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A B S T R A C T   

Houseflies (Musca domestica) are important mechanical vectors for the transmission of pathogenic microorgan-
isms. In this study, 129 houseflies (69 males and 60 females) were collected from 10 different environmental 
sources and a laboratory population was used. The surface microbiota of houseflies was identified by Next- 
Generation Sequencing. Staphylococci from the surfaces of houseflies were selectively isolated and their viru-
lence genes, antibiotic susceptibilities, biofilm formation, and clonal relatedness were determined. Metagenomic 
analysis results demonstrated that Staphylococcus, Bacillus, and Enterococcus were mostly present on the surface of 
houseflies at the genus level. Additionally, the isolated 32 staphylococcal strains were identified as Staphylo-
coccus sciuri (n = 11), S. saprophyticus (n = 9), S. arlettae (n = 6), S. xylosus (n = 4), S. epidermidis (n = 1) and 
S. gallinarum (n = 1). tetK, tetM, tetL, ermC, msrAB, and aad6 genes were found to carry by some of the staph-
ylococcal strains. The strains were mostly resistant to oxacillin, penicillin, and erythromycin and three strains 
were multi-drug resistant. There was a statistical difference between housefly collection places and antibiotic 
resistance of isolated staphylococci to penicillin G, gentamicin, and erythromycin (p < 0.05). Biofilm test showed 
that 17 strains were strong biofilm formers, and it plays important role in the transmission of these bacteria on 
the surface of houseflies. Staphylococcal strains showed extracellular proteolytic and lipolytic activity in 31 and 
12 strains, respectively. Closely related species were found in PFGE analysis from different environmental 
sources. By this study, surface microbiota and carriage of pathogenic staphylococci on the surfaces of houseflies 
and their virulence properties were elucidated.   

1. Introduction 

The housefly, Musca domestica L. (Diptera: Muscidae) is the common 
and widespread fly lives environment close to humans and animals. 
Their main breeding sources are high organic contents of manure and 
food wastes. Females are usually bigger than males and they can be 
distinguished by wider dorsal space between the eyes of female house-
flies. Adults can survive a 15–30 days period [1]. 

The symbiotic relationship of bacterial populations present in the 
microbiota of houseflies form physiological development and adapta-
tion to environmental conditions. The surface and gut microbiota help 

the development and survival stages of houseflies’ life cycle. Especially 
Firmicutes were dominant at the early stages of development and larvae 
stage. Then Proteobacteria and Bacteroidetes become abundant at the 
phylum level when houseflies matured into adults [2]. 

Mechanical transmission of bacteria and viruses by houseflies has 
been shown in many studies [3–7]. They can carry human and animal 
pathogens on their legs, mouthparts, or regurgitated fluid after con-
tacting contamination sources. De Jesús et al. [8] examined carriage of 
Escherichia coli ATCC 11775 by houseflies to different food and it was 
shown that 0.1 mg contaminated food was transferred per landing of 
houseflies. Carriage of Salmonella spp. [9], Campylobacter jejuni [10], 
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and Yersinia enterocolitica [11] in farms and food processing environ-
ments have been previously reported. Recently, Cervelin et al. [12] 
isolated E. coli and Salmonella spp. strains from the surface of houseflies 
collected from swine farms with the abundance of E. coli from 104 to 106 

CFU/20 flies and Salmonella spp. from 102 to 105 CFU/20 flies with 
various resistance to the antibiotics like ampicillin, cefalotin, cipro-
floxacin, and norfloxacin. Additionally, houseflies (n = 94) collected 
from the dairy farms in Brazil were found to carry E. coli (n = 198) 
strains with >30% multi-drug resistance [13]. In a recent study, the 
carriage of the SARS-CoV-2 virus by M. domestica collected from the 
outdoor areas of two hospitals treating COVID-19 patients in Iran was 
reported. In that study, 156 adult houseflies were collected, and the 
outer surface and homogenized houseflies were examined to detect the 
presence of SARS-CoV-2 virions by TaqMan Real-Time PCR analysis. 
Their results showed that 75% of the outer surface samples and 37% of 
homogenized samples in other words inside the houseflies were positive 
for SARS-CoV-2. This was the first report to elucidate the transmission of 
SARS-CoV-2 by houseflies [14]. 

Next-Generation Sequencing (NGS) studies help to identify the 
microbiota of fermented foods, gut, feces, and various living materials. 
This DNA-based technique was use to describe both culturable and 
unculturable microorganisms. Whole bacterial and fungal communities 
that constitute microbiota could be characterized with a higher resolu-
tion than the classical microbiological techniques. 

This study was aimed to evaluate an in-depth analysis of bacterial 
microbiota on the surface of each housefly collected from food and fish 
markets, waste treatment plants, and outdoor areas of the hospitals by 
amplicon sequencing of 16S rRNA gene using NGS. In this context, the 
important virulence factor genes, antibiotic susceptibility, biofilm- 
forming capacities, extracellular enzyme production, and clonal re-
lationships of isolated staphylococci were examined. 

2. Material and methods 

2.1. Collection of houseflies 

The houseflies were collected by an insect net from 10 different 
environmental sources between Aug. 20, 2018, and Oct. 05, 2018. An 
insecticide-susceptible World Health Organization (WHO) strain of 
M. domestica was used as the laboratory population. The collection 
places and numbers were shown in Table 1. The collected houseflies 
were freeze sacrificed at − 20 ◦C for 5 min and they were phenotypically 
classified. After that houseflies separated based on their sex. Each 
housefly was transferred into a sterile 2 ml micro centrifuge tube and 1 
ml of sterile 0.9% (w/v) NaCl was added. The tubes were mixed in a 
multi-rotator (Multi RS-60, Biosan, Latvia) for 1 h at room temperature 
to remove bacteria from external surfaces of the houseflies (Fig. 1). 
Then, 100 μl of suspension was transferred to 5 ml buffered peptone 
water (Oxoid CM0509B, UK), and bacteria were pre-enriched at 37 ◦C 
with shaking at 200 rpm for 24 h. 

