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Abstract 

Background  Traditional methods for detecting insect-borne bacterial pathogens are time-consuming and require 
specialized laboratory facilities, limiting their applicability in areas without access to such resources. Consequently, 
rapid and efficient detection methods for insect-borne bacterial diseases have become a pressing need in disease 
prevention and control.

Methods  We aligned the ribosomal 16S rRNA sequences of seven bacterial species (Staphylococcus aureus, Shigella 
flexneri, Aeromonas caviae, Vibrio vulnificus, Salmonella enterica, Proteus vulgaris, and Yersinia enterocolitica) by DNASTAR 
Lasergene software. Using DNASTAR Lasergene and Primer Premier software, we designed universal primers RLB-F 
and RLB-R, two species-specific probes for each pathogen, and a universal probe (catch-all). The PCR products 
of seven standard strains were hybridized with specific oligonucleotide probes fixed on the membrane for specific 
experimental procedures. To evaluate the sensitivity of PCR-RLB, genomic DNA was serially diluted from an initial copy 
number of 1010 to 100 copies/μl in distilled water. These dilutions were utilized as templates for the PCR-RLB sensitivity 
analysis. Simultaneous detection of seven fly-borne bacterial pathogens from field samples by the established PCR-
RLB method was conducted on a total of 1060 houseflies, collected from various environments in Lanzhou, China.

Results  The established PCR-RLB assay is capable of detecting bacterial strains of about 103 copies/μl for S. aureus, 
103 copies/μl for S. flexneri, 105 copies/μl for A. caviae, 105 copies/μl for V. vulnificus, 100 copies/μl for S. enterica, 
105 copies/μl for P. vulgaris, and 100 copies/μl for Y. enterocolitica. The results demonstrate that the detection rate 
of the established PCR-RLB method is higher (approximately 100 times) compared to conventional PCR. This method 
was applied to assess the bacterial carrier status of flies in various environments in Lanzhou, China. Among the seven 
bacterial pathogens carried by flies, S. enterica (34.57%), S. flexneri (32.1%), and Y. enterocolitica (20.37%) were found 
to be the predominant species.

Conclusions  Overall, this research shows that the rapid and efficient PCR-RLB detection technology could be a use-
ful for surveillance and therefore effective prevention and control the spread of insect-borne diseases. Meanwhile, 
the experimental results indicate that urban sanitation and vector transmission sources are important influencing 
factors for pathogen transmission.
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Background
Flies are known carriers and disseminators of various 
bacterial pathogens, which can lead to human diar-
rhea, food poisoning, and a range of bacterial dis-
eases, including cholera, bacteremia, tuberculosis, and 
anthrax [1–7]. While numerous fly species exist, only a 
few are commonly found in households and farms, such 
as the houseflies Stomoxys calcitrans, Lucilia sericata, 
and Sarcophagidae. Flies often feed and reproduce in 
animal feces, organic waste, and carcasses, making 
them significant contributors to environmental con-
tamination and human health risks [4, 8–14]. Notably, 
flies have been implicated in the transmission of enter-
ohemorrhagic Escherichia coli and avian influenza in 
Japan, as reported in the Science Times on February 24, 
2005. In China, flies are also a key focus of prevention 
and control measures for insect-borne diseases.

Traditionally, the detection of insect-borne bac-
terial pathogens relies on labor-intensive bacterial 
culture and isolation methods. This approach is time-
consuming and requires specialized laboratory facili-
ties, limiting its applicability in areas without access 
to such resources. Consequently, rapid and efficient 
detection methods for insect-borne bacterial diseases 
have become a pressing need in disease prevention and 
control.

