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Abstract
Background Flies are acknowledged as vectors of diseases transmitted through mechanical means and represent a 
significant risk to human health. The study aimed to determine the prevalence of enteropathogens carried by flies in 
Pudong New Area to inform strategies for preventing and controlling flies.

Methods Samples were collected from various locations in the area using cage trapping techniques between April 
and November 2021, encompassing various habitats such as parks, residential areas, restaurants, and farmers’ markets. 
The main fly species were identified using cryomicrography and taxonomic enumeration, with 20 samples per tube 
collected from different habitats. Twenty-five enteropathogens were screened using GI_Trial v3 TaqManTM microbial 
arrays.

Results A total of 3,875 flies were collected from 6,400 placements, resulting in an average fly density of 0.61 flies 
per cage. M. domestica were the most common species at 39.85%, followed by L. sericata at 16.57% and B. peregrina 
at 13.14%. Out of 189 samples, 93 tested positive for enteropathogens, with nine different pathogens being found. 
12.70% of samples exclusively had parasites, a higher percentage than those with only bacteria or viruses. The study 
found that M. domestica had fewer enteropathogens than L. sericata and B. peregrina, which primarily harbored B. 
hominis instead of bacteria and viruses such as E. coli, Astrovirus, and Sapovirus. During spring testing, all three fly 
species exhibited low rates of detecting enteropathogens. M. domestica were found in residential areas with the 
highest number of pathogen species, totaling six. In contrast, L. sericata and B. peregrina were identified in farmers’ 
markets with the highest number of pathogen species, totaling six and seven, respectively.

Conclusions Flies have the potential to serve as vectors for the transmission of enteropathogens, thereby posing a 
substantial risk to public health.
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Introduction
Intestinal infectious diseases (IIDs) are a group of dis-
eases caused by bacteria, viruses, parasites and other 
pathogens that are transmitted through the digestive 
tract, with fever and diarrhea as the main symptoms [1]. 
IIDs are a significant global public health concern, exert-
ing a substantial impact on the public health domain and 
serving as a prominent contributor to the increased mor-
tality rate among children under the age of five [2, 3]. In 
China, IIDs remain a predominant concern in the realm 
of infectious diseases, resulting in significant economic 
and health burdens [4–6]. Scientific investigations in the 
late 19th century conclusively established the involve-
ment of Diptera as vectors in the dissemination of entero-
pathogens [7]. During the 20th century, the rise in cases 
of enteric infections prompted Western countries to 
prioritize research on Diptera, particularly species with 
valves [8–11]. Tufts University Medical Center in the 
United States conducted a study on fecal samples from 
individuals with diarrhea in urban and rural households 
in Vellore, India, and examined nearby flies to investi-
gate the influence of environmental factors on the spread 
of IIDs [12]. The high frequency of human mobility and 
trade activities in the Pudong New Area poses a substan-
tial risk for the transmission of IIDs. During the period of 
2013 to 2017, there was a notable persistence of high pos-
itive detection rates of enteropathogens in Pudong New 
Area, with Norovirus, Rotavirus, and Escherichia coli(E. 
coli) emerging as predominant pathogens exhibiting dis-
tinct seasonal epidemiological patterns [6]. Against this 
background, it is crucial to study the transmission routes 
of enteric infectious diseases and the impact of pathogens 
on public health.

Diptera, specifically flies, are considered significant 
environmental health pests due to their ability to trans-
mit pathogens through primarily mechanical means, 
with some instances of biological transmission [13, 14]. 
This insect group possesses abundant body and foot hairs 
that facilitate the transportation of various microorgan-
isms, including bacteria such as E. coli, Staphylococcus 
aureus, Klebsiella spp, Bacillus spp, and Acinetobacter 
spp [15–20], as well as viruses like Adenoviruses and 
Rotaviruses [15, 21], and a diverse array of parasites such 
as Cryptosporidium [21–24]. E. coli is a key indicator of 
potential contamination in water and food sources, as 
well as a direct threat to human health through patho-
genic strains like ETEC, EHEC, EIEC, and EPEC causing 
various illnesses including diarrhea [25]. Some strains 
of E. coli have virulence factors like toxin and antibi-
otic resistance genes, making treatment difficult. Non-
pathogenic strains in the intestines can help with normal 
functions, but can become carriers of virulence factors 
when transmitted by flies. Cryptosporidium, a com-
mon parasite found in vertebrates, can cause a diarrheal 