2.2. NGS and metagenomic analysis 

Total bacterial DNA from pre-enriched bacterial cultures was 
extracted by the phenol/chloroform/isoamyl alcohol method [15] by 
adding 4 mg/ml lysozyme (Applichem, Germany) and 10 μg/ml lysos-
taphin (Sigma, Germany). Bacterial DNA was finally dissolved in 10 mM 
Tris pH 8.0 and it was quantified using AccuBlue™ NextGen dsDNA 
Quantitation kit (Biotium, Inc., USA) as described by manufacturer’s 
instructions using a multimode plate reader (Mithras2 LB943, Berthold, 
Germany). A DNA library for amplicon sequencing was prepared ac-
cording to the 16S metagenomic sequencing library preparation guide 
(Illumina, Inc., California, USA). The Nextera® XT index Kit v2 Set-A 
(Illumina) was used to attach dual indices to each sample. The library 
was prepared by equimolar proportions of the samples, and it was finally 
diluted to 35 pM containing 5% (v/v) PhiX control DNA. The sequencing 

was performed in the iSeq100 system (Illumina). NGS was carried out 
using pair-end read type and two reads of 151 bp read length. 16S 
Metagenomics, Version: 1.1.0 software (Illumina) was used to analyze 
the obtained sequencing raw data and the amplicons were clustered 
based on sequence identity (operational taxonomic unit (OTU) 
approach). Moreover, Shannon species diversity, the number of identi-
fied species, and bacterial taxonomic distributions of samples from the 
kingdom to the species level were identified by 16S Metagenomics 
software Version 1.1.0 (Illumina) using RefSeq RDP 16S v3 May 2018 
DADA2 32 bp taxonomical interference and the Ribosomal Database 
Project (RDP) Classifier [16]. Principal Coordinates Components Anal-
ysis (PoCA) was also performed by Paleontological Statistics package for 
education and data analysis (PAST) program version 4.06b as described 
previously [17]. 

2.3. Identification of staphylococcal strains 

Staphylococcal strains were isolated from the pre-enriched cultures 
using mannitol salt agar (CM0085B, Oxoid). The grown cultures at 37 ◦C 
were sub-cultured and purified colonies were biochemically identified 

Table 1 
Sampling locations and numbers of houseflies.  

Sample 
Code 

Collection 
Date 

Location Coordinates Number 
of 
collected 
houseflies 

♂ ♀ 

A July 20, 2018 Laboratory population 37◦ 52′ 29.4′′

N 
32◦ 28′ 32.6′′

E 

4 6 

B July 20, 2018 Around Medical 
Faculty Hospital- 
Konya 

37◦ 52′ 29.4′′

N 
32◦ 25′ 51.0′′

E 

5 3 

C July 20, 2018 Around Hospital-1 
Konya 

37◦ 51′ 32.2′′

N 
32◦ 26′ 47.7′′

E 

2 7 

D July 24, 2018 Rural area 
Ilgın-Konya 

38◦ 17′ 24.1′′

N 
32◦ 00′ 29.6′′

E 

5 5 

E August 28, 
2018 

Fish market Konya 37◦ 51′ 49.4′′

N 
32◦ 29′ 19.3′′

E 

1 11 

F August 28, 
2018 

Food market-1 Konya 37◦ 53′ 33.2′′

N 
32◦ 29′ 37.1′′

E 

5 5 

G August 28, 
2018 

Food market-2 Konya 37◦ 52′ 05.5′′

N 
32◦ 30′ 04.4′′

E 

14 3 

I September 17, 
2018 

Dump site-1 (Waste 
storage area-Konya) 

37◦ 44′ 1.75′′

N 
32◦ 36′

23.85′′ E 

14 2 

J September 17, 
2018 

Dump site-2 
Konya 

37◦ 44′ 11.7′′

N 
32◦ 35′ 45.3′′

E 

4 6 

K October 5, 
2018 

Around Hospital-2 
Konya 

38◦ 01′ 10.6′′

N 
32◦ 30′ 39.2′′

E 

10 3 

L October 5, 
2018 

Water treatment plant- 
Konya 

37◦ 57′ 33.1′′

N 
32◦ 37′ 26.7′′

E 

5 9  

Total 69 60  
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based on Gram staining and catalase test. Bacterial genomic DNA of 
isolated bacteria was extracted as described previously [18]. 16S rRNA 
amplification of bacterial DNA by PCR and Sanger DNA sequencing of 
16S rRNA PCR products were performed using the universal 16S rRNA 
primers [19]. The obtained gene sequences were analyzed and 
compared to GenBank sequences to identify staphylococci at the species 
level by Geneious Prime version 2020.2.4 software. 

2.3.1. Detection of virulence genes 
The presence of antibiotic resistance genes (mecA (1235 bp) [20], 

tetK (1153 bp) [21], tetM (405 bp), tetS (589 bp), tetL (739 bp) [22], 
ermA (421 bp), ermB (359 bp), ermC (572 bp), msrA (940 bp), msrB (595 
bp) [23], aad6 (978 bp), mefA (345 bp), and cat (384 bp) [22]), 
staphylococcal enterotoxin genes (sea (560 bp) [24], seb (477 bp), sec 
(257 bp), sed (318 bp), and see (169 bp) [25]), and Panton-Valentine 
Leukocidin (PVL) gene (lukSF, 433 bp) [26] were searched by PCR. 
Methicillin-resistant S. aureus ATCC 43300, S. aureus ATCC 25923, and 
methicillin-susceptible S. aureus M1-AAG42B (PVL+) strains were used 
as the positive controls in the PCR experiments. The amplicons were 
resolved in 1.5% (w/v) agarose gels containing 5% (v/v) fluorescent 

DNA dye (SafeView Classic, Applied Biological Materials Inc., Canada) 
and the gels were visualized by the ChemiDoc gel imaging system 
(Bio-Rad, Hercules, California, USA). 

