample was
registered in laboratory information management system
software by giving a unique identification number/
anonymous code. A demographic and socio-clinical detail
of every subject was also recorded. The complete process
of sampling from the transportation of specimen to the
laboratory investigations was done with utmost precaution,
which includes; collection of samples by trained personnel
using personal protective equipment (apron, mask, and
gloves) in a leak-proof container and transportation by
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maintaining cold chain conditions. Aliquoting and testing
of samples were carried out in a BSL-2 facility.

Development of indigenous anti-CCHF human IgG ELISA, its
validation and screening of human serum samples

The human serum samples were tested for the presence of
anti-CCHFV IgG antibodies using in-house developed
CCHF Human IgG ELISA as defined below. Micro-well
plates were coated with Gamma-inactivated CCHFV in-
fected Vero CCL81 cell lysate antigen strain number
NIV11704 (Rows A-D) and uninfected Vero CCL81 cell
lysate (Rows E-H) at 1:20 dilution in carbonate buffer (pH
9.2, 0.025 M) and kept overnight at 4 °C (100 pL/well). The
plate was blocked with liquid plate sealer (LPS) (Candor
Biosciences, Germany) (100 uL/well) and kept at room
temperature for 2 h. Further, these blocked and dried plates
were stored at 4°C. Serum sample (diluted 1:600 in 1%
BSA in 10mM PBS containing 0.1% Tween) was added
(100 pL/well) in respective positive as well as negative
antigen-coated wells and incubated for 1 h at 37 °C. Subse-
quently, anti-human IgG HRP (1,30,000, 100 pL/well)
(Pierce) was added to the wells and incubated for 1 h at 37 °
C. After the incubation, TMB (3,3, 5,5-Tetramethylbenzi-
dine) substrate (100 pL/well) was added to the wells and for
10 min incubated at room temperature. Finally, the reaction
was terminated using 1 N H,SO, and absorbance was mea-
sured at 450 nm. At the end of each step of this assay, all
the wells were washed five times using ten mM PBS, pH
6.8, and 0.1% Tween-20 (Sigma, St. Louis, MO, USA).
Appropriate controls were included in each test. For an un-
known sample (test sample), when OD value of the sample
with CCHF antigen was more than 0.2 and the P/N ratio
more than 1.5, the sample considered as “Positive.” Less
than 1.5 P/N ratio was considered as “Negative” for the
presence of anti-CCHFV IgG antibodies.

For validation of the assay, 134 sera samples (5 CCHF
IgG antibody positive and 129 CCHF IgG antibody negative
samples) tested by Vector Best kit, Russia, were compared
with NIV anti-CCHF Human IgG ELISA kit. The assay was
also provided for external validation to three national level
laboratories. Cross reactivity of the assay was checked with
Ganjam virus of Family Nairoviridae, Rift valley fever virus
of Phenuiviridae, Dengue virus, Kyasanur Forest Disease
virus and Japanese Encephalitis virus of Flaviviridae,
Chikungunya virus of Togaviridae and Hanta virus of
Hantaviridae. A total of 4978 human serum samples were
screened using this indigenous ELISA for the presence of
anti-CCHFYV IgG antibodies.

Data analysis of results of samples screened using anti-
CCHF human IgG ELISA

To identify the risk factors, the result obtained by testing
4978 human serum samples by indigenous anti-CCHF
Human IgG ELISA was analyzed by univariate regression
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analysis using Epi-info 7 (7.2.1.0, CDC, Atlanta, GA, USA)
and MedCalc Software bvba, version 18 (1993-2018). For
plotting state of Gujarat map, the svg file was downloaded
from https://commons.wikimedia.org/wiki/File:India_Gu-
jarat_location_map.svg and edited as required.

Results

The study area, period and characteristic of study
population

Sample collection was done from 91 villages of 33
districts of Gujarat throughout 3years (2015, 2016 and
2017). The number of samples collected from each
district of Gujarat State is given in Table 1. The study in-
cluded subjects ranging from 5 to 90 years of age with ma-
ximum collection from age group, 20 - <40 yrs. (n = 2126),
while the minimum collection was done from age group 80
- <100yrs. (1 = 14). A total of 2587 female subjects (52%)
and 2391 male subjects (48%) were involved in this study.
Category-wise male and female sample distribution is given
in Table 2.

Development of indigenous anti-CCHF human IgG ELISA,
its validation and screening of human serum samples
The sensitivity and specificity for this assay were ob-
served to be 85.70 and 98.44%, respectively using vector
Best, Russia assay as the gold standard (Table 3). The ex-
ternal national level laboratories validated the assay in
100% concordance. The O.D range was observed to be
0.250-1.610 for positive samples and 0.010-0.159 for
negative samples. Twenty five human serum samples
were found to be positive by ELISA out of 4978 samples
screened. No cross-reactivity was observed with Ganjam
virus, Rift valley fever virus, Dengue virus, Kyasanur For-
est Disease virus, Japanese Encephalitis virus, Chikun-
gunya virus, and Hanta virus. Thus, the assay was found
to be specific.

