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        Introduction 

 Bluetongue virus (BTV), is a double-stranded (ds) RNA virus 
(Reoviridae: Orbivirus) that can replicate in any ruminant. It 
causes severe disease, called bluetongue (BT), in certain breeds 

of sheep (particularly those fine wool and mutton breeds com-
monly found in Europe) and some species of deer ( Taylor, 
1986 ). It is transmitted between its ruminant hosts almost 
entirely by competent vector species of  Culicoides  (Diptera: 
Ceratopogonidae) and in turn, the distribution and intensity of 
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  Abstract .      Surveillance of  Culicoides  (Diptera: Ceratopogonidae) biting midges was car-
ried out between 2001 and 2003, at 119 sites within a 50 × 50-km grid distributed across 
Bulgaria, using light trap collections around the time of peak adult midge abundance. 
Sentinel and  ad hoc  serum surveillance of hosts susceptible to bluetongue infection was 
carried out at around 300 sites between 1999 and 2003. Following the initial incursion of 
bluetongue virus 9 (BTV-9) into Bourgas province in 1999, affecting 85 villages along the 
southern border, a further 76 villages were affected along the western border in 2001, with 
outbreaks extending as far north as 43.6°N. The BTV-9 strain in circulation was found to 
have a low pathogenicity for Bulgarian sheep populations, with less than 2% of suscep-
tible individuals becoming sick and seroconversions detected up to 30 km from recorded 
outbreaks in the south. The major Old World vector  Culicoides imicola  Kieffer was not 
detected among over 70 000  Culicoides  identified in summer collections, suggesting that 
BTV-9 transmission in Bulgaria was primarily carried out by indigenous European vec-
tors. The most likely candidates, the Palaearctic species complexes  –  the  Culicoides obso-
letus  Meigen and  C. pulicaris L.  complexes  –  were widespread and abundant across the 
whole country. The  C. obsoletus  complex represented 75% of all individuals trapped in 
summer and occurred in high catch sizes (up to 15 000 individuals per night) but was not 
found across all outbreak sites, indicating that both Palearctic complexes probably played 
a role in transmission. Within the  C. pulicaris  complex, only  C. pulicaris s.s. ,  C. punctatus  
Meigen and  C. newsteadi  Austen were sufficiently abundant and prevalent to have been 
widely involved in transmission, whilst within the  C. obsoletus  complex most trapped 
males were  C. obsoletus s.s . Adult vectors were found to be largely absent from sites in 
west Bulgaria for a period of at least 3 months over winter, which, taken along with the 
spatiotemporal pattern of outbreaks in the region between years, indicates the virus may 
be overwintering here by an alternative mechanism  –  either by covert persistence in the 
vertebrate host or possibly by persistence in larval stages of the vector.  
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transmission is dependent on the distribution and abundance of 
these vectors ( Mellor  et al ., 2000 ).  Culicoides  vectors can occur 
in huge abundances under suitable conditions, and can also be 
dispersed on air-streams for several kilometres in a single night, 
leading to rapid spread of the pathogens they carry ( Sellers 
 et al ., 1977, 1978 ). 

 Bluetongue has historically made only brief, sporadic incur-
sions into the southern fringes of Europe ( Manso Ribeiro  et al ., 
1957; Campano Lopez & Sanchez Botija, 1958; Manso Ribeiro 
& Noronha, 1958; Mellor & Pitzolis, 1979; Jennings  et al ., 
1983; Mellor & Boorman, 1995; Baylis  et al ., 1997 ). Since 
1998, however, an unprecedented epidemic of bluetongue has 
occurred, involving six strains of BTV spreading across 12 
countries and 800 km further north in Europe than previously 
reported ( Mellor & Wittmann, 2002; Purse  et al ., 2005 ). These 
strains have entered Europe more or less simultaneously, from 
at least two different directions (east and west) and their emer-
gence appears to have been mediated by recent changes in the 
European climate that have influenced virus persistence during 
winter, the northward expansion of the major Old World BTV 
vector,  Culicoides imicola  Kieffer and, beyond this vector ’ s 
range, transmission by indigenous European  Culicoides  spe-
cies, thereby expanding the risk of transmission over much 
larger geographical regions ( Purse  et al ., 2005 ). 