2.3.2. Antibiotic susceptibility testing 
Antibiotic susceptibilities of the isolated staphylococcal strains were 

examined based on CLSI (2021) [27] using the agar disk diffusion assay. 
The strains were tested against penicillin G (10U, Oxoid CT0043B), 
cefoxitin (30 μg, Oxoid CT0119B), oxacillin (1 μg, Oxoid CT0159B), 
gentamicin (10 μg, Oxoid CT0024B), erythromycin (15 μg, Oxoid 
CT0020B), tetracycline (30 μg, Oxoid CT0054B), ciprofloxacin (5 μg, 
Oxoid CT0425B), clindamycin (2 μg, Oxoid CT0064B), sulphamethox-
azole/trimethoprim (1.25/23.75 μg, Oxoid CT0052B), chloramphenicol 
(30 μg, Oxoid CT0013B), rifampicin (5 μg, Oxoid CT0207B), linezolid 
(30 μg, Oxoid CT1650B), and mupirocin (200 μg, Oxoid CT0523B). The 
minimum inhibitory concentration (MIC) values of the resistant strains 
against penicillin G, oxacillin, erythromycin, tetracycline, gentamicin, 
chloramphenicol, and vancomycin were determined using the MICE test 
(Oxoid) or the E-test (BioMerieux, France) on Mueller-Hinton agar 
plates (Oxoid CM0337B). The recorded breakpoint values were 

Fig. 1. Collection and removal of bacteria from the 
surface of houseflies. A, Collection of houseflies from 
an environment by an insect net; B, Sterile plastic 
storage containers of houseflies with a wet cotton; C 
and D, Freeze sacrificed houseflies; E and F, Selection 
of the houseflies based on their sex in the aseptic 
conditions; G, Transfer of each housefly into a micro 
centrifuge tube containing 0.9% NaCl; H, Removal of 
the surface bacteria by shaking in a rotator. (The 
photographs in this Figure were taken by M. Suda-
gidan for this study). (Color in online only).   
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evaluated on the basis of CLSI MIC breakpoints [27]. Inducible clinda-
mycin resistance was also performed using clindamycin (2 μg) and 
erythromycin (15 μg) disks and D-shaped zone formation was evaluated 
according to CLSI (2021) [27]. S. aureus ATCC 25923 was used as a 
control strain in antibiotic susceptibility testing. 

2.3.3. Biofilm tests 
The biofilm-forming properties of staphylococci were determined 

using a microplate test in the 96-well tissue culture plates (F-bottom, 
3599 Corning Costar, USA) in Tryptone soya broth (TSB, Oxoid 
CM0129) supplemented with 1% (w/v) sucrose and Brain Heart Infusion 
(BHI, Oxoid CM1135) broth. In the microplate test, the triplicate wells 
were used. In each well, 200 μl of each media was inoculated with 20 μl 
bacterial strains adjusted to McFarland 0.5 in 0.9% (w/v) NaCl using a 
densitometer (Den-1B, Biosan, Latvia). The plates were incubated at 
37 ◦C for 24 h and the biofilm formation was detected after staining with 
crystal violet (Merck, Germany) [28]. The absorbance values were 
measured at 595 nm using a microplate reader (Epoch2, Bio-Tek, USA). 
The test was repeated two times and S. epidermidis YT-169a was used as a 
biofilm-forming positive control strain [29]. 

2.3.4. Extracellular enzyme production 
Staphylococcal strains were grown in TSB for 24 h at 37 ◦C with 

shaking at 200 rpm. Then, 1 ml grown culture was centrifuged at 10,000 
rpm for 5 min and the supernatant was removed. The pellet was washed 
with TSB and centrifuged again. The pellet was resuspended in 200 μl 
TSB. After that, 10 μl of bacterial culture were spotted on a substrate 
containing media. For detection of lipase production tributyrin agar 
(Liofilchem 402520, Italy), for protease production casein agar, skim 
milk, and milk agar and for amylase production starch agar were used 
[30]. After 72 h incubation at 35 ◦C, zone formation around spotted 
bacteria was examined visually in tributyrin agar, skim milk, and milk 
agar plates. Protease activity was determined after the addition of 5% 
(v/v) trichloroacetic acid (TCA, Sigma) on casein agar and amylase was 
examined by the addition of Gram’s iodine solution (1 g iodine and 2 g 
KI in 300 ml deionized water) on starch agar plates. 

2.3.5. Pulsed field gel electrophoresis 
PFGE was performed as described previously [31]. 30 U SmaI re-

striction enzyme (1085AH, Takara, Japan) and 1% (w/v) PFGE gel in 
0.5x TBE buffer were used. PFGE gel was run at 6 V/cm for 22 h, 5–40 s 
pulse time at 14 ◦C in the CHEF DR-II electrophoresis system (Bio-Rad). 
PFGE band patterns were evaluated using BioNumerics Version 7.6 
(AppliedMaths, Belgium) with Dice similarity coefficient with 0.5% 
optimization and 1% band tolerance. In the analysis of band patterns, 
Unweighted Pair Group Method with Arithmetic Mean (UPGMA) clus-
tering method with 80% degeneracy cut-off value was applied. 

2.4. Statistical analysis 

The One-Way Analysis of Variance (ANOVA) test was applied to 
determine the significance of the differences between tested antibiotics 
and staphylococci isolated from different collection places of the 
houseflies as described in Table 1 (Table S3). In addition, the differences 
between staphylococci and antibiotic resistance were also evaluated 
(Table S4). In statistical analysis, p < 0.05 was used as the criterion for 
statistical significance. Statistics were performed using IBM SPSS sta-
tistical program v.22.0 (2020). 