Data analysis of human serum samples screened using
anti-CCHF human IgG ELISA

Overall anti-CCHFV Human IgG seroprevalence was
found to be 0.5% (95%CI 0.3%-0. 74%) in the state of
Gujarat, India based on 4978 human serum samples
screened. Out of 25 positive samples, 17 samples
belonged to the category “A” (CCHF affected cases/
house/close contacts) from various districts: Amreli
(n =11), Aravalli (n =2), Kheda (n =1), Morbi (n =1),
Kutch (n =1) and Ahmedabad (z =1) districts, five
samples belonged to category “B” (Neighborhood) from
Rajkot (n =2), Kutch (n =1), Anand (n =1) and Suren-
dranagar (n =1) district. One sample belonged to
category “C” (Animal Handlers) from Aravalli district,
one sample was from Category “E” (Famer) and one
from Category “F” (Abattoir worker) belonging to dis-
tricts Devbhoomi Dwarka and Panchmahal respectively.
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Table 1 District-wise distribution of human serum samples
collected from Guijarat state
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Table 2 Category-wise (A-H) distribution of total human
serum samples from the male and female population

District- wise human samples collected from Gujarat State

Sr.No.  District Total samples  Percent  95% Cl
collected
1 Ahmedabad 100 2.01% 1.65-2.44
2 Amreli 196 3.94% 343-451
3 Anand 100 2.01% 1.65-2.44
4 Aravalli 89 1.79% 146-2.19
5 Kheda 96 1.93% 1.58-2.35
6 Kutch 100 2.01% 1.65-2.44
7 Botad 100 2.01% 1.65-2.44
8 Morbi 100 201% 1.65-2.44
9 Rajkot 100 2.01% 1.65-244
10 Valsad 200 4.02% 3.51-4.60
1 Jamnagar 90 1.81% 147-2.22
12 Patan 100 2.01% 1.65-244
13 Mehsana 77 1.55% 1.24-1.93
14 Surendranagar 100 2.01% 1.65-2.44
15 Panchmahal 200 4.02% 351-4.60
16 Devbhoomi Dwarka 201 4.04% 3.53-4.62
17 Porbandar 103 2.07% 1.71-2.50
18 Banaskantha 191 3.84% 3.34-441
19 Girsomnath 200 4.02% 3.51-4.60
20 Gandhinagar 200 4.02% 3.51-4.60
21 Narmada 197 3.96% 345-4.54
22 Navsari 206 4.14% 3.62-4.73
23 Junagadh 200 4.02% 3.51-4.60
24 Mahisagar 182 3.66% 3.17-4.21
25 Sabarkantha 203 4.08% 3.56-4.66
26 Surat 197 3.96% 345-4.54
27 Tapi 200 4.02% 3.51-4.60
28 Vadodara 200 4.02% 3.51-4.60
29 Bharuch 190 3.82% 332-439
30 Bhavnagar 114 2.29% 191-2.74
31 Chhota Udepur 195 3.92% 341-449
32 Dahod 200 4.02% 3.51-4.60
33 Dang 51 1.02% 0.78-1.34
Total samples collected 4978 100.00%

No positivity was recorded from subjects belonging
Category “G” (Veterinary workers), Category “H” (health-
care workers) and low-risk group, i.e., Category “D” (gen-
eral population) (Fig. 1).

To find high-risk factors, seropositivity for parameters
like the gender, age group, subject category and district
of the subject (Table 4) were analyzed. Categories to

Subject category Total number ~ Number of Number of
of serum female male
samples (%) serum serum

samples (%) samples (%)

A: CCHF Affected 199 (3.99) 98 (49.24%) 101 (50.75%)
Person/House/Close

contact

B: Neighborhood 829 (16.65) 487 (58.74%) 342 (41.25%)
contacts

C: Animal Handler 723 (14.52) 404 (55.87%) 319 (44.12%)

D: General population 1677 (33.68) 963 (57.42%) 714 (42.57%)

