
Analysis of the transmission of Staphylococcus
aureus drug resistance and genetic diversity in the
‘animal-environment/food-human’ dairy production
chain
Fangyuan Hu 

China Animal Health and Epidemiology Center
Juan Wang 

China Animal Health and Epidemiology Center
Yaopeng Liu 

China Animal Health and Epidemiology Center
Xiuli Zuo 

Junan County Animal Husbandry Development Promotion Center
Sijun Zhao 

China Animal Health and Epidemiology Center
Cuiping Song 

China Animal Health and Epidemiology Center
Xiumei Huang 

China Animal Health and Epidemiology Center
Lin Wang 

China Animal Health and Epidemiology Center
Zhina Qu 

China Animal Health and Epidemiology Center

Research Article

Keywords: Staphylococcus aureus, One Health, Bovine, AMR, Transmission

Posted Date: September 15th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-10427364/v1

https://doi.org/10.21203/rs.3.rs-10427364/v1
https://doi.org/10.21203/rs.3.rs-10427364/v1
https://doi.org/10.21203/rs.3.rs-10427364/v1


License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://creativecommons.org/licenses/by/4.0/


1 

 

Analysis of the transmission of Staphylococcus aureus drug resistance 1 

and genetic diversity in the ‘animal-environment/food-human’ dairy 2 

production chain 3 

Fangyuan Hu a,b, Juan Wang a, Yaopeng Liu a,b, Xiuli Zuo c, Sijun Zhao a,, Cuiping 4 

Song a,, Xiumei Huang a, Lin Wang a, Zhina Qu a 5 

a China Animal Health and Epidemiology Center, 266032 Qingdao, China 6 

b College of Veterinary Medicine, Shanxi Agricultural University, Taigu, 030801, 7 

China 8 

cJunan County Animal Husbandry Development Promotion Center, Linyi, 276600, 9 

China 10 

 11 

 12 

Corresponding author: 13 

Zhina Qu.641117207@qq.com 14 

Lin Wang.wl_891104@163.com 15 

First authorship:  16 

Fangyuan Hu.huhuohuo123@163.com 17 

Jun Wang.494657504@qq.com  18 



2 

 

Abstract: Staphylococcus aureus (S. aureus) causes mastitis in dairy bovine and 1 

spreads along the food chain, affectting human health. To effectively prevent and 2 

control the transmission of S. aureus from dairy bovine, this study was based on 3 

the concept of ‘One Health’, and 2236 samples were collected from large-scale 4 

farms in Jiaodong region of China, from the breeding and milking session, and the 5 

downstream process such as markets and hospitals. These samples were 6 

analyzed by mass spectrometry identification, and complemented by whole gene 7 

sequencing, in order to explore the molecular genetic characteristics of S. aureus 8 

from various sources and factors affecting its transmission. It was found that the 9 

overall isolation rate of S. aureus in 2236 samples was 17.12%, and the isolation 10 

rates in the four sampling sessions were farming (11.66%), milking (28.82%), 11 

market (1.33%), and hospital (18.71%). The most contaminated samples in the 12 

milking session, with high separation rates, were samples from the tank walls, air 13 

ducts, pens, towels, towel washing water and human sources (20% to 40.74%). 14 

The results of drug sensitivity showed that the multi-resistance rate of the 171 15 

representative strains was 37.71% (66/175), and the multi-resistance rate in the 16 

farm sector was 36.91% (55/149), which was much higher than that in the hospital 17 

sector( 28.57%) (P < 0.01). Except for penicillin (86.86%), the drug resistance rate 18 

of all strains to other antibiotics was below 35.43%. The 121 representative strains 19 

covered 7 clonal groups and 12 ST types, the dominant ST types being ST59 20 

(33.05%), ST97 (20.66%), and ST81 (9.9%). SNP analysis showed that 97.5% of 21 

the MRSA-ST59-t437 strains were situated within Clade I, and 89.74% of these 22 

strains sourceated from four sampling sessions. This study reveals that the implicit 23 
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carriage of S. aureus by bovine in the farming session is the main source of S. 1 

