
JOURNAL OF CLINICAL MICROBIOLOGY, Aug. 2009, p. 2536–2543 Vol. 47, No. 8
0095-1137/09/$08.00�0 doi:10.1128/JCM.00265-09
Copyright © 2009, American Society for Microbiology. All Rights Reserved.

Epidemiology and Phylogenetic Analysis of Crimean-Congo
Hemorrhagic Fever Viruses in Xinjiang, China�

Surong Sun,1 Xiang Dai,2 Muhetaer Aishan,2 Xinhui Wang,2 Weiwei Meng,2 Conghui Feng,2

Fuchun Zhang,1 Changshou Hang,3 Zhihong Hu,4* and Yujiang Zhang2*
Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Science and Technology, Xinjiang University,

Urmuqi, China1; The Center for Disease Control and Prevention of Xinjiang Uygur Autonomous Region, Urumqi,
China2; Institute of Virology, Chinese Center for Disease Control and Prevention, Beijing, China3; and

State Key Laboratory of Virology, Wuhan Institute of Virology, Chinese Academy of
Sciences, Wuhan 430071, China4

Received 6 February 2009/Returned for modification 25 May 2009/Accepted 7 June 2009

In 2004 and 2005, an epidemiological survey of Crimean-Congo hemorrhagic fever virus (CCHFV) was
conducted in Xinjiang, China. A total of 5,629 serum samples of human and livestock were collected and tested
for the CCHFV antibody, and 17,319 ticks were collected for viral identification. Reverse passive hemagglu-
tination inhibition assays showed that the average prevalence of CCHFV antibody was 1.7% for the humans
and 12.7% for the livestock. A relatively high antibody prevalence, ranging from 19.1% to 23.4%, was found in
the livestock of the northwest, southwest, and northeast parts of the Tarim Basin. When the ticks were pooled
to inoculate suckling mice, followed by reverse transcription-PCR (RT-PCR) to detect CCHFV RNA, the
average RT-PCR-positive rates for Hyalomma asiaticum kozlovi and H. asiaticum asiaticum were 12.9% and 2.6%,
respectively. A significant correlation was found between the antibody prevalence in the livestock and the
CCHFV prevalence in H. asiaticum of the same geographic region. No CCHFV RNA was detected in Derma-
centor nivenus, Rhipicephalus turanius, or Rhipicephalus sanguineus. A total of 27 partial S segments of CCHFVs
were sequenced and used for phylogeny analysis. All but one Chinese isolate grouped into the Asia 1 clade,
which contains the strains from Xinjiang and Uzbekistan, while the other strain, Fub90009, grouped with
strains from the Middle East.

Crimean-Congo hemorrhagic fever virus (CCHFV) is an
RNA virus that belongs to the genus Nairovirus of the family
Bunyaviridae. The virus has a tripartite genome composed of a
small (S), a medium (M), and a large (L) RNA segment (39).
Crimean-Congo hemorrhagic fever (CCHF) is a tick-borne
disease with a mortality rate of 10% to 50% (16, 35) and has
been reported in more than 30 countries in Africa, Europe,
and Asia (16, 20, 26, 36, 38, 43). The potential use of CCHFV
as a terrorist agent is a threat to public health (5, 10). Some
genera of the family Ixodidae (hard ticks) transmit vectors and
reservoirs of this virus (10). Humans can be infected by tick
bites and interaction with infected people or animals, which
may cause CCHF outbreaks in some regions (1, 9, 17, 19, 24,
27, 33). In China, the first case of CCHF was reported in Bachu
county of Xinjiang in 1965 (30), and since then, there have
been several outbreaks in that area (3, 4, 21, 23, 37). Several
regions in the Tarim Basin, such as the Tarim River and the
Yeerqiang River, and the Junggar Basin were identified as
natural epidemic foci of CCHF (2, 14). So far, the phylogenetic
data for CCHFV in China all relate to the western part of the
Tarim Basin (Bachu county and surrounding areas) (22, 28,

37), but the geographic distribution of Hyalomma asiaticum
(the local major vector) in Xinjiang appears to occupy a much
larger area (40).

