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			Abstract | This study aimed to determine the characteristics, distribution and diversity of nuisance flies in dairy farms at Ampel and Mojosongo Districts, Boyolali Regency. The Q fever incidence in dairy cattle and the nuisance flies potency as vectors of Q fever were also examined, considering that previous studies found positive cases of Q fever in 4 beef cattle slaughtered at the Ampel Slaughterhouse, Ampel District, Boyolali Regency. The collection of flies was carried out using the sweep net and the Nzi Trap. A total of 351 nuisance flies were collected, analyzed, and as many as 200 flies were examined by nested-PCR with OMP1, OMP2, OMP3 and OMP4 primer. We also collected and tested milk samples (20 samples) with nested-PCR. The results showed no amplified DNA band (437 bp) in both milk and fly samples. It indicated that there is no evidence of pathogenic infection causing Q fever in dairy cattle at Boyolali Regency and the nuisance flies have not been shown to act as a vector of C. burnetii.
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			INTRODUCTION

			 

			As one of the centers of dairy farm, Boyolali Regency has several districts with a fairly high number of dairy cattle. Traditional-based dairy farms are spread in several locations in each district. Different environments cause different conditions in each district, influencing the existence of the ectoparasites. Q fever is a type of zoonotic disease caused by Coxiella burnetii (C. burnetii) (Eldin et al., 2017). This bacterium usually infects cattle, goats, sheep, and other ruminant livestock. The transmission of Q fever to humans can cause lesions in the lungs (Eldin et al., 2017). Center for Diseases Control and Prevention (CDC, 2013) explained that C. burnetii belongs to group B, which are dangerous microorganisms with the potential to become biological weapon. Coxiella burnetii is very resistant in the environment and has low dose of infection (Setiyono et al., 2008). Some reports of Q fever in Indonesia occurred in Brahman Cross beef cattle (BX cattle) (14%) from Australia (Setiyono, 2014), Balinese cattle (6.15%) (Mahatmi et al., 2007), sheep (31.88%), and goats (20.18%) (Setiyono et al., 2008). The incidence of Q fever in dairy cattle in Indonesia has never been reported before. 

			 

			The existence of ectoparasites causes many economic losses and can disturb the environmental comfort. Ectoparasite population fluctuates depending on the environmental factors (Hadi and Koesharto, 2006; Chaiphongpachara et al., 2018). The availability of abundant food sources and favorable environmental conditions (optimal temperature and humidity) can increase the population of ectoparasites as well as the risk of disease transmission (Hadi and Koesharto, 2006). Ectoparasites have limited ability in dealing with environmental stresses but are balanced with large reproductive capacity (Hadi and Koesharto, 2006). Different environments can affect animal diversity and density (Milligan et al., 2009). One species of fly that is specific to the environment, Achoetandrus rufifacies, found in the plains at a very high altitude of 2100 m above sea level (Tumrasvin and Shinonaga, 1978).

			 

			C. burnetii can be transmitted through ectoparasite vectors such as flies, ticks, and fleas. Some studies report that C. burnetii DNA was found in several species of ectoparasites such as Stomoxys calcitrans, Lucilia coeruleiviridis, L. sericata (Nelder et al., 2008), Hyaloma aegyptium larvae (Siroky et al., 2010), Ctenocephalides felis and Xenopsylla cheopis (Loftis et al., 2006). Nuisance flies as ectoparasites can potentially be a transmission factor of C. burnetii. An initial exploration study of Q fever in Boyolali Regency was performed by detecting C. burnetii using immunohistochemistry (IHC) in beef cattle organs (liver, lung, spleen, kidney and heart). The study found that 4 out of 100 (4%) cattle were immunoreactive on the spleen (Nugroho et al., 2021). The purpose of this study was to determine the species diversity, distribution, potency of nuisance flies as a vector of C. burnetii and Q fever incidence in dairy cattle at Boyolali Regency. The results of this study are expected to provide knowledge about the characteristics of nuisance flies and their potential as vectors in Boyolali Regency, as a consideration for the prevention and control of this disease.

			 

			MATERIALS AND METHODS

			 

			Collection of fly and milk samples

			In this study, 200 flies were examined by nested-PCR and 151 flies for identification. We also collected 20 milk samples for nested-PCR. Fly and milk samples were obtained from several dairy farms at Ampel and Mojosongo District, Boyolali Regency. The samples were collected on 31 January - 5 February 2019.

			 

			Fly collection was carried out on dairy farms in three villages at Ampel and Mojosongo Districts. The fly sampling method referred to the modified method of Putra (2016). Flies were collected using a sweep net inside the cowshed on 5 different places. Outside of the cowshed, Nzi traps were installed in several places. A total of 20 milk samples (20mL/ individual) were also collected. 