Advancements in bioinformatics have yielded complete 
sequences of various insect-borne pathogens, offering 
valuable tools for pathogen gene detection. Molecular 
biology has also led to the development of efficient and 
specific techniques for detecting vector-borne diseases, 
including polymerase chain reaction-enzyme linked 
immunosorbent assay (PCR-ELISA) [15], real-time 
PCR (qPCR) [16], and nucleic acid probe hybridization. 
Among these techniques, PCR-based reverse line blot 
(PCR-RLB) stands out for its ability to simultaneously 
detect a wide range of pathogenic microorganisms car-
ried by insects, offering high sensitivity, specificity, and 
throughput. This method involves combining single-
stranded PCR products with species-specific probes 
to identify the amplified sequence, making it suitable 
for species identification and differentiation in cases of 
mixed infections. PCR-RLB has found extensive applica-
tion in the detection of various pathogens. For instance, 
Kaufhold et  al. [17] initially employed PCR-RLB for 
serotype identification of Streptococcus, followed by 
O’Sullivan et al. [18], who analyzed drug-resistant strains 
of Staphylococcus aureus using PCR-RLB technology. 
Nijhof et  al. [19] also utilized this method to analyze 
three species of Theileria in Africa. However, most pre-
vious studies have primarily focused on detecting single 
bacterial subtypes, with limited reports on the simultane-
ous detection of multiple bacterial species.

Between 2004 and 2010, enteric diseases, including 
bacillary dysentery, typhoid, and hepatitis A, accounted 
for a significant portion (0.24–0.44) of the total incidence 
of Category A, B, and C infectious diseases in Lanzhou, 
China. In recent years, there has been a notable increase 
in the incidence of intestinal infectious diseases and 
several reported cases of bacterial food poisoning. This 
underscores the ongoing significance of intestinal infec-
tious diseases and bacterial food poisoning in Lanzhou’s 
disease prevention and control efforts. Therefore, the 
development of a rapid method for detecting intesti-
nal infectious bacteria carried by flies is a crucial step in 
preventing and controlling infectious diseases. The pri-
mary objective of this study was to establish a PCR-RLB 
hybridization assay capable of simultaneously detect-
ing seven bacterial species, namely S. aureus, Shigella 
flexneri, Aeromonas caviae, Vibrio vulnificus, Salmonella 
enterica subsp. enterica serovar Typhimurium, Proteus 
vulgaris, and Yersinia enterocolitica subsp. enterocolitica, 
in a single reaction system. This method was then applied 
to assess bacterial carriage by houseflies randomly col-
lected from four different environments in Lanzhou, 
China, including residential areas, slaughterhouses, gar-
bage sites, and hospitals.

Methods
Standard bacterial strains
We obtained seven bacterial strains from Shanghai Bio-
plus Biotech Co., Ltd. (Shanghai, China), and their details 
are provided in Table  1. These strains underwent iden-
tification using the VITEK 2 Compact automatic bacte-
rial identification and analysis system (Meriere, France), 
conducted at the microbiology laboratory of the Quaran-
tine Service, Gansu Provincial Center for Disease Control 
and Prevention (GSCDC) in Lanzhou, Gansu Province, 
China.

Collection and treatment of housefly samples
We randomly collected a total of 1060 houseflies from vari-
ous locations in Lanzhou, China, between 2016 and 2017. 

Table 1  Standard strains of seven bacterial species

ATCC, American Type Culture Collection

Species Strain ID number

Staphylococcus aureus ATCC 25923

Shigella flexneri ATCC 12022

Aeromonas caviae ATCC 15468

Vibrio vulnificus ATCC 17802

Salmonella enterica subsp. enteric serovar typhimurium ATCC 13311

Proteus vulgaris ATCC 29905

Yersinia enterocolitica subsp. Enterocolitica ATCC 17802
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These locations included residential areas (n = 380), slaugh-
terhouses (n = 330), garbage transfer stations (n = 200), and 
areas near hospitals (n = 150). The samples were processed 
in accordance with industry standard SN/T 3064.1–2011. 
Specifically, 10 houseflies were grouped together in steri-
lized triangular flasks, and 10  ml of physiological saline 
was added. The mixture was shaken for 10 min by orbital 
shaker (Orbital Shaker TS-1) to prepare for subsequent 
DNA extraction.