In this study, the epidemiology of CCHFV in the Tarim
Basin, the Junggar Basin, the Turpan-Hami Basin, and the Ili
Valley, which are the habitats of ticks, was studied. A total of
5,629 serum samples from livestock and humans living in these
areas were collected and tested for antibodies against CCHFV,
and 17,319 ticks belonging to five species/subspecies were col-
lected for viral isolation. Partial sequences of the S segment
were amplified and used for phylogenetic analyses. Our results
revealed the geographic distribution and phylogeny of CCHFV
in Xinjiang, China.

MATERIALS AND METHODS

Investigation areas and sampling. According to the geographic distribution of
ticks in Xinjiang, China (40), four geographic areas (the Tarim Basin, the Jung-
gar Basin, the Turpan-Hami Basin, and Ili Valley), including 37 counties (or
cities), were investigated from 2004 to 2005 (Fig. 1). The sample collecting spots
were virgin droughty deserts which have a distribution of shrubbery, livestock or
other herbivores, rodents, and ticks. A total of 3,175 livestock serum samples
were collected from animals pastured in the investigation spots, and 2,454 human
serum samples were collected from the people who were engaged in stockbreed-
ing or agricultural activities in these spots (see Table 1). A total of 17,319 ticks
belonging to five species/subspecies were also collected from these spots.

CCHFV antibody detection in serum samples from livestock and humans.
Reverse passive hemagglutination inhibition assays (RPHIA) were used to detect
CCHFV antibodies in the serum samples as described previously (12). The
antigen used for RPHIA was prepared with Xinjiang hemorrhagic fever standard
strain 66019, which was isolated from patients with hemorrhagic fever in Bachu
County, Xinjiang, in 1966 (13). Briefly, the serum samples (25 �l) were serially
diluted (1:4 to 1:32) in twofold steps in phosphate-buffered saline containing 1%
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heat-inactivated normal rabbit serum in V-shaped microplates. The same
amount (25 �l) of CCHFV antigen, with a hemagglutination value of 4, was
added to each well. After the mixing step, the plates were incubated at 4°C
overnight and then transferred to 37°C for 30 min. Twenty-five microliters of 1%
sheep erythrocytes coated with a CCHFV monoclonal antibody (43E5) was
added to each well. After being shaken, the plates were allowed to stand at 37°C.
The hemagglutination pattern of each well was observed after 1 h. Samples with
complete hemagglutination inhibition at a dilution of 1:8 or higher were chosen
as being positive for the CCHFV antibody.

Virus isolation and identification. Viral isolation was done by inoculating
samples into suckling mice (Kunming white mice) as described previously (12).
About 50 ticks of the same species or subspecies collected at the same spot were
grouped into one pool for viral isolation. Each pool of ticks was ground with
Dulbecco’s modified Eagle’s medium (Invitrogen Corporation, China) to pre-
pare 10% suspensions. The suspensions were centrifuged at 3,000 rpm for 20
min. The supernatant liquid (0.25 ml) was inoculated into the brain of a newborn
(age 24 to 48 h) suckling mouse. The samples that caused typical symptoms at 5
to 9 days postinoculation for at least two passages in suckling mice were regarded
as pathogenic. The typical symptoms of the suckling mice included becoming
sensitive to stimuli, becoming easily startled, having an arched back, losing
balance, and refusing to be nursed. After two to four blind passages in the brains
of suckling mice, the brain tissues of the typical symptomatic mice were tested by
PCR for partial sequencing of CCHFV S segments.

Sequencing and phylogenetic analyses. Total RNA from brain tissues of the
typical symptomatic mice was extracted by using an SV total RNA isolation
system kit (Promega), and normal mouse brain tissues were used as the negative
control. About 0.1 g of the homogenized mouse brain was used for RNA extrac-
tion. An AMV reverse transcription-PCR (RT-PCR) kit (TaKaRa, Japan) was
used for RT-PCR. Specific primer PCM-Tag (5�-CCGAGAATAAAATCGAG
GTGAATCTCAAAGAAAT-3�) (22) and random primers (TaKaRa, Japan)

were used to amplify cDNA. Primers F2 (5�-TGGACACTTTCACAA ACTC-3�)
and R3 (5�-GACAAATTCCCTGCACCA-3�) were used for the first round of
nested PCR, while primers F3 (5�-GAGTGTGCCTGGGTTAGTTC-3) and R2
(5�-GACATTACAATTTCACCAGG-3�) were used for the second round nest-
ed-PCR for partial sequence of the S segment (31). The PCR products were
purified and sequenced by the Shanghai Sangon Company. In addition to sam-
ples obtained from 2004 to 2005, seven strains isolated earlier from the same
areas were also included in this study to sequence the partial S segments (see
Table 3).