aureus in milk, and that the dominant type MRSA-ST59-t437 are widely clonally 2 

transmitted between animals-environment-workers in dairy farms, which has the 3 

risk of clonally transmitting to the consumer along the food chain. The milking 4 

session is a key risk point for S. aureus transmission in the production chain, with 5 

contaminated towels and their washing water, poor milking worker practices being 6 

the main influencing factors. It is suggested to establish the concept of ‘One health’ 7 

in production practice, strengthen the biosafety management of dairy farms, and 8 

effectively reduce the spread risk of S. aureus, especially multidrug-resistant 9 

strains, along the production chain between ‘animal-environment/food-human’. 10 

Keywords: Staphylococcus aureus; One Health; Bovine;AMR; Transmission 11 
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1 Introduction  1 

Staphylococcus aureus (S. aureus) is one of the main pathogens causing bovine 2 

mastitis, which is characterized by its persistence and recurrence. Antibiotic 3 

treatment is a crucial measure for controlling bovine mastitis [1, 2]. The use of 4 

antimicrobial agents to treat bovine mastitis can increase the selection pressure 5 

on S. aureus, leading to the emergence and spread of drug-resistant S. aureus 6 

strains. Because of the low probability of being cured by antibiotics, animals that 7 

fail to be treated are usually slaughtered, which leads to huge losses in dairy 8 

industry [3, 4]. S. aureus is also the third major cause of foodborne diseases in 9 

human beings [5, 6] and can be transmitted from livestock through the food chain, 10 

leading to human food poisoning [7], posing a serious threat to public health. The 11 

report of the US Centres for Disease Control and Prevention (CDC) on antibiotic 12 

resistance has listed methicillin-resistant S. aureus (MRSA) as a serious public 13 

health threat[8]. It is predicted that by 2050, antibiotic resistance will lead to 10 14 

million deaths per year and 100 trillion dollars in global economic loss. 15 

Raw milk goes through many stages of production before reaching consumers, 16 

including farming, milking, processing and distribution. As a significant foodborne 17 

pathogen, S. aureus can proliferate and disseminate throughout these stages 18 

when present in bovine. Richardson found that bovines are the main host source 19 

of S. aureus infections in humans, and multiple host interactions and switching 20 

events between bovine and humans have occurred during the past 3000 years [9]. 21 

In recent years, many studies have found that there was a close relationship 22 

between human carring LA-MRSA and farm occupational exposure [10, 11], but there 23 
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were relatively few studies on the risk factors for S. aureus transmission throughout 1 

the whole farm-to-table production chain. Utilizing the 'One Health' concept and 2 

whole genome sequencing technology, this study investigates the molecular 3 

genetic characteristics of S. aureus in dairy farming, milking, marketing, and 4 

hospital sessions, as well as the key transmission risk points and influencing 5 

factors. The aim is to establish the foundation for promoting healthy dairy farming 6 

practices and ensuring public health and safety. 7 

2 Material and methods 8 

2.1 Sample collection 9 

Between July and September 2024, a total of 2,236 samples were collected from 10 

various sessions, including dairy farming, milking, markets, and hospitals in the 11 

Jiaodong region of China. Specifically, 1,312 samples of 15 different types were 12 

obtained from five dairy farms, 694 samples of 12 types were collected from milking 13 

operations, 75 samples of pasteurized milk were sourced from supermarkets and 14 

milk bars, and 155 samples of patient feces were gathered from hospitals. The 15 

distribution of sample types and their respective quantities is detailed in Table 1. 16 

Table 1: Isolation rate of Staphylococcus aureus at different sessions. 17 

Session Type 
Number 

of 
samples 

Number 
of 

isolates 

Isolation 
rate 

 Farm 
(breeding) 

Milk 300 48 16.00% 

Nasal swab(Bovine) 305 64 20.98% 

Udder swab(Bovine) 65 7 10.77% 

Pen 75 5 6.67% 

Air(cowshed) 3 0 0.00% 

Bedding 75 1 1.33% 

Feed 75 0 0.00% 

Cow dung 75 2 2.67% 

Fly 54 0 0.00% 
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Water 20 0 15.56% 

