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Stable flies in the genus Stomoxys are highly abundant, blood-feeding pests on dairy farms; however, their role

in the carriage and potential transmission of pathogens is largely understudied. Here, we report on the frequency
and distribution of culturable bacteria collected from Stomoxys flies captured in free stall barns and nearby calf
hutches over a three-month period on a focal research farm in Wisconsin, USA. Mastitis-associated bacterial taxa,
including Staphylococcus, Escherichia, Enterobacter, and Klebsiella spp., were frequently isolated from pooled samples
of the internal or external portions of the flies. Conversely, selective enrichment protocols from these samples yielded
only a single isolate of Salmonella and no enterohemorrhagic Escherichia coli O157. Neither trap location nor time

of capture had a significant impact on the observed frequency of most bacterial genera isolated from the flies.

Our results confirm that Stomoxys flies harbor both mastitis-associated bacterial taxa and bacterial taxa associated
with opportunistic infections in humans. Further research into the transmission of fly-associated microbes could be
important in the control of mastitis or other bacterial diseases on dairy farms.
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Introduction

Biting stable flies (Stomoxys spp.) are major economic
pests of dairy cattle and other livestock [1]. As obligate
blood-feeders, male and female adult flies acquire daily
nutritional bloodmeals via stabbing mouthparts, often
causing serious physical irritation and stress to the host
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[1, 2]. Biting activity by flies is directly linked to decreased
productivity, including a reduction in calf-weight gain
and milk production in lactating dairy cows [1]. Stomoxys
fly control is often very difficult, as high fly populations
are easily sustained through the constant access of avail-
able hosts for bloodmeals, as well as access to preferred
breeding sites such as manure and silage [2, 3].

The close association of flies with cattle manure, a
major reservoir of fecal-borne pathogens [4], suggests
a role for flies in bacterial disease transmission. Adult
flies are highly mobile and may mechanically disperse
ingested bacteria through regurgitation during blood-
meals, defection, or via carriage on external surfaces [5—
7]. Of particular concern is the potential role of Stomoxys
flies in the dispersal of bovine mastitis and enteritis
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pathogens, which pose significant economic and health
threats to both cattle and dairy workers. Cattle also serve
as a major reservoir for bacterial pathogens responsible
for gastrointestinal infections in humans including Sal-
monella and enterohemorrhagic Escherichia coli (EHEC),
which are transmitted to the environment via fecal shed-
ding [8-10]. In addition, both Salmonella and entero-
toxigenic Escherichia coli (ETEC) are major causative
agents of bovine neonatal enteritis and diarrhea — a lead-
ing causes of mortality for calves on dairy farms [9, 11].
Environmental mastitis pathogens, including strains of
Enterobacteriaceae (Klebsiella, Escherichia, Enterobacter
spp., etc.), non-aureus staphylococci (NAS), and Strepto-
coccaceae are widespread in manure and soiled bedding
and can cause intramammary infections after contact by
a susceptible dairy cow [12]. Infection by either Salmo-
nella or mastitis pathogens can reduce both milk quality
and total yield, with severe cases resulting in the culling
of animals [13, 14].

Although prior studies on the culturable microbiota
of Stomoxys flies have identified the presence of E. coli,
Salmonella, Staphylococcus, and other potential bac-
terial pathogens [15-17], population-wide incidence
rates of bacterial carriage by Stomoxys flies over time
and across different locations within dairy facilities are
still largely unknown. As such, we have a limited under-
standing of the potential role of biting flies in disease
transmission. Recently, we performed the first culture-
independent characterization of bacterial communities
in adult stable flies and cattle manure collected longi-
tudinally across two dairy research farms in South Cen-
tral Wisconsin, USA [18]. Many of the same bacterial
strains (amplicon sequencing variants) were detected
in both flies and manure samples, including taxa asso-
ciated with mastitic cows housed in the same facilities
(Escherichia, Klebsiella, Staphylococcus spp.). Mastitis
associated taxa were found in significantly high abun-
dances in flies, relative to manure, and viable colonies
were readily isolated from fly samples [18]. However,
while that study provided the first evidence to defini-
tively support the potential of Stomoxys flies to transmit
mastitis associated bacteria in situ, our sequencing and
culturing methods were not designed to differentiate
Salmonella, ETEC, and EHEC from other Enterobac-
teriaceae and E. coli strains [19]. Moreover, that study
only considered flies collected directly from, or adjacent
to, heifer housing structures and did not include those
collected from nearby calf hutches, where enteric path-
ogens like Salmonella and ETEC may be more abundant
in the environment.

The overall objectives of this study were to quantify and
compare incidence rates of enteric and mastitis associ-
ated bacterial pathogens isolated from Stomoxys flies
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collected from a focal dairy facility in South Central Wis-
consin. Flies were trapped from both heifer and calf hous-
ing structures over a three-month period during peak fly
season. Culture-based and molecular methods were then
used to screen fly-derived bacterial populations for taxa
of interest. Our results provide the first comprehensive
examination of clinically relevant bacterial taxa cultured
from Stomoxys flies in a dairy environment and have
important implications for our understanding of the role
of these, and other flies, in shaping pathogen persistence
and transmission in agricultural settings.

Materials and methods

Field sampling and pooling design

Field work was performed at the Emmons Blaine Arling-
ton Dairy Research Center, a free-stall dairy research
facility located in Arlington, WI, USA. Flies were caught
on adhesive alsynite fiberglass traps (Olsen Products
Inc., Medina, OH, USA), which selectively attract Sto-
moxys flies through reflection of ultraviolet light [20].
This included four traps placed around the perimeter
of two main barn structures and a single trap placed in
the center of an outdoor calf hutch area located ~60 m
from the barns. Adhesive trap liners were retrieved and
replaced weekly from July—September 2021. Retrieved
liners were immediately bagged and stored at —20 °C
until further processing in the laboratory.