			 

			Collection sites

			In this study, we collected samples of ectoparasites and milk in 3 villages in Ampel and Mojosongo District, respectively. Ampel District is an area located near the slopes of Mount Merapi (838 masl) with a cold climate. Mojosongo District is located lower (383 masl) than Ampel District. The geographic coordinates of the study sites are shown in Table 1.

			 

			Table 1: Geographical coordinates of study site in Ampel district and Mojosongo District, Boyolali Regency.

			 

			
				
					
					
					
					
				
				
					
							Region
							Latitude
							Longitude
							Altitude (masl)
					

					
							
							Ampel District

						
							
							7°27’01”S

						
							
							110°31’18”E

						
							
							838

						
					

					
							
							Banyuanyar Village

						
							
							7°28’44”S

						
							
							110°33’20”E

						
							
							651

						
					

					
							
							Sidomulyo Village

						
							
							7°28’31”S

						
							
							110°34’37”E

						
							
							531

						
					

					
							
							Tanduk Village

						
							
							7°28’10”S

						
							
							110°33’18”E

						
							
							643

						
					

					
							
							Mojosongo District

						
							
							7°32’23”S

						
							
							110°36’32”E

						
							
							383

						
					

					
							
							Dlingo Village

						
							
							7°30’42”S

						
							
							110°38’43”E

						
							
							278

						
					

					
							
							Mojosongo Village

						
							
							7°32’21”S

						
							
							110°36’51”E

						
							
							352

						
					

					
							
							Singosari Village

						
							
							7°35’03”S

						
							
							110°35’07”E

						
							
							411

						
					

				
			

			

			 

			Fly processing and identification

			The flies were killed using chloroform in the killing jar. Preservation was carried out by pinning the fly’s body with a needle perpendicularly. The needle was inserted into the thoracic part slightly to the right or left side of the centerline. Smaller sized flies could not be pinned. The fly was first attached to triangular paper by glue, then the triangular paper was pinned with a needle (Hadi et al., 2011b). Flies were then identified using key of identification of flies according to Tumrasvin and Shinonaga (1978) to find out the species. Density analyzes of fly populations were carried out for relative abundance, dominance, frequency and diversity index (Wilhm and Doris, 1986). 

			 

			Nested polymerase chain reaction examination

			Milk and fly samples were extracted using the QIAmp DNA mini kit extraction protocol (Qiagen®, Germany). The positive control used was pure culture extraction of C. burnetii strain Nine mile (Setiyono et al., 2005), and the negative control was distilled water. Milk samples had been extracted in 4 stages out of a total of 20 samples. In each stage, 5 milk samples were extracted. The extraction of pooled fly samples has already been carried out on a total of 200 samples of flies in 4 stages. There were 50 samples of flies extracted at each stage.

			 

			DNA amplification was performed by nested-PCR (nested-PCR). The DNA sample was amplified on a thermal cycler machine (Gene Amp PCR systems 9600, Perkin-Elmer®, USA). The first-round PCR was programmed for 35 cycles. It consisted of pre-denaturation (94°C, 3 minutes), denaturation (94°C, 1 minute), annealing (54°C, 1 minute), extension (72°C, 2 minutes), final extension (72°C, 4 minutes) and cooling (4°C, ∞). The first-round PCR product was 501 bp (OMP1 and OMP2) (Ogawa et al., 2004). The primers used in the PCR test are shown in Table 2.

			 

			DNA amplification in nested-PCR was programmed for 35 cycles. It started with pre-denaturation (94ºC, 3 minutes), denaturation (94ºC, 1 minute), annealing (56ºC, 1 minute), extension (72ºC, 1 minute 30 seconds), final extension (72ºC, 4 minutes), and cooling (4ºC, ∞). The nested-PCR product was a DNA amplicon of 437 bp length (OMP3 and OMP4) (Ogawa et al., 2004).

			 

			Electrophoresis

			After the amplification process on the PCR machine was completed, electrophoresis was carried out to see the amplification results using electrophoresis gel (Takara Bio®, Japan). Electrophoresis reading was visualized as DNA fragments in bands. The visualization of electrophoresis result was examined under UV luminescence and then photographed. 

			 

			Data analysis

			Analysis of species diversity data was carried out with descriptive statistics expected to describe data on relative abundance (RA), species frequency (F), species dominance (D) and diversity index (H’). The diversity index used is the Shannon-Wiener index (Wilhm and Doris, 1986) that can be used to characterize the relationship of genus-group in the community.