DNA extraction
We extracted DNA from fly samples and standard bacte-
rial strains using gram-negative bacterial DNA extraction 
kit (ABT, Beijing, China), following the manufacturer’s 
instructions. In summary, 1  ml of the overnight bacte-
rial culture or homogenized fly sample was collected and 
centrifuged for 5  min at 10,000  rpm. The supernatant 
was discarded, and 1 ml of physiological saline was added 
to the precipitate. After agitation to disperse the bacte-
ria, the mixture was centrifuged for 5 min at 10,000 rpm. 
The supernatant was once again discarded, and approxi-
mately 200  μl of sterilized ddH2O was added and mixed 
thoroughly. After another centrifugation step for 3 min at 
13,000 rpm, the supernatant was discarded. Subsequently, 
50 μl of the nucleic acid extraction solution from the gram-
negative bacterial DNA extraction kit was added to the 
bacterial precipitate, mixed thoroughly, and centrifuged 
briefly. The supernatant was collected, and the bacterial 
solution in the EP (Eppendorf) tube was subjected to a 
water bath at 100 °C for 10 min. Following this, it was cen-
trifuged for 10 min at 13,000 rpm, and the resulting super-
natant was stored at − 20 °C for subsequent use as the DNA 
template in amplification experiments.

Primer and probe design
The 16S RNA gene sequences are highly conserved and 
are available in the GenBank database [20]. We aligned the 
ribosomal 16S rRNA sequences of seven bacterial species 
(S. aureus, S. flexneri, A. caviae, V. vulnificus, S. enterica, 
P. vulgaris, and Y. enterocolitica) by DNASTAR Lasergene 
software (DNASTAR, Inc, USA). Using DNASTAR Laser-
gene and Primer Premier software (PREMIER Biosoft, 
USA), we designed universal primers RLB-F and RLB-R, 
two species-specific probes for each pathogen, and a uni-
versal probe (catch-all). The theoretical specificity of all 
primers and probes was validated through alignment and 

verification against the National Center for Biotechnology 
Information (NCBI) sequence databases using the Basic 
Local Alignment Search Tool (BLASTn). Universal primers 
were biotin-labeled at the 5’-end to detect PCR products 
in PCR RLB assays through hybridization with streptavi-
din-peroxidase substrates. All probes were labeled with 
an amine group at the 5’-end to facilitate covalent bond-
ing with nylon membranes, enabling membranes to be 
stripped and reused. The primers and probes were synthe-
sized by Sangon Biotech Company, China (Tables 2, 3).

PCR amplification
For each sample, the reaction mixture was prepared as 
follows:

Template DNA 1 µl

10 × reaction buffer* 10.0 μl

10 mM dNTP 1.0 μl

20 μM sense primer (RLB F) 0.5 μl

20 μM antisense primer (RLB R) 0.5 μl

Taq polymerase 0.5 μl

H2O 11.5 μl

Total 25 μl

*(200 mM Tris–HCl(pH 8.55), 160 mM (NH4)2SO4, and 20 mM MgCl2)

Genomic DNA from either the standard strains or the 
samples was used as template for the PCR reactions. The 
PCR reaction commenced with an initial denaturation step 
at 94 °C for 5 min. This was followed by 35 cycles consisting 
of denaturation at 94 °C for 30 s, annealing at 63 °C for 30 s, 
and extension at 72  °C for 45  s. A final extension step at 
72 °C for 10 min concluded the PCR process. Subsequently, 
the samples were maintained at 12 °C until analysis; 1 μl of 
genomic DNA from standard bacterial strains was added 
for the positive control. For negative control, nothing was 
added. The PCR amplification products were subjected to 
electrophoresis using a 1% agarose gel. Gels were stained 
with Goldview nucleic acid gel stain and visualized under 
ultraviolet (UV) light.

PCR‑RLB hybridization
The PCR-RLB protocol was executed following established 
procedures [21]. In summary, a Biodyne C membrane 
(BNBCH5R, Pall BioSupport) was activated at 25  °C by 
immersing it in 16% EDAC (E7750, Sigma) for 10 min. Sub-
sequently, it was rinsed with distilled water and placed in 

Table 2  Primer sequences and concentrations

Primer Primer sequence (5’–3’) Total provision (O.D.) Optimal concentrations (μM) Length

RLB-F AGY​GGC​GGA​CGG​GTG​AGT​AA 5 50 1100 bp

RLB-R Biotin-CCA​TTG​TAG​CAC​GTG​TGT​AGCCC​ 5 50
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a blot processor (Miniblotter, US Patent). Species-specific 
oligonucleotide probes were diluted to various concentra-
tions (25, 50, 100, 200, 500, 800, and 1000 μM) in 500 mM 
NaHCO3 (pH 8.4). These diluted probes were then added 
to the slots of the blot processor and allowed to incubate 
for 2 min. The membrane was subsequently immersed in 
100 mM NaOH for 10 min and rinsed with demineralized 
water at 60 °C for 5 min in 2 × SSPE/0.1% SDS. The mem-
brane was then positioned perpendicular to the probe ori-
entation in the blot processor.