 This study examines the distribution and abundance of 
 Culicoides  vectors and BTV transmission in Bulgaria, one of 
the countries in the eastern focus of infection of the current 
BTV epidemic. This focus is of particular interest as it has con-
stituted a major entry point for strains of four of the BTV sero-
types into Europe (BTV-1, -4, -9 and -16). The only serotype to 
be detected so far in Bulgaria, BTV-9, entered Greece in 1998 
and spread northward (into European Turkey, Bulgaria, Kosovo, 
Albania, Bosnia and Herzegovina, the Federal   Yugoslav 
Republic of Macedonia (FYRM), Serbia and Montenegro, and 
Croatia) and westward (into mainland Greece and Italy). 
Epidemiologically, this incursion is of great interest as  C. imi-
cola s.s.  (hereafter referred to as  C. imicola ) is neither abundant 
nor widespread over the affected areas in eastern Europe 
( Gloukova  et al ., 1991; Dilovski  et al ., 1992 ), indicating that 
transmission is primarily, if not entirely, being carried out by 
Palaearctic vector species. Moreover, whilst the climate in east-
ern Europe has warmed to a large extent in recent years, thus ex-
tending the northern range limits of both  C. imicola  and BTV 
( Patakakis, 2004; Purse  et al ., 2005 ), harsh winters still preclude 
the year-round activity of adult  Culicoides  vectors, and in turn, the 
maintenance of continual adult vector − host cycles over winter. 

 The vector and serosurveillance data presented here were col-
lected as part of an E.U. project, set up in advance of the current 
epidemic, to record the distribution of BTV and its vectors in 
Europe. By combining and analysing these data for Bulgaria 
within a geographical information system (GIS), we aim to 
investigate the relative role of the major vector  C. imicola  and 
indigenous European vectors in transmission, to identify where 
the latter novel vector species are sufficiently widespread and 
abundant to act as vectors. We also investigate the likelihood of 
maintenance of BTV transmission over the winter due to the 
year-round presence of adult  Culicoides  vectors. As such, we 
hope to add further detail to the new picture of BT  epidemio logy 

currently being constructed from other such studies across 
Europe ( Calistri  et al ., 2003; Capela  et al ., 2003; De Liberato 
 et al ., 2003 , 2005;  Miranda  et al ., 2003; Torina  et al ., 2004 ).  

  Materials and methods 

  Outbreak and sentinel surveys 

 Sentinel livestock surveys have been carried out in Bulgaria on 
an annual basis since BTV-9 was first detected in 1999, with 
sampling effort concentrated on the borders and outbreak 
regions. The number of locations sampled in each year, the an-
nual duration of sampling and the type of livestock sampled are 
indicated in     Table 1. The locations of the sentinel or  ad hoc  herds 
were determined retrospectively by reference to websites detail-
ing the co-ordinates of small villages in which farms were 
located. These were the Alexandria Digital Library Project 
(University of California, Santa Barbara, California, U.S.A.) 
( http://www.alexandria.ucsb.edu ) and the GEOnet Names Server, 
National Geospatial-Intelligence Agency (Bethesda, MA, U.S.A.) 
(http://gns www.nga.mil/geonames/GNS/index.jsp ). Each serum 
sample was assayed for BTV by competitive ELISA (cELISA) 
using kits from the Institute for Animal Health, (Pirbright, U.K.) 
in 1999 (OIE Regional Reference Laboratory for bluetongue) or 
from VMRD, Inc. (USDA product code 5010.20; VMRD, Inc., 
Pullman, WA, U.S.A.  ) between 2000 and 2003 ( Georgiev  et al ., 
2000 , 2001, 2004).  

  Entomological survey area and trap sites 

 For the purposes of the entomological survey, the landmass of 
Bulgaria was divided into 58 50 × 50-km quadrats of which 47 
were sampled (    Fig.   1). At least two livestock holdings or farms 
were sampled in 40 of these quadrats and one holding was sam-
pled in the remaining seven quadrats. A total of 125 farms were 
sampled in all (119 in summer and six in winter;  Fig.   1 ). Nine 
quadrats were sampled in 2001, 25 quadrats in 2002 and 22 quad-
rats in 2003 (nine quadrats were sampled in both 2001 and 2003). 
Farms were selected according to a range of criteria. They were 
usually located at least 10 km apart and at least 2.5 km from the 
coast, contained a minimum of five large livestock animals (mostly 
cattle on 76 farms and/or sheep on 50 farms, although other live-
stock including pigs, horses and goats were present) and insecti-
cides were not in use. The geographical co-ordinates (latitudes and 
longitudes) for all trap sites were determined using a Garmin GPS 
12 receiver (Garmin International Inc., Olathe, KS, U.S.A.  ). 
Altitudes were determined retrospectively from these co-ordinates 
using digital elevation models and ranged from 43 to 1271 m a.s.l. 

