
Serologic investigation for bluetongue virus type 4, 9 and 16 
in Anatolian water buffaloes

Sibel Gür1, İrfan Özgünlük2, Yılmaz Akça3, İbrahim Burgu3

1Department of Virology, Faculty of Veterinary Medicine, Afyon Kocatepe University, 
Afyonkarahisar, Turkey

2Department of Virology, Faculty of Veterinary Medicine, Harran University, Şanlıurfa, Turkey
3Department of Virology, Faculty of Veterinary Medicine, Ankara University, Ankara, Turkey

Received July 15, 2009
Accepted September 21, 2010

Abstract
Bluetongue has emerged as a threat for ruminant species especially in European countries; 

three serotypes of Bluetongue virus have been described in Turkey. In this study, a total of 380 
sera were obtained from healthy adult buffaloes in 8 different provinces in Central and Northern 
Anatolia. Sera were tested using a Virus Neutralisation test for types 4, 9 and 16. Seropositivity 
rates of 16.5% (63/380), 7.1% (27/380), and 8.4% (32/380) were detected for types 4, 9, and 16, 
respectively. No positives were found in Northest province (41o17’). This is the first report of 
Bluetongue virus in buffaloes in Turkey.

BTV, infection, serotype

Bluetongue virus (BTV) infection is a vector-borne disease of various ruminant species.  
It has a double stranded RNA genome which consists of 10 segments, and is placed in the 
Orbivirus genus in the family Reoviridae. Twenty four serotypes have been recognised 
(Roy 2002). Bluetongue infection has a wide distribution in the tropical and subtropical 
zones of Africa, America, Australia, Indian subcontinent, Southeast Asia and the Middle 
East (Mellor and Boorman 1995; Mellor and Wittmann 2002).  It is an infectious but 
non-contagious disease, characterized mainly by fever, hyperaemia and ulceration of oral 
mucosae, coronitis, lameness and death. 

BT was included in the former OIE list A diseases. The BT outbreak in Cyprus in 1943 
caused 60-70% mortality and important economic losses in sheep (Gambles 1949). In 
1944, a severe outbreak was seen in the Hatay province in Turkey. BT reappeared in the 
Aegean region of Turkey in 1977. The outbreak then spread to the regions of Marmara 
and Mediterranean.  Three serotypes (4, 9 and 16) have been identified to date in Turkey 
(Urman et al. 1979; Yonguç et al. 1982).

BT has a wide host range including sheep, water buffalo, cattle, goat, gazella spp., bighorn 
sheep, antelope and various types of artiodactyles. Most studies have been carried out in 
cattle and sheep. There have been few reports on BTV in buffaloes. In Turkey, the buffalo 
population was over one million until 1980, but today there are less than 90.000. The main 
reason is that the buffaloes are no more profitable due to a longer production cycle and low 
milk yield; the improvement efforts for genotypes were only practised on cattle. Production 
of buffalo meat and milk products like soujouk and kaimak on the national and regional 
levels has slowed down the decrease of the buffalo population, however, the decline is 
continuing. Buffalo breeding occurs mostly in family type small enterprises generally with 
other domestic ruminant species in Central Anatolia and the Black Sea Coastal Region in 
Turkey. 

The purpose of this study was to investigate the BTV infection in Anatolian buffaloes 
using Virus Neutralisation test (VNT) to determine serotype differences.
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Materials and Methods

Study design and sample collection
Blood samples were collected from 380 healthy adult (1-8 years old) buffaloes from 8 provinces in the Central 

and East Anatolia and the Black Sea Region of Turkey. The numbers of tested animals from provinces; Afyon, 
Amasya, Samsun, Ankara and Sivas were as follows Tokat, Konya, Elazığ respectively (Fig. 1). 

The numbers of breeding buffaloes were 2–10 of the sampled enterprises, and they were housed together with 
cattle and/or sheep in most of the farms. The only organised buffalo herd used in this study was a farm in the 
Afyon province in Central Anatolia and 94 samples were obtained from this herd. The rest of the samples were 
collected from small private herds. Sampling was performed regardless of sex. Blood samples were collected 
from the jugular vein into sterile tubes with silicon. After centrifugation at 3000 × g for 10 min, the sera were 
decanted and inactivated.

Cell culture
VERO cell culture was used for virus propagation, titration and microneutralisation tests. Dulbecco’s Minimal 

Essential Medium (DMEM) containing 10% Foetal Calf Serum (FCS) was used as a cell culture medium.

Bluetongue virus
Bluetongue virus types 4, 9 and 16 were used as test viruses in the study. Tissue culture infective dose of 50% 

(TCID50) of the virus suspension was calculated as 105/0.1 ml, 104.5/0.1 ml, and 105.2/0.1ml for type 4, 9, and 16, 
respectively.