Next, 20  μl of each PCR product of the sample was 
diluted in 2 × SSPE with 10% w/v SDS to a final volume 
of 150  μl. This mixture was heated to 99  °C for 10  min 
and promptly cooled on ice. The denatured PCR prod-
ucts were added to the slots in the blot processor and 
incubated for 60  min at 60  °C. Subsequently, the mem-
brane was washed twice at 60 °C for 10 min in 2 × SSPE 
with 0.5% SDS. Furthermore, the membrane was treated 
at 42 °C for 60 min with peroxidase-labeled streptavidin, 
which was diluted 1:4000 in 2 × SSPE/0.5% SDS. It was 
then washed twice at 42  °C for 10 min in 2 × SSPE/0.5% 
SDS and twice at room temperature for 5 min in 2 × SSPE. 
Finally, chemiluminescence detection was carried out in 
accordance with standard procedures (Amersham).

Specificity and sensitivity of PCR‑RLB
Two specific oligonucleotide probes were designed for 
each pathogen. The standard strains were amplified using 
a pair of universal primers. The PCR products of seven 
standard strains were hybridized with specific oligonu-
cleotide probes fixed on the membrane for specific exper-
imental procedures (the specific operation is as shown 

in 2.6). The specificity of the probe can be confirmed by 
binding with PCR product of their corresponding stand-
ard strain and not hybridizing with the blank control and 
that of other strain.

To evaluate the sensitivity of PCR-RLB, the concentra-
tions of genomic DNA from the standard strains were 
measured using a nucleic acid concentration meter (Nan-
oDrop ND-2000). DNA copy number was then calculated 
by the following formula:

Genomic DNA was serially diluted from an initial copy 
number of 1010 to 100 copies/μl in distilled water. These 
dilutions were utilized as templates for the PCR-RLB sen-
sitivity analysis (the experimental method is detailed in 
2.6).

Results
Selection of probes and primers
A pair of primers (RLB-F/R) with lengths of 20 and 23 bp 
were designed to amplify all standard strains, and the 
amplicon size was approximately 1100 bp. The results of 
the PCR amplification are illustrated in Fig. 1.

The A. caviae-1 probe and P. vulgaris-2 probe did 
not exhibit any cross-reaction with the seven standard 
strains. However, S. aureus-1 and S. flexneri-1 probes 
simultaneously identified two bacterial species. Conse-
quently, these five oligonucleotide probes were deemed 
unsuitable for PCR-RLB experiments. The final selec-
tion of oligonucleotide probes included S. aureus-2, S. 

Copies/µL =

DNA concentration
(

ng/µL
)

× 10−9
× 6.02× 1023

DNA length × 330

Table 3  Probe sequences and concentrations

Two probes were designed for each pathogen species for specific probe screening

Probe Probe sequence (5’–3’) Accession no. Base number Total 
provision 
(O.D.)

Optimal 
concentrations 
(μM)

Position

Catch-all (NH2)-CAG​GAT​TAG​ATA​CCC​TGG​TAG​TCC​ – 24 10 50 820–843 bp

Staphylococcus aureus-1 (NH2)-TCA​AAA​GTG​AAA​GAC​GGT​CTTGC​ NR118997 23 10 – 220–242 bp

Staphylococcus aureus-2 (NH2)-CAA​CAT​ATG​TGT​AAG​TAA​CTG​TGC​AC NR118997 26 10 50 480–505 bp

Shigella flexneri-1 (NH2)-GGA​GTA​AAG​TTA​ATA​CCT​TTGC​ X96963 22 10 – 480–501 bp

Shigella flexneri-2 (NH2)-CTG​ATA​CTG​GCA​AGC​TTG​AGT​CTC​GT X96963 26 10 50 670–695 bp

Aeromonas caviae-1 (NH2)-CGA​GGA​GGA​AAG​GTC​AGT​AGC​ NR029252 21 10 – 108–128 bp

Aeromonas caviae-2 (NH2)-GGA​ATC​AGA​ACA​CAG​GTG​CT NR029252 20 10 100 698–717 bp