The phylogeny analysis of CCFHV was conducted using the sequence data in
this study as well as 25 other CCHFV S segment sequences available from
GenBank (see Table 4). The S partial segment nucleotide sequence alignment
was performed by CLUSTALW (version 1.83) (18), and maximum likelihood
analysis with PHYLIP (version 3.67) (11) was used to construct phylogenetic
trees.

Statistic analyses. The correlation of RT-PCR-positive rates for ticks to the
CCHFV antibody prevalence in serum samples from different places was esti-
mated by the Pearson product-moment correlation coefficient, and the t test was
used to determine the significance of the correlation (34).

RESULTS

CCHFV antibody prevalence in serum samples from live-
stock and humans in different geographic regions. A total of
2,454 blood samples from humans, and 3,175 serum samples
from sheep and camels, were collected from 27 counties (or
townships) of the Tarim Basin, the Junggar Basin, and the
Turpan-Hami Basin (Table 1). Antibodies against CCHFV

FIG. 1. Map of the Xinjiang area showing the locations of the sampling spots for the current study. The small dots indicate the sampling spots,
and the names of the sampling counties are shown. The longitudes (E) and latitudes (N) are indicated on the edges of the map.
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were detected by RPHIA in a total of 446 samples (Table 1).
The average prevalence of CCHFV antibody in serum samples
of humans and livestock was 1.7% and 12.7%, respectively.
The CCHFV antibodies in human sera were at low levels (0.4
to 5.8%), with low range variations among different regions. A
relatively high prevalence of the CCHFV antibody, ranging
from 19.1 to 23.4%, was found in the livestock sera from the
northwest, southwest, and northeast parts of the Tarim Basin.
In contrast, a relatively low prevalence of the CCHFV anti-
body, ranging from 3.5 to 6.9%, was found in the livestock sera
from the southeast part of the Tarim Basin, the Junggar Basin,
and the Turpan-Hami Basin (Table 1). The antibody preva-
lence in the livestock from the northwest, southwest, and
northeast parts of the Tarim Basin is significantly different
from that of the southeast part of the Tarim Basin, the Junggar
Basin, and the Turpan-Hami Basin (Table 1).

Investigation of CCHFV in different species of ticks in Xin-
jiang. From 2004 to 2005, a total of 10,436 H. asiaticum kozlovi
specimens were collected from different areas of the Tarim
Basin (Table 2). They were grouped into 209 pools and inoc-
ulated into sucking mice. Thirty-seven pools induced the typ-
ical symptoms in the inoculated suckling mice, of which 27
were positive by RT-PCR for the CCHFV S gene (Table 2).
The RT-PCR-positive percentages ranged from 11.1 to 14.3%,
with an average of 12.9%. The percentage of tick pools that
caused typical symptoms in the inoculated mice (17.7%) was
higher than the RT-PCR-positive percentage (12.9%), indicat-
ing that some of the CCHFVs might not be amplified by the
primers used, or there might be other pathogens in the ticks
which induced similar symptoms in the mice.

A total of 5,861 H. asiaticum asiaticum samples were col-
lected from the southeastern part of the Tarim Basin, the
Junggar Basin, the Turpan-Hami Basin, and the Ili Valley
(Table 2). They were grouped into 114 pools and inoculated
into sucking mice. Seven pools induced the typical symptoms in
the inoculated suckling mice, of which three tested positive by
RT-PCR for CCHFV (Table 2). The average RT-PCR-posi-
tive rate for H. asiaticum asiaticum (2.6%) was significantly
lower than that for H. asiaticum kozlovi (12.9%) (�2 � 10.05,
P � 0.03).

A total of 1,022 other ticks, including 644 Dermacentor nive-
nus (12 pools), 327 Rhipicephalus turanius (7 pools), and 51
Rhipicephalus sanguineus (1 pool) specimens collected from
the Tarim Basin and the Junggar Basin, were inoculated into
suckling mice, but the typical symptoms did not appear in any
of the inoculated mice.

