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Molecular detection of Ehrlichia spp. in Stomoxys calcitrans and their vector potentiality in  Cattle farms of Southern Karnataka


ABSTRACT
Stable flies (Stomoxys calcitrans) are significant haematophagous ectoparasites of cattle and potential mechanical vectors of several pathogens, including Ehrlichia spp. This study aimed to detect Ehrlichia spp. DNA in S. calcitrans collected from cattle farms across southern Karnataka, India. Ten cattle farms representing six districts of three zones viz., Central (Bengaluru Urban and Rural), Eastern (Tumakuru and Chikkaballapur), and Southern (Ramanagara and Mandya) zones were surveyed between June 2024 and May 2025. Adult S. calcitrans were trapped using customised aerial nets, morphologically identified, and pooled (three flies per pool) for genomic DNA extraction. The genomic DNA was subjected to PCR assay by targeting 16S rRNA gene using published primers. Out of ten fly pools analysed, seven pools yielded the expected 476 bp amplicon DNA fragment specific to Ehrlichia spp., indicating 70% detection rate. The detection of Ehrlichia DNA in S. calcitrans supports previous reports of stable flies retaining rickettsia pathogens post blood meal and suggests their potential involvement in the mechanical transmission of Ehrlichia spp. among cattle.
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1. INTRODUCTION

Stable fly (Stomoxys calcitrans) is an obligate haematophagous insect particularly associated with livestock communities and considered to be the most important pest of confined cattle. These flies possess piercing-sucking mouthparts that helps them to feed multiple times a day, inflicting painful bites causing irritation, stress, and blood loss in cattle. Although, cattle are the principal host of stable flies, but they can still infest a wide host range including horses, dogs, camels, goats, pelicans, monkeys and humans (Showler et al., 2015). India’s tropical climate and intensive livestock rearing conditions make it particularly vulnerable to the menace of biting flies. S. calcitrans flies are widely distributed and particularly thrive in warm and humid environments, adopting to India’s favourable tropical climate for their proliferation and year-round activity (Baldacchino et al., 2014). The S. calcitrans flies in the field condition holds critical importance due to their dual role as an insect pests and disease vectors. 
These flies lays eggs in moist, decaying organic matter such as manure mixed with straw or rotting vegetation. Larvae pass through three instars over 9 to 11 days before pupating in drier substrate. Adults emerge within 19 to 25 days of egg deposition (temperature-dependent), mate a few days post-emergence, and begin laying eggs soon after. The full cycle typically spans 2 to 4 weeks in warm conditions, supporting multiple generations per season (Gilles et al., 2012). They are very competent mechanical vectors of various pathogens, including protozoan and viral agents and potentially aid in the transmission of bacteria like Staphylococcus aureus and Pasteurella spp., thereby amplifying their impact on livestock health and productivity (Baldacchino et al., 2013); contributing to both direct and indirect economic losses in the livestock sector. Their blood-feeding habits result in the direct loss of blood, mechanical damage to the skin, and irritation that often leads to changes in animal behaviour. The affected cattle may exhibit signs of restlessness, tail switching, foot stamping, and bunching together in attempts to avoid biting flies (Mullens et al., 2006). Each stable fly ingests about 11 to 15 µL of blood per meal and typically feed once per day, occasionally twice, with one and half day intervals (Salem et al. 2012a). Furthermore, stable flies are interrupted feeders and consequently, the haematophagic feeding behaviour renders them as a mechanical vector in transmission of wide range of pathogens such as protozoa (Trypanosoma spp., Besnoitia spp.), helminths (Habronema microstoma, Onchocerca and Dirofilaria), Rickettsiales (Anaplasma spp.) and viruses (Equine infectious anemia, African swine fever, West Nile, and Rift Valley), (Baldacchino et al., 2013; Olesen et al., 2018). Experimentally, previous studies have shown that Ehrlichia risticii as the causative agent of Potomac horse fever (PHF), could be retained in the digestive tract of stable flies for up to three hours following ingestion of infected blood (Burg et al., 1994). Further, the bovine anaplasmosis caused by Anaplasma spp. has recently been expanded to include Anaplasma bovis and A. platys which were earlier referred as Ehrlichia bovis and Ehrlichia platys, respectively (Dumler et al., 2001; Surya, 2023). 