illness called cryptosporidiosis. If the host’s immune 
system is weak, the disease can become chronic and life-
threatening. Cryptosporidium tyzzeri, known for infect-
ing a limited range of hosts, is also capable of spreading 
to humans [26]. The conducive hot and rainy climate, 
high population density, significant domestic waste gen-
eration, and diverse industrial structure of Pudong New 
Area create an optimal breeding environment for flies 
[27]. However, research on flies in Shanghai is currently 
limited to density monitoring and ecological studies. Sev-
eral studies conducted by the Centers for Disease Control 
and Prevention (CDC) in China have revealed a strong 
correlation between fly populations and the prevalence 
of enteric infections and bacillary dysentery [28–30]. As 
environmental pollution and climate change continue to 
worsen, the potential impact of flies on human health is 
expected to escalate. Consequently, it is imperative to 
enhance surveillance and research efforts on fly-borne 
pathogens, in conjunction with exploring more efficient 
prevention and control measures, alongside density mon-
itoring and ecological studies.

Within the subfamily Cyclostomatidae, several families 
hold significant importance in relation to human health, 
including Muscidae, Calliphoridae, Sarcophagidae, and 
Drosophilidae, totaling approximately 305 species [31]. 
In an ecosystem, the dominant fly species is character-
ized by having the largest number of individuals, the wid-
est distribution, and the most significant impact on the 
environment [32]. In vector organism monitoring con-
ducted in China and Shanghai, the species with the high-
est densities are Musca domestica(M. domestica), Lucilia 
sericata(L. sericata) and Boettcherisca peregrina(B. per-
egrina) [33, 34]. In addition to transmission by Diptera, 
environmental factors and seasonal variations play an 
important role in the transmission of enteric pathogens. 
Furthermore, the study seeks to establish potential asso-
ciations between these pathogens and human entero-
pathogens, with the ultimate goal of providing a scientific 
foundation for the early warning and prediction of IIDs.

Materials and methods
Study area and trapping of fly species
The population of Pudong New Area is estimated to be 
5,767,700 in 2021. The climate in the region is charac-
terized by average monthly temperatures ranging from 
13.5 to 28.6 °C between April and November, along with 
an average monthly relative humidity of 72-85%. The 
study categorized seasons as winter (December-Febru-
ary), spring (March-May), summer (June-August), and 
autumn (September-November) [35].

Fly species were systematically collected on a monthly 
basis from April to November 2021. Data collec-
tion is carried out by skilled collectors on 10 specified 
streets, encompassing diverse habitats including parks, 
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residential areas, farmers’ markets, and restaurants. 
These streets are situated in various regions of Pudong, 
including the eastern (Tangqiao, Sanlin), southern 
(Nicheng, Nanhui), western (Zhuqiao, Huinan), north-
ern (Gaoqiao, Gaohang), and central (Caolu, Chuan-
sha) parts(Fig.  1). The monitoring approach employed 
was in accordance with the cage trapping method [33]
utilized in the National Vector Monitoring Implemen-
tation Programme for fly surveillance. A conical fly trap 
cage, measuring 40 cm in height and Φ25 cm in diameter, 
was utilized in conjunction with a conical core measur-
ing 35  cm in height and featuring a top opening of Φ2 
cm.The bait employed consisted of a mixture of brown 
sugar and vinegar (25 g each) dissolved in 25 ml of water. 
The object was positioned at 09:00 for the duration of the 
monitoring period and subsequently recovered by 09:00 
on the subsequent day. Over the course of the survey, 
specimens of diarrheal diseases will be collected from 10 
monitoring point hospitals, such as Shanghai East Hos-
pital, Renji Hospital, Sixth People’s Hospital, Seventh 
People’s Hospital, Pudong Hospital, Pudong New District 
People’s Hospital, Gongli Hospital, NiCheng Community 
Hospital, Zhoupu Hospital and Yang Si Hospital. These 

specimens will then be sent to the Pudong New Area 
CDC for microbiological testing.

Fly identification and sample testing
The collector promptly brought the fly specimens to 
the laboratory and subjected them to freeze steriliza-
tion before transferring them to disposable petri dishes 
after a 30-minute interval. The petri dishes were then 
arranged in rows on ice.Following the protocol outlined 
in “Handbook of Classification and Identification of 
Major Disease Vectors,” edited by Zhou Minghao [36], 
we individually identified the morphological character-
istics and quantities of the fly species using a stereomi-
croscope. Subsequently, we determined the fly densities 
and species compositions in order to identify the three 
dominant fly species. To facilitate further analysis, 2  ml 
grinding tubes were prepared with a solution of Hank’s 
buffer, Proteinase K, and grinding beads, all pre-cooled 
to -20  °C. Identical fly species collected from the same 
habitat were grouped together in a grinding tube as a 
single sample, with a maximum of 20 flies per sample 
[12].The tubes were securely capped and placed in an 
aluminum adapter, then ground for 0.5 min at room tem-
perature (55 Hz) using a high-throughput tissue grinder. 