Correlation of CCHFV antibody prevalence in livestock with
CCHFV RNA prevalence in H. asiaticum ticks. When the Pear-
son product-moment correlation coefficient and the t test were
used to determine the significance of the correlation (40), a
significant correlation between RT-PCR-positive rates in ticks
(H. asiaticum kozlovi and H. asiaticum asiaticum) (Table 2) and
CCHFV antibody prevalence in serum samples of the livestock
from different places (Table 1) was revealed (r � 0.869, P �
0.025).

Phylogenetic analysis of CCHFV in Xinjiang, China. A total
of 27 partial S segments (220 bp long, corresponding to nucle-
otides 329 to 548 of the CCHFV Chinese strain 7001) from this
study were analyzed by nested PCR (Table 3). The sequence
analyses indicated that the Chinese isolates shared high simi-
larity, with 86 to 99.5% nucleotide identity and 89 to 100%
amino acid identity. Figure 2 shows the phylogenetic tree based
on the partial sequences of the S segment of the 52 CCHFV
sequences (Table 3 and Table 4). Our results showed that
CCHFVs could be grouped into seven clades, including (i)
Africa-Asia 1 (mainly from West Africa and Iran), (ii) Africa 2
(mainly from South and West Africa), (iii) Africa 3 (mainly
from Uganda and West Africa), (iv) Europe (mainly from
Eastern Europe, including Russia and Bulgaria), (v) Asia 1
(mainly from China and Uzbekistan), (vi) Asia 2 (mainly from
Pakistan and Iraq), and (vii) Greece AP92. This result is very
similar to those of previous studies (7, 8, 15, 29, 41, 42).

All but one Chinese isolate were clustered in the Asia 1
clade, which contains the Xinjiang strains from China and the
strains from Uzbekistan (Fig. 2). It is interesting that the
Fub90009 strain isolated from Fukang County in the Junggar
Basin (14) is located in the Asia 2 clade, which contains mainly
strains from the Middle East (the Matin strain and JD206
strain from Pakistan and the Baghdad12 strain from Iraq).

TABLE 1. Prevalence of the CCHFV antibody in serum samples collected by RPHIA from livestock and humans in different
geographic regions in Xinjianga

Geographic region Counties

Human sera Livestock sera

No.
tested

No.
positive

% positive
(95% CI)

No.
tested

No.
positive

% positive
(95% CI)

Tarim Basin
Northwest Aksu, Awati, Bachu, Jiashi, Yuepuhu 306 8 2.6 (2.31–2.89) 640 122 19.1 (17.59–20.54)
Southwest Maigait, Shache, Yecheng, Pishan,

Luopu, Yutian
167 1 0.6 (0.51–0.69) 363 85 23.4 (20.99–25.81)

Northeast Sayar, Luntai, Yuli, Ruoqiang 486 2 0.4 (0.36–0.44) 534 115 21.5 (19.71–23.36)
Southeast Minfeng, Qiemo 52 3 5.8 (4.22–7.38) 256 9 3.5 (2.08–3.95)

Junggar Basin Jinghe, Kelamayi, Shawan, Muosuowan,
Hutubi, Fukang, Mulei

853 24 2.8 (2.61–2.99) 720 26 3.6 (3.34–3.86)

Turpan-Hami Basin Turpan, Hami, Yiwu 590 5 0.8 (0.74–0.86) 662 46 6.9 (6.37–7.43)

Total 2,454 43 1.7 (1.63–1.77) 3,175 403 12.7 (12.25–13.13)

a 95% CI, 95% confidence interval.
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DISCUSSION

Geographic distribution of CCHFV in Xinjiang, China.
Since the first report of CCHF in Bachu County in 1965, a
greater number of CCHFV samples have been isolated from
H. asiaticum, suggesting that it is the major vector and reser-
voir of CCHFV in this region (2, 14). By combining historical
survey data (14, 6, 43) and our current data, it is clear that
CCHFV is distributed widely in Xinjiang.