			 

			                           [image: Eq.PNG]

			 

			Description; RA= Relative abundance; Ni= Number of specific species fly; N= Number of various species flies caught; F= Species frequency; ni= Number of a particular species flies caught; ∑C= Number of catches; D= Species dominance; CF= Caught frequency; H’= Shannon-Wiener diversity index; Pi= The observed proportion of a particular species.

			 

			RESULT AND DISCUSSION

			 

			Species diversity of nuisance flies 

			Based on this study, the species of flies obtained from two districts in Boyolali Regency are Chrysomya bezziana, Haematobia exigua, Hippobosca equina, Lucilia sericata, Musca domestica, and Stomoxys calcitrans (Table 3). Many factors can support the species diversity of flies in a region and increase the survival of each fly species in the environment. The landscape affects the suitable habitat for fly species and environment has specific properties that are ideal for certain species (Junqueira et al., 2017; Chaiphongpachara et al., 2018). Abundant food sources, optimal temperature and humidity can increase the number of ectoparasite populations and the risk of disease transmission (Hadi and Koesharto, 2006). Ectoparasites have a large reproductive ability to survive even in extreme environmental stresses (Hadi and Koesharto, 2006). Fly population is affected by light, temperature and humidity (Komariah and Malaka, 2010). Flies are ectoparasites that are fond of light and not active at night. The number of flies will increase at a temperature of 20°C-25°C and will decrease at a temperature of <10°C and >49°C with optimum humidity at 90% (Komariah and Malaka, 2010).

			 

			Chrysomya bezziana belongs to the Calliphoridae family (Figure 1A). Generally, this fly has metallic green color. It has a mouth-licker type. This fly potentially causes obligate myiasis because its pre-adult developmental stadium always requires living animal tissue (Wardhana et al., 2018; Chaiphongpachara and Tubsamut, 2019). The habitat is very diverse, ranging from the residential area, the agricultural area, mountains and forests, as long as there are sufficient sources of food (Wardhana et al., 2018). Larvae of these flies can multiply on carcass, litter and rotting tissue (Wall and Shearer, 2001; Spradbery, 2002).

			 

			[image: Figure%201.JPG] 

			Figure 1: Chrysomya bezziana A. Dorsoventral view; B. Stem vein with bristle (red arrow).

			 

			[image: Figure%202.JPG] 

			Figure 2: Lucilia sericata; (A) Dorsoventral view; (B) Stem vein without bristle (red arrow).

			 

			Lucilia sericata (Figure 2A) is a green fly that commonly found in meat and animal carcasses, and the cause of myiasis in humans and domestic herbivorous animals (Tarone et al., 2011). This fly act as a carrier of some microorganisms

			Table 2: Sequences of oligonucleotides used as primers.

			
				
					
					
					
					
				
				
					
							PCR
							Primer
							Sequence
							Base pair
					

					
							
							First Round

						
							
							OMP1

						
							
							5‘- AGT AGA AGC ATC CCA AGC ATT- 3’

						
							
							501 bp

						
					

					
							
							OMP2

						
							
							5’- TGC CTG CTA GCT GTA ACG ATT- 3’

						
					

					
							
							Nested

						
							
							OMP3

						
							
							5‘-GAA GCG CAA CAA GAA GAA CAC-3‘

						
							
							437 bp

						
					

					
							
							OMP4

						
							
							5‘-TTG GAA GTT ATC ACG CAG TTG-3‘

						
					

				
			

			

			Reference: Ogawa et al., 2004

			 

			such as bacteria, viruses and protozoa in humans, causing dysentery, cholera, typhus, diarrhea, and other diseases related to poor environmental sanitary conditions (Tarone et al., 2011). One of the anatomical features of this fly is that the stem veins on its wings do not have bristle (Figure 2B), unlike C. bezziana which has bristle (Figure 1B) (Tumrasvin and Shinonaga, 1978).

			 

			Table 3: Number of individual nuisance fly species found in the study site

			
				
					
					
					
					
					
					
				
				
					
							No.
							Fly species
							Study site
							Total
							Percentage (%)
					

					
							Ampel district
							Mojosongo district
					

					
							
							1

						
							C. bezziana
							
							1

						
							
							2

						
							
							3

						
							
							0.85

						
					

					
							
							2

						
							L. sericata
							
							1

						
							
							0

						
							
							1

						
							
							0.29

						
					

					
							
							3

						
							H. exigua
							
							3

						
							
							53

						
							
							56

						
							
							15.95

						
					

					
							
							4

						
							S. calcitrans
							
							175

						
							
							29

						
							
							204

						
							
							58.12

						
					

					
							
							5

						
							M. domestica
							
							13

						
							
							58

						
							
							71

						
							
							20.23

						
					

					
							
							6

						
							H. equina
							
							0

						
							
							16

						
							
							16

						
							
							4.56

						
					

					
							
							Total

						
							