Fig. 1 Map showing of monitoring town in Pudong New Area Shanghai, in Eastern China
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Subsequently, the tubes were centrifuged for 4 min using 
an ultra-cold high-speed centrifuge (centrifugation 
radius 8.4  cm, 2,000  rpm, 4  °C). Following centrifuga-
tion, 200 µl of supernatant was pipetted for nucleic acid 
extraction, while the remaining sample was reserved for 
further analysis.

Nucleic acids were isolated using Nucleic Acid Extrac-
tion Reagent with a fully automated nucleic acid extrac-
tor. The isolated nucleic acids were then mixed with 
premix and used on GI_Trial v3 TaqManTM microbial 
arrays. Real-time fluorescence quantitative reverse tran-
scription polymerase chain reaction (RT-PCR) assays 
were conducted employing a Quant Studio 7 Fluores-
cence Quantitative PCR Instrument. The resulting ampli-
fication curve morphology, Amp Score, Cq value, and 
corresponding Cq confidence were evaluated in accor-
dance with the manufacturer’s guidelines for qualitative 
identification of 25 enteropathogens. The GI Microflu-
idic Chip V3 Premix is capable of detecting a total of 13 
bacteria, including E. coli, Vibrio parahaemolyticus (V. 
parahaemolyticus), Vibrio vulnificus, Vibrio cholerae, 
Aeromonas hydrophila, Plesiomonas shigelloides, Yersinia 
enterocolitica, Campylobacter jejuni, Campylobacter coli, 
Campylobacter upsaliensis, Clostridium difficile, Salmo-
nella, and Shigella. It can also detect 6 viruses, namely 
Norovirus, Astrovirus, Sapovirus, Adenovirus, Rotavi-
rus, and Parechovirus. In addition, six parasites were 
identified in the study, including Blastocystis hominis (B. 
hominis), Cryptosporidium, Dientamoeba fragilis, Ent-
amoeba histolytica, Cyclospora cayetanensis, and Giardia 
lamblia. The findings were confirmed using fluorescence 
quantitative PCR with designed primers, which provided 
accurate and reliable results.

Calculation of indicators
Adult fly density in cages = total number of flies caught in 
cages divided by the number of cages.

One tube is capable of detecting a range of 0 to M 
viruses, bacteria, or parasites. The presence of a pathogen 
is indicated by the detection of one positive tube among a 
total number of tubes tested. The rate of single pathogen 
detection is calculated by dividing the number of tubes 
testing positive for a single pathogen by the total number 
of tubes tested, denoted as M/N, where M represents the 
number of pathogen-positive test tubes and N represents 
the total number of tubes tested.

Statistical analysis
Data were compiled using Excel 2019 software and sub-
sequently analyzed using SPSS 19.0 software through the 
Pearson χ2 test, employing a two-sided test with a signifi-
cance level of P < 0.05.

Results
Fly species and density.

Between April and November 2021, a total of 6,400 
cages were utilized to capture 3,875 fly species, result-
ing in an average density of 0.61 fly species per cage. The 
composition of fly species revealed that M. domestica 
constituted the largest proportion at 39.85%, with a den-
sity of 0.24 per cage. Following M. domestica, L. sericata 
accounted for 16.57% and B. peregrina accounted for 
13.14%, with densities of 0.10 and 0.08 per cage, respec-
tively (Table  1, and Database: Supplementary Informa-
tion 1).

The transportation of enteropathogens by fly species
A total of 189 samples were collected from three species 
of flies, with 93 samples testing positive for enteropatho-
gens. Among the infected fly species, 26.88% were found 
to carry only parasites, a higher proportion compared to 
fly species carrying only bacteria and viruses. Addition-
ally, 29.04% of the infected fly species carried two major 
types of enteropathogens, while 5.38% carried all types of 
enteropathogens. The detection rate of enteropathogens 
was found to be significantly lower (P < 0.05) compared to 
that of L. sericata and B. peregrina. The enteropathogens 
carried by M. domestica primarily consisted of parasites, 
particularly B. hominis. In contrast, L. sericata and B. per-
egrina harbored enteropathogens such as E. coli, Astrovi-
rus, and Sapovirus to a lesser extent (Table 2; Fig. 2, and 
Database: Supplementary Information 2).