The Tarim Basin (approximately 37° to 42°N, 77° to 89°E),
which occupies the center of South Xinjiang, with an area of
560,000 square kilometers, is surrounded by mountains that
block the southern warm wet air and the cold air of Siberia,
causing extreme drought in the region. The snow from the
mountains melts into the rivers and creates oases, but the area
where rivers cannot reach remains a barren desert. The rela-
tively isolated oases in the Tarim Basin provide habitats for
wild and domestic animals as well as ticks. Our recent study
indicated that there are two geographic subspecies of H. asi-
aticum in the Tarim Basin, H. asiaticum kozlovi and H. asiati-
cum asiaticum (44). The distribution and epidemiology of
CCHFV in the Tarim Basin appeared to be related to the
distribution of the two geographic subspecies of H. asiaticum.
In the northwestern, southwestern, and northeastern parts of
the Tarim Basin, H. asiaticum kozlovi is the main species and
accounts for 66.9 to 92% of the tick population (44). The rates
of CCHFV antibody-positive serum samples from livestock
were 19.1 to 23.4% (Table 1). This result is consistent with the
relatively high prevalence of CCHFV (11.1 to 14.3%) in the

ticks collected in these regions (Table 2). In the southeastern
part of the Tarim Basin, H. asiaticum asiaticum was the main
species and accounted for 72.6% of the tick population (44).
The CCHFV antibody-positive rate in the serum of livestock in
the southeast Tarim Basin was 3.5% (Table 1), which is con-
sistent with the relatively low CCHFV prevalence (1.5%) for
the ticks collected in this region (Table 2). Our current results
indicate that the correlation of CCHFV antibody prevalence in
the livestock with CCHFV RNA prevalence in H. asiaticum
ticks of the same geographic region is significant.

The landscape and ecology of the Junggar Basin (approxi-
mately 44° to 47°N, 82° to 92°E) are quite different from those
of the Tarim Basin. In the Junggar Basin, plants are widely
distributed in much greater quantity and at a much higher
density than those of the Tarim Basin. Wild animals and ticks
are also widely distributed. Like the southeast part of the
Tarim, H. asiaticum asiaticum is the main tick species of the
Junggar Basin. Likewise, the CCHFV antibody-positive rate in
the serum of livestock in the Junggar Basin was 3.6% (Table 1),
which is consistent with the relatively low CCHFV prevalence
(5.6%) of the ticks collected in this region (Table 2).

The Turipan-Hami Basin (approximately 42° to 42°40�N, 88°
to 94°E) located in east Xinjiang. Although CCHFV-positive
antibodies were identified from the serum samples from hu-
man and livestock in this region (Table 1), we were unable to
isolate CCHFV from the ticks (Table 2). Whether this region
is a natural focus of CCHFV remains to be further investi-
gated.

TABLE 3. Xinjiang CCHFV strains sequenced in the present study

Region Strain County Origin Year GenBank accession no.

Northwest Tarim Aw04318 Awati H. asiaticum kozlovi 2004 EU715264
Ba66063 Bachu H. asiaticum kozlovi 1966 EU715257
Ba68038 Bachu Human 1968 EU715258
Hf7403 Bachu Human 1978 EU715259
Ba8002 Bachu Human 1980 EU715261
Ba8004 Bachu Human 1980 EU715262
Ba04005 Bachu H. asiaticum kozlovi 2004 EU715265
Ba04203 Bachu H. asiaticum kozlovi 2004 EU715266
Ba05108 Bachu H. asiaticum kozlovi 2005 EU715277

Southwest Tarim Lp04224 Luopu H. asiaticum kozlovi 2004 EU715271
Yt05093 Yutian H. asiaticum kozlovi 2005 EU715285
Yt05099 Yutian H. asiaticum kozlovi 2005 EU715286

Northeast Tarim Bz002 Bazhou Human 1979 EU715260
Lt04035 Luntai H. asiaticum kozlovi 2004 EU715267
Lt05146 Luntai H. asiaticum kozlovi 2005 EU715279
Yl04032 Yuli H. asiaticum kozlovi 2004 EU715273
Yl04033 Yuli H. asiaticum kozlovi 2004 EU715274
Yl04038 Yuli H. asiaticum kozlovi 2004 EU715275
Yl04041 Yuli H. asiaticum kozlovi 2004 EU715276
Yl05034 Yuli H. asiaticum kozlovi 2005 EU715283
Yl05035 Yuli H. asiaticum kozlovi 2005 EU715284
Rq04219 Ruoqiang H. asiaticum kozlovi 2004 EU715270
Rq04244 Ruoqiang H. asiaticum kozlovi 2004 EU715272