Vibrio vulnificus (NH2)-AGA​GAA​TTC​TAG​CGG​AGA​CGCG​ NR118930 22 10 100 665–686 bp

Salmonella enterica (NH2)-AGA​AGA​ATC​CAG​AGA​TGG​ATTG​ NR119108 22 10 100 666–687 bp

Proteus vulgaris-1 (NH2)-GGT​GAT​AAA​GTT​AAT​ACC​TTT​GTC​AA NR115878 26 10 100 118–143 bp

Proteus vulgaris-2 (NH2)-CGA​ATC​CTT​TAG​AGA​TAG​AGGA​ NR115878 22 10 – 667–688 bp

Yersinia enterocolitica-1 (NH2)-GGC​CAA​TAA​CTT​AAT​AGG​TTG​ NR074308 21 10 – 118–138 bp

Yersinia enterocolitica-2 (NH2)-AGA​ACT​TAG​CAG​AGA​TGC​TTCG​ NR074308 22 10 100 667–688 bp
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flexneri-2, A. caviae-2, V. vulnificus, S. enterica, P. vul-
garis-1, and Y. enterocolitica-2, as shown in Fig. 2.

Specificity of PCR‑RLB
The PCR products, obtained from the amplification of 
DNAs extracted from the seven standard strains, were 
subjected to hybridization with probes affixed to the 
membrane. The resulting hybridized products displayed 
distinct and measurable chemiluminescent signals on 
the film. The specific oligonucleotide probes effectively 
bound to their corresponding standard strains, yielding 
clear chemical signals. Importantly, no cross-reaction 
was observed among the tested bacterial species, demon-
strating the accurate identification of mixed DNAs from 
these diverse bacterial species (Fig. 3).

Sensitivity of PCR‑RLB
The PCR-RLB assay is capable of detecting bacterial 
strains of about 103  copies/μl for S. aureus, 103  copies/
μl for S. flexneri, 105 copies/μl for A. caviae, 105 copies/
μl for V. vulnificus, 100 copies/μl for S. enterica, 105 cop-
ies/μl for P. vulgaris, and 100 copies/μl for Y. enterocolit-
ica (Fig. 4). To test the ability of the developed PCR-RLB 
assay for detecting these seven bacterial species, a com-
parative evaluation with traditional PCR was conducted. 
The sensitivity of traditional PCR is presented in Fig. 5, 
with detection limits of 107 copies/μl (S. aureus), 109 cop-
ies/μl (S. flexneri), 107 copies/μl (A. caviae), 107 copies/μl 
(V. vulnificus), 104 copies/μl (S. enterica), 107 copies/μl (P. 
vulgaris), and 108 copies/μl (Y. enterocolitica). The results 

M 1 2 3 4 5 6 7

2000——

1000——
750——
500——

100——
250——

bp

Fig. 1  Validation results of primers. Lane: M, DL2000 DNA marker; 
lane 1–7: Staphylococcus aureus, Shigella flexneri, Aeromonas caviae, 
Vibrio vulnificus, Salmonella enterica, Proteus vulgaris, and Yersinia 
enterocolitica, respectively

1 2 3 4 5 6 7
Catch-all

S. aureus-1

S.flexneri-2

A.caviae-2

V. vulnificus
S.enterica

P. vulgaris-2

Y.enterocolitica-2

Catch-all

Y.enterocolitica-1

P. vulgaris-1

A.caviae-1

S.flexneri-1

S. aureus-2

Fig. 2  Probe selection. Oligonucleotide probes were applied 
in horizontal rows, and PCR products were applied in vertical 
lanes. Lanes 1 to 7 indicate PCR products of the 7 standard 
strains (Staphylococcus aureus, Shigella flexneri, Aeromonas caviae, 
Vibrio vulnificus, Salmonella enterica, Proteus vulgaris, and Yersinia 
enterocolitica, respectively). Rows 1 and 14 represent catch-all 
probes, while rows 2 to 13 correspond to S. aureus-1, S. aureus-2, S. 
flexneri-1, S. flexneri-2, A. caviae-1, A. caviae-2, V. vulnificus, S. enterica, P. 
vulgaris-1, P. vulgaris-2, Y. enterocolitica-1, and Y. enterocolitica-2 probes, 
respectively