							193

						
							
							158

						
							
							351

						
							
							100

						
					

				
			

			

			 

			Musca domestica, known as housefly, belongs to the Muscidae family (Figure 3A). The color is gray and it has 4 longitudinal black lines in the dorsal of the thorax. The mouth structure is a mouth-licker type (Figure 3B) that is used for absorbing food (Wall and Shearer, 2001; Sarwar, 2016). Stomoxys calcitrans is a species from the same family as the housefly (Figure 4A). This fly is found in an environment where livestock are caged so that it is known as “stable fly” (Kaufman and Weeks, 2016; Patra et al., 2018). The size of the body is similar to the housefly with a darker color. It has a piercer and sucker-mouth (Figure 4B) to suck the blood of livestock (Wall and Shearer, 2001; Kaufman and Weeks, 2016). 

			 

			[image: Figure%203.JPG] 

			Figure 3: Musca domestica A. Dorsoventral view; B. Arista antennae on dorsal and ventral (red arrows) and licking mouth type (red circle).

			[image: Figure%204.JPG] 

			Figure 4: Stomoxys calcitrans (A) Dorsoventral view; (B) Arista antennae only on the dorsal (red arrow) and sucking-piercing mouth type (red circle).
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			Figure 5: (A) Haematobia exigua lateral view; (B) Hippobosca equina dorsoventral view.

			 

			Another fly found is H. exigua (Figure 5A). In Indonesia, this fly is found in farm areas with ranch system. It is also called a horn fly because it swarms a lot around the horns of livestock (Macqueen and Doube, 1988; Iwasa and Ishiguro, 2010). The presence of this fly indicates that the availability of water in the area is limited. Adult fly actively sucks blood during the day causing restlessness to the animals resulting in weight and milk production loss. This fly is an obligate ectoparasite because it is always on the body of its host both for meal and rest (Macqueen and Doube, 1988; Iwasa and Ishiguro, 2010).

			 

			The last species of fly found was H. equina (Figure 5B). This fly is an ectoparasite that attacks animals, especially cattle and horses. In Indonesia, this fly is also called Sumba Fly. This fly rarely flies, only creeps on the surface of the body of the host. Generally, both male and female flies suck blood and rest on the host during the day. This fly prefers to settle long on the body of its host and is not easily disturbed by external stimuli. The most preferred areas of this fly are the jugular, perineal and between the hind legs (Turner and Mann, 2004). Hippobosca sp. is a fly that is commonly found in tropical areas with low rainfall and high temperatures, such as in eastern Indonesia, especially East Nusa Tenggara and West Nusa Tenggara (Wall and Shearer, 2001). According to Hadi and Soviana (2010) the species of Hippobosca sp. found in Indonesia are H. equina (small Sumba fly) and H. variegata (large Sumba fly). This fly was found in Boyolali Regency, allegedly carried by cattle from eastern Indonesia. Livestock traffic is one of the risk factors that play a role in the spread of ectoparasite vectors.

			 

			Relative abundance, Species frequency, Species dominance and diversity index of nuisance flies

			The data of relative abundance, species frequency, species dominance and diversity index of nuisance flies obtained in two districts in Boyolali Regency are shown in Table 4. Hadi et al. (2011a) explained that relative abundance is divided into five categories: very low (<1%), low (1-10%), medium (10-20%), high (20-30%) and very high (>30%). The relative abundance is the ratio of the number of individual fly species to the total number of individual fly species caught at the study site and expressed in percent (Trianto et al., 2020). The highest relative abundance in Ampel District is S. calcitrans (90.67%). M. domestica (36.71%) and H. exigua (33.54%) have very high relative abundance in Mojosongo District, while S. calcitrans (18.5%) had a medium relative abundance. The relative abundance and high number of flies at the study site were caused by environmental conditions that were conducive to the life of flies such as available breeding places, temperature, sunlight, humidity, texture, and preferred surface color for resting places (Trianto et al., 2020). Flies usually breed in dirty and smelly places such as livestock manure, garbage, organic material, and sewers (Trianto et al., 2020). 

			 

			The number of fly species frequency is the ratio between the number of fly species caught and the number of catches (Trianto et al., 2020). Frequency value of S. calcitrans and M. domestica is 1 in two districts which means these flies are always obtained at each catch. Hadi et al. (2011b) explained that the frequency value closer to 1 means that the fly is almost always found at every catching.