3. Results and discussion 

The results of this study provide a culture-independent description of 
the surface microbiota of houseflies collected from different environ-
ments. A total number of 129 houseflies (69 male and 60 female in sex) 
were used to isolate bacteria from the external surface of houseflies. In 
total, NGS resulted in 8,974,153 reads for 91 housefly samples. In 31 

samples, amplification of 16S rRNA gene could not be achieved in 
amplicon PCR and 7 samples from the laboratory population did not 
include the results due to all showing the same microbial diversity on 
their surface. Metagenomic analysis results of 91 housefly samples 
demonstrated that Firmicutes were dominant at the phylum level. 
However, Proteobacteria were also observed in a high read numbers in 
20 houseflies, and in 3 houseflies Actinobacteria were recorded with 
high abundance (Fig. S1). The top three family level taxonomic distri-
bution of the surface microbiota included Staphylococcaceae, Enter-
ococcaceae, and Bacillaceae (Fig. S2). Furthermore, Staphylococcus, 
Bacillus, and Enterococcus were dominated at the genus level (Fig. S3). 

In the examination of housefly microbiota based on collection 
environment, Enterococcus were dominant in the laboratory population 
(A9D, A10D, and A1E) at the genus level (Fig. 2A). The fermentation of 
the growth medium of the laboratory population could lead to the 
overgrowth of enterococci. This medium contains skim milk, sugar, 
bran, etc. The houseflies collected around the Medical Faculty Hospital 
in Konya (B8D, B1E–B5E) contained mainly Enterococcus, Enterobacter, 
and Vagococcus (Fig. 2B). Enterococcus, Acinetobacter, and Bacillus were 
determined the surface microbiota of houseflies (C3D-C9D, C1E, and 
C2E) collected around the Hospital-1 area (Fig. 2C). The houseflies from 
a rural area (Ilgın-Konya) (Fig. 2D) showed diverse bacterial pop-
ulations. Moreover, in the samples collected from a fish market, Staph-
ylococcus, Bacillus, and Enterococcus were found to be dominant 
(Fig. 2E). Similarly, Staphylococcus was dominant in the surface micro-
biota of houseflies from the food market-1 (Fig. 2F) and the food market- 
2 (Fig. 2G). In fact, the human effect and handling of food products and 
fish by food vendors may cause the dominance of staphylococci. In 
dump site-1 and dump site-2, similar bacterial populations were domi-
nant with different ratios. Enterococcus, Staphylococcus, and Bacillus 
were found to be dominant bacteria at the genus level (Fig. 2I and J). In 
out of the hospital environment, Staphylococcus, Bacillus, and in three 
houseflies’ surface microbiota Brachybacterium were dominant (Fig. 2K). 
The houseflies collected from a water treatment plant showed that Ba-
cillus, Enterococcus, and Escherichia/Shigella were dominant at the genus 
level (Fig. 2L). Due to wastewater and human-induced wastes, Entero-
coccus, and Escherichia/Shigella were found to be dominant in this 
environment. 

The surface microbiota of houseflies was a good indicator of the 
environmental habitat where they were collected and lived. Zhao et al. 
[32] indicated the importance of the food source of housefly larvae and 
how it affects gut microbiota and helps to degrade polysaccharides 
present in feeding materials. When larvae feed on wheat bran, their 
results showed that Proteobacteria and Firmicutes were dominant in 
houseflies’ larvae, and in control wheat bran samples Proteobacteria 
were abundant at the phylum level. 

Culture-dependent and culture-independent methods were used to 
identify bacterial communities present in the gut microbiota of 65 adult 
M. domestica collected from public places in India. The mainly identified 
bacteria belong to Klebsiella, Aeromonas, Shigella, Morganella, Provi-
dencia, and Staphylococcus genera. The results of the culture- 
independent method (16S rRNA gene clone library) were consistent of 
the culture-dependent taxonomic results [33]. 

In addition to pathogenic bacteria, lactic acid bacteria, Lactococcus, 
Enterococcus, and Lactobacillus were also present on the external surface 
of houseflies. The diet and feeding materials or food sources of house-
flies can shape their microbiota. In fact, collection environments 
(manure, farm, home, inside or outdoors of hospitals or wastewater 
treatment plant) play an important role to establish the microbiota of 
houseflies and they reflect their habitat. Bahrndorff et al. [34] identified 
microbiota of 90 houseflies collected within and between ten dairy 
farms in Denmark by 16S rRNA amplicon sequencing. Their results 
indicated that Corynebacterium, Lactobacillus, Staphylococcus, Vago-
coccus, Weissella, Lactococcus, and Aerococcus were dominant at the 
genus level. The average Shannon diversity index was calculated from 
3.4 to 5.4. In our study, the highest Shannon species diversity value 
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(1.677) was recorded in the J4E sample obtained from a male housefly 
in the dump site-2 and the lowest Shannon diversity value was 0.123 and 
it was recorded in the I11E samples obtained from a male housefly 
collected from the dump site-1 (Waste storage area) (Table S1). More-
over, the highest number of species (298) were identified in the L1E 
sample collected from the water treatment plant and the lowest number 
of species (104) were identified in G7E collected from the food market-2 
(Table S1). Our results indicated that the most variation in species 
richness and diversity were found between individuals of examined 
male and female houseflies, but not locations where houseflies were 
collected. 