Ehrlichia spp. are small, Gram-negative, obligate intracellular bacteria belonging to the family Anaplasmataceae (order Rickettsiales). They parasitize leukocytes (primarily monocytes, macrophages, or granulocytes) of vertebrate hosts (Ismail and McBride, 2017). The disease caused by these organisms (ehrlichiosis) is considered an emerging zoonosis in humans. It causes significant morbidity and economic loss, especially in cattle and dogs in tick-endemic areas (Paddock and Childs, 2003 ). The estimated economic losses due to  infestation of S. calcitrans on livestock was reported to be in terms of millions of dollars per year to the cattle industry in the United States and in other affected countries (Salem et al., 2012b).  

The previous authors have reported the detection of Leishmania spp. in sand flies (Phlebotomus spp.) by dissection and direct microscopy. However, the sensitivity and specificity of the tests were reported to be very low (Killick, 1990). Later, Makhahlela et al. (2022) analysed the stable fly DNA sample for detection of Ehrlichia spp. in cattle farms using both conventional and nested PCR. However, their study did not revealed the presence of Ehrlichia spp.  

Therefore, the present study was carried out to evaluate the vector potentiality of the stable flies in transmitting Ehrlichia spp. organism among cattle, by establishing its role as a mechanical vector and highlighting the need for effective vector control strategies in cattle management.
2. MATERIAL AND METHODS
2.1 Study Area
The study encompassed cattle farms situated in three zones of southern Karnataka, India: the Central zone (Bengaluru Urban and Bengaluru Rural districts), the Eastern zone (Tumakuru and Chikkaballapur districts), and the Southern zone (Ramanagara and Mandya districts) (Table.1). These farms operated under diverse management systems, including intensive farming, semi-intensive farming, and free-range grazing. Sampling and observations were conducted over a one-year period, from June 2024 to May 2025.

Table 1: Cattle farms in three different zones of Southern Karnataka
	Sl. No.
	Zones
	Farm Details

	01
	Central    Zone 
	Anekal (T), Bengaluru Urban (D)

	
	
	Nelamangala (T), Bengaluru Rural (D)

	
	
	Hesaraghatta, Bengaluru Urban (D)

	
	
	LFC farm, Veterinary College, Bengaluru Urban

	02
	Eastern    Zone
	Koratgere (T), Tumakuru (D)

	
	
	Chikkaballapur (T), Chikkaballapur(D)

	03
	Southern
Zone 
	Farm 1, Kanakapura (T), Ramanagara (D)

	
	
	Farm 2, Kanakapura (T), Ramanagara (D)

	
	
	Ramanagara (T), Ramanagara (D)

	
	
	Srirangapatna (T), Mandya (D)



           *T-Taluk; D-District
2.2 Collection of Samples 
2.2.1 Collection of flies
A total of 10 cattle farms were surveyed between June 2024 and May 2025 as part of the one-year study. During each visit, S. calcitrans specimens were collected using a customized aerial net and transported to the laboratory for identification. The flies were immobilized by chilling at −20 °C for 5 min, then examined under a stereo zoom microscope (Lawrence & Mayo, India) and identified using established morphological keys (Soulsby, 1982; Masmeatathip et al., 2006). Subsequently, specimens were preserved in 70% ethanol for further molecular analyses.