Biting flies within the genus Stomoxys, which have pro-
nounced piercing mouthparts, were identified with the
assistance of taxonomic keys available in the Manual of
Nearctic Diptera [21]. Ethanol-sterilized featherweight
tweezers (DR Instruments Inc. DRENTE-II, Bridgeview,
IL) were used to carefully remove flies from the adhe-
sive liners. Flies retrieved from the four barn traps were
then randomly sorted into eight early-season pools (July
capture dates) and eight late-season pools (August and
September capture dates), while flies retrieved from the
calf hutch area trap were randomly sorted into four early-
season and three late-season pools. All barn-derived fly
pools consisted of 10 flies; calf hutch area derived fly
pools consisted of 8—11 flies.

Culturing and enrichment of fly-associated microbes

Fly pools were vortexed gently for 40 s in 10 mL sterile
PBS-T (1X PBS+0.01% Tween 80) followed by removal
of the flies to generate an external fly-bacterial sample.
These samples were then centrifuged (20 min; 3200 rcf)
and the resulting pelleted cells were removed and resus-
pended in 1 mL sterile 1X PBS. The pooled flies from
these samples were surface sterilized via successive
washes in 70% ethanol, 0.05% bleach, and water, and
homogenized by bead-beating with 3x5 mm stainless
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steel beads (Qiagen, Hilden, Germany) in 1 mL sterile 1X
PBS to produce internal fly-bacterial suspensions.

For both internal and external fly-bacterial suspen-
sions, 50 uL aliquots were directly plated as serial dilu-
tions on Eosin-Methylene Blue (EMB) (BD, Franklin
Lakes, NJ, USA), MacConkey (Hardy Diagnostics, Santa
Maria, CA, USA), Mannitol Salt (Neogen, Lansing, MI,
USA), and trypticase soy blood agar (5% sheep blood)
(Thermo Scientific, Waltham, MA; USA) and incubated
for 48 h at 37 °C. The remaining volume of each suspen-
sion was then grown overnight in Brain Heart Infusion
(BHI) broth to non-specifically enrich bacteria from fly
pools. Enrichment cultures were subsequently plated as
serial dilutions on BHI agar (Dot Scientific, Burton, MI,
USA) and incubated for 48 h at 37 °C.

Bacterial 16S rRNA sequencing and analysis

Bacterial colonies displaying various phenotypes were
selected from each agar plate to obtain a representa-
tive collection of the culturable fly microbiota. Colonies
selected for further analysis were streaked onto fresh BHI
agar plates and incubated for 24 h at 37 °C. Colony PCR
was then used to amplify a 1400 bp region of the bacte-
rial 16S rRNA gene using the universal primers 27F and
1492R [22]. Excess primers and unincorporated nucleo-
tides were removed through a standard ExoSAP-IT reac-
tion. Amplicons were sequenced via Sanger sequencing
using the 1492R primer through Functional Biosciences
(Madison, WI, USA). Additional sequence reactions
using the 27F primer were performed on select isolates
when a full length 16S rRNA sequence was needed for
genus level identification. Sequences were trimmed for
quality and taxonomic identification was determined via
comparison against the Ribosomal Database Project and
the NCBI nr database via BLASTN [23, 24]. Sequences
generated as part of this study are publicly available in the
NCBI under accession numbers PQ031467-PQ031946,
PQO031296- PQ031342, and PQ031373- PQO31381.

Enrichment of Salmonella and E. coli 0157

For specific enrichment of Salmonella, aliquots of inter-
nal and external fly-bacterial suspensions were diluted
two-fold in 30% glycerol and streaked onto both Xylose
Lysine Tergitol-4 (XLT4) and MacConkey agar plates. An
additional 300 pL of each suspension was also inoculated
into 3 mL of iodine-activated tetrathionate (TT) broth,
incubated for 24 h at 37 °C, and streaked onto XLT4 and
MacConkey agar [25, 26]; 100 puL of TT cultures were
further sub-cultured in 10 mL Rappaport—Vassiliadis
(RV) broth for 24 h at 37 °C and streaked onto XLT4 and
MacConkey agar. Following a 24 h incubation at 37 °C,
plates from all three enrichment methods were visually
inspected for the presence of black colonies on XLT4 or
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colorless colonies (lactose non-fermenting) on MacCo-
nkey agar. Colonies were tested for both hydrogen sulfide
production and the lack of lactose fermentation by heat-
ing colony suspensions at 65 °C for 15 min. Phenotypic
identification was validated via PCR to amplify a 284 bp
segment of the invA gene with Salmonella specific prim-
ers [27]. Typing of confirmed Salmonella isolates was
determined using an antisera agglutination test against
C1 (O:7) and K (O:18) serogroups and performed accord-
ing to manufacturer’s instructions (Cedarlane Labs, Burl-
ington, NC, USA).

Selective enrichment for O157 serogroup E. coli was
performed via immunomagnetic separation using Dyna-
beads anti-E. coli O157 (Applied Biosystems, Waltham,
MA, USA) in accordance with standard manufacturer’s
protocols. Briefly, 350 uL of each fly-bacterial suspension
was diluted tenfold into tryptic soy broth and incubated
for 18 h with shaking (200 rpm) at 37 °C. A 1 mL aliquot
of overnight enrichment culture was mixed with 20 pL
of magnetic anti-E. coli O157 beads. Suspensions were
loaded into a magnetic plate, and non-attached cells were
removed from the suspension through triplicate washes
(1xPBS-+0.05% Tween 20). Magnetic beads were
resuspended in 100 pL of wash buffer, serially diluted in
1xPBS, and plated onto MacConkey agar with Sorbitol,
Cefixime and Tellurite (CT-SMAC) [28]. Following an
overnight incubation at 37 °C, colorless colonies were
isolated and identified through Sanger sequencing of 16S
rRNA gene as described above.

Statistical analyses

Statistical differences in bacterial taxa incidence rates
between trap location (barn or calf hutch area), sample
type (internal or external), or time (early or late season)
were determined using Fisher’s exact test implemented in
R (version 4.2.1) using the rstatix package [29, 30].

Results

Fly sample pools and homogenate plating

A total of 23 fly pools (230 flies total) consisting of whole
Stomoxys flies retrieved from adhesive fiberglass traps
placed at the Emmons Blaine Dairy Cattle Center in
Arlington, WI, USA, were processed to generate both
internal and external associated bacterial homogenates.
Sixteen pools were composed of flies collected from traps
set around the perimeter of two free-stall barn struc-
tures; the remaining seven pools were composed of flies
collected from a single trap near a calf hutching area.