Recently, Park et al. [35] examined 400 houseflies from Belgium and 
Rwanda to identify the external and internal bacterial and fungal 
microbiota. The study showed that the external microbiota of houseflies 
varies in geographic location, and isolation habitat, but internal 
microbiota is limited by their physiology. The internal and external 
microbiota of houseflies from the hospital, homes, and environments 

were mainly dominated by Staphylococcus, Weissella, and Acinetobacter. 
Paulson et al. [36] also studied external and internal (gut) bacterial 
populations in 100 randomly selected houseflies from the fish markets, 
butcheries, vegetable markets, and residential areas by microbiological 
techniques. Their results showed that Pseudomonas spp. and E. coli were 
dominant both the external and internal microbiota, moreover Staphy-
lococcus spp. were also isolated from both the external and internal parts 
of houseflies. In another study, Sukontason et al. [37] collected 130 
M. domestica from five fresh-food markets in Chiang Mai Province and 
coagulase-negative staphylococci (n = 57) were the most commonly 
isolated bacteria followed by E. coli (n = 10) and Viridans streptococci 
(n = 10). Vazirianzadeh et al. [38] also determined bacteria present on 
the surface of 230 houseflies and E. coli was dominant with 36.5% and 
S. aureus with 26.9%. 

In our study, PoCA analysis of houseflies at the genus level grouped 
the sample locations into 4 major gatherings although the groups were 
not distinctly separated from each other. Group 1 contained mostly 

Fig. 2. The genus level taxonomic distributions of the bacterial communities on the surface microbiota of houseflies. Each graph represents a collection place of the 
housefly samples coded as A, Laboratory population; B, Around Medical Faculty Hospital; C, Around Hospital-1; D, Rural area; E, Fish market; F, Food market-1; G, 
Food market-2; I, Dump site-1 (Waste storage area); J, Dump site-2; K, Around Hospital-2; and L, Water treatment plant. (Color in online only). 
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dump areas and the water treatment plant (L, J, and I), Group 2 con-
tained most of the locations from the hospitals (K and B), fish market (E) 
and a rural area (D), food market-2 (G) and the water treatment plant 
(L), Group 3 contained the water treatment plant (L), food market-1&2 
(F and G), fish market (E), a rural area (D), and hospital (K), while Group 
4 contained samples from the fish market (E), hospitals (B and C) and the 
lab population (A). These results can be interpreted as evidence for 
distinct genus members for water treatment and dump areas, fish mar-
kets with significant overlap with the hospitals and some dump loca-
tions, a food market with overlap with some hospital locations (Fig. 3). 

Staphylococci were selectively isolated and applied partial 16S rRNA 
Sanger sequencing revealed that 32 staphylococcal strains were identi-
fied as S. sciuri (n = 11), S. saprophyticus (n = 9), S. arlettae (n = 6), 
S. xylosus (n = 4), S. epidermidis (n = 1), and S. gallinarum (n = 1). 
S. aureus is the most virulent staphylococcal species, however, none of 
the collected houseflies were found to carry S. aureus. All isolated 
staphylococcal species were found to be coagulase-negative. In another 
study, 1349 M. domestica were collected and 439 of them were found to 
carry bacteria on their surface in Thailand. Coagulase-negative staphy-
lococci were identified as dominant bacteria and they were followed by 
Streptococcus group D non-enterococci and Bacillus spp [39]. 

Virulence gene contents of staphylococci were searched by PCR and 
the results revealed that all strains were found to be negative for mecA, 
tetS, ermA, ermB, cat, mefA, seb, sec, sed, see, and lukSF PVL genes. tetK 
was detected in 2 strains (S. saprophyticus F4E/S1 and S. sciuri I11E/S1- 
Y), tetM in only S. xylosus G7E/S1, tetL in only S. saprophyticus C7D/S1, 
and ermC in 2 strains (S. saprophyticus F4E/S1 and S. arlettae K9E/S3). 
The eight strains (S. arlettae K2E/S1, K4E/S1, K6E/S1, K9E/S3, L1E/S1, 
L4E/S1, S. epidermidis J5D/S2, and S. saprophyticus K3E/S1) were found 
to contain msrA and msrB genes. In the PCR experiments, only S. xylosus 
D4E/S2 was positive for aad6 gene. 

Antibiotic susceptibility testing showed that 29/32 (90.63%) and 
18/32 (56.25%) staphylococcal strains were resistant to oxacillin and 
penicillin G, respectively. In addition, erythromycin resistance was 
found in 9/32 (28.13%) strains. Resistance to clindamycin (n = 5), 
tetracycline (n = 3), ciprofloxacin (n = 2), gentamicin (n = 1), and 
chloramphenicol (n = 1) were found in staphylococcal strains. Three 
strains S. saprophyticus C7D/S1 and F4E/S1 as well as S. arlettae K9E/S3 

were multi-drug resistant with resistance to more than three antibiotics. 
The agar disk diffusion assay results of resistance profiles to antibiotics 
were also confirmed with MIC breakpoints values. Resistance of multi- 
drug resistant strains to vancomycin was tested with E-test and the ob-
tained breakpoints showed that all multi-drug resistant strains were 
susceptible to vancomycin with 1–2 μg/ml breakpoints. None of the 
strains were found to be resistant to cefoxitin, mupirocin, linezolid, 
sulphamethoxazole/trimethoprim, and rifampicin. There was a statis-
tical difference between housefly collection places and antibiotic resis-
tance to penicillin G, gentamicin, and erythromycin (p < 0.05), but there 
was no difference with other antibiotics (Table S3). In the evaluation of 
staphylococci with tested antibiotics, there were statistical differences 
between isolated staphylococcal strains and penicillin G, oxacillin, 
cefoxitin, gentamicin, linezolid, erythromycin, sulphamethoxazole/ 
trimethoprim, and rifampicin with p < 0.05 value (Table S4). D-test 
results demonstrated that two S. saprophyticus strains F1E/S1 and K2D/ 
S1 showed inducible clindamycin resistance (Fig. S4). In fact, the strains 
that were found to have inducible clindamycin resistance were negative 
for ermABC genes. However, both clindamycin and erythromycin- 
resistant S. saprophyticus F4E/S1 and S. arlettae K9E/S3 were positive 
for ermC gene. 