 Each farm was sampled for at least two consecutive nights in 
summer, between June and October (summer sampling) when 
possible (with the exception of 2% of sites that were sampled 
only once). Maximum catches at this time have been shown in 
previous studies to be consistently related to the annual abun-
dance of  Culicoides  across sites in Morocco ( Baylis  et al ., 
1997 ). Additional winter sampling was carried out in February 
and March at six sites in six quadrats. Traps were operated as 
above for 5 – 12 nights consecutively. 
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 Onderstepoort-type blacklight traps were used with 8-W UV 
light bulbs and down-draught suction motors (powered by elec-
tricity or by car battery). Traps were run from dusk until dawn 
and located outside but within 25 m of livestock, and at a height 
of 1.5 – 2 m above the ground. Insects were collected into a plas-
tic beaker containing 200 – 300 mL of water with detergent to 
reduce surface tension.  Culicoides  sp. were separated from 
other insects and sorted into the following four groups before 
being stored in 70% alcohol: (a)  C .  obsoletus  complex (males 
identified to species where present, i.e. in 26 sites); (b)  C. puli-
caris  complex (females identified to species where possible); 
(c)  Monoculicoides  group (including  C. puncticollis, C. nubecu-
losus, C. riethi ), and (d) any other  Culicoides . 

 Additional light trapping was carried out to determine the 
phenology of adult  Culicoides , by regular trapping (at a mean 
interval of 7 days) between 1 March and 15 November 2002 

in two villages, Vaksevo and Bersin in Kiustendil (a district 
affected by BT in 2001), and the numbers of all  Culicoides  
species in each catch were counted. In addition, nightly 
catches were made for between 9 and 16 nights at three sites 
(Zlatograd town, in the Smolyan region, and Petrich town and 
Kochan village, in the Blagoevgrad region) affected by BTV 
transmission (evidenced by seroconversions) in 2002. They 
commenced immediately after a seroconversion was detected 
and were sorted in the same way as the main surveillance 
catches.  

  Data analysis 

 The maximum catch of each species complex or species 
across all nights of summer trapping was calculated for each 

     Table 1.     Number of locations in which sentinel or  ad hoc  herds were sampled in each year, with the sampling duration and the type of livestock 
sampled for sentinels only.  ‘  Ad hoc  ’  refers to a herd that was sampled usually on one occasion following detection of clinical signs or notification of 
outbreaks or seroconversions in nearby herds.  ‘ No. georeferenced ’  is the number of herds that could be successfully georeferenced with reference to the 
village in which they were located. Bovines were calves above 6 months of age and caprines and ovines were goat kids or lamb kids above 4 months of 
age born in the year before the sampling year or later without colostrum antibodies. S border = southern border with Greece, W border = western 
border with Federal   Yugoslav Republic of Macedonia, Serbia and Kosovo. The minimum interval between sentinel samples was 30 days in all years      .

     Total herds surveyed 
(no. georeferenced)  No. of animals per sentinel herd 

 Annual duration of sentinel 
sampling dd/mm – dd/mm    Year  Region  Sentinels   Ad hoc   Ovines  Caprines  Bovines     

 1999  S border  19 (19)  85 (85)  25  25  10  14/08 – 30/10   
 2000  S border  38 (33)   –    –   10  10  25/07 – 29/11   
 2001  S border  54 (51)  76 (75)  10   –   10  15/04 – 30/11   
 2002  W border  22 (22)   –    –   10  10  15/04 – 30/11   
 2002  S border  42 (39)  51 (37)  10   –   10  15/04 – 30/11   
 2003  W border  22 (22)   –   10   –   10  15/04 – 30/11   
 2003  S border  33 (31)  4 (2)  10   –   10  15/04 – 30/11   

     Fig.   1.     Map of Bulgaria showing the loca-
tions of sites (closed circles) within each 50 
× 50-km quadrat at which Culicoides were 
trapped in the summers of 2001, 2002 and 
2003.   
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site. Differences in prevalence (i.e. the frequency of occurrence 
of a species within sites or quadrats) were compared between 
complexes or species using Chi-square tests. A 15-km grid was 
superimposed on a map of Bulgaria and cells were scored as 
BTV-positive (BTV+) or BTV-negative (BTV – ), depending 
on whether transmission (outbreaks or seroconversions) had 
occurred between 1999 and 2003. Differences in prevalence of 
complexes or species between BTV+ ( n  = 45) and BTV –  ( n  = 51) 
cells were compared using Chi-square tests and differences in 
abundance were compared using Mann – Whitney  U -tests. Given 
that transmission was probably vastly underreported (see 
Results), these analyses are interpreted with great caution.   