1 2 3 4 5 6 7 8
Catch-all

S. aureus

S.flexneri

A.caviae

V. vulnificus

S.enterica

P. vulgaris
Y.enterocolitica

Catch-all
Fig. 3  PCR-RLB specificity experiment results of seven strains. 
Oligonucleotide probes are represented in horizontal rows, while PCR 
products are shown in vertical lanes. Lanes 1 to 7 indicate PCR 
products of the seven standard strains (Staphylococcus aureus, Shigella 
flexneri, Aeromonas caviae, Vibrio vulnificus, Salmonella enterica, Proteus 
vulgaris, and Yersinia enterocolitica, respectively); 8 indicates a blank 
control. Rows 1 and 9 indicate catch-all; 2–8 represent S. aureus-2, 
S. flexneri-2, A. caviae-2, V. vulnificus, S. enterica, P. vulgaris-1, and Y. 
enterocolitica-2 probes, respectively
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S. aureus S. flexneri Y. enterocoliticaP. vulgarisS. entericaV. vulnificusA. caviae
1010

109

108

107

106

105

104

103

102

100
101

Fig. 4  PCR-RLB sensitivity experiment results for seven strains. Oligonucleotide probes are represented in vertical lanes, and the copy numbers 
(copies/μl) of the serial tenfold dilutions of genomic DNA are displayed in horizontal rows 1–11, respectively
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f
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c d

e
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Fig. 5  Results of PCR sensitivity for the detection of seven bacterial strains (a–g). Ten-fold serial dilutions of genomic DNA (1010 to 100 copies/µl) were 
prepared using distilled water as a diluent and then amplified using PCR. Pictures a to g represent PCR results for the seven strains (Staphylococcus aureus, 
Salmonella flexneri, Aeromonas caviae, Vibrio vulnificus, Salmonella enterica, Proteus vulgaris, and Yersinia enterocolitica, respectively). Lane M contains the DL2000 
DNA marker. Lanes 1 to 11 represent amplification results for the tenfold serial dilutions descending order
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revealed that the sensitivity of PCR-RLB was significantly 
higher, approximately 100 times, than that of PCR, con-
sistent with findings in the literature [21–26].

Simultaneous detection of seven fly‑borne bacterial 
pathogenic from field samples by PCR‑RLB
Simultaneous detection of seven fly-borne bacterial path-
ogens from field samples by PCR-RLB was conducted on 
a total of 1060 houseflies, grouped into 106 collections, 
collected from various environments in Lanzhou, China. 
Compared to traditional PCR, the PCR-RLB method 
demonstrated precise identification of different bacterial 
species through species-specific oligonucleotide probes. 
Moreover, unknown bacterial species were detectable 
using universal probes. The results, presented in Fig.  6, 
vividly illustrate the bacterial carriage status of the 

samples, with detailed analysis results provided in Fig. 7 
and Table 4.

The carrier rates of the seven pathogenic bacteria in 
samples from four different environments were as fol-
lows: 1.23% for S. aureus, 32.1% for S. flexneri, 0% for 
A. caviae, 1.85% for V. vulnificus, 34.57% for S. enterica, 
0.62% for P. vulgaris, and 20.37% for Y. enterocolitica. 
Notably, A. caviae was not detected in any of the sam-
ples. The pathogen species most commonly carried by 
houseflies were S. flexneri, S. enterica, and Y. entero-
colitica. Houseflies near hospitals exhibited positivity 
for almost all these pathogenic species, except for A. 
caviae. Residential areas and garbage transfer stations 
had the highest carrier rates of Y. enterocolitica, while 
slaughterhouses and areas near hospitals had the high-
est carrier rates of S. flexneri.