Recent studies showed that Gram-positive and Gram-negative bac-
teria isolated from houseflies were resistant to antibiotics. Bouamama 
et al. [40] isolated 21 coagulase-negative staphylococci and 17 S. aureus 
strains from the external surface of 600 M. domestica collected in 
Morocco and their antibiotic susceptibility testing showed that the 
staphylococcal strains were resistant to penicillin (65.2%), oxacillin 
(26.1%), erythromycin (8.7%), and clindamycin (8.7%). All staphylo-
cocci showed 100% susceptibility to vancomycin, linezolid, daptomy-
cin, gentamicin, levofloxacin, and co-trimoxazole. In another study, 
Nazari et al. [41] isolated 394 bacterial strains (Bacillus spp., Staphylo-
coccus spp., and E. coli) from the surface of 275 houseflies in Iran by the 
microbiological methods. In that study, coagulase-negative staphylo-
cocci from houseflies in the non-hospital environments and S. aureus 
strains from the hospital environments were mostly resistant to cipro-
floxacin and cefotaxime. Hemmatinezhad et al. [42] isolated Pseudo-
monas aeruginosa in 8.8% (53/600) from the houseflies collected from 
farms, hospitals, and slaughterhouses. All isolates were found to be 

Fig. 3. PoCA analysis results of the houseflies’ surface microbiota at the genus level taxonomic distribution. (Color in online only).  
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resistant to ampicillin, cefalexin, ceftriaxone, cefotaxime, and kana-
mycin. Furthermore, Davari et al. [43] examined 908 houseflies and 366 
bacterial strains were isolated mostly Klebsiella pneumoniae (43.3%), 
P. aeruginosa (37%), Proteus mirabilis (29.1%), and Citrobacter freundii 
(28.4%). The strains were found to be highly resistant to cephalexin and 
chloramphenicol. Fukuda et al. [44] also showed that the inoculated 
houseflies with an antimicrobial-resistant E. coli strain persisted during 
their life cycle. Moreover, the colistin resistance genes (mcr-1, 2, and 3) 
were searched in 252 M. domestica flies, and 4.8% (9/189) bacteria 
isolated from houseflies were found to carry only mcr-1 gene [45]. 

Biofilm formation is an important virulence factor of staphylococci. 
Especially S. epidermidis and S. aureus strains form an intense biofilm 
layer on biomaterial, medical devices as well as food contact surfaces 
[46–48]. In this study, the biofilm-forming capacity of staphylococci 
was examined in two media (TSB+1% sucrose and BHI) using the 
microplate test. The results showed that 17 strains formed biofilm in 
both media (Fig. 4). Whereas 15 strains were non-biofilm formers. 
S. sciuri C9D/S1, F1D/S1, G1D/S1, G7E/S2, and S. saprophyticus F1E/S1, 
G8E/S2, and G12E/S1 form a dense biofilm layer in both TSB and BHI 
media on the microplate surfaces (Fig. 4). Although, the biofilm formers 
S. sciuri C7D/S1, C9D/S1, and S. saprophyticus K3E/S1 were isolated 
from the houseflies collected from around the hospitals, the 
biofilm-forming strains (S. sciuri F1D/S1, G1D/S1, G7E/S2, and 
S. saprophyticus F1E/S1, G8E/S2, and G12E/S1) were isolated from the 
food markets. Most of the strains (coded C and K) isolated from the 
surface of houseflies collected around the hospitals did not form biofilm. 
This study also indicated the importance of biofilm-forming strains in 
the mechanical transport of pathogenic bacteria from surface-to-surface. 

The extracellular enzyme production of staphylococci was deter-
mined using the substrate containing media and the zone formation in 
the plates were evaluated visually (Fig. S5). The results demonstrated 
that 12 strains showed lipolytic activity in tributyrin agar. These were 
mostly S. saprophyticus (n = 7), S. xylosus (n = 4), and S. epidermidis (n =
1) strains (Table S2). In casein agar plates, 10 strains had proteolytic 
activity after TCA treatment with halo formation around colonies and all 

of them were S. sciuri strains. Moreover, 27 strains in skim milk agar 
plates and 31 strains in milk agar plates showed proteolytic activity 
(Table S2). None of the strains had amylase activity in starch agar. 
Contamination of food by extracellular enzyme-producing bacteria can 
cause adverse effects in especially in the food processing. The necessary 
hygiene precautions should be taken in the food processing and pro-
duction environments. 

Clonal relationships among the same species of staphylococci were 
determined by PFGE analysis. The constructed dendrograms based on 
band patterns that were created by macrorestriction of the whole bac-
terial genome showed that three groups of S. sciuri (G7D/S2 and G1D/ 
S1, C9D/S1, and C4D/S1, A9D/S1, and A10D/S1) were identical with 
indistinguishable band patterns (Fig. 5A). The S. sciuri strains A9D/S1 
and A10D/S1 isolated from M. domestica lab population were separated 
from all other S. sciuri strains with 30% homology. Indeed, the growth 
medium of the lab population shapes the surface microbiota. Moreover, 
S. sciuri I11E/S1-Y strain isolated from the dump site-1 showed distinct 
band patterns and it was separated from the others with 44.4% ho-
mology (Fig. 5A). None of the S. saprophyticus strains were identical. 
Two S. saprophyticus G8E/S2 and F4E/S1 isolated from the food market- 
2 and the food market-1 respectively were most closely related with 
92.3% homology (Fig. 5B). S. saprophyticus E5D/S1A from the fish 
market showed distinct band patterns and it was separated from all 
other S. saprophyticus strains with 26.3% homology. Furthermore, 
S. arlettae strains from the water treatment plant and around the 
hospital-2 showed 100% homology (Fig. 5C). S. arlettae K6E/S1 and 
K2E/S1 were separated from the main group with 87.5% and 53.5% 
homology, respectively. Similar to S. saprophyticus strains, each 
S. xylosus strains showed different band patterns, and two main groups 
were separated with 47.1% homology (Fig. 5D). The PFGE analysis re-
sults demonstrated that the environmental conditions and the habitat of 
houseflies also characterize staphylococci. 