  Results 

  Distribution of BTV transmission in Bulgaria 1999 – 2003 

 In 1999, 85 villages along the south-eastern border (with 
Greece and Turkey) were affected by bluetongue outbreaks 
(    Fig.   2). The virus was first detected on 26 June in Slivarovo in 
Bourgas ( Fig.   2 ) and spread westward into Haskovo and Yambol 
in July, before detection in Kardjali in August. Clinical signs 
were found in every affected herd but their prevalence was 
extremely low, with only 686 of 41 724 (1.66%) susceptible 
sheep affected overall (mean ± standard error percentage of sus-
ceptible animals showing clinical signs per village 2.5 ± 0.75%). 
The percentage of sheep showing clinical signs exceeded 5% in 
only nine villages (in Haskovo and Bourgas) and exceeded 20% 
in only one village (Karlovsko in Haskovo). Outbreaks contin-
ued for the longest period in Yambol  –  between mid- (16) July 
until late (25th) November. In 1999, nine of 19 sentinel herds 
along the border of Kardjali, Haskovo and Yambol tested positive 
for BTV antibodies between August and October (    Fig.   3), with 
an average of 20.1 ± 5.9% of animals testing positive in each 
herd. The distribution of these positive sentinel herds indicated 
that BTV transmission occurred in 1999 at least 30 km from noti-

fied outbreaks and up to 70 km from the Bulgarian border. As 
sentinels were not stationed further inland, we cannot exclude the 
possibility that BTV transmission in 1999 also extended much 
further inland beyond the borders of these districts. 

 In 2000 (33 herds) and 2001 (51 herds), all sentinel herds 
along the southern border tested negative for BTV antibodies, 
suggesting that no BTV transmission had occurred in this 
region ( Fig.   3 ). In 2001, however, 76 villages were affected by 
bluetongue outbreaks along the western border with the FYRM, 
Macedonia and Serbia. The virus was first detected (from clini-
cal sero-surveys) much later in the season than in 1999  –  on 19 
September (Bersin and Dijdevitsa villages in Kiustendil)  –  and 
was detected in Kiustendil for only 1 month and in other prov-
inces for a few days or less. Clinical signs were observed in only 
14 villages in Kiustendil and their prevalence was extremely 
low, with 27 of 25 929 (0.1%) susceptible sheep affected by 
clinical signs (mean ± SE proportion of susceptible animals 
showing clinical signs per village 0.0023 ± 0.0008). Outbreaks 
were found, however, as far north as 43.6°N in Praudja village 
(Belogradchik) and Potzarnetzi village (Vidin). 

 In 2002, 24 sentinel herds tested positive for BTV antibodies 
between August and September ( Fig.   3 ), three in Kardjali, 12 in 
Blagoevgrad and nine in the Smolyan region, with most sero-
conversions occurring close to the Greek border. However, 
sentinel herds on the western and south-eastern borders tested 
negative for BTV antibodies. All 58 herds tested in 2003 were 
negative for BTV antibodies.  

  Relative abundances and distribution of Culicoides complexes 
in summer 

 A total of 301 summer samples were collected across 119 
sites ( Fig.   1 ) between 2001 and 2003. They contained 71 130 
individuals of  Culicoides  sp., of which 99% (70 272) were 
females (    Table 2). The  Culicoides obsoletus  complex was most 
abundant, representing 75% of all individuals trapped, followed 