Southeast Tarim Qm04222 Qeimuo H. asiaticum asiaticum 2004 EU715269

Junggar Basin Fub90009 Fukang H. asiaticum asiaticum 1990 EU715263
Ml05225 Mulei H. asiaticum asiaticum 2005 EU715280
Ml05232 Mulei H. asiaticum asiaticum 2005 EU715281
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In this study, only one sample site (Houcheng) belongs to
the Ily Valley, and no human or livestock sera were collected
there. Therefore, the data are too preliminary to draw any
conclusions about the region.

Historically, CCHF cases have been reported from around the
Bachu region (Bachu, Awati, Jiashi, Kepin, Kuche, and Maigait)

in Xinjiang (3, 4, 21, 23, 30, 32, 37), and CCHFVs have been
isolated mainly from that region (14, 22, 28, 37). Our results
indicate that CCHFV is likely to be distributed over a much larger
area in Xinjiang. The isolates Ml05225 and Ml05232 (Table 3),
collected from Mulei (43°55�N, 90°25�E) in this study, to our
knowledge, are the easternmost isolates to be reported so far.

FIG. 2. Phylogenetic tree of CCHFVs based on the 220-nucleotide S RNA sequences. The tree was constructed by using the maximum
likelihood method with PHYLIP. The sequences obtained from this study are shown in red. The numbers above the branches indicate the bootstrap
values in percentages (of 100 replicates). Values lower than 50% are not shown. The scale bar indicates 10% nucleotide sequence divergence.
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No significant correlation between CCHFV antibody prev-
alence in humans with CCHFV prevalence in the ticks of the
same geographic region was identified. This may be due to the
different lifestyles of the people and/or to differences in our
sample population. For example, the human samples of the
southeast Tarim were mainly from herders or butchers, while
human samples from other areas include not only herders or
butchers but also people involved in other agriculture activi-
ties. This may partially explain why the CCHFV antibody prev-
alence was relatively high in samples from southeast Tarim
compared to those from other regions (Table 1).

Phylogenetic analyses of CCHFVs in Xinjiang, China. There
have been several genetic analyses of CCHFVs isolated from
Xinjiang (22, 25, 28, 37); however, all the reported Xinjiang
strains were isolated from the area around Bachu County (at
the western part of the Tarim Basin) from the 1960s to the
1980s. In this study, 27 CCHFV strains isolated from different
geographic regions (the Tarim Basin and the Junggar Basin) in
Xinjiang were partially sequenced (Table 3). Together with the
previously published CCHFV data (Table 4), a phylogenetic
tree with more information on Chinese isolates is presented
(Fig. 2). The phylogeny analysis reveals that all but one Chi-
nese isolate (Fub90009) belong to one clade, Asia 1 (Fig. 2),
regardless of their origin (different tick species, humans, or
animals). The Xinjiang isolates grouped with the isolates from
Uzbekistan, indicating that the virus circulating in Xinjiang
and Uzbekistan are genetically related, consistent with previ-

ous reports (37, 41). However, the Fub90009 strain, which was
isolated from the Junggar Basin, was grouped into another
clade (Asia 2) with Iraq, Pakistan, and other Central Asian
strains (Fig. 2). Xinjiang has a geographical location and
environmental climate similar to those of Central Asian
countries. The migration of virus-infected birds or tick-in-
fected birds may contribute to the spread of CCHFV (16,
39). In addition, frequent livestock trading and economic
and cultural exchanges could also cause the spread of
CCHFV. Our results indicate that the CCHFVs in Xinjiang
may have multiple origins.

It has been shown that although phylogenetic analyses based
on S and L segments generate similar results, M segments
often show greater diversity, which could lead to a better-
resolved phylogenetic tree (7). Morikawa et al. (25) previously
sequenced M segments of 7 CCHFV isolates around Bachu
County, and their results indicated that there is a multisource
virus population in that region. At the moment, we are focus-
ing on sequencing more M segments to further reveal the
evolutionary history of CCHFV in Xinjiang.
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