Virus neutralisation technique
For the detection of BTV type specific antibodies, the microneutralization test was used. For this purpose, the 

blood samples were centrifuged at 3000 g for 10 min. Serum was separated, inactivated at 56 °C for 30 min and 
kept at -20 °C until testing. Initially, all serum samples were diluted 1/10. Aliquots of 50 µl from each dilution 
were put into duplicate wells of the tissue culture plates with the same volume of virus suspension containing 100 
TCID. After 1 h of incubation, aliquots of 50 µl cell suspension (300.000 cells/ml) were added and incubated at 
37 °C with 5% CO2 and checked every day. Test results were determined based on cytopathology of cells using 
an inverted microscope.

After these tests, a Serum Neutralisation50 (SN50) test was performed on antibody positive samples to determine 
the antibody titers. For this purpose, a series of serum dilutions were prepared (1/5, 1/10....1/320), and the test was 
repeated as described above. In the virus neutralisation test, 1/10 and higher was accepted as positive.

Results

According to the test results (Table 1), all serotypes were detected in buffaloes in the 
Afyon and Tokat provinces whereas all buffaloes were negative for any of the serotypes in 
the Samsun province. The most prevalent serotype was type 4, it was detected in 6 out of 8 
provinces with a 5.9%–68.7% prevalence. Each of the BTV types 9 and 16 was found in 4 
provinces with a prevalence of 2.7%–31.2% for type 9 and 5.9%–56.2% for type 16. Total 
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Fig. 1. The locations and numbers of buffalo samples collected from selected provinces in Turkey. 



seroprevalence was 16.5% (63/380), 7.1% (27/380), and 8.4% (32/380) for type 4, 9, and 
16, respectively.

 

The numbers of positive animals for only one serotype were 56, 36, and 10 for only type 
4, 9 and 16, respectively. Dual positivity was determined in 27 buffaloes and only 4 were 
positive for all types (Table 2), while 22.9% (87/380) were negative for all serotypes.

As a result of the SN50 test, antibody titre distributions are given in Fig. 2. Although serum 
dilutions were prepared as 1/5, 1/10....1/320, no positives were detected in the dilution 
1/320. As shown in Fig. 2, a bell-shaped curve was seen only for type 4, and the highest 
value was obtained at a 1/40 dilution. The highest titres of types 9 and 16 were determined 
at the dilution of 1/10 and a gradual decrease was also observed.

Discussion

Many seroepidemiological studies have been performed especially in the last two decades 
in different parts of Turkey. Seropositivity in sheep and catttle was detected as 1–36% 
and 2.3–34.4%, respectively in different surveys in Turkey (Bolat 1986; Ertürk 1994). 
Burgu et al. (1992) have reported 52.6% seropositivity in 890 cattle from 9 provinces in the 
Southeast Anatolia with prevalence ranging from 22.4% to 75.2%. The highest prevalence 
of 88% was determined in cattle in Southeast Anatolia (Gür 2008). 

In this study, 380 clinically healthy adult buffaloes in 8 different provinces were  
tested for BTV 4, 9, and 16 serotypes and type 4 was found to be the most prevalent 
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Table 1. Virus neutralisation test for Bluetongue virus types 4, 9, and 16 in buffaloes in Turkey.

Provinces No of  Type 4 Type 9 Type 16
 samples Ab (+) (%) Ab (+) (%) Ab (+) (%)
Afyon 142 46 32.3 20 14 17 11.9
Amasya 84 - - - - 5 5.9
Samsun 70 - - - - - -
Ankara 37 3 8.1 1 2.7 - -
Sivas 17 1 5.9 - - 1 5.9
Konya 9 1 11.1 1 11.1 - -
Elazığ 5 1 20 - - - -
Tokat 16 11 68.7 5 31.2 9 56.2
Total 380 63 16.5 27 7.1 32 8.4

Table 2. Multiple infections for the Bluetongue Virus types 4, 9, and 16 in buffaloes in Turkey.

No Provinces No of  Type 4-9 Type 4-16 Type 9-16 Type 4-9-16
 samples Ab (+) (%) Ab (+) (%) Ab (+) (%) Ab (+) (%)
1 Afyon 142 6 4.2 7 4.9 2 1.4 3 2.1
2 Amasya 84 - - - - 1 1.2 - -
3 Samsun 70 - - - - - - - -
4 Ankara 37 - - - - - - - -
5 Sivas 17 - - - - - - - -
6 Tokat 16 2 12.2 7 43.7 1 6.2 1 6.2
7 Konya 9 1 11.1 - - - - - -
8 Elazığ 5 - - - - - - - -
 Total 380 9 2.3 14 3.7 4 1.05 4 1.05



serotype (16.5%). Types 16 and 9 was detected in four province as  8.4% and 7.1% 
values, respectively.