     Fig.   2.     Distribution of villages affected by 
bluetongue outbreaks in Bulgaria in 1999 
(open circles) and 2001 (closed circles). The 
number of villages affected in each district 
are given in parentheses.   
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by the  Culicoides pulicaris  complex (16% of individuals). The 
 Monoculicoides  group and other  Culicoides  complexes 
 represented only a very low proportion of all individuals and the 
major Old World vector,  C. imicola , was absent from all catches 
and sites. The maximum catch of  C. obsoletus  complex in a 
sample, at 15 045, was around 25 times that of the  C. pulicaris  
complex, at 593. These two species complexes were widespread 
across all sites (    Fig.   4) and did not differ in prevalence ( �  2  = 
0.35, d.f. = 1.,  P  = 0.55). Both complexes were far more 
prevalent than the  Monoculicoides  group ( C. obsoletus  vs. 
 Monoculicoides  group:  �  2  = 41.2, d.f. = 1,  P  < 0.001;  C. puli-
caris  vs.  Monoculicoides  group:  �  2  = 46.4, d.f. = 1, 
 P  < 0.001). The  Monoculicoides  group generally occurred in low 
abundances and was absent from sites along the eastern border 
( Fig.   4 ). Species identifications, by slide mounting, of some in-
dividuals from this group revealed the presence of  C. parrotti  
Kieffer , C. nubeculosus  Meigen,  C. riethi  Kieffer and  C. punc-
ticollis  Becker, with two or more of these species often 
co-occurring in sites (B. V. Purse and J. Boorman, personal 
observation).  

  Relative abundances and distribution of C. pulicaris and 
C. obsoletus complex species in summer 

 Identifications of  C. obsoletus  complex males in 26 sites indi-
cated that  C. obsoletus s.s. , found in 25 sites, was the most prev-
alent and widespread species, whereas  C. dewulfi  and  C. scoticus  
were each found in only one site (in quadrats 27 and 56, respec-
tively), the latter co-occurring in its site with  C. obsoletus s.s.  

 The  C. pulicaris  complex was identified to species level in 
107 sites, making 10 953 individuals identified in total.  Culicoides 
newsteadi  was the most abundant species, representing 57% of 
all  C. pulicaris  group individuals and was widespread, being 
found in 86% of sites (    Fig.   5).  Culicoides pulicaris  and  C. punc-
tatus  represented proportions of 14% and 25%, respectively, and 
were also widespread, in 64% and 75% of sites, respectively. 
The maximum catch of  C. newsteadi  in a sample, at 374, was 
around twice that of  C. pulicaris  and  C. punctatus .  C. newsteadi  
was significantly more prevalent than either  C. punctatus  ( �  2  = 
4.3, d.f. = 1,  P  = 0.039) or  C. pulicaris  ( �  2  = 13.3, d.f. = 1, 
 P  < 0.001). There was no difference in prevalence between the 
latter two species ( �  2  = 2.67, d.f. = 1,  P  = 0.102). Individuals 
identified as either  C. pulicaris  or  C. punctatus  but which could 
not be identified to species were found at a fifth of sites (category 
 ‘  C. pulicaris  or  C. punctatus ’   on  Fig.   5 ).  C. fagineus  Edwards 
and  C. impunctatus  Goetghebuer together represented < 2% of 
individuals.  Culicoides fagineus  was more widespread, being 
found at 21% of sites vs. 7% for  C. impunctatus .  Culicoides fla-
vipulicaris  Dzharfarov was extremely rare and was found at only 
one site. Samples in which the  C. pulicaris  group was identified 
to species were not widespread enough to test for north – south 
differences in prevalence or abundance in this study.  

  Phenology of adult Culicoides in Bulgaria 

 No adult  Culicoides  were caught over 8 nights of trapping 
from 1 March to 23 April 2002 at either Vaksevo or Bersin. This 
suggests that none of the species complexes were able to 

     Table   2.     The total number (and percentage) and prevalence of different  Culicoides  species complexes across sites in Bulgaria in the summers 
of 2001 – 03.      

   Species complex 

  Culicoides  collected 
 Catch size 
Mean ± SE 

 Maximum 
catch across 
samples 

 Complex was present in:   

 Catches  Sites   

  n   (%)   n   (%)   n   (%)     

  C. obsoletus   52447  (75)  312.5 ± 139.8  15045  268  (89)  112  (94)   
  C. pulicaris   1152  (16)  63.4 ± 8.6  593  264  (88)  114  (96)   
  Monoculicoides   871  (1)  5.3 ± 1.9  203  128  (43)  70  (59)   
 Other  Culicoides   5433  (8)  30.1 ± 7.3  769  221  (73)  105  (88)   

     Fig.   3.     Distribution of sentinel herds that 
tested positive or negative for BTV antibod-
ies between 1999 and 2003.   
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overwinter there as adults. Similarly, 65 winter trap nights 
across six sites, between 3 February and 7 March 2003, yielded 
only 12 individuals (five  C. obsoletus  complex females and one 
male, two  C. pulicaris  complex females, and four females of 
other  Culicoides ). Peak numbers of  Culicoides  occurred in 
September in Bersin and May in Vaksevo, although the sparse 
temporal distribution of trap nights means that the observed 
peak is unlikely to reflect the true population peak accurately.  