Feed(barns) 45 7 0.00% 

Dust(warehouse) 35 1 2.86% 

Air(warehouse) 5 0 0.00% 

Transportation 60 6 10.00% 

Pen(outside the milking parlor) 65 3 4.62% 

Floor(outside the milking 
parlor) 

55 9 16.36% 

Subtotal 1312 153 11.66% 

Farm (milking) tank milk 50 12 24.00% 

air duct 50 17 34.00% 

Air(milking parlor) 5 0 0.00% 

Pen 80 31 38.75% 

Milking unit attachment 75 14 18.67% 

Towel 75 27 36.00% 

Effluent 27 11 40.74% 

Floor 70 9 12.86% 

Fly 17 0 0.00% 

Tank wall 55 11 20.00% 

Nasal swab(Worker) 40 15 37.50% 

Hand swab(Worker) 50 19 38.00% 

Clothes swab(Worker) 50 18 36.00% 

Sole swab(Worker) 50 16 32.00% 

Subtotal 694 200 28.82% 

Market Milk bar 15 1 6.67% 

Supermarket 60 0 0.00% 

Subtotal 75 1 1.33% 

Hospital Faeces 155 29 18.71% 

Total  2236 383 17.12% 

2.2 Bacterial isolation and identification 1 

The strains were isolated and identified according to the reference [12], and the 2 

quality control strain (ATCC 29213) was provided by the China Animal Health And 3 

Epidemiology Center. 4 

2.3 Antimicrobial Sensitivity Test 5 

A total of 139 representative strains were selected according to different sources 6 

and sample types, and the minimum inhibitory concentrations of the representative 7 
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strains against 18 antimicrobial drugs of 12 classes, including penicillin (PEN), 1 

amoxicillin/clavulanic acid (AMC), erythromycin (ERY), clindamycin (CLI), 2 

enrofloxacin (ENR), ofloxacin (OFL), ceftiofur (CEF), cefoxitin (CFX), sulfisoxazole 3 

(SIS), oxacillin (OXA), vancomycin (VAN), sulfamethoxazole/trimethoprim (SXT), 4 

doxycycline (DOX), fosfenicol (FFC), tiamulin (TIA), tilmicosin (TIL), gentamicin 5 

(GEN), linezolid (LZD), tetracycline (TET). The results were interpreted as valid if 6 

the quality control strain ATCC 29213 was used simultaneously, and if the quality 7 

control strain was within the quality control range and the positive control had 8 

bacterial growth, and the negative control had no bacterial growth. The 9 

experimental strains were simultaneously resistant to 3 or more classes of 10 

antimicrobials and were multidrug-resistant. 11 

2.4 Whole gene sequencing analysis 12 

One hundred and twenty-one representative strains from different sessions (31 13 

bovine-source strains, 59 environmental-source strains and 24 human-source 14 

strains, 1 market-source strain and 6 hospital-source strains) were selected, and 15 

the strains were screened for carrying the mecA gene by using PCR to confirm 16 

MRSA strains with reference to the literature [13]. At the same time, 121 strains were 17 

sent for whole genome sequencing and splicing to Bioengineering (Shanghai) Co. 18 

The whole genome sequence information was submitted to the Centre for Genome 19 

Epidemiology (CGE) website (https://www.genomicepidemiology.org/), and typing 20 

analysis was carried out by MLST and Sccmec modules, and Bionumerics 21 

software was used to construct the MLST of S. aureus isolates, the cgMLST 22 

minimum spanning tree, and strains were typed for staphylococcal A protein (spa) 23 
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using the spa (https://cge.food.dtu.dk/services/spaTyper/) website. Core genome 1 

evolutionary tree construction was performed on whole genome sequencing data 2 

using BioNumerics v7.6 software and beautified by the ChiPlot online website 3 

(https://www.chiplot.online/#). Inter-strain SNPS locus differences were analysed 4 

by the BacWGSTdb database using strain N315_BA000018_ST5 as the reference 5 

sequence. 6 

2.5 Statistical Analysis 7 

Using the software SPSS 26.0 chi-square test for statistical and significance of 8 

difference analysis, p < 0.01, the difference is highly significant, indicated by ‘**’; 9 