Incidence rates of clinically relevant bacterial taxa

Fly homogenates were plated on nutrient agar, and
bacterial growth was observed for all samples. A total
of 537 bacterial colonies, comprised of 303 internally
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derived isolates and 234 externally derived isolates,
were analyzed via Sanger sequencing of the 16S rRNA
gene. We identified 316 sequences aligned to Gram-
negative bacteria, of which 54 were determined to be
from taxa within the order Pseudomonadales and
240 from the order Enterobacterales (Table 1), which
included several genera within the family Entero-
bacteriaceae: Enterobacter, Cronobacter, Citrobac-
ter, Kosakonia, Leclercia, Escherichia, Salmonella,
and Klebsiella. Less-frequently isolated taxa included
members of the Burkholderiales, Hyphomicrobiales,
and Xanthomonadales. Notably, the four Hyphomi-
crobiales sequences, identified from two separate
internal fly pools, most closely aligned with strains of
Brucella-Ochrobactrum. We additionally identified
222 sequences aligned to Gram-positive bacteria, of
which 202 were determined to be from taxa with the
order Bacillales (Table 2). A small number of bacte-
rial colonies were identified as belonging to the order
Lactobacillales, which included strains of Aerococcus,
Desemzia, Enterococcus, and Lactococcus. Enrichment
plating for Salmonella yielded a single isolate from

Table 1 Taxonomic assignment and number of different
Gram-negative bacterial colonies isolated from fly sample
pools

Order Family Genus Isolates
Burkholderiales Alcaligenaceae Alcaligenes 9
Comamonadaceae  Delftia 1
Enterobacterales  Enterobacteriaceae  Cedecea 1
Citrobacter 3
Enterobacter 46
Escherichia 47
E. coli 157" 0
Klebsiella 20
Kosakonia 44
Leclercia 4
Pseudescherichia 1
Salmonella 0:18? 1
Siccibacter 1
Erwiniaceae Erwinia 8
Pantoea 56
Yersiniaceae Serratia 8

Hyphomicrobiales  Brucellaceae Brucella-Ochrobac- 4

trum
Pseudomonadales  Pseudomonadaceae Pseudomonas 31
Moraxellaceae Acinetobacter 23

Xanthomonadales  Xanthomonadaceae Stenotrophomonas 8

' Escherichia 0157 isolation was performed through immunomagnetic
separation of overnight enrichment cultures.

2 potential isolates were confirmed via amplification of invA using Salmonella
specific primers and serogroup was determined via an antiserum agglutination
test.
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Table 2 Taxonomic assignment and number of different
Gram-positive bacterial colonies isolated from fly sample
pools

Microbacterium

Order Family Genus Isolates
Bacillales Bacillaceae Cytobacillus 4
Alkalihalobacillus [§
Bacillus 69
Exiguobacterium 3
Lysinibacillus 2
Oceanobacillus 5
Paenibacillus 2
Peribacillus 3
Planococcaceae Bhargavaea 1
Staphylococcaceae Mammaliicoccus 30
Staphylococcus 77
Lactobacillales  Aerococcaceae Aerococcus 1
Carnobacteriaceae Desemzia 1
Enterococcaceae Enterococcus 8
Streptococcaceae Lactococcus 2
Micrococcales  Dermabacteraceae Brachybacterium 1
Micrococcaceae Glutamicibacter 2
Kocuria 2
Leucobacter 1
1
1

Promicromonosporaceae  Cellulosimicrobium

an internal fly pool. A positive agglutination reac-
tion against an O:18 antigen confirmed that the tested
isolate belonged to serogroup K. E. coli O157 was not
detected in any sample using immunomagnetic separa-
tion enrichment techniques.

The distribution of select taxa identified across sample
pools is shown in Tables 3, 4 and 5. Among Gram-neg-
ative bacteria, we infrequently detected Acinetobacter,
Serratia, and Enterococcus across both barn and calf area
fly samples. Conversely, Pantoea, Pseudomonas, and taxa
within the Enterobacteriaceae were widespread among
sample pools. Notably, Escherichia strains were detected
in 21.7% of internal fly pools and 26.1% of external fly
pools; Klebsiella was detected in 13.0% of internal fly
pools and 17.4% of external fly pools (Table 6). No signifi-
cant differences in incidence rates were found between
sample pool types, trap location, or sampling time for
either Escherichia or Klebsiella (p>0.05; Fisher’s exact
test). For Gram-positive bacteria, Bacillus was detected in
82.6% of internal pools and 69.6% of external pools; taxa
within the Staphylococcaceae, including Staphylococcus
and Mammaliicoccus, were also commonly isolated from
all samples. However, while no significant differences in
incidence rates between sample pool types, trap location,
or sampling time were observed for Bacillus (Table 7)
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Table 3 Distribution of select clinically relevant bacterial taxa cultured from flies captured early season near free-stall barns

Taxa Internal pools External pools

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Gram (=) Enterobacter Y - - Y Y - - - Y - - Y Y - - -
Escherichia - Y - - - - Y - - Y - - - - - -
Klebsiella - - - - - - - - - - - - - - - -
Kosakonia - Y Y - Y - Y Y - - Y Y Y - Y Y
Pantoea Y Y Y Y Y Y Y Y Y - Y Y Y - Y Y
Acinetobacter - Y - - - - Y - - - - - Y - - Y
Pseudomonas Y Y Y Y Y - Y Y Y - Y Y Y - - Y
Gram (+) Bacillus Y Y Y Y - Y Y - Y Y Y - Y Y Y Y
Mammaliicoccus Y Y Y Y - - Y Y - Y - - Y -
Staphylococcus Y - - - Y Y Y Y - - - Y Y Y Y Y
Enterococcus - - - - - - - - - - Y - - Y Y -

Table 4 Distribution of select clinically relevant bacterial taxa cultured from flies captured late season near free-stall barns

Taxa Internal pools External pools

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

|
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|
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|