			Species dominance is the product of the relative abundance and fly frequency of a particular species (Trianto et al., 2020). The highest dominance rate of nuisance fly species obtained in Ampel District is S. calcitrans (90.67%). Ampel District is one of the districts with the highest number of dairy populations in Boyolali Regency. It causes S. calcitrans domination in this region. This is in line with Afriyanda et al. (2019) and Patra et al. (2018) which explain that the dominant fly in dairy farm is S. calcitrans. The dominance factor of fly species is very important to determine the potency of flies as vectors of disease transmission in an environment (Trianto et al., 2020). Flies carrying disease agents that have a high dominance number are very important to be studied deeper. High species dominance indicates that the species has the potential to transmit diseases to animals and humans (Trianto et al., 2020).

			 

			In Ampel District, this fly is mostly found outside of the cowshed (Table 5). The environment around the cowshed in this district is dominated by plantations, especially weeds. This is the main habitat of these flies when resting (Kaufman and Weeks, 2016). Phasuk et al. (2013) reported that in both summer and rainy seasons, Stomoxys activity occurs from 10:00 and reaches its peak at 15:00. Masmeatathip et al. (2006) also reported that on beef cattle farms, Stomoxys spp. activity reaches its peak from 14.00 to 16.00. Afriyanda et al. (2019) also reported that the activity of this fly reaches its peak at 14.00-16.00 in dairy farms. Kaufman and Weeks (2016) explained that stable fly is diurnal, feeding on their hosts during the early morning and late afternoon in warm weather and the middle of the day in cooler weather. The collection process was carried out in the morning from 08:00 to 10:00, thus causing these flies to be found more outside the cowshed (Table 5). The activity of these flies is still low in the morning. In addition, these flies are also found inside the cowshed, on the body of cattle and piles of feed. Poor hygiene and sanitation systems cause these flies to breed properly. Manure and animal feed waste are ideal breeding sites for this fly (Kaufman and Weeks, 2016; Patra et al., 2018).

			 

			Table 4: Relative abundance, Species frequency, Species dominance and Diversity index of nuisance flies Ampel and Mojosongo Districts, Boyolali Regency (January 31-February 5, 2019).

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Fly Species
							Relative Abundance (%)
							Species Frequency
							Species Dominance (%)
							Diversity Index (H’)
					

					
							A
							B
							A
							B
							A
							B
							A
							B
					

					
							C. bezziana
							
							0.52

						
							
							1.27

						
							
							0.33

						
							
							0.67

						
							
							0.17

						
							
							0,84

						
							
							0.027

						
							
							0.055

						
					

					
							L. sericata
							
							0.52

						
							
							0.00

						
							
							0.33

						
							
							0.00

						
							
							0.17

						
							
							0,00

						
							
							0.027

						
							
							0

						
					

					
							H. exigua
							
							1.55

						
							
							33.54

						
							
							0.67

						
							
							1.00

						
							
							1.04

						
							
							33.54

						
							
							0.065

						
							
							0.366

						
					

					
							S. calcitrans
							
							90.67

						
							
							18.35

						
							
							1.00

						
							
							1.00

						
							
							90.67

						
							
							18.35

						
							
							0.089

						
							
							0.311

						
					

					
							M. domestica
							
							6.74

						
							
							36.71

						
							
							1.00

						
							
							1.00

						
							
							6.74

						
							
							36.71

						
							
							0.181

						
							
							0.368

						
					

					
							H. equina
							
							0.00

						
							
							10.13

						
							
							0.00

						
							
							0.67

						
							
							0.00

						
							
							6.75

						
							
							0

						
							
							0.232

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							0.389

						
							
							1.332

						
					

				
			

			

			Description: A: Ampel District; B: Mojosongo District; H’: Shannon-Wiener diversity index.

			Table 5: Fly Distribution in Ampel District (January 31-February 5, 2019).

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Fly Species
							
							Location

						
							Total
					

					
							
							Banyuanyar Village

						
							
							Sidomulyo Village

						
							
							Tanduk Village

						
					

					
							Inside
							Outside
							Inside
							Outside
							Inside
							Outside
					

					
							C. bezziana
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							1

						
					

					
							L. sericata
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							1

						
							
							1

						
					

					
							H. exigua
							
							0

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							2

						
							
							3

						
					

					
							S. calcitrans
							
							7

						
							
							49

						
							
							4

						
							
							60

						
							
							5

						
							
							50

						
							
							175

						
					

					
							M. domestica
							
							4

						
							
							1

						
							
							3

						
							
							1

						
							
							2

						
							
							2

						
							
							13

						
					

					
							H. equina
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Total

						
							
							11

						
							
							51

						
							
							7

						
							
							62

						
							
							7

						
							
							55

						
							
							193

						
					

				
			

			

			 

			Table 6: Fly distribution in Mojosongo District (January 31-February 5, 2019).