Fly species carry and spread enteropathogens throughout 
the year
During the spring season, all three fly species exhibited 
the lowest rates and varieties of enteropathogens. How-
ever, Cryptosporidium was present in all fly species dur-
ing the summer season, while B. hominis was found at 
the highest rate in the autumn. M. domestica samples 
showed the highest number of pathogenic species in the 

Table 1 displays the density and species composition of fly 
species
Species Cages Number Densities(fly 

species/
cage )

Com-
ponent 
ratio(%)

M. domestica 6400 1544 0.24 39.85
L. sericata 6400 642 0.10 16.57
B. peregrina 6400 509 0.08 13.14
Other species of 
Sarcophaga

6400 488 0.08 12.59

Other species of Lucilia 6400 287 0.04 7.41
C. megacephala 6400 196 0.03 5.06
M. stabulans 6400 111 0.02 2.86
M. sorbens 6400 52 0.01 1.34
F. canicularis 6400 26 0.00 0.67
F. prisca 6400 20 0.00 0.52
Total 6400 3875 0.61 100.00
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summer, including Norovirus and Astrovirus. L. sericata 
samples revealed the presence of Aeromonas hydrophila 
in both spring and summer, and Adenovirus in autumn. 
B. peregrina showed a high diversity of enteropatho-
gens during the autumn season, with Norovirus being 
detected (Fig. 3).

Fly species carry enteropathogens in various habitats
M. domestica exhibited the lowest presence in residen-
tial areas and farmers’ markets, predominantly harboring 
parasites, while L. sericata and B. peregrina were found 
to predominantly carry bacteria and viruses such as E. 
coli, Astroviruses, and Sapovirus. Among the three habi-
tats of M. domestica, B. hominis showed the highest rate 
of detection, followed by Sapovirus and Cryptosporidium 
in second and third place, respectively. Residential areas 

Table 2 Displays the different types of enteropathogens found in fly species
Category Samples of fly species 

n(%)
P Types of enteropathogens n(%)

N Positive Only bacteria Only viruses Only parasites carried 2 types carried 3 types
All 189 93(49.21) 18(19.35) 18(19.35) 25(26.88) 27(29.04) 5(5.38)
Species
M.domestica 118 44(37.29) <0.05 4 10 23 7 0
L. sericata 40 27(67.50) 6 5 0 11 5
B. peregrina 31 22(70.97) 6 3 2 10 1
Seasons
spring 39 17(43.59) >0.05 6 4 3 4 0
summer 77 38(49.35) 7 10 7 10 4
autumn 73 38(52.05) 4 4 15 13 2

Fig. 2 Displays the enteropathogens identified in fly species
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had the highest number of enteropathogens detected, 
with a total of six species identified, including V. parahae-
molyticus found in farmers’ markets. Farmers’ markets 
had the highest number of pathogens detected, with six 
species of L. sericata and seven species of B. peregrina, 
respectively. L. sericata were found to carry Aeromonas 
hydrophila in both residential areas and farmers’ mar-
kets, and B. peregrina were found to carry Norovirus in 

farmers’ markets (Table 3; Fig. 4, and Database: Supple-
mentary Information 2).

The diversity of fly species and their potential role as 
vectors for human enteropathogens
The spectrum of enteropathogens identified in fly spe-
cies included nine pathogens, with ten pathogens isolated 
from the comprehensive surveillance of IIDs. Among 
the bacteria detected in fly species, E. coli accounted 

Table 3 Diversity of enteropathogens carried by fly species across different habitat types
Habitats Samples of fly species 

n(%)
P Types of pathogens n(%)

N Positive Only bacteria Only viruses Only parasites carried 2 types carried 3 types
All 189 93(49.21) 18(19.35) 18(19.35) 25(26.88) 27(29.04) 5(5.38)
Residential area
M. domestica 39 15(38.46) <0.05 1 3 9 2 0
L. sericata 15 10(66.67) 3 2 0 3 2
B. peregrina 11 8(72.73) 2 2 1 3 0
Market
M. domestica 33 12(36.36) <0.05 1 3 6 2 0
L. sericata 13 7(53.85) 2 1 0 3 1
B. peregrina 10 8(80.00) 3 0 1 3 1
All species
Park 22 16(72.73) >0.05 2 3 0 9 2
Residential area 65 33(50.77) 6 7 10 8 2
Farmers’ markets 56 27(48.21) 7 4 7 7 2
Restaurant 46 17(36.96) 2 4 8 3 0