Gram (=) Enterobacter - - - -
Escherichia - - - - Y - Y - - - - Y - Y Y Y
Klebsiella - - - - Y Y Y
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Pantoea - Y Y _ _ _ % _ _
Acinetobacter - - - _ -
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Enterococcus - - - -

Table 5 Distribution of select clinically relevant bacterial taxa cultured from flies captured near calf hutches

Taxa Internal pools External pools

1 2 3 4 5 6 7 1 2 3 4 5 6 7

Gram (=) Enterobacter Y - - - Y Y - Y - - Y Y Y -
Escherichia - - - - Y - - - - - Y - - -
Klebsiella
Kosakonia Y Y
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Staphylococcus
Enterococcus Y - -

|
|
|
|
<
|
|
|
|
|
|




Sommer et al. Veterinary Research (2025) 56:40 Page 6 of 10
Table 6 Proportion of mastitis associated Gram-negative bacteria cultured across different sample pool types
Enterobacteriaceae Escherichia Klebsiella Pantoea Pseudomonas
Barn 0813 0438 0.188 0.750 0.625
Calf 1.000 0.286 0.286 0.429 0429
p-value 0.53 0.66 0.62 0.18 0.65
Early (ES) 0917 0.250 0.083 0.750 0.750
Late (LS) 0.818 0.545 0.364 0.545 0.364
p-value 0.59 0.21 0.15 0.40 0.10
Internal 0.696 0.217 0.130 0.609 0.522
External 0.870 0.261 0.174 0.348 0391
p-value 0.28 1.00 1.00 0.14 0.55
Internal Barn 0.625 0.250 0.125 0.688 0.563
External Barn 0.813 0313 0.188 0.500 0438
p-value 043 1.00 1.00 047 0.72
Internal Calf Area 0.857 0.143 0.143 0429 0429
External Calf Area 1.000 0.143 0.143 0.000 0.286
p-value 1.00 1.00 1.00 0.19 1.00
Internal-ES 0917 0.167 0.083 0.750 0.750
Internal-LS 0.455 0.273 0.182 0455 0273
p-value 0.03* 0.64 0.59 0.21 0.04*
External-ES 0917 0.167 0.000 0.500 0.500
External-LS 0.818 0.273 0.364 0.182 0.273
p-value 0.59 0.64 0.04* 0.19 0.40
Internal-ES Barn 0.875 0.250 0.000 1.000 0.875
Internal-LS Barn 0.375 0.250 0.250 0.375 0.250
p-value 0.12 1.00 047 0.03* 0.04*
External-ES Barn 0.875 0.125 0.000 0.750 0.625
External-LS Barn 0.750 0.500 0.375 0.250 0.250
p-value 1.00 0.28 0.20 0.13 0.31

Table shows the proportion of a given bacterial taxon cultured in different fly pool groups alongside the corresponding p-values for each comparison. Fly pools were
grouped by timeframe of capture (early versus late season), location of capture (barn versus the calf hutch area), and fly sample type (isolated from internal versus

external fly surfaces).
" p-value < 0.05; Fisher’s exact test.

(p >0.05; Fisher’s exact test), barn samples harbored a sig-
nificantly higher incidence of Staphylococcaceae than calf
samples (p=0.02; Fisher’s exact test). The incidence of
Staphylococcaceae was also significantly higher in inter-
nal barn samples than in external barn samples (p=0.04;
Fisher’s exact test) (Table 7), although the same statistical
trends did not apply for tests conducted with incidence
rates for Staphylococcus or Mammaliicoccus at the genus
level.

Discussion

Stomoxys and other synanthropic flies, which develop in
bovine manure and other decaying organic materials, are
suspected mechanical vectors of microbial pathogens [2,
3, 31]. While much attention is given to the microbiota
of houseflies (Musca domestica), particularly for its role
in the transmission of bacterial pathogens [7, 32], far less
is known about the native microbiota of Stomoxys flies,

which come in frequent contact with dairy cattle or other
mammalian hosts during required nutritional blood-
meals. In this study, we present the first comprehensive
survey showing the frequency and distribution of cultur-
able bacteria associated with Stomoxys flies. Our findings
indicate that Stomoxys flies harbor culturable bacte-
ria, including Enterobacteriaceae, Pseudomonas, Bacil-
lus, and Staphylococcus spp. that can be readily isolated
from both internal and external surfaces. Notably, the
most frequently identified bacterial taxa are commonly
associated with diseases in both humans and animals,
including bovine mastitis. The high prevalence of such
clinically relevant bacteria, paired with universally large
fly populations on dairy barns, suggests a possible role
for Stomoxys flies in the transmission or dispersal of envi-
ronmental pathogens.

A major goal of this study was to determine if detected
culturable bacteria differed between internal and external
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Table 7 Proportion of mastitis associated Gram-positive bacteria cultured across different sample pool types

Bacillus Enterococcus Mammaliicoccus Staphylococcus Staphylococcaceae

Barn 0.875 0.250 0813 0813 1.000
Calf 1.000 0.143 0.429 0.571 0.571
p-value 1.00 1.00 0.14 032 0.02*
Early (ES) 1.000 0333 0.667 0.667 0.833
Late (LS) 0.818 0.091 0.727 0.818 0.909
p-value 0.22 0.32 1.00 0.64 1.00

Internal 0.826 0.087 0478 0.696 0.870
External 0.696 0.174 0391 0.522 0.609
p-value 049 0.67 0.77 037 0.09

Internal Barn 0.750 0.063 0.625 0.750 1.000
External Barn 0.688 0.188 0.375 0.563 0.688
p-value 1.00 0.60 0.29 046 0.04*
Internal Calf Area 1.000 0.143 0.143 0.571 0.571
External Calf Area 0.714 0.143 0429 0429 0429
p-value 046 1.00 0.56 1.00 1.00

Internal-ES 0.833 0.083 0.583 0.583 0.833
Internal-LS 0.818 0.091 0.364 0.818 0.909
p-value 1.00 1.00 041 0.37 1.00

External-ES 0.750 0333 0.250 0.500 0.583
External-LS 0.727 0.000 0455 0.545 0.636
p-value 1.00 0.09 0.40 1.00 1.00