			
				
					
					
					
					
					
					
					
					
				
				
					
							Fly Species
							
							Location

						
							Total
					

					
							
							Dlingo Village

						
							
							Mojosongo Village

						
							
							Singosari Village

						
					

					
							Inside
							Outside
							Inside
							Outside
							Inside
							Outside
					

					
							C. bezziana
							
							0

						
							
							1

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							2

						
					

					
							L. sericata
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							H. exigua
							
							15

						
							
							1

						
							
							15

						
							
							2

						
							
							18

						
							
							2

						
							
							53

						
					

					
							S. calcitrans
							
							1

						
							
							13

						
							
							1

						
							
							6

						
							
							1

						
							
							7

						
							
							29

						
					

					
							M. domestica
							
							3

						
							
							20

						
							
							2

						
							
							19

						
							
							3

						
							
							11

						
							
							58

						
					

					
							H. equina
							
							10

						
							
							0

						
							
							0

						
							
							0

						
							
							6

						
							
							0

						
							
							16

						
					

					
							
							Total

						
							
							29

						
							
							35

						
							
							18

						
							
							28

						
							
							28

						
							
							20

						
							
							158

						
					

				
			

			

			 

			Different results were found in Mojosongo District, M. domestica (36.71%) and H. exigua (33.54%) dominate this region. H. exigua is more commonly found inside cowshed (Table 6). This fly is found on the body of cattle. M. domestica is more commonly found outside the cowshed. The most preferred places of this fly is the manure disposal and the animal feed waste. Sarwar (2016) explained that housefly is commonly found on livestock manure, feed waste and fermenting vegetable as its breeding sites and feed source. Besides raising dairy cattle, the community in Mojosongo District also raises beef cattle, goats and chickens. Some breeders also have quail farms. The diversity of livestock causes the variation of nuisance flies that dominate this area. H. exigua is more commonly found in dry regions and thrives in warmer climates (Iwasa and Ishiguro, 2010). The life cycle of the fly from eggs, larvae, pupae to adults requires supportive conditions. Optimum temperature and humidity maximize the life cycle of the fly in the environment (Iwasa and Ishiguro, 2010).

			 

			The species diversity was measured by using the Shannon-Wiener diversity index (H’). The diversity index criteria is divided into 3 categories: 1) H’ < 1: low diversity; 2) 1 < H’ < 3 : moderate diversity; and 3) H’ > 3: high diversity (Wilhm and Doris, 1986). The value of the diversity index in Ampel and Mojosongo Districts is shown in Table 4. Ampel District has a low diversity index value because based on diversity index analysis, the value is 0.389 (H’< 1). The low variance index means that the diversity of nuisance fly species in Ampel District is not much, 90.67% is dominated by S. calcitrans. The breed of livestock raised is relatively homogeneous. The livestock raised in this area are mostly Friesian Holstein. Mojosongo District has a moderate diversity index value (H’: 1.332). Types of flies that dominate in this region are more diverse, that are M. domestica, H. exigua and S. calcitrans. Livestocks raised in this region is more varied. In addition to dairy cattle, there are goats, sheep, chickens and quails. The variety of livestock breeds contributes to diverse breeding sites and feeding sources of the fly so that the competition between the flies is relatively low (Sarwar, 2016). Based on geographical conditions, it is known that Mojosongo District has lower elevation than Ampel District. It leads to the higher species diversity in Mojosongo District. Maaz et al. (2018) explained that the abundance of ectoparasites will decrease in line with increasing land fragmentation associated with modernization and population movement. Therefore, the diversity of nuisance fly species in Mojosongo District is relatively more varied because this area is close to Boyolali District which is more developed and modern. Boyolali and Mojosongo Districts are densely populated residential development areas, so these two districts are relatively more advanced than other districts.

			 

			Hygiene and sanitary conditions also affect the dominance of flies. Dairy farms in Boyolali Regency are traditional so the hygiene sanitation practice varies between the breeders. There are several cowsheds found merged with the residential house. The cattle manure disposal system is poor, even many breeders just throw the manure on the empty yard around the cowshed. Patra et al. (2018) explained that poor hygiene and sanitation conditions affect the presence of various species of flies that can potentially spread various diseases.

			 

			The role of ectoparasites in animal and human life has been widely known and the losses caused are also very diverse. Ectoparasites that live on the surface of the skin and between host hairs cause irritation, itching, inflammation, and myiasis (Hadi et al., 2011a). This condition causes an uncomfortable feeling that can reduce the nutritional status and productivity of the livestock. Ectoparasites also often make some people feel fear, disgust and hate towards them (entomophobia) such as cockroaches and flies (Hadi et al., 2011a). For some people who are sensitive, allergic reactions, itching and dermatitis are common. Some ectoparasites such as ticks can even cause paralysis due to the toxins they secrete (tick paralysis) (Hadi et al., 2011a).