The data in this study suggest that the occurrence of the BTV infection is lower 
than in cattle. However, most of the cattle seroprevalence surveys were performed in 
the Southeast and Aegean regions. This study was conducted in Central and Northern 
Anatolia. Average winter and summer temperatures were 9 and 29 °C, respectively, in the 
Mediterranean Region (annual 18–20 °C) compared to 1–2 and 23 °C in Central Anatolia 
(annual 10–12 °C). Therefore, the differences in climate can explain the different 
prevalences in different regions.

The epidemiology of BTV infection is vector dependent with the main vectors of Culicoides 
spp. (Mellor 2000). In a recent outbreak in the European countries, C. obselotus complex 
was detected as more abundant than C. pulicaris complex; the remaining subspecies have 
lesser importance in Northern countries (Meiswinkel et al. 2008; Cagienard et al. 2009), 
C. imicola is also among the dominant species in Southern Europe (Calvete et al. 2009). 
C. imicola (principal afro-asiatic vector) and C. obsoletus are the most important species 
for BTV in Turkey (Dik 1989; Mellor et al. 2008). A total of 57 different Culicoides spp. 
have been found in Turkey. They are active from mid-April to mid-October, the highest 
activity was observed in the months of July and August (Uslu and Dik 2004). Mands et 
al. (2004) investigated the attractiveness of animal odour (deer, sheep, pony, calf and water 
buffalo) to vectors. They used hair extract in a serial dilution and found that water buffalo 
odour was significantly attractive to C. impunctatus and C. pulicaris. 

Adult vector and host entity are the main factors responsible for virus circulation in the 
field. Duration of viraemia depends on the host species. Maximum viraemia periods in 
sheep and goats have been determined for 54 and 47 days, respectively (Koumbati et 
al. 1999) and 112 days in cattle (Du Toit 1962). Pathogenesis of viral infections seems 
similar in cattle and water buffaloes, although there are no reports of the viraemia period 
of BTV in buffaloes. 

There are limited data concerning the incidence of BTV exposure in buffaloes, especially 
those being raised in close proximity or together with cattle. Genetic selection to increase 
the milk yield has not been applied to buffaloes except for one herd in the Afyon province. 
Buffalo breeding styles vary from region to region. Tokat, Amasya and Samsun provinces 
are located in the Black Sea region, where buffaloes are mostly reared freely on grasslands 
with natural small ponds and puddles. The buffaloes can have mud bath in these wetlands; 
the described conditions are ideal for vectors. 

The distribution of Culicoides spp. was thought to be between the latitudes 35°S and  
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Fig. 2. Proportional antibody titre distribution for bluetongue virus types 4, 9 and 16 in buffaloes in Turkey

Antibody titre for types 4, 9, 16



40°N, however, BTV infection has undergone a huge expansion in a large geographic area 
since 1998, the latest outbreaks in Northern Europe after 2006 showed that the virus had 
reached 58°N (Wilson and Mellor 2009). The expansion seems to continue, probably 
due to global warming. 

In this study, the sampled provinces lie in the band between 37°41’N and 41°17’N. The 
Samsun province is located in the Black Sea border and no seropositivity was detected in 
this study for all types of virus; Amasya is located to the south of Samsun and only type 16 
was found in this province with a prevalence of 5.9%. However, all three serotypes were 
found in the Tokat province at a high level. Afyon is one of the southernmost provinces 
in the study, 32.3%, 14% and 11.9% percentages were found for type 4, 9, and 16, 
respectively. The values obtained in the Afyon province were higher compared to the other 
central Anatolian provinces. Population dynamic and quantity of the vector species have 
not been well investigated on a regional basis in Turkey. Additionally, climatic features of 
the studied regions are considerably variable. These factors may affect the virus profile.

In conclusion, Bluetongue virus infection was investigated for the first time in the 
buffaloes in Turkey and type 4 was found to be the most prevalent type compared to types 9 
and 16. Buffalo were bred together with other farm animals such as cattle, sheep and goats 
on small family type farms. This rearing style could create a problem for BTV infection. 
In addition, the climatic conditions of Turkey are suitable for Culicoides spp. Latest 
reports particularly in European countries show that the latitude of distribution continues 
to expand and BTV becomes an emerging infection (Purse et al. 2005; Melhorn et al. 
2007; Cagienarn et al. 2009; Wilson and Mellor 2009). Climatic alterations have a 
consequential effect on vector dynamics, so studies of serotype distribution will continue. 
Applicable control methods like vaccination, restriction and more controlled transport of 
live animals may help to reduce the economic impact of the BTV infection; international 
cooperative efforts are a necessity.