2.2.2 Genomic DNA extraction procedure from S. calcitrans 
The collected fly specimens were morphologically identified according to the farms from which collection was carried out. Flies were pooled prior to extraction and three flies per pool of S. calcitrans from each farm was segregated separately. The wings were removed in order to reduce abundant exoskeleton that may influence the enzymatic action during DNA extraction (Mekata et al., 2008). Initially, the whole flies excluding wings were subjected to three cycles of freeze thawing at -200C with each cycle lasting for 2 min interval. Further, the flies were powdered using sterilized mortar and pestle. The powdered tissue material was transferred to microcentrifuge tubes containing ATL buffer provided with Qiagen’s DNeasy Blood and tissue kit for further homogenisation by cordless pellet pestle motor (Kimble Chase, USA). Later, the fly DNA was extracted according to the standard protocol using DNeasy Blood and tissue kit (Qiagen, Valencia, CA, USA) and the eluted DNA was stored at -20°C for analysis. 
2.2.4 Polymerase Chain Reaction (PCR) for identification of Erhlichia spp.
The conventional PCR assay was employed for the amplification of pathogens from fly DNA samples.
The primer pairs used for the amplification were Forward (5’ GGAATTCAGAGTTGGATCMTGGYTCAG 3’) and Reverse (5’ CGGGATCCCGAGTTTGCCGGGACTTCTTCT 3’) by targeting 16S rRNA gene (Aktas et al. 2009) with expected DNA fragment size of 476 bp in S. calcitrans flies DNA samples. The Erhlichia spp. positive control (Accession No. PP566637, OP763760) was obtained from the previous studies carried out at Department of Veterinary Parasitology, Veterinary College, KVAFSU, Bengaluru.  The Theileria spp. DNA from cattle was used as negative control and template control (NTC) was maintained during all the reactions.
 The reactions were carried out in a final volume of  25l, containing 12.5 l of Taq 2x master mix (Tris HCL pH 8.5, (NH4)2 SO4, 3mM MgCl2, 0.2% tween 20, 0.4 mM of each dNTP, 0.2 units per Ampliqon Taq DNA polymerase, inert red dye and stabilizer), 2l of each primer (10 pm/l), 3.5l of nucleus free water and 5l of template DNA with DNA concentration > 50 ng/l.
The cycling conditions for Erhlichia spp. included initial denaturation at 94 °C for 3 min, with 40 cycles  of denaturation at 940C for 30s , annealing at 57 0C for 1 min and extension at 720C for 2 min, followed by a final cycle with a 7 min extension step at 720C in a gradient thermal cycler (Eppendorf, Germany). The amplified products were subjected to electrophoresis on agarose gel at 1.5% containing ethidium bromide for 30 mins at 50 to 100V and visualised at gel documentation system (Syngene-G-Box) using 100 kb ladder. An agarose gel (1.5%) was prepared by dissolving 0.75 g of molecular low EEO grade agarose in 50 mL of 1x TBE buffer. 
3. Results and Discussion
During the study, S. calcitrans flies were collected from ten cattle farms across southern districts of Karnataka which included three zones (Central, Eastern and Southern) between the period from June 2024 to May 2025. The districts such as Bengaluru Urban, Bengaluru Rural, Chikkaballapur, Mandya, Ramanagara, and Tumakuru were included. The selected cattle farms and goshalas represented intensive, semi-intensive and free grazing housing systems.
3.2 PCR Detection of Ehrlichia spp. in Stomoxys calcitrans DNA samples
In the present study, 16S rRNA gene was targeted to amplify the 476 bp size DNA fragment specific for Erhlichia spp. Out of ten fly pools analysed by PCR (each pool comprising three flies), seven fly pools yielded a 476 bp amplicon size DNA fragment specific for Ehrlichia spp. (Fig. 1) and (Table 2). Out of seven positive fly pools detected during the study, Erhlichia spp. was detected in two fly pools collected from Central zone, one fly pool from Eastern zone and four fly pools from southern zone. The geographical distribution of PCR positive pools during the study indicated higher pathogen DNA detection in flies collected from cattle farms in the Southern zone, followed by the Central zone and Eastern zone. These findings suggested a possible influence of agroclimatic conditions, farm management practices, or host density in determining vector pathogen host interactions across different zones. The detection of Erhlichia spp. during this study, a known tick-borne pathogen in S. calcitrans flies sampled from seven cattle farms confirms the possibility of these flies acting as mechanical vectors. Further, the study indicates the existence of other vectors or different modes of transmission by biting flies during this study area (Makhahlela et al. 2022). In the present study,  whole flies (excluding wings) were used were for DNA extraction, as adult stable flies are capable of regurgitating intact blood cells from previous meals, and viable organisms may persist in their digestive tracts for more than three hours (Burg et al., 1994). 
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Fig. 1.  Field samples of S. calcitrans showing amplification of Ehrlichia spp.
 (476 bp) 


     M         : 100 bp DNA ladder
Lane 1-3,5: Field samples of S. calcitrans DNA
Lane 4      : Ehrlichia spp.  Positive control (Accession No. PP566637, OP763760) 
Lane 6      : Negative control
Lane 7      : NTC














Table 2: Cattle farms showing results of PCR analysis for Ehrlichia spp.