0.01 < p < 0.05, the difference is significant, indicated by ‘*’; p > 0.05, the difference 10 

is not significant, indicated by ‘ns’. then the difference is not significant, indicated 11 

by‘ns’. 12 

3 Results 13 

3.1 Results of S. aureus isolation at different sessions 14 

The overall isolation rate of S. aureus was 17.12% (383/2236), of which the 15 

isolation rate of target organisms in the farm and hospital sessions was 17.59% 16 

(353/2006) and 18.71% (29/155), respectively, which was much higher than that in 17 

the market sessions which was 1.33% (1/75) (p<0.01), and the specific results 18 

were shown in Table 1. 19 

The isolation rate of the target bacteria in the on-farm breeding session was 11.66% 20 

(153/1312). Among them, the isolation rate of strains of animal source was 18.51% 21 

(112/605), which was much higher than the isolation rate of strains of 22 

environmental source (5.79%, 41/707) (p < 0.01). The sample types with higher 23 
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isolation rates in samples from environmental sources were floor sameples 1 

(16.36%), water sameples (15.56%), udder swabs (10.77%) and vehicle swabs 2 

(10%). No target bacteria were isolated from air, feed and fly samples (Table 1). 3 

The isolation rate of S. aureus in the farm milking session was 28.82% (200/694), 4 

which was much higher than that in the farming session (p < 0.01). The milk 5 

isolation rate was 24% (12/50), which was increased compared with that of the 6 

farming session, but the difference was not significant (p > 0.05). The isolation rate 7 

of strains from environmental sources was 26.43% (120/454), and the samples 8 

with higher isolation rate were effluent (40.74%), pen swabs (38.75%), towel swabs 9 

(36% (27/75)), air duct swabs (34%), tank milk for (24%) and tank wall swabs 10 

(20%), flies were not isolated with the target strain. The isolation rate of strains 11 

from human sources was 35.78% (68/190), and the isolation rate of strains from 12 

all four human samples collected (nasal swab, hand swab, clothes swab and sole 13 

swab) was above 28% (Table 1). 14 

3.2 Drug sensitivity results of S. aureus at different sessions 15 

The multi-resistance rate of 171 representative strains was 37.71% (66/175), with 16 

resistance weights distributed from 0 to 7 resistance, of which the resistance rate 17 

to penicillin was as high as 86.86%, erythromycin was 35.43%, cefoxitin was 18 

28.57%, clindamycin was 28%, oxacillin was 26.29%, ceftiofur was 19.43%, 19 

amoxicillin/clavulanic acid was 18.29%, ofloxacin 11.43%, and no resistance to 20 

vancomycin, tetracycline, tiamulin, or linezolid (Fig. 1A). 21 

The multi-drug resistance (MDR) rate was 36.91% (55/149) in the farm link, and 22 

the MDR was mainly distributed in 7 resistance, and there was no resistance to 23 
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vancomycin, tetracycline, tiamulin, and linezolid (Fig. 1B and Fig. 1C). The MDR 1 

rate was 34.21% (13/38) for animal source strains, 35.71% (30/84) for 2 

environmental-derived strains, and 44.44% (12/27) for human source strains, and 3 

the MDR of animal-derived strains was mainly in the range of 5-7 resistance, that 4 

of environmental source strains was mainly in the range of 7 resistance, and that 5 

of human source strains was mainly in the range of 3-7 resistance (Fig. 1C). 6 

Animal-source MRSA strains were 100% resistant to three drugs: penicillin, 7 

amoxicillin/clavulanic acid and oxacillin, 85.71% resistant to ceftiofur, and 71.43% 8 

resistant to both erythromycin and clindamycin. The MRSA strain of environmental 9 

source showed a resistance rate of up to 100% to the three drugs penicillin, 10 

erythromycin and clindamycin, 95.65% to oxacillin, and 86.21% and 78.26% to 11 

amoxicillin/clavulanic acid and ceftiofur, respectively. The MRSA strains of human 12 

source showed 100% resistance to penicillin, 81.82% and 63.64% to erythromycin 13 

and oxacillin, 54.55% to both clindamycin and ceftiofur, and 36.36% to 14 

amoxicillin/clavulanic acid. None of the three source strains were resistant to any 15 

of the four drugs, vancomycin, tetracycline, tiamulin, or linezolid (Fig. 1B) . 16 