Internal-ES Barn 0.750 0.000 0.750 0.625 1.000
Internal-LS Barn 0.750 0.125 0.500 0.875 1.000
p-value 1.00 1.00 0.61 0.57 1.00

External-ES Barn 0.875 0.375 0.250 0.625 0.750
External-LS Barn 0.500 0.000 0.500 0.500 0.625
p-value 0.28 0.20 061 1.00 1.00

Table shows the proportion of a given bacterial taxon cultured in different fly pool groups alongside the corresponding p-values for each comparison. Fly pools were
grouped by timeframe of capture (early versus late season), location of capture (barn versus the calf hutch area), and fly sample type (isolated from internal versus

external fly surfaces).
" p-value < 0.05; Fisher’s exact test.

fly samples, trap location, or time of capture. As the dip-
teran microbiota harbors a low-complexity microbiota
dominated by a few highly-abundant taxa [33], cultur-
ing methodologies can used to reasonably estimate car-
riage rates of fly-associated bacterial taxa. However, it is
likely that our results may be an underrepresentation of
the true incidence rates, and our methodology does not
account for any obligate anaerobes, obligate intracel-
lular pathogens, or other bacteria that are unculturable
on standard microbiological growth media. Neverthe-
less, we found, with only a few exceptions, no statistically
significant differences in incidence rates of commonly
occurring bacterial taxa between trap location, sample
type, or time. These results align with our previous 16S
rRNA amplicon sequencing data on the fly microbiota,
indicating that the fly-associated microbial communities
are primarily influenced by fly life history and physiology
[18].

We note that this study focused on fly populations
on a single dairy farm during peak fly season, and it
is unknown if the fly microbiota is influenced by larger
seasonal changes in weather conditions, which influ-
ences farming practices and bovine behavior. Flies are
also highly mobile, with the potential to move among or
between farms [6]. Potential differences between calf and
barn collected flies may therefore have been minimized
due to the proximity of the barn to the calf hutching area,
where fly populations may simultaneously interact with
both adult cows and calves.

Of particular interest is the potential role of flies in
the spread of bovine mastitis, a bacterial infection of the
udder tissues characterized by the inflammation of the
mammary glands. Host immune responses, including
recruitment and proliferation of leukocytes to the affected
mammary gland, reduce milk quality in lactating cows
[34]. Except for host-adapted strains of Staphylococcus
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aureus and Streptococcus agalactiae, mastitis pathogens
are primarily environmentally derived, with opportunis-
tic infections occurring after exposure of the cow teat to
manure or soiled bedding [12]. Non-contagious strains
of Staphylococcus and Streptococcus are the most fre-
quently isolated Gram-positive environmental mastitis
pathogens [12]. Within our samples, we identified a high
proportion of fly pools with culturable Staphylococcaceae
bacteria with sequences matching to NAS belonging to S.
saprophyticus/xylosus and Mammaliicoccus sciuri (previ-
ously classified as S. sciuri) clusters. While NAS are often
identified as one of the most frequent causes of persistent
subclinical mastitis with the potential to induce clini-
cal mastitis symptoms, there remains little research on
the exact contribution of NAS to udder health and the
pathogenicity of different NAS taxa is not well under-
stood [35-37]. We additionally detected a high frequency
of Bacillus across sample pools, which are known minor
mastitis pathogens occasionally isolated from milk [38].
While many Bacillus are considered nonpathogenic or
commensals in humans, strains in the Bacillus cereus
group are significant human pathogens, causing both
gastrointestinal infections (B. cereus) and anthrax (B.
anthracis) [39]. In contrast to Staphylococcus and Bacil-
lus, we did not detect culturable Streptococcus in any of
our fly samples and other Lactobacillales (Enterococcus,
Lactococcus, and Aerococcus) were identified only infre-
quently. Our previous 16S rRNA amplicon sequencing
study also found Streptococcus to be rare in Stomoxys
flies, suggesting that the Stomoxys fly gut may not be
suitable for the growth of Streptococcus. Culture-inde-
pendent studies, including our previous work, have con-
versely identified reads assigned to Enterococcus bacteria
as prevalent across the internal Stomoxys fly microbiota
[18, 40]. Interestingly, other culture-based studies have
simultaneously observed low incidence rates of Entero-
coccus bacteria in Stomoxys flies [16, 17]. This discrep-
ancy can be partly explained by a reduction of bacterial
viability during sample collection and subsequent freez-
ing [41, 42]. Alternatively, reads assigned as Enterococcus
from culture-independent studies could represent DNA
sequenced from dead or nonviable cells [43]. Low inci-
dences of culturable Enterococcus could therefore also
be driven by selective pressures, including the enzymatic
lysis of cells within the fly gut [44].

Among Gram-negative bacteria, Enterobacteriaceae
are most frequently identified as causative agents of envi-
ronmentally-acquired bovine mastitis [12]. We identi-
fied several culturable Enterobacteriaceae common to fly
pools, which included Enterobacter, Kosakonia, Escheri-
chia, and Klebsiella. Both Klebsiella and E. coli are impor-
tant mastitis pathogens, and often associated with acute
clinical cases [45]. E. coli isolates derived from mastitic
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milk are genomically diverse and share no distinct evolu-
tionary clade [46, 47]. Instead, host factors are regarded
as the primary drivers of infection outcomes [48]. Less
is known about the pathogenesis of Klebsiella and other
Enterobacteriaceae, although structural lipopolysaccha-
rides expressed on the cell surface of Gram-negatives can
trigger an inflammatory immune response in host udder
tissues [49]. This suggests that fly-derived Enterobacte-
riaceae have the capacity to cause oppurtinistic mastitis
infections; however, in vivo studies would be required to
confirm the pathogenic potential of isolates.