Fig. 3 Shows the identification of enteropathogens carried by fly species throughout various seasons
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for 89.80%, V. parahaemolyticus for 4.08%, and Aeromo-
nas hydrophila for 6.12%. In the surveillance of human 
beings, E. coli was detected in 51.61% of cases, Salmo-
nella in 33.33%, V. parahaemolyticus in 11.83%, Plesi-
omonas shigelloides in 2.15%, and Yersinia enterocolitica 
in 1.08%. Sapovirus demonstrated the highest frequency 
of isolation at 54.72%, followed by Astrovirus at 37.74%. 
Conversely, Norovirus was the most prevalent virus 
identified in human surveillance, accounting for 38.8% 
of cases, with Astrovirus and Adenovirus following at 
24.42% and 17.44%, respectively. B. hominis and Crypto-
sporidium were predominantly identified in fly species, 
with relative frequencies of 65.96% and 34.04%, respec-
tively. No parasites were detected during the monitoring 
of human diarrheal diseases (Fig.  5, and Database: Sup-
plementary Information 3).

The temporal trends of enteropathogens differed in 
fly species and in human beings, with peaks in detec-
tion occurring in different months. Fly species were 
most commonly detected in June and October, with 
lower detection rates in other months, while human 

enteropathogens peaked primarily in May, August, and 
October (Fig. 6, and Database: Supplementary Informa-
tion 3).

Discussion
The study results revealed the presence of up to nine 
pathogens in three common fly species, including three 
bacteria (E. coli, V. parahaemolyticus, and Aeromonas 
hydrophila), four viruses (Sapovirus, Astrovirus, Noro-
virus, and Adenovirus), and two protozoan parasites (B. 
hominis and Cryptosporidium). E. coli, B. hominis, and 
Sapovirus were the most common pathogens found, 
while highly pathogenic pathogens like Shigella and 
Vibrio cholerae were not detected [37]. E. coli was con-
sistent with previous studies [38]. B. hominis, a zoonotic 
waterborne parasite, has been found in fecal samples 
from patients at Peking Union Medical College Hospital 
and Shanghai residents [39, 40]. These viruses have not 
been found in flies before, but Sapovirus and Astrovirus, 
which are easily spread to infants and young children, 
were found in all three flies. Sapovirus and Astrovi-
rus, both foodborne viruses, are known to induce acute 

Fig. 4 Illustrates the various types of enteropathogens harbored by different species of fly across various habitat types (A)M. domestica transports entero-
pathogens across various habitat types. (B)L. sericata transports enteropathogens across various habitat types. (C)B. peregrina transports enteropathogens 
across various habitat types
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gastroenteritis and exhibit heightened pathogenicity in 
individuals with underlying chronic conditions or com-
promised immune systems, resulting in severe symp-
toms, prolonged illness, and an increased likelihood of 
complications [41–43]. Sapovirus was discovered in chil-
dren with diarrhea at Shanghai East Hospital [44], while 

astrovirus was found in children with acute gastroenteri-
tis at Fudan University’s pediatric hospital [45]. The lack 
of research on Sapovirus and Astrovirus in flies highlights 
the importance of studying flies as carriers of diseases. 
Norovirus has been implicated in fatalities among the 
elderly, as well as contributing to morbidity and mortality 

Fig. 6 Presents a comparative analysis of the monthly distribution patterns of enteropathogens detection rates in fly species and human beings

 

Fig. 5 Illustrates the comparison between the detection of enteropathogens in fly species and human beings
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in young children, immunocompromised individuals, 
and the elderly. Furthermore, Norovirus infections incur 
healthcare expenses and diminish productivity [46, 47]. 
Rotavirus is the primary etiological agent of severe gas-
troenteritis in elderly individuals and children on a global 
scale [48].

Seasonal changes affect the detection rate and diversity 
of enteropathogens in Diptera, with lower levels observed 
in the spring due to less favorable conditions for their 
proliferation and transmission. This finding contrasts 
with the results reported in Dutta’s study [38]. Further-
more, the decrease in food remnants post-spring likely 
impeded the formation of potential sources of transmis-
sion and breeding grounds for pathogens.This phenom-
enon may be attributed to precipitation events that led 
to the runoff of animal feces containing Cryptosporidium 
oocysts into the water source. Autumn weather changes 
may have made conditions better for B. hominis in flies, 
increasing its presence. In contrast, summer samples 
of M. domestica showed different pathogens than those 
found in humans by Wang et al [6]. L. sericata found 
Aeromonas hydrophila in water during warmer months, 
which could increase with higher temperatures. Of par-
ticular concern are the heightened temperatures and 
increased precipitation characteristic of summer [49], 
which may exacerbate environmental sanitation issues 
due to heightened fly activity.