The rate of multi-resistance in the hospital session was 28.57% (6/21), and the 17 

distribution of MDR was in the range of 3-7 resistance (Fig. 1C). The resistance 18 

rate to penicillin was 95.24% (20/21), erythromycin was 52.38% (11/21), 19 

clindamycin and enrofloxacin were 14.29% (3/21), and there was no resistance to 20 

amoxicillin/clavulanic acid, sulfamethoxazole/trimethoprim, vancomycin, 21 

tetracycline, tiamulin, fosfenicol, and linezolid (Fig. 1B). 22 

 23 
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 2 

Fig. 1. (A) Antibiotic susceptibility results of S. aureus in different sessions. (B) 3 

Antibiotic susceptibility results of S. aureus from animal、environment, and human 4 

sources in the farm section. (C) Distribution of MDR S. aureus in different sessions. 5 

3.3 Distribution of S. aureus sequence types 6 

121 strains of S. aureus were found in 7 clonal groups and 12 ST types. The clonal 7 

groups included CC59, CC97, CC1, CC5, CC398, CC22 and CC15, of which the 8 

dominant types were ST59 (33.05%), ST97 (20.66%) and ST81 (9.92%) (Fig.  9 

2A). The 40 strains of ST59 were the most widely distributed. They were all MRSA 10 

strains from 15 types of samples, including animals (nasal swabs, individual milk), 11 

environment (pens, dust, bedding, water, floors, air ducts, towels, effluent, tank 12 

walls, and vehicles), and humans (nasal swabs, hand swabs, and sole swabs) (Fig. 13 

2B); followed by ST97 strains from animals (nasal swabs, milk, and tank milk), 14 
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environment (udder swabs, floors, and tank walls), and human (nasal swabs, hand 1 

swabs, and sole swabs) (Fig. 2C). ST81 came from 9 types of samples from 2 

animals (milk, tank milk), the environment (floors, pens, towels, tank walls), and 3 

human (clothes swabs, hand swabs, sole swabs). The hospital session contained 4 

four types of typing (ST59, ST398, ST1281, and ST15), the market session 5 

contained only ST59 typing, and the cross-trait typing of the three sessions was 6 

ST59. No CC97 or CC1 clones were found in the hospital and market sessions. 7 

(Fig. 2B, 2C, and 2D). 8 

（A） 9 

 10 

 11 

 12 

 13 
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（B） 1 

 2 

 3 
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 1 

Fig. 2. (A) Minimum spanning tree calculated for 121 S. aureus isolates. The tree 2 

was created using 2079 core genome multilocus sequence typing loci, with the 3 

sequence type (ST) of each isolate shown within a circle. Clonal complexes CC59, 4 

CC97, CC1, CC398 and CC5 isolates were surrounded by circles, and isolates 5 

were shown with interconnecting lines and numbers indicating allelic distances 6 

between nodes (Strains with inter-strain differences of 10 alleles or less use grey 7 

shading for background). (B) Distribution of the 40 CC59 clones (MRSA). (C) 8 

Distribution of the 27 CC97 clones. (D) Distribution of 15 CC1 clones. 9 

3.4 Analysis of the core genome evolutionary tree of S. aureus at different 10 

sessions 11 

An evolutionary tree was constructed for 121 representative strains, all containing 12 

eight major branches with SNP differential sites ranging from 0 to 18923. Among 13 
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them, Clade Ⅰ (red) was the furthest from the root node, and all of the strains 1 

were of ST59 type, containing only 0 to 151 differential sites. The composition of 2 

the major sub-branches was derived from 19.35% (6/39) strains of animal source 3 

(nasal swabs, milk), 37.29% (22/59) strains of environmental source (pens, dust, 4 

bedding, water, floors, air ducts, towels, effluent, tank walls, vehicles), 16.66% 5 