Across samples, we detected other Gram-negative taxa,
including Acinetobacter, Pseudomonas, Serratia, and
Pantoea, which are known to be associated with both
bovine mastitis and opportunistic infections in humans
[38, 49, 50]. Brucella was also detected across two inter-
nal fly pools, which showed the strongest sequence
similarity to reference strains previously classified as
Ochrobactrum [51]. While highly pathogenic lineages
such as B. abortus are a major causative agent of abor-
tion and metritis in lactating dairy cattle [52], strains
previously classified as Ochrobactrum represent free-
living opportunistic pathogens [51]. Further work will be
needed to understand if Stomoxys also participate in the
carriage of obligate pathogenic Brucella strains. In con-
trast to mastitis-associated bacterial taxa, we identified
low incidence rates of the enteric pathogens Salmonella
and E. coli O157, despite the use of specific enrichment
protocols. We note that fly samples used in this study
were collected from a prior field collection study and
stored at —20 °C for a period of approximately 2 years. It
is possible that cold storage of samples and freeze—thaw
cycles resulted in a decrease in the number of viable cul-
turable colonies, as has been previously reported [53].
This suggests that the observed incidence rates, espe-
cially for taxa with an initially low abundance, could be
an underestimate. Alternatively, low incidence rates of
enteric pathogens could be a result of fly life-history.
Blood-feeding by stable flies, as has been previously
shown in mosquitos, likely acts as a strong selective pres-
sure on the gut microbiome, reducing overall microbial
diversity [54]. Coprophagous muscid flies, which come
into frequent contact with manure and continually re-
uptake manure-associated bacteria, may show higher
incidence rates of certain manure borne pathogens. Past
research on beef cattle farms have observed greater car-
riage rates of E. coli O157 in house (M. domestica), face
(Musca autumnalis), and blow (Family: Calliphoridae)
flies, relative to stable flies [55, 56]. While Salmonella in
flies has been previously reported [57-59], prevalence
rates often vary greatly between studies. These differ-
ences highlight the need for further comparative stud-
ies of how fly life history and environmental conditions
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impact their potential role in the carriage and potential
dissemination of bacterial pathogens.

In this study, we determined the incidence rates of
culturable microbes from the internal and external sur-
faces of biting flies. We found that flies harbor a high
abundance of culturable Staphylococcus and Entero-
bacterales, suggesting the potential for transmission of
pathogenic microbes by flies on a dairy barn environ-
ment. Our results highlight the need for further research
to understand how management practices, life history,
and geographic conditions impact the fly microbiota. The
combined usage of culture-dependent methodologies
and sequence-based technologies will also be necessary
to determine the functional capacity and genetic diver-
sity of pathogens carried by Stomoxys flies. Such studies
could have significant implications for public health and
infectious disease control on dairy farms.

Abbreviations

ETEC enterotoxigenic Escherichia coli
EHEC enterohemorrhagic E. coli

NAS non-aureus staphylococci

PBS phosphate-buffered saline
EMB Eosin-methylene blue

BHI Brain Heart Infusion

PCR polymerase chain reaction
XLT4 Xylose lysine tergitol-4

T jodine-activated tetrathionate
RV Rappaport-vassiliadis
CT-SMAC  MacConkey agar with sorbitol, cefixime and tellurite

Acknowledgements
We thank Jessica Cederquist and the UW-Madison Department of Animal and
Dairy Science Dairy Herd Operation for access to the Emmons Blaine Arlington
Dairy Research Center.

Authors’ contributions

Sample collection was performed by AJS and KLC. All authors contributed to
the design of the methodology; AJS, CDL, and ADJT processed samples for
bacterial culturing and identification. AJS wrote the initial draft, and KLC, GS,
CDL, and ADJT contributed to revisions. All authors read and approved the
final manuscript.

Funding

This work was supported by awards from the UW Dairy Innovation Hub to
KLC and United States Department of Agriculture (USDA) National Institute of
Food and Agriculture (NIFA) HATCH Grant WIS04039 to GS. AJS was supported
by a USDA Agriculture and Food Research Initiative (AFRI) Education and
Workforce Development (EWD) Predoctoral Fellowship (2023-67011-40337)
and a mini grant from the UW Center for Integrated Agricultural Systems. CLD
was supported by a USDA AFRI EWD Predoctoral Fellowship (2023-67011-
40521). ADJT was supported by a Food Research Institute Summer Scholars
Program Fellowship.

Availability of data and materials

Data supporting the conclusions of this article, along with scripts used for
analysis and table generation, are available in the Coon laboratory GitHub
repository [60]. Sequences generated as part of this study are publicly
available in the NCBI GenBank (https://www.ncbi.nlm.nih.gov/genbank/)
under accession numbers PQ031467-PQ031946, PQ031296- PQ031342, and
PQ031373-PQ0O31381.

Page 9 of 10

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 26 August 2024 Accepted: 3 December 2024
Published online: 11 February 2025

References

1. Taylor DB, Moon RD, Mark DR (2012) Economic impact of stable flies
(Diptera: Muscidae) on dairy and beef cattle production. J Med Entomol
49:198-209

2. Foil LD, Hogsette JA (1994) Biology and control of tabanids, stable flies
and horn flies. Rev Sci Tech 13:1125-1158

3. Meyer JA, Petersen JJ (1983) Characterization and seasonal distribution
of breeding sites of stable flies and house flies (Diptera: Muscidae) on
eastern Nebraska feedlots and dairies. J Econ Entomol 76:103-108

4. Manyi-Loh CE, Mamphweli SN, Meyer EL, Makaka G, Simon M, Okoh
Al (2016) An overview of the control of bacterial pathogens in cattle
manure. Int J Environ Res Public Health 13:843

5. Butler JF, Kloft WJ, DuBose LA, Kloft ES (1977) Recontamination of food
after feeding a 32P food source to biting muscidae. J Med Entomol
13:567-571

6.  Showler AT, Osbrink WLA (2015) Stable Fly, Stomoxys calcitrans (L.), disper-
sal and governing factors. Int J Insect Sci 7:19-25

7. Nayduch D, Burrus RG (2017) Flourishing in filth: house fly-microbe
interactions across life history. Ann Entomol Soc Am 110:6-18

8. Chase-Topping M, Gally D, Low C, Matthews L, Woolhouse M (2008)
Super-shedding and the link between human infection and livestock
carriage of Escherichia coli O157. Nat Rev Microbiol 6:904-912