Given the diverse feeding habits of M. domestica, which 
encompass a broad spectrum of organic materials such as 
refuse, waste, and decaying food, coupled with their fre-
quent presence in human environments, it is plausible 
that their extensive contact with human food sources and 
water reservoirs has facilitated their role as primary vec-
tors for the transmission of the waterborne parasites B. 
hominis and Cryptosporidium [50]. The prevalence of a 
wide range of enteropathogens in M. domestica is most 
pronounced in regions with high residential density, a 
phenomenon that can be linked to the accumulation of 
domestic waste resulting from dense population concen-
trations. The buildup of waste attracts M. domestica and 
promotes the spread of disease. Proper waste disposal 
and water cleanliness can reduce the risk of disease trans-
mission. The main pathogens found at farmers’ markets 
are L. sericata and B. peregrina due to unsanitary con-
ditions and abundant food waste and animal carcasses. 
This increases the risk of disease transmission, making it 
crucial to improve cleanliness at these markets to prevent 
the spread of illnesses.

Norovirus was identified in M. domestica captured in 
residential areas and in B. peregrina captured in farmers’ 
markets, a discovery that aligns with previous research 
by Stefan [21]. This virus is currently a leading cause of 
infectious diarrhea in the Pudong New Area of Shang-
hai [51], and the high population density in the area may 

have facilitated the transmission of the pathogen, poten-
tially leading to an increased diversity of pathogens car-
ried by the flies. It is believed that B. peregrina have a 
higher ability to spread pathogens from food and waste in 
markets due to their active behavior and feeding habits. 
Contaminated food in markets helps B. peregrina multi-
ply. Limited research has been done on how flies transmit 
V. parahaemolyticus, Aeromonas hydrophila, and Adeno-
virus. V. parahaemolyticus, a marine pathogen, has been 
found in flies at farmers’ markets and can cause food-
borne illness with symptoms like abdominal pain, vom-
iting, and diarrhea. This pathogen is commonly found 
in seafood and thrives in environments where food can 
spoil. To prevent its spread, it is important to improve 
hygiene practices in farmers’ markets. The presence of 
Aeromonas hydrophila in L. sericata collected from resi-
dential areas and farmers’ markets supports previous 
research findings [38]. This bacterium is a major cause 
of infectious disease outbreaks in freshwater aquaculture 
fish in China. Monitoring L. sericata can help under-
stand their role in spreading Aeromonas hydrophila. 
This finding is important for preventing and managing 
fish diseases, highlighting the need to control L. sericata 
in residential areas and markets. Additionally, the study 
identified the presence of Adenovirus in L. sericata cap-
tured in parks and farmers’ markets, a pathogen known 
to induce acute gastroenteritis characterized by abdomi-
nal pain and diarrhea in children under the age of 4. This 
study posits that L. sericata may serve as potential carri-
ers and vectors of Adenovirus, thus presenting a poten-
tial health risk to children.

This study is constrained by several limitations. Spe-
cifically, it focused solely on enteropathogens carried by 
major fly species, neglecting the broader spectrum of fly 
species and their associated enteropathogens in natural 
environments. Additionally, as the study only focused 
on the four habitat types described, it does not provide 
a comprehensive understanding of fly-carrying entero-
pathogens in the Pudong New Area. In future research, 
we plan to conduct experiments on flies that carry patho-
gens within specific habitats. We will analyze the food 
sources they have come into contact with and the envi-
ronments they have lived in, aiming to identify cases of 
direct contamination in both food and the surroundings.

Conclusions
Utilizing high-throughput polymerase chain reaction 
(PCR) technology, we conducted a novel study detect-
ing human enteropathogens in wild-caught flies, reveal-
ing their potential as carriers and transmitters of various 
enteropathogens such as bacteria, viruses, and parasites. 
This finding underscores the significant role that flies 
may play in the spread of foodborne illnesses.Conse-
quently, there is a pressing necessity to enhance existing 
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environmental hygiene protocols to reduce fly exposure 
to unsanitary conditions, thereby impeding the transmis-
sion of pathogens.
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