(4/24) strains of human source (nasal swabs, hand swabs, sole swabs), 33.33% 6 

(2/6) hospital session strains, and one market session strain. All three source 7 

strains from the farm link had less than 10 differential sites, and included 0-15 8 

differential sites with the hospital (QH4, QH5) and market sesssion strains (M1). 9 

The secondary sub-branch contained three strains of human source (nasal swabs, 10 

sole swabs) and one strain of environmental source (ground), which included 0-8 11 

differential sites among the four strains, and 138-151 differential sites compared to 12 

the primary sub-branch strains in residence (Fig. 3). 13 

Clade II (yellow) contained only ST97 strains, 21 strains containing 0-89 differential 14 

loci from 16.13% (5/31) of animal source (nasal swabs, individual milk, vat milk). 15 

23.73% (14/59) of environmental source (cow udder swabs, floors, pens, drinking 16 

water, ducts, milk liners, towels, towel wash water, vehicles), and 8.33% (2/24) 17 

strains of human source (hand swabs, sole swabs). The major sub-branch 18 

comprising the three source strains from the farm link containing 0-18 differential 19 

loci, and the minor sub-branch from animals (tank milk) and the environment 20 

(vehicles), which differed by only one differential locus, and 82-89 differential loci 21 

from the other strains in the major sub-branch. The remaining ST97 strains were 22 

distributed in the Clade V branch and came from three different types of samples 23 
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(tank milk, floor and human sole swabs) in the farm session, and included 6-19 1 

differential sites between strains (Fig. 3). 2 

Clade IV contained only ST81-type strains, and all strains included 1 to 249 3 

differential loci from animal source (milk, tank milk), environmental source (pen, 4 

towel, tank wall), and human source (clothes swabs, hand swabs, and sole swabs) 5 

from the farm session, with strains B26 (vat milk) and H16 (human hand swabs) 6 

including 1 and 2 differential loci, respectively, and strains B27 (tank milk) and E50 7 

(towel swabs) containing 2 differential loci, and strains E47 (pen swab) and H16 8 

(human hand swab) containing 1 and 2 differential loci. B27 (tank milk) and E50 9 

(towel swabs) contained 2 differential loci. Environmental source strain E47 (pen) 10 

with human source strains H16 (hand swabs) and H17 (clothes swabs) contained 11 

1 and 3 differential loci, respectively (Fig. 3). 12 

 13 
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Fig. 3. Phylogenetic tree of the core genome of 121 S. aureus strains. 1 

3.5 Distribution of drug-resistant genes carried by S. aureus in different 2 

sessions 3 

The 121 representative strains contained a total of 14 resistance genes in 7 4 

classes, namely aminoglycosides (5), β-amides (2), macrolides (2), folate pathway 5 

antagonists (2), lincosamide (1), tetracyclines (1), and peptides (1). Among them, 6 

the β-amide resistance genes blaZ and mecA were carried 52.89% (64/121) and 7 

38.01% (46/121), respectively; aminoglycoside resistance genes ant(6)-Ia and 8 

aph(3')-III accounted for 33.88% (41/121) and 31.4% (38/121), respectively; 9 

macrolide resistance genes erm(B) accounted for 33.88% (41/121). The farm link 10 

contained 14 resistance genes, and both the hospital and market strains contained 11 

5 resistance genes, with the farm having a wider diversity of resistance genes 12 

compared to the hospital and market strains (Fig. 4A). Farm animal source carried 13 

10 drug-resistant genes, while both environmental and human source strains 14 

carried 11 drug-resistant genes. 15 

There were significant differences in the number of resistance genes carried by 16 

different types of strains. All ST59 strains carried mecA resistance genes (40/40), 17 

95.12