9. Kolenda R, Burdukiewicz M, Schierack P (2015) A systematic review and
meta-analysis of the epidemiology of pathogenic Escherichia coli of
calves and the role of calves as reservoirs for human pathogenic E. coli.
Front Cell Infect Microbiol 5:23

10. Wells SJ, Fedorka-Cray PJ, Dargatz DA, Ferris K, Green A (2001) Fecal shed-
ding of Salmonella spp. by dairy cows on farm and at cull cow markets. J
Food Prot 64:3-11

11. ChoY, Yoon KJ (2014) An overview of calf diarrhea—infectious etiology,
diagnosis, and intervention. J Vet Sci 15:1-17

12. Klaas IC, Zadoks RN (2018) An update on environmental mastitis: chal-
lenging perceptions. Transbound Emerg Dis 65:166-185

13. Huijps K, Lam TJ, Hogeveen H (2008) Costs of mastitis: facts and percep-
tion. J Dairy Res 75:113-120

14. Nielsen TD, Green LE, Kudahl AB, @stergaard S, Nielsen LR (2012) Evalu-
ation of milk yield losses associated with Salmonella antibodies in bulk
tank milk in bovine dairy herds. J Dairy Sci 95:4873-4885

15. Castro BG, Souza MMS, Régua-Mangia AH, Bittencourt AJ (2010) Entero-
bacterial microbiota on Stomoxys calcitrans external surface: enterobac-
terial microbiota on Stomoxys calcitrans external surface. Transbound
Emerg Dis 57:22-24

16. Castro BGD, Souza MMSD, Bittencourt AJ (2007) Aerobic bacterial micro-
biota in Stomoxys calcitrans: preliminary studies in Brazil. Rev Bras Parasitol
Vet 16:193-197

17. Schwarz L, Strauss A, Loncaric |, Spergser J, Auer A, Rimenapf T, Ladinig A
(2020) The stable fly (Stomoxys calcitrans) as a possible vector transmit-
ting pathogens in Austrian pig farms. Microorganisms 8:1476

18. Sommer AJ, Kettner JE, Coon KL (2024) Stable flies are bona fide carriers
of mastitis-associated bacteria. mSphere 9:e00336-24

19. Abellan-Schneyder |, Matchado MS, Reitmeier S, Sommer A, Sewald Z,
Baumbach J, List M, Neuhaus K (2021) Primer, pipelines, parameters:
issues in 165 rRNA gene sequencing. mSphere 6:e01202-20

20. Broce AB (1988) An improved alsynite trap for stable flies, Stomoxys
calcitrans (Diptera: Muscidae). J Med Entomol 25:406-409

21. McAlpine JF et al (1993) Manual of nearctic Diptera, vol 2. Research
Branch, Agriculture Canada, Ottawa


https://www.ncbi.nlm.nih.gov/genbank/

Sommer et al. Veterinary Research (2025) 56:40

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Frank JA, Reich Cl, Sharma S, Weisbaum JS, Wilson BA, Olsen GJ (2008)
Critical evaluation of two primers commonly used for amplification of
bacterial 16S rRNA genes. Appl Environ Microbiol 74:2461-2470

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990) Basic local
alignment search tool. J Mol Biol 215:403-410

Cole JR,Wang Q, Fish JA, Chai B, McGarrell DM, Sun'Y, Brown CT, Porras-
Alfaro A, Kuske CR, Tiedje JM (2014) Ribosomal database project: data and
tools for high throughput rRNA analysis. Nucl Acid Res 42:0633-D642
Cui'S, Zheng J, Meng J (2006) An improved method for rapid isolation of
Salmonella against Proteus in chicken carcasses. J Food Saf 26:49-61
Miller RG, Tate CR, Mallinson ET, Scherrer JA (1991) Xylose-Lysine-Tergitol
4:an improved selective agar medium for the isolation of Salmonella.
Poult Sci 70:2429-2432

Rahn K, De Grandis SA, Clarke RC, McEwen SA, Galan JE, Ginocchio C,
Curtiss R, Gyles CL (1992) Amplification of an invA gene sequence of Sal-
monella typhimurium by polymerase chain reaction as a specific method
of detection of Salmonella. Mol Cell Probes 6:271-279

De Boer E, Heuvelink AE (2000) Methods for the detection and isolation
of Shiga toxin-producing Escherichia coli. J Appl Microbiol 88:1335-143S
Ihaka R, Gentleman R (1996) R: a language for data analysis and graphics.
J Comput Graph Stat 5:299-314

Kassambara A (2019) rstatix: pipe-friendly framework for basic statistical
tests. The R Foundation, Vienna

Baldacchino F, Muenworn V, Desquesnes M, Desoli F, Charoenviriyaphap
T, Duvallet G (2013) Transmission of pathogens by Stomoxys flies (Diptera,
Muscidae): a review. Parasite 20:26

Khamesipour F, Lankarani KB, Honarvar B, Kwenti TE (2018) A systematic
review of human pathogens carried by the housefly (Musca domestica L.).
BMC Public Health 18:1049

Engel P, Moran NA (2013) The gut microbiota of insects—diversity in
structure and function. FEMS Microbiol Rev 37:699-735

Sharma N, Singh NK, Bhadwal MS (2011) Relationship of somatic cell
count and mastitis: an overview. Asian Australas J Anim Sci 24:429-438
Taponen S, Pyorala S (2009) Coagulase-negative staphylococci as cause
of bovine mastitis—not so different from Staphylococcus aureus? Vet
Microbiol 134:29-36

De Buck J, HaV, Naushad S, Nobrega DB, Luby C, Middleton JR, De
Vliegher S, Barkema HW (2021) Non-aureus Staphylococci and bovine
udder health: current understanding and knowledge gaps. Front Vet Sci
8:658031

Ruiz-Romero RA, Vargas-Bello-Pérez E (2023) Non-aureus staphylococci
and mammaliicocci as a cause of mastitis in domestic ruminants: current
knowledge, advances, biomedical applications, and future perspec-
tives—a systematic review. Vet Res Commun 47:1067-1084