			 

			Another more dangerous aspect of ectoparasites is their role as vectors of various diseases. For example, mosquitoes do not only irritate the host with their bites, but also can transmit disease agents. Flies also have the potential to spread and transmit various diseases. One of the potential diseases in livestock that is spread by flies is lumpy skin disease (LSD). Lumpy skin disease is a disease caused by Lumpy Skin Disease Virus (LSDV), genus Capripoxvirus, family Poxviridae (Neamat-Allah, 2015; Neamat-Allah and Mahmoud, 2019). Cattle suffering this disease will experience decreased milk production, abortion, infertility and skin damage. In addition, the symptoms that appear in livestock are anorexia and fever at a temperature of 40.5-41.3°C (Neamat-Allah and Mahmoud, 2019). Nodules on the skin can develop from few to multiple lesions over time, and these lumps can then coalesce and ulcerate (Neamat-Allah and Mahmoud, 2019). Skin examination confirmed the presence of hair follicles of scattered eosinophilic intracytoplasmic inclusion bodies, which are characteristic pathognomonic lesions associated with LSD (Neamat-Allah and Mahmoud, 2019).

			 

			LSDV infected cattle in early stages revealed leucopenia and immunosuppressive effect, so immunostimulant therapy is required (Neamat-Allah, 2015). In late-stage revealed that hemolytic anemia, leucocytosis, and increase of Creatine phosphokinase serum could aid in diagnosis (Neamat-Allah, 2015). Disturbance in liver and kidney function may also occur. Neamat-Allah and Mahmoud (2019) explained that buffaloes are less susceptible to LSD and suggest that the presence of hypophosphatemia could exaggerate the hemolytic anemia and oxidant-anti-oxidant imbalance and pro-inflammatory cytokines. The liver, heart, and kidneys could also be affected by LSD infection (Neamat-Allah and Mahmoud, 2019).

			 

			Nested-PCR examination 

			Nested-PCR examination has been done on 20 milk and 200 nuisance fly samples. Nested-PCR examination of milk (Figure 6A) and nuisance fly samples (Figure 6B) showed no DNA bands amplified at 437 bp. Figure 6A Nested-PCR examination results of the 4th extraction milk sample; B) nested-PCR examination results of the 4th pooling nuisance fly sample; M (marker); (+) (positive control) C. burnetii strain Nine Mile; (-) (negative control/ aquabidest); S (milk sample); L (fly sample).

			 

			The role of ectoparasites as vector agents of Q fever has been widely studied in various countries. Q fever transmission between animals can occur through ticks (Ixodidae, Argasidae) and flies (Stomoxys sp., Musca sp.) that act as vectors (Maurin and Raoult, 1999; Eldin et al., 2017). Nelder et al. (2008) reported that there are 5 out of 363 flies collected positive for C. burnetii DNA in the USA. The flies include S. calcitrans collected from a barn on a farm (1.8%), where adult flies feed on animal and human blood, Lucilia coeruleiviridis collected in the trash from elephant dung (16.7%) and L. sericata collected from carcasses (8.3%). In addition to ticks on ruminants that have been shown to act as vector agents of Q fever, it has been experimentally reported that the Hyalomma aegyptium larvae can also act as a vector of C. burnetii between mammalian host, and a long-term carrier of C. burnetii, including transtadial transmission (Siroky et al., 2010). Loftis et al. (2006) reported that C. burnetii DNA was found in PCR examination of Ctenocephalides felis and Xenopsylla cheopis.

			 

			[image: Image3260275.PNG] 

			Figure 6: (A) Nested-PCR examination results of the 4th extraction milk sample; (B) nested-PCR examination results of the 4th pooling nuisance fly sample; M (marker); (+) (positive control) C. burnetii strain Nine Mile; (-) (negative control/ aquabidest); S (milk sample); L (fly sample).

			Some flies feed on various sources such as feces, milk, carcasses, or the blood of pets infected with C. burnetii. The flies regurgitate and defecate while eating, so they are the mechanical vectors of some bacteria (Nayduch et al., 2002). Flies have been shown to transport C. burnetii mechanically, and even support the growth of this bacteria. Experimentally, M. domestica is known to act as a mechanical vector for C. burnetii because this bacteria can survive for 32 days inside the body, 80 days in feces, and 90 days in the carcass (Hucko, 1984). Studies on the presence of C. burnetii in flies collected from the field have never been reported in Indonesia. Therefore, this study is expected to give information about the role of the nuisance fly as a C. burnetii transmission factor.