E: Farmer 1035 (20.79) 440 (42.51%) 595 (57.48%)
F: Abattoir worker 104 (2.08) 32 (30.76%) 72 (69.23%)
G: Veterinary worker 104 (2.08) 4 (3.84%) 100 (96.15%)
H: Healthcare worker 307 (6.16) 159 (51.79%) 148 (48.20%)
Total samples 4978 2587 2391

which the subject belonged, the gender of the subject
and District was found to be the risk factors to CCHF
infection. Maximum positivity was observed from “Cat-
egory A” (OR-88.33; p-value: <0.0001) when compared
to other categories, which was due to the purposive
sampling of known CCHF survivors from the state.
Amreli district recorded highest IgG positivity (11/196)
making it a high-risk area of Gujarat (OR 11.28; p-value:
0.020). We also found that the risk for seropositivity
increased sevenfold when a person was in contact
or neighbor with a CCHF case (OR 7.02; p-value:
<0.0001). The seropositivity of 1.49% [95% CI 0.99-
2.22%) was seen from CCHF affected districts [dis-
tricts with recorded CCHF case]. Only two positive
samples were confirmed from CCHF unaffected dis-
tricts [districts with no recorded CCHF case] [0.06%
(95% CI 0.02-0.21%)] belonging to Devbhoomi Dwarka
and Pachmabhal districts.

When the CCHF positive subjects history was traced
back, it was found that, out of 17 positive subjects of
“Category A” (17/199), six were identified as primary
cases (all males) with a history of tick bite or animal

Table 3 Comparison of Sensitivity and Specificity of Anti-CCHF
Human IgG ELISA assay (NIV kit) versus Gold standard test
(Vector Best Kit, Russia)

Anti-CCHF IgG Total number  Anti-CCHF Human IgG ELISA (NIV
positive and of samples kit)

negative samples  tested by both - -

tested by Vector the kits ‘chii;C:bOdy l,\gIeG :QSEOdy
Best kit, Russia 9

CCHF IgG Positive 7 6 1

CCHF IgG Negative 129 2 127

Total 136 8 128

Anti-CCHF Human IgG ELISA (NIV kit) Sensitivity =85.7%
Anti-CCHF Human IgG ELISA (NIV kit) Specificity =98.44%
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Fig. 1 CCHF seropositivity in different districts of Gujarat state based on subject categories. The numbers in bracket indicatethe a total number of
positive samples/total number of tested samples from the district. (For plotting state of Gujarat map, the svg file was downloaded from https://
commons.wikimedia.org/wiki/File:india_Gujarat_location_map.svg and then edited as per requirement)
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contact; seven were close contacts (both males and fe-
males) while four had unknown history of illness. Posi-
tivity was observed in both males and females from
Neighborhood contacts (5/829), while only men were
seropositive in case of animal handlers (1/723), farmers
(1/1035) and abattoir workers (1/104). Therefore, in this
study, gender vulnerability of males to CCHF infection
was found to be significant as compared to females (OR:
2.80; p-value: 0.020). Due to unavailability of tick-bite
history for all the subjects and livestock contact for sub-
jects belonging to Category A and B, these factors could
not be analyzed and were not included in the present
study. Other parameters like age of the subject did not
contribute as a risk factor for CCHF infection (Table 4).

Discussion

The present study was designed to recognize the circula-
tion of CCHFYV in the endemic state of Gujarat with an
intention to identify high-risk population and high-risk
areas of the state. This study was intended to evaluate a

vast number of subjects (4978) throughout 3years. In
general, CCHF human seropositivity in the Gujarat state
was 0.5% (95%CI 0.3%—0.74%), which was deciphered to
be reasonably low as against the seropositivity recorded
in other endemic countries of the world like Sistan and
Baluchistan province of Pakistan (68%), Iraq (12%),
Turkey (12.8%), Greece (4.9%), Kosovo (4%) and
Bulgaria (3.7%), [12-17]. CCHF IgG prevalence from
healthy family members and contacts of CCHF patients
(Category “A”) in Gujarat was found to be 8.53% (11/
199) as against 36% recorded in southwestern
Mauritania [18], whereas, veterinarians (0/104), health-
care workers (0/307) and control group, ie., General
population (0/1677) included in the study was found to
be seronegative. CCHF affected districts had more sero-
positivity in comparison to CCHF unaffected districts,
overall suggesting a meagre human-human transmission
rate of the Indian CCHFV as compared to other CCHF
viruses circulating in the world. The restricted spread of
this virus in India could also have been due to timely
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Table 4 Univariate regression analysis of CCHF seropositive data generated from subjects belonging to all the districts of Gujarat State

Risk factors Negative Positive (Percent %) Total Odds ratio 95% Cl p-value

Gender
Male 2373 18 (0.75) 2391 2.8033 1.16-6.72 0.0209"
Female 2580 7 (0.27) 2587 1

Age groups
0-<20 498 1(0.20) 499 1
20 - <40 2126 7(033) 2133 1.6343 0.20-13.31 0.6462
40 - <60 1773 14 (0.78) 1787 3.9015 0.51-29.74 0.189
60 - <80 542 3(0.55) 545 2.7565 0.28-26.58 0.3806
80 - <100 14 0 14 0