  Comparison of spatial distribution of Culicoides complexes 
and disease outbreaks 

 Visual comparison of the distribution of BT outbreaks and 
that of different  Culicoides  vector groups reveals that the 
 C. pulicaris  complex was present and abundant at all sites in the 
2001 and 1999 outbreak areas ( Figs 4 and 5 ). The  C. obsoletus  
complex was widespread and abundant across 2001 sites, par-
ticularly in the Montana district  , but was absent in three of five 
sites in 1999 outbreak areas ( Fig.   4 ). There was no significant 
difference in prevalence of either of these species groups in 
BTV –  vs. BTV+ cells (both groups were present in over 90% of 
both cell types), but the  C. pulicaris  complex was significantly 
more abundant in BTV+ than BTV –  cells (Mann – Whitney  U -
test: median BTV–  = 17.0, median BTV+  = 33.0,  U  = 757.5,  P  = 
0.03). Within this group,  C. pulicaris s.s . and  C. newsteadi  were 
widespread and abundant across both 1999 and 2001 outbreak 
areas but  C. punctatus s.s.  was only widespread and abundant in 
the 1999 outbreak areas. The  Monoculicoides  group was found 
in four of the five sites in the 1999 outbreak areas but in none of 
the 2001 outbreak areas. Overall, this group was significantly 
more prevalent in BTV –  (60% prevalence) than BTV+ cells 
(38% prevalence;  �  2  = 4.70, d.f. = 1,  P  = 0.03). 

  C. obsoletus  complex midges were highly abundant in three 
sites that were trapped in 2002, during or soon after bluetongue 
out breaks. In Zlatograd village (Smolyan region) the  C. obsoletus  

complex made up 99% of the 6191 individuals trapped in 9 
nights (range 51 – 4376 per catch), with the remaining individu-
als consisting of  C. pulicaris  complex species ( C. pulicaris  or 
 C. punctatus  species 0.6%;  C. fagineus  0.08%). In Kochan 
village (Blagoevgrad) 100% of the 42 individuals trapped in 16 
nights (range 1 – 8 per catch) were of the  C. obsoletus  complex. 
In Petrich village (Blagoevgrad), the  C. obsoletus  complex rep-
resented 35% (range 9 – 150 per catch) of 1971 individuals 
trapped in 14 trap nights; around half of the individuals were 
 C. circumscriptus  (48%, range 1 – 523 per catch) and 185 were 
 C. newsteadi  (9%, range 1 – 52 per catch). In both Petrich and 
Zlatograd, the parity of  C. obsoletus  complex was consistently 
high each night, with 37 – 76% and 14 – 52%, respectively, of 
trapped individuals being parous per night.   

  Discussion 

  Distribution of BTV in Bulgaria 

 When bluetongue virus enters an immunologically naïve 
sheep population such as that present in Bulgaria prior to 1998, 
it often causes severe mortality and morbidity ( Sellers, 1975; 
Shimshony  et al ., 1988 ). For example, following incursion of 
BTV-10 in 1956, percentage mortality in affected sheep in 
Spanish provinces ranged from 50% to 100% ( Campano 
Lopez, 1957; Campano Lopez & Sanchez Botija, 1958 ). When 
BTV-9 entered Bulgaria in 1999, however, just 2% of suscep-
tible individuals became sick, despite a wide prevalence of 
transmission in herds, and even fewer cases of clinical disease 
were observed in the later outbreaks in 2001 (< 0.1% of sus-
ceptible individuals became sick). It is notable that in Greece 
and Croatia ( Listes  et al ., 2004; Panagiotatos, 2004 ), BTV-9 
has been described as consistently highly virulent, causing 
 severe clinical signs and high morbidity and mortality in sheep 
( Panagiotatos, 2004 ), whereas in other locations such as 