Fig. 4. The microplate test results show the biofilm formation of staphylococci isolated from the houseflies’ external surfaces in TSB supplemented with 1% sucrose 
and BHI media. S. epidermidis YT-169a was used as a biofilm forming positive control strain. The results were shown mean and standard deviations of two mea-
surements with triplicate wells for each bacterial strain. (Color in online only). 
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4. Conclusion 

Houseflies contain a large and highly diverse bacterial microbiota on 
their external surfaces. In fact, this diverse microbiota of houseflies is 
likely to reflect their habitat where they live, breed, and decay organic 
matters. Especially the environmental effects in other words feeding 
sources like manure, food, and human wastes which are rich in different 
kind of microorganisms shape the external microbiota of houseflies. 
Flying long distances is one of the reasons for the distribution of mi-
croorganisms to other houseflies, to contaminate foods sold in the open 
market areas, and finally reach to humans. In this way, pathogenic, 
antimicrobial-resistant, and biofilm-forming microorganisms could be 
easily spread to other environments and among humans and animals. 
Hospitals are also suitable environments for the houseflies to carry 
vector-borne pathogens between patients and from hospital to other 
environments. Our culture-independent metagenomics and culture- 
dependent analysis results indicated the carriage of antibiotic- 
resistant, biofilm-forming, and virulent staphylococci on the external 
surfaces of houseflies. The necessary hygiene precautions should be 
taken to protect against contamination of food and the spread of path-
ogens by houseflies. 
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[31] R. Durmaz, B. Otlu, A. Çalışkan, N. Gürsoy, Acinetobacter baumannii, Escherichia coli 
ve Klebsiella türlerinin moleküler tiplendirmesinde kullanılabilecek kısa süreli 
“pulsed-field gel” elektroforez (PFGE) protokolü, ANKEM Dergisi 21 (2007) 
113–117. 

[32] Y. Zhao, W. Wang, F. Zhu, X. Wang, X. Wang, C. Lei, The gut microbiota in larvae 
of the housefly Musca domestica and their horizontal transfer through feeding, 
Amb. Express 7 (2017) 147, https://doi.org/10.1186/s13568-017-0445-7. 

[33] A.K. Gupta, D. Nayduch, P. Verma, B. Shah, H.V. Ghate, M.S. Patole, Y.S. Shouche, 
Phylogenetic characterization of bacteria in the gut of house flies (Musca domestica 
L.), FEMS Microbiol. Ecol. 79 (2012) 581–593, https://doi.org/10.1111/j.1574- 
6941.2011.01248.x. 

[34] S. Bahrndorff, N. de Jonge, H. Skovgård, J.L. Nielsen, Bacterial communities 
associated with houseflies (Musca domestica L.) sampled within and between farms, 
PLoS One 12 (2017), e0169753, https://doi.org/10.1371/journal.pone.0169753. 

[35] R. Park, M.C. Dzialo, S. Spaepen, D. Nsabimana, K. Gielens, H. Devriese, 
S. Crauwels, R.Y. Tito, J. Raes, B. Lievens, K.J. Verstrepen, Microbial communities 
of the house fly Musca domestica vary with geographical location and habitat, 
Microbiome 7 (2019) 147, https://doi.org/10.1186/s40168-019-0748-9. 

[36] L. Paulson, P. Pandya, B. Thakkar, P. Parikh, Isolation of pathogenic bacteria from 
Musca domestica and the effect of antibiotics, captured from Vadodara city, Gujarat, 
J. Entomol. Zool. Stud. 6 (2018) 1369–1377. 

[37] K.L. Sukontason, M. Bunchoo, B. Khantawa, S. Piangjai, Y. Rongsriyam, 
K. Sukontason, Comparison between Musca domestica and Chrysomya megacephala 
as carriers of bacteria in northern Thailand, Southeast Asian J. Trop. Med. Publ. 
Health 38 (2007) 38–44. 

[38] B. Vazirianzadeh, S.S. Solary, M. Rahdar, R. Hajhossien, M. Mehdinejad, 
Identification of bacteria which possible transmitted by Musca domestica (Diptera: 
Muscidae) in the region of Ahvaz, SW Iran, Jundishapur J. Microbiol. 1 (2008) 
28–31. 

[39] T. Chaiwong, T. Srivoramas, P. Sueabsamran, K. Sukontason, M.R. Sanford, K. 
L. Sukontason, The blow fly, Chrysomya megacephala, and the house fly, Musca 
domestica, as mechanical vectors of pathogenic bacteria in Northeast Thailand, 
Trop. Biomed. 31 (2014) 336–346. 

[40] L. Bouamama, A. Sorlozano, A. Laglaoui, M. Lebbadi, A. Aarab, J. Gutierrez, 
Antibiotic resistance patterns of bacterial strains isolated from Periplaneta 
americana and Musca domestica in Tangier, Morocco, J. Infect. Dev. Ctries. 4 (2010) 
194–201, https://doi.org/10.3855/jidc.336. 

[41] M. Nazari, T. Mehrabi, S.M. Hosseini, M.Y. Alikhani, Bacterial contamination of 
adult hose flies (Musca domestica) and sensitivity of these bacteria to various 
antibiotics, captured from Hamadan City, Iran, J. Clin. Diagn. Res. 11 (2017), 
https://doi.org/10.7860/JCDR/2017/23939.9720. DC04–DC07. 

[42] B. Hemmatinezhad, D. Ommi, T.T. Hafshejani, F. Khamesipour, Molecular 
detection and antimicrobial resistance of Pseudomonas aeruginosa from houseflies 
(Musca domestica) in Iran, J. Venom. Anim. Toxins Incl. Trop. Dis. 21 (2015) 18, 
https://doi.org/10.1186/s40409-015-0021-z. 