	
Sl. No.
	
Zones
	
Farm Details
	S. calcitrans fly DNA

	
	
	
	Ehrlichia spp.

	01
	Central Zone
	Anekal (T), Bengaluru Urban (D)
	Positive

	02
	
	Nelamangala (T), Bengaluru Rural (D)
	Negative

	03
	
	Hesaraghatta, Bengaluru Urban (D)
	Positive

	04
	
	LFC farm, Veterinary College, Bengaluru North (T), Bengaluru Urban (D)
	Negative

	05
	Eastern Zone
	Koratgere (T), Tumakuru (D)
	Negative

	06
	
	Chikkaballapur (T), Chikkaballapur(D)
	Positive

	07
	Southern zone
	Farm 1, Kanakapura (T), Ramanagara (D)
	Positive

	08
	
	Farm 2, Kanakapura (T), Ramanagara (D)
	Positive

	09
	
	Ramanagara (T), Ramanagara (D)
	Positive

	10
	
	Srirangapatna (T), Mandya (D)
	Positive


          *T-Taluk; D-District  

In contrast to the present study, Makhahlela et al. (2022) subjected the DNA of stable flies collected from South African feedlots for detection of Ehrlichia spp. by PCR but none of the samples showed amplification during their study which could be attributed  to differences in regional prevalence of Ehrlichia spp. infection in cattle, environmental factors influencing pathogen circulation, or the relative sensitivity of diagnostic approaches. The previous experimental studies have also indicated that S. calcitrans can ingest and retain Ehrlichia organisms, although efficient transmission has not been demonstrated. However, the consistent detection of Ehrlichia DNA in the present study provides molecular evidence of an association between stable flies and this pathogen in the surveyed region (Burg et al., 1994)
The higher prevalence of Ehrlichia spp. in DNA samples during the study are in accordance with findings of Kocan et al. (2004), who emphasised the endemic nature of bovine anaplasmosis in tropical regions where vector activity is high. The detection of Ehrlichia spp. in vectors further supports the possibility of mechanical transmission through biting muscid flies, although tick vectors remain the primary biological transmitters. Although, there is a lack of information on the role of S. calcitrans in the transmission of the Ehrlichia spp., Burg et al. (1994) recovered Ehrlichia risticii from the S. calcitrans gut for up to 3 hours after feeding which concluded that stable flies can harbour the organism. Cheng et al. (2008) reported the detection of Ehrlichia spp. DNA in both animals (deer and canine) and humans, highlighting its zoonotic importance. These studies further supported the broader epidemiological significance of Ehrlichia spp. across  livestock, pets and wild animals which emphasise the role of animal hosts in maintaining the pathogen in endemic regions.  
Though there is literature available on the transmission of Ehrlichia  and Rickettsia spp. by different ticks. However, there is a lack of literature on vector potentiality of S. calcitrans in the transmission of these pathogens. Hence, during the study, the authors attempted to detect the presence of Ehrlichia  spp. using PCR in stable flies and showed their vector potentiality in the transmission of these pathogens. This is the first study carried in India and in particular in Karnataka state.
           4. CONCLUSION
During the study, PCR amplification of the 16S rRNA gene confirmed the presence of Ehrlichia spp. DNA in the majority of fly pools tested, suggesting that S. calcitrans may acquire and harbour this pathogen while feeding on infected cattle. Although, earlier studies have shown that stable flies can ingest and retain viable Ehrlichia organisms, their role in effective transmission remains uncertain for molecular detection of pathogen. Nevertheless, the detection of Ehrlichia spp. in field collected flies highlights their epidemiological importance and warrants further investigation into their potential contribution in the spread of ehrlichiosis among livestock.
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