     Fig.   4.     Maximum catches of  C. obsoletus, 
C. pulicaris  and  Monoculicoides  complexes 
at each site in Bulgaria in summer over two 
trapping nights (2000 – 01). Dark grey shad-
ing indicates districts affected in recent 
outbreaks of bluetongue.   
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Albania ( Di Ventura  et al ., 2004 ), Yugoslavia ( Anonymous, 
2001 ), Bosnia and Herzegovina ( Anonymous, 2002 ) and east-
ern Serbia ( Djuricic  et al ., 2004 ), infection prevalences were 
similarly substantial (10 – 25%) but clinical signs were  absent 
or rare. This would suggest that the lack of clinical signs in 
Bulgaria might be due to particular sheep breed – BTV strain 
interactions rather than strains of BTV-9 having a low patho-
genicity for European sheep breeds. The detection of serocon-
versions in sentinel herds up to 30 km further inland in Bulgaria 
than the notified outbreaks illustrates how the reporting of out-
breaks can vastly underestimate the true extent of transmis-
sion, particularly for a virus such as BTV, where most infection 
is subclinical and where circulating strains may have low path-
ogenicity. Recorded outbreaks have extended as far as 43.6°N 
in Bulgaria and over 44°N elsewhere in eastern Yugoslavia 
(e.g. 44.7°N in Sabac village;  Anonymous, 2001 ) and central 
Europe ( Scavia  et al ., 2004 ).  

  Vector distributions and disease outbreaks 

 Despite the widespread and intensive vector surveillance in 
this study, the major Old World vector,  C. imicola , was not 
identified in Bulgaria, suggesting that there are no established 
populations of this species in Bulgaria. This is despite record-
ings of populations of  C. imicola  20 − 50 km away in Greece, in 
Rodopi and Xanthis provinces ( Patakakis, 2004 ), that may act 
as sources of dispersing individuals. During this species ’  recent 
expansion in Europe in the 1990s, probable colonization dis-
tances of around 200 – 300 km were recorded over sea (200 km 
between the Balearic Islands and North Africa, 160 km between 
Corsica and southern France, 300 km between Lesvos and 
mainland Greece) ( Purse  et al ., 2005 ) but the rate of dispersal 
over land may be substantially less and cannot be as easily 
 inferred. Vector surveillance within potential habitat along 
this species ’  northern range edge in Greece and Bulgaria is 

     Fig.   5.     Maximum catches of species from 
the C. pulicaris complex at each site in Bul-
garia in summer over two trapping nights 
(2000 – 01). Dark grey shading indicates 
districts affected in recent outbreaks of 
bluetongue.   
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obviously advisable (and is ongoing as part of a Balkan surveil-
lance network). 

 Thus in Bulgaria, BTV-9 must have been transmitted largely 
by novel  Culicoides  vectors. The most likely candidates, the 
Palaearctic species complexes  –  the  C. obsoletus  and  C. puli-
caris  complexes  –  were widespread and abundant across the 
whole country. Due to their ubiquity and co-occurrence across 
most sites, it was again difficult to find a clear association 
between a particular complex or species and transmission 
(cf.  Capela  et al ., 2003; Torina  et al ., 2004 ). The  C. pulicaris  
complex was widespread and abundant across all outbreak 
sites from both years, whereas the  C. obsoletus  complex was 
absent from some of the 1999 outbreak sites, indicating that 
members of both complexes were probably involved in trans-
mission. The  C. obsoletus  complex in particular was highly 
abundant during outbreaks in the Smolyan region. Within the 
 C. pulicaris  complex, only  C. pulicaris s.s., C. punctatus  and 
 C. newsteadi  were sufficiently abundant and prevalent to have 
been widely involved in transmission, whereas within the 
 C. obsoletus  complex most trapped males were  C. obsoletus s.s.  
However, as males are rarely attracted to UV traps, an ade-
quate assessment of the distribution of the species within the 
 C. obsoletus  complex requires molecular methods capable of 
distinguishing between cryptic females. By contrast, the 
 Monoculicoides  group was not sufficiently prevalent to play a 
substantial role in transmission and in fact adults of this group 
were more abundant in cells in which BTV-9 transmission did 
not occur. 