Subject Category
A: CCHF affected person/ house/ close contacts 182 17 (8.54%) 199 883317 11.68-667.55 <0.0001"
F: Abattoir workers 103 1 (0.96%) 104 9.9423 0.61-160.12 0.1053
B: Neighborhood 824 5 (0.60%) 829 6.2364 0.72-53.48 0.095
C: Animal grazers 722 1 (0.14%) 723 14302 0.08-22.93 0.8004
E: Farmers 1034 1 (0.10%) 1035 1
D: General population 1677 0 1677 0
G: Veterinarian 104 0 104 0
H: Healthcare personnel 307 0 307 0

Seropositive Districts
Ahmedabad 99 1 (1.00%) 100 201 0.12-3247 0.6228
Amreli 185 11 (561%) 196 11.2806 1.44-88.20 0.0209"
Aravalli 86 3 (3.37%) 89 6.7753 0.69-66.03 0.0996
Rajkot 98 2 (2.00%) 100 4.02 0.36-44.86 0.2583
Kutch 98 2 (2.00%) 100 4.02 0.36-44.86 0.2583
Surendranagar 99 1 (1.00%) 100 201 0.12-3247 0.6228
Anand 99 1 (1.00%) 100 201 0.12-3247 06228
Kheda 95 1 (1.04%) 96 20937 0.12-33.83 0.6027
Morbi 99 1 (1.00%) 100 201 0.12-3247 0.6228
Panchmahal 199 1 (0.50%) 200 1.005 0.06-16.17 0.9972
Devbhoomi Dwarka 200 1 (0.50%) 201 1

* . . . ra
indicate significant values

diagnosis, control strategies and active surveillance since
the first reported CCHF case in 2011 from Gujarat. This
study was successful in identifying the gender predispos-
ition to CCHFV. However, there were few limitations
like unavailability of tick-bite data for all the subjects
and livestock contact data for all the subjects belonging
to A and B categories. To obtain exposure data, we
tracked the history record of 25 CCHF seropositive sub-
jects. It was found that, out of 25 subjects, six were
index cases and all were males with a history of either
contact with animals or tick-bite. Indian rural population
is economically dependent on animal husbandry prac-
tices and various farming activities. Mostly, in India,
males dominate the agricultural occupational activities.
Hence, gender susceptibility of the men for CCHF

infection was observed. In nature, domestic animals play
an essential role as reservoirs for CCHF virus. Once they
receive an infected tick bite, they develop transient
viremia of short duration, and during that period other
ticks attached to the body of the animal get infected
with this virus [19]. Earlier studies have shown a very
few vector ticks were found affected when collected
from the cattle sheds of index cases households [20],
suggesting that probably all the ticks don’t get infected.
In this scenario, Hyalomma tick being a three-host vec-
tor tick, larval and nymphal stages, mainly play a role in
the further dissemination of this infection to other ani-
mals and humans. The human index cases are mostly
due to accidental bites of infected ticks as they reside in
the very close proximity of livestock. In such situations,
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determining major risk areas for human infection is dif-
ficult due to close human-animals interphase in every
household in all rural areas. This also requires necessary
information on the presence of the high prevalence of
this infection in domestic animals. Out of the 33 dis-
tricts, highest seropositivity was observed from Amreli
district (11/196), and therefore that district, in particular,
was identified as a high-risk area for CCHF infection,
however, all the 11 positive subjects from Amreli were
CCHEF survivors as suggested by ICMR-NIV data and
the outbreak investigation carried out from Amreli dur-
ing the 2013 CCHF outbreak [7] giving a biased result.
None of the other districts of Gujarat were found to be a
high-risk area. Earlier data of the livestock CCHF sero-
survey suggest seroprevalence throughout India [11].

Conversely, a large number of human outbreaks con-
tinue to be reported only from the state of Gujarat. To
identify high-risk areas, screening of ticks or nymphs for
the presence of CCHFV and livestock CCHF serosurvey
could be a wiser choice than human serosurvey. Seroposi-
tivity from relatively naive districts of Gujarat suggests
under-diagnosed CCHF in Gujarat.

Conclusions

CCHF serosurvey in humans from the endemic state of
Guyjarat reported a low CCHF seropositivity for CCHF as
against other endemic regions of the world. Data suggests
gender specificity towards CCHF infection in India due to
occupational exposure to animals and tick-bite. Amreli
District was identified as a high-risk area as all the positive
subjects were CCHF survivors, and none of the other
districts were identified as a high-risk area. Seropositivity
in comparatively naive areas like Panchmahal and Devb-
hoomi Dwarka suggests under-diagnosed CCHF disease
in such areas. Assessment of CCHF prevalence in live-
stock and screening of ticks and nymphs for the presence
of CCHFV would give a better understanding for identify-
ing the CCHF high-risk areas.
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