a Sample 1-38
Catch-all

S. aureus
S.flexneri
A.caviae

V. vulnificus
S.enterica
P. vulgaris

Y.enterocolitica
Catch-all

b Sample 1-33
Catch-all

S. aureus
S.flexneri
A.caviae

V. vulnificus
S.enterica
P. vulgaris

Y.enterocolitica
Catch-all

c Sample 1-20
Catch-all

S. aureus
S.flexneri
A.caviae

V. vulnificus
S.enterica
P. vulgaris

Y.enterocolitica
Catch-all

d Sample 1-15
Catch-all

S. aureus
S.flexneri
A.caviae

V. vulnificus
S.enterica
P. vulgaris

Y.enterocolitica
Catch-all

Fig. 6  Detection of bacteria in flies from four distinct environments in Lanzhou, organized into 106 groups (comprising 10 samples per group). 
The y-axis represents oligonucleotide probes, the x-axis represents samples, and the detection outcomes for the 106 groups of fly samples are 
presented in lanes. a Lanes 1–38 display the detection results for 38 groups of samples from residential areas. b Lanes 1–33 display the detection 
results for 33 groups of samples from the slaughterhouse. c Lanes 1–20 display the detection results for 20 groups of samples from the garbage 
transfer station. d Lanes 1–38 display the detection results for 38 groups of samples from the nearby hospital
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Fig. 7  Distribution of proportions for seven pathogenic strains carried by houseflies in four different environments in Lanzhou

Table 4  Analysis of bacterial carrier rates for seven fly-borne bacterial pathogens

Residential area 
(38 groups)

Slaughterhouse (33 
groups)

Garbage transfer 
station (20 groups)

Hospital (15 
groups)

Total (groups) Carrier rate (%)

Staphylococcus aureus 0 0 0 2 2 1.23

Shigella flexneri 19 18 6 9 52 32.1

Aeromonas caviae 0 0 0 0 0 0

Vibrio vulnificus 0 0 0 3 3 1.85

Salmonella enterica 22 17 13 4 56 34.57

Proteus vulgaris 0 0 0 1 1 0.62

Yersinia enterocolitica 10 7 8 8 33 20.37

Others 5 6 3 1 15 9.26

Total 56 48 30 28 162
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Discussion
The PCR-RLB detection results emphasize the critical 
role of flies as vectors for intestinal infectious diseases 
and bacterial food poisoning. Flies collected from resi-
dential areas and slaughterhouses were found to carry 
a significant load of intestinal pathogens, including S. 
flexneri, S. enterica, and Y. enterocolitica. This under-
scores the importance of flies as carriers of intestinal 
infectious diseases, as these pathogens can cause symp-
toms such as diarrhea and vomiting. Flies carrying these 
pathogenic bacteria can contaminate food, utensils, eve-
ryday items, and their surroundings, increasing the risk 
of intestinal infectious diseases and bacterial food poi-
soning through contact or ingestion. Flies near hospitals 
were found to not only carry common intestinal patho-
gens but also S. aureus and Vibrio vulnificus. Hence, 
hospitals should take effective measures to control fly 
populations and strengthen the prevention and control 
of fly-borne bacterial diseases. These findings underscore 
the importance of improving urban environments and 
curbing the transmission of disease vectors to effectively 
control the spread of insect-borne diseases.

In this study, we developed a sensitive, reliable, and 
rapid method for the simultaneous detection of multi-
ple fly-borne bacterial pathogens. The species-specific 
probes designed for PCR-RLB showed high specific-
ity, only hybridizing with amplified DNA from the cor-
responding species. Additionally, the membrane-bound 
oligonucleotide species-specific probes used in PCR-RLB 
detection technology can be easily reused for bacterial 
detection after washing with 0.5  M EDTA, significantly 
enhancing detection efficiency.

Sensitivity tests were conducted on PCR amplification 
products with different copy numbers, prepared by con-
tinuous tenfold dilution. The results demonstrated that 
the sensitivity of PCR-RLB was substantially higher than 
that of individual PCR (approximately 100 times). While 
establishing PCR-RLB requires special nylon mem-
branes (Biodyne) and access to professional laboratories 
and technical expertise, the actual detection process is 
straightforward, requiring only a membrane and a water 
bath to analyze multiple samples. The membrane can be 
reused 4–6 times, resulting in significant cost savings and 
making this method applicable in traditional laboratories. 
A limitation of the method was the long length of the 
PCR amplification, which affects sensitivity.

Conclusions
This newly established detection method was employed 
to collect data on bacteria carried by houseflies randomly 
collected from four different environments in Lanzhou, 
China. This preliminary exploration sheds light on how 

different urban environments impact fly-borne bacte-
ria. The results indicate that this rapid detection method 
for intestinal infectious bacteria carried by flies holds 
potential clinical application value and represents a cru-
cial measure for preventing and controlling infectious 
diseases.
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