 The current involvement of these species complexes in trans-
mission in Europe is well substantiated: by fine scale overlap 
of their distributions with outbreaks ( Torina  et al ., 2004; De 
Liberato  et al ., 2005 ); by virus isolation from wild-caught 
 C. pulicaris  and  C. obsoletus  complex adults ( Savini  et al ., 2003 ; 
2005;  De Liberato  et al ., 2005 ), and by laboratory competence 
studies ( Carpenter  et al ., 2006 ). Climate change has been impli-
cated in the spread of BTV in Europe, with the incidence of 
transmission increasing in those areas that have warmed the 
most over the last decade ( Purse  et al ., 2005 ). Recent climate 
warming may have enhanced the importance of these Palearctic 
vector complexes by increasing their population sizes and sur-
vival rates to compensate for their low competence levels and 
by increasing their individual susceptibility ( Purse  et al ., 2005 ). 
An alternative scenario is that the populations of the  C.  obsoletus  
and  C. pulicaris  groups in the Balkans, Bulgaria, northern 
Greece and European Turkey may have higher vectorial capa-
city than their respective populations in areas historically af-
fected by outbreaks (Spain, Portugal, Morocco and the Greek 
Islands), but could only become involved in transmission fol-
lowing the hand-over of the virus by populations of  C. imicola  
in the wake of this species ’  extension northward. Geographical 
variation in vector competence  –  one aspect of vectorial capa-
city  –  has been noted in the  C. obsoletus  group within the U.K. 
( Carpenter  et al ., 2006 ) and further work is ongoing to pinpoint 
whether competence is environmentally determined or whether 
it is heritable. Further data on geographical and temporal varia-
tion in this and other aspects of the vectorial capacity of these 
Palearctic vector groups may permit a finer understanding of 
the mechanism governing their recently enhanced role in 

 transmission; given the widespread distributions of these com-
plexes across central and northern Europe, this is essential.  

  Evidence and mechanisms for overwintering 
of BTV in Bulgaria 

 When BTV-9 reappeared in Bulgaria in 2001, after a year ’ s 
absence, the nearest external source of BTV-9 transmission was 
in Turkey, over 600 km away. Although the virus was not 
 detected in sentinel herds in Bulgaria in 2000, sentinel herds 
were not very widespread and the probability of detecting transmis-
sion was relatively low. We suggest therefore that an internal 
source of the virus was maintained over the winter between 
1999 and 2001 and probably also between 2001 and 2002. 

 Of the potential mechanisms by which the virus could over-
winter, it is unlikely that the virus could be widely maintained 
by continual cycles of transmission between adult vectors and 
livestock hosts in Bulgaria. The phenological investigation 
 reported here indicates that very few adults persisted over winter 
and they remained active (and bit livestock) on very few nights 
between January and March. This is probably a reflection of the 
extremely harsh winters in this region. In central and western 
areas of the Mediterranean, where winters are milder,  C. obso-
letus  and  C. pulicaris  group midges can remain widespread and 
abundant in winter ( Capela  et al ., 2003; Scavia  et al ., 2004; De 
Liberato  et al ., 2005 ). The maximum duration of viraemia is 
around 20 days in sheep ( Koumbati  et al ., 1999; Veronesi  et al ., 
2005 ), but up to 100 days in cattle ( Hourrigan & Klingsporn, 
1975 ). However, we maintain that vector − host transmission 
 cycles would be completed extremely rarely during this 3-month 
vector-free period, a claim that is borne out by the restriction of 
most seroconversions to the period between August and October 
in Bulgaria. Although some regions of Bulgaria may contain 
isolated microhabitats that permit adult vectors to escape harsh 
winter conditions, it is more likely that alternative overwinter-
ing mechanisms are involved, either by covert persistence in the 
immune cells of the vertebrate host ( Takamatsu  et al ., 2003 ) or 
persistence, following trans-ovarial transmission, in the larval 
stage of the vector ( White  et al ., 2005 ). 

 Future work on these datasets will examine the relationship 
between the distribution of each of the major vector groups in 
the eastern Mediterranean region and climate with a view to 
investigating the likely responses, if any, of these vectors to 
climate change and producing predictions of their distributions 
in Europe ( Baylis & Mellor, 2001; Tatem  et al ., 2003; Purse 
 et al ., 2004 ). It is hoped that such analyses would, for example, 
indicate whether or not habitat in Bulgaria is suitable for 
 C. imicola  and, in turn, whether it can be expected to establish 
populations there, given sufficient rates of dispersal from 
source populations.     
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