[43] B. Davari, E. Kalantar, A. Zahirnia, S.H. Moosa-Kazemi, Frequency of resistance 
and susceptible bacteria isolated from houseflies, Iran. J. Arthropod-Borne Dis. 4 
(2010) 50–55. 

[44] A. Fukuda, M. Usui, M. Okamura, H. Dong-Liang, Y. Tamura, The role of flies in the 
maintenance of antimicrobial resistance in farm environments, Microb. Drug 
Resist. 25 (2019) 127–132, https://doi.org/10.1089/mdr.2017.0371. 

[45] J. Zhang, J. Wang, L. Chen, A.K. Yassin, P. Kelly, P. Butaye, J. Li, J. Gong, 
R. Cattley, K. Qi, C. Wang, Housefly (Musca domestica) and blow fly (Protophormia 
terraenovae) as vectors of bacteria carrying colistin resistance genes, Appl. Environ. 
Microbiol. 84 (2018) e01736–17, https://doi.org/10.1128/AEM.01736-17. 

[46] M.A. Rather, K. Gupta, M. Mandal, Microbial biofilm: formation, architecture, 
antibiotic resistance, and control strategies, Braz. J. Microbiol. 52 (2021) 
1701–1718, https://doi.org/10.1007/s42770-021-00624-x. 

[47] X. Bai, C.H. Nakatsu, A.K. Bhunia, Bacterial biofilms and their implications in 
pathogenesis and food safety, Foods 10 (2021) 2117, https://doi.org/10.3390/ 
foods10092117. 

[48] N. Pant, D.P. Eisen, Non-Antimicrobial adjuvant strategies to tackle biofilm-related 
Staphylococcus aureus prosthetic joint infections, Antibiotics 10 (2021) 1060, 
https://doi.org/10.3390/antibiotics10091060. 

M. Sudagidan et al.                                                                                                                                                                                                                             

https://doi.org/10.1038/s41598-020-64704-y
https://doi.org/10.1038/s41598-020-64704-y
https://doi.org/10.1653/024.093.0211
https://doi.org/10.1637/10347-090412-reg.1
https://doi.org/10.1637/10347-090412-reg.1
https://doi.org/10.1603/0022-2585
https://doi.org/10.1603/0022-2585(2005)042
https://doi.org/10.1603/0022-2585(2005)042
https://doi.org/10.1111/j.1365-2915.2009.00859.x
https://doi.org/10.1111/j.1365-2915.2009.00859.x
https://doi.org/10.1016/j.ijfoodmicro.2003.12.003
https://doi.org/10.1016/j.ijfoodmicro.2003.12.003
https://doi.org/10.4315/0362-028x-63.7.958
https://doi.org/10.4315/0362-028x-63.7.958
https://doi.org/10.1128/aem.45.2.381-383.1983
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref11
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref11
https://doi.org/10.1016/j.actatropica.2018.04.024
https://doi.org/10.1016/j.actatropica.2018.04.024
https://doi.org/10.1016/j.scitotenv.2018.03.304
https://doi.org/10.1016/j.scitotenv.2018.03.304
https://doi.org/10.1038/s41598-021-93439-7
https://doi.org/10.1038/s41598-021-93439-7
https://doi.org/10.1016/j.ijfoodmicro.2003.07.004
https://doi.org/10.1016/j.ijfoodmicro.2003.07.004
https://doi.org/10.1128/AEM.00062-07
https://doi.org/10.1038/s41598-021-97980-3
https://doi.org/10.1038/s41598-021-97980-3
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref18
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref18
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref18
https://doi.org/10.1007/s00284-001-0043-3
https://doi.org/10.1016/s0732-8893(01)00301-7
https://doi.org/10.1128/AAC.46.9.2797-2803.2002
https://doi.org/10.1128/AAC.01557-09
https://doi.org/10.1128/AAC.43.5.1062
https://doi.org/10.1128/IAI.70.2.631-641.2002
https://doi.org/10.1128/jcm.29.3.426-430.1991
https://doi.org/10.1086/313461
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref27
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref27
https://doi.org/10.1046/j.1469-0691.2003.00676.x
https://doi.org/10.1002/jbm.a.31037
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref30
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref30
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref30
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref31
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref31
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref31
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref31
https://doi.org/10.1186/s13568-017-0445-7
https://doi.org/10.1111/j.1574-6941.2011.01248.x
https://doi.org/10.1111/j.1574-6941.2011.01248.x
https://doi.org/10.1371/journal.pone.0169753
https://doi.org/10.1186/s40168-019-0748-9
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref36
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref36
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref36
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref37
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref37
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref37
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref37
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref38
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref38
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref38
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref38
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref39
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref39
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref39
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref39
https://doi.org/10.3855/jidc.336
https://doi.org/10.7860/JCDR/2017/23939.9720
https://doi.org/10.1186/s40409-015-0021-z
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref43
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref43
http://refhub.elsevier.com/S0882-4010(22)00052-3/sref43
https://doi.org/10.1089/mdr.2017.0371
https://doi.org/10.1128/AEM.01736-17
https://doi.org/10.1007/s42770-021-00624-x
https://doi.org/10.3390/foods10092117
https://doi.org/10.3390/foods10092117
https://doi.org/10.3390/antibiotics10091060

	Surface microbiota and associated staphylococci of houseflies (Musca domestica) collected from different environmental sources
	1 Introduction
	2 Material and methods
	2.1 Collection of houseflies
	2.2 NGS and metagenomic analysis
	2.3 Identification of staphylococcal strains
	2.3.1 Detection of virulence genes
	2.3.2 Antibiotic susceptibility testing
	2.3.3 Biofilm tests
	2.3.4 Extracellular enzyme production
	2.3.5 Pulsed field gel electrophoresis

	2.4 Statistical analysis

	3 Results and discussion
	4 Conclusion
	Data availability
	Declaration of interests
	Acknowledgements
	Appendix A Supplementary data
	References