Olde Riekerink RGM, Barkema HW, Kelton DF, Scholl DT (2008) Incidence
rate of clinical mastitis on Canadian dairy farms. J Dairy Sci 91:1366-1377
Ehling-Schulz M, Lereclus D, Koehler TM (2019) The Bacillus cereus group:
Bacillus species with pathogenic potential. Microbiol Spectr 7:10.1128/
microbiolspec.gpp3-0032-2018

Crippen TL, Kim D, Poole TL, Swiger SL, Anderson RC (2024) The bacterial
and archaeal communities of flies, manure, lagoons, and troughs at a
working dairy. Front Microbiol 14:1327841

Masters N, Christie M, Stratton H, Katouli M (2015) Viability and stability of
Escherichia coli and enterococci populations in fecal samples upon freez-
ing. Can J Microbiol 61:495-501

Gao W, Leung K, Hawdon N (2009) Freezing inactivation of Escherichia
Coli and Enterococcus Faecalis in water: response of different strains. Water
Environ Res 81:824-830

Cangelosi GA, Meschke JS (2014) Dead or alive: molecular assessment of
microbial viability. Appl Environ Microbiol 80:5884-5891

Borovsky D (1985) Characterization of proteolytic enzymes of the midgut
and excreta of the biting fly Stomoxys calcitrans. Arch Insect Biochem
Physiol 2:145-159

Goulart DB, Mellata M (2022) Escherichia coli mastitis in dairy cattle: etiol-
ogy, diagnosis, and treatment challenges. Front Microbiol 13:928346
Blum SE, Leitner G (2013) Genotyping and virulence factors assessment
of bovine mastitis Escherichia coli. Vet Microbiol 163:305-312

Leimbach A, Poehlein A, Vollmers J, Gorlich D, Daniel R, Dobrindt U (2017)
No evidence for a bovine mastitis Escherichia coli pathotype. BMC Genom
18:359

Page 10 of 10

48. Burvenich C, Van Merris V, Mehrzad J, Diez-Fraile A, Duchateau L (2003)
Severity of E. coli mastitis is mainly determined by cow factors. Vet Res
34:521-564

49. Schukken Y, Chuff M, Moroni P, Gurjar A, Santisteban C, Welcome F,
Zadoks R (2012) The “other” gram-negative bacteria in mastitis: Klebsiella,
Serratia, and more. Vet Clin North Am Food Anim Pract 28:239-256

50. Nam HM, Lim SK, Kang HM, Kim JM, Moon JS, Jang KC, Kim JM, Joo YS,
Jung SC (2009) Prevalence and antimicrobial susceptibility of gram-
negative bacteria isolated from bovine mastitis between 2003 and 2008
in Korea. J Dairy Sci 92:2020-2026

51. Moreno E, Middlebrook EA, Altamirano-Silva P, Al Dahouk S, Araj GF, Arce-
Gorvel V, Arenas-Gamboa A, Ariza J, Barquero-Calvo E, Battelli G, Bertu WJ,
Blasco JM, Bosilkovski M, Cadmus S, Caswell CC, Celli J, Chacén-Diaz C,
Chaves-Olarte E, Comerci DJ, Conde-Alvarez R, Cook E, Cravero S, Dadar
M, De Boelle X, De Massis F, Diaz R, Escobar Gl, Ferndndez-Lago L, Ficht TA,
Foster JT, et al. (2023) If you're not confused, you're not paying attention:
Ochrobactrum is not Brucella. J Clin Microbiol 61:e0043823

52. Byndloss MX, Tsolis RM (2016) Brucella spp. virulence factors and immu-
nity. Annu Rev Anim Biosci 4:111-127

53. Ansay SE, Darling KA, Kaspar CW (1999) Survival of Escherichia coli
0157:H7 in ground-beef patties during storage at 2, =2, 15 and then
-2 °C,and -20 °C. J Food Prot 62:1243-1247

54. Muturi EJ, Njoroge TM, Dunlap C, Céceres CE (2021) Blood meal source
and mixed blood-feeding influence gut bacterial community composi-
tion in Aedes aegypti. Parasit Vectors 14:83

55. Berry ED, Wells JE, Durso LM, Friesen KM, Bono JL, Suslow TV (2019)
Occurrence of Escherichia coli O157:H7 in pest flies captured in leafy
greens plots grown near a beef cattle feedlot. J Food Prot 82:1300-1307

56. Puri-Giri R, Ghosh A, Zurek L (2016) Stable flies (Stomoxys calcitrans L.)
from confined beef cattle do not carry shiga-toxigenic Escherichia coli
(STEQ) in the digestive tract. Foodborne Path Dis 13:65-67

57. Hamilton AM, Paulsen DJ, Trout Fryxell RT, Orta VE, Gorman SJ, Smith
DM, Buchanan JR, Wszelaki AL, Critzer FJ (2021) Prevalence of Salmonella
enterica in flies on a diversified cattle and fresh produce farm across two
growing seasons. J Food Prot 84:1009-1015

58. Mian LS, Maag H, Tacal JV (2002) Isolation of Salmonella from muscoid
flies at commercial animal establishments in San Bernardino County,
California. J Vector Ecol 27:82-85

59. XuY,Tao S, Hinkle N, Harrison M, Chen J (2018) Salmonella, including
antibiotic-resistant Salmonella, from flies captured from cattle farms in
Georgia, U.S.A. Sci Total Environ 616:90-96

60. Coon laboratory GitHub repository. https://github.com/kcoonlab/Arlin
gton-pathogen-incidence

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://github.com/kcoonlab/Arlington-pathogen-incidence
https://github.com/kcoonlab/Arlington-pathogen-incidence

	Opportunistic pathogens are prevalent across the culturable exogenous and endogenous microbiota of stable flies captured at a dairy facility
	Abstract 
	Introduction
	Materials and methods
	Field sampling and pooling design
	Culturing and enrichment of fly-associated microbes
	Bacterial 16S rRNA sequencing and analysis
	Enrichment of Salmonella and E. coli O157
	Statistical analyses

	Results
	Fly sample pools and homogenate plating
	Incidence rates of clinically relevant bacterial taxa

	Discussion
	Acknowledgements
	References