			 

			Studies on the incidence of Q fever in dairy cattle have been widely reported in several countries. Boroduske et al. (2017) reported in Latvia that 10.7% of cattle milk tested by RT-PCR contained C. burnetii DNA and 13.2% of dairy cattle tested with ELISA were positive for anti-C. burnetii antibodies. Cattle with abortus in Latvia were also tested and found that 13.4% were positive for anti-C. burnetii antibodies (Boroduske et al., 2017). The trade of dairy cattle between regions lead to the increase of this disease’s transmission Boroduske et al. (2017). Nusinovici et al. (2015) also reported 8.2% of dairy cattle in southern Sweden were positive for C. burnetii antibodies. Gazyagci et al. (2011) reported as many as 40 dairy cattle (seroprevalence: 12.4%) were positive of Q fever in Konya Province, Turkey.

			 

			Kusumawati (2012) reported that as many as 50% of imported dairy cattle from Australia entering through Soekarno-Hatta airport, Indonesia, were seropositive for Q fever but no C. burnetii DNA was detected using the nPCR method. Fretz et al. (2007) stated the detection limit of C. burnetii using nPCR method on food of animal origin are namely 103 cells per 1 mL of cattle or sheep milk, 102 cells per 1 mL of goat’s milk, and 102 cells per 15 mg of egg yolk. Thus, further research using serological methods is needed to determine the status of Q fever infection in dairy cattle in Boyolali Regency.

			 

			Nugroho et al. (2021) previously reported that there was 4 of 100 (4%) beef cattle Q fever positive by IHC at Boyolali Regency. Our study indicates that there is no presence of C. burnetii DNA in the nuisance fly’s body. It is suspected that flies collected from dairy farms in Boyolali Regency do not transmit C. burnetii. It is supported by the negative result of nPCR test for C. burnetii on milk samples from dairy cattles in Boyolali Regency.

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			The nuisance flies found on dairy farms in Ampel and Mojosongo districts are Chrysomya bezziana, Haematobia exigua, Hippobosca equina, Lucilia sericata, Musca domestica, and Stomoxys calcitrans. Dairy cattle in Boyolali Regency are suspected to have not been infected with Q fever. Generally, the livestock raised in Boyolali Regency is homogeneous. The number of beef cattle farms is relatively less than dairy farms. The location of the farms is also far from one another because they are still traditional and not concentrated in one area. The diversity of nuisance flies found in the 2 districts does not necessarily increase the chance of Q fever transmission but also raises an awareness of controlling fly population at a harmless level. Further study and a wider regional survey are recommended to support our results.
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Abstract | This study aimed to determine the characteristics, distribution and diversity of nuisance flies in dairy farms
at Ampel and Mojosongo Districts, Boyolali Regency. The Q_fever incidence in dairy cattle and the nuisance flies
potency as vectors of Q fever were also examined, considering that previous studies found positive cases of Q fever in
4 beef cattle slaughtered at the Ampel Slaughterhouse, Ampel District, Boyolali Regency. The collection of flies was
carried out using the sweep net and the Nzi Trap. A total of 351 nuisance flies were collected, analyzed, and as many as
200 flies were examined by nested-PCR with OMP1, OMP2, OMP3 and OMP4 primer. We also collected and tested
milk samples (20 samples) with nested-PCR. The results showed no amplified DNA band (437 bp) in both milk and
fly samples. It indicated that there is no evidence of pathogenic infection causing Q fever in dairy cattle at Boyolali
Regency and the nuisance flies have not been shown to act as a vector of C. burnetii.
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INTRODUCTION

s one of the centers of dairy farm, Boyolali Regency

has several districts with a fairly high number of
dairy cattle. Traditional-based dairy farms are spread in
several locations in each district. Different environments
cause different conditions in each district. influencing the
existence of the ectoparasites. Q fever is a type of zoonotic
disease caused by Coxiella burnetii (C. burnetii) (Eldin
et al.,, 2017). This bacterium usually infects cattle, goats,
sheep, and other ruminant livestock. The transmission of
Q_fever to humans can cause lesions in the lungs (Eldin
et al., 2017). Center for Diseases Control and Prevention
(CDC, 2013) explained that C. burnetii belongs to

group B, which are dangerous microorganisms with the
potential to become biological weapon. Coxiella burnetii
is very resistant in the environment and has low dose of
infection (Setiyono et al., 2008). Some reports of Q_fever
in Indonesia occurred in Brahman Cross beef cattle (BX
cattle) (14%) from Australia (Setiyono, 2014), Balinese
cattle (6.15%) (Mahatmi et al., 2007), sheep (31.88%), and
goats (20.18%) (Setiyono et al., 2008). The incidence of Q_
fever in dairy cattle in Indonesia has never been reported

before.

The existence of ectoparasites causes many economic losses
and can disturb the environmental comfort. Ectoparasite
population fluctuates depending on the environmental
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