References

Bolat Y 1986: Elazığ, Diyarbakır  ve Şanlıurfa illerinde koyunların mavidil hastalığının yayılması üzerine 
serolojik araştırmalar. Selcuk Univ Vet Fak Derg 1: 103-112

Burgu İ, Urman HK, Akça Y, Yonguç A, Mellor PS, Hamblın DC. 1992: Serologic survey and vector surveillance 
for Bluetongue in Southern Turkey. In: Walton TE, Cagıenard A, Grıot C, Mellor PS, Denıson E, Stärk KD 
2009: Bluetongue vector species of Culicoides in Switzerland. Med Vet Entomol 20: 239-247

Calvete C, Estrada R, Mıranda MA, Borrás D, Calvo JH, Lucıentes J 2009: Ecological correlates of bluetongue 
virus in Spain: predicted spatial occurrence and its relationship with the observed abundance of the potential 
Culicoides spp. vector. Vet J 182: 235-243

Dik B 1989: Konya ve çevresinde bulunan Culicoides (Diptera: Ceratopogonidae) türleri üzerine araştırmalar. 
Ph.D Thesis, Ankara University Health Science Institute

Du Toit RM 1962: Bluetongue - recent advances in research. The role played by bovines in the transmission of 
bluetongue in sheep. J South Afr Vet Med Assoc 33: 483-490

Ertürk A 1994: Çeşitli serumlarda (koyun, keçi, sığır) mavidil antikorlarının agar-jel presipitasyon testi ile 
arastırılması. Etlik Vet Mikrobiol Derg 7: 1-19

Gambles RM 1949: Bluetongue of sheep in Cyprus. J Comp Pathol 59: 176-190
Gür S 2008: A serologic investigation of blue tongue virus (BTV) in cattle, sheep and gazella Subgutturosa 

subgutturosa in southeastern Turkey. Trop Anim Health Prod 40: 217-221
Koumbati M, Mangana O, Komikou K, Mellor PS, Papadoupoulos O 1999: Duration of bluetongue viraemia 

and serological responses in experimentally infected European breeds of sheep and goats. Vet Microbiol 64: 
277-285

Mands V, Kline DL, Blackwell A 2004: Culicoides midge trap nhancement with animal odour baits in Scotland. 
Med Vet Entomol 18: 336-342

Meiswinkel R, Baldet T, De Deken R, Takken W, Delécolle JC, Mellor PS 2008: The 2006 outbreak of bluetongue 
in northern Europe-the entomological perspective. Prev Vet Med 87: 55-63

Melhorn H, Walldorf H, Klımpel S, Jahn B, Jaeger F, Eschweıler J, Hoffman B, Beer M 2007: First occurrence of 
Culicoides obsoletus-transmitted Bluetongue virus epidemic in Central Europe. Parasitol Res 101: 833-834

Mellor PS, Boorman J 1995: The transmission and geographical spread of African horse sickness and bluetongue 
viruses. Ann Trop Med Parasitol 89: 1-15

45



Mellor PS 2000: Replication of arboviruses in insect vectors. J Comp Pathol 123: 231-247
Mellor PS, Wittmann EJ 2002: Bluetongue virus in the Mediterranean Basin 1998-2001. Vet J 164: 20-37
Mellor PS, Carpenter S, Whıte DM 2008: Bluetongue virus in the insect host. In: Mellor Ps, Baylıs M, Mertens 

PPC (Ed).: Bluetongue, Academic Pres, Amsterdam, London, pp. 295-320
Purse BV, Mellor PS, Rogers DJ, Samuel AR, Mertens PP, Baylis M 2005: Climate change and the recent 

emergence of bluetongue in Europe. Nature Rev Microbiol 3: 171-181
Roy P 2002. Orbivirus. In: Tidonna CD, Darai G (Ed).: The springer Index of Viruses, Springer-Verlag, Berlin, 

Germany, pp. 957-963.
Urman HK, Milli U, Mert N, Berkin Ş, Kahraman MM, Yüce H, Avvuran H 1979: Türkiye’de buzagilarda 

congenital epizootik arhtrogriposis ve hidranencephalie olaylari. Ankara Univ Vet Fak Derg 26: 287-292
Uslu U, Dik B 2004: Konya yöresinde Culicoides turlerinin Diptera: Ceratopogonidae) mevsimsel Dağılımları. 

Vet Bil Derg 20: 5-10
Wılson AJ, Mellor PS 2009. Bluetongue in Europe: pasti present and future. Phil Trans Soc B 364: 2669-2681
Yonguç AD, Taylor WP, Csonton L, Worhall E 1982: Bluetongue in western Turkey. Vet Rec  

111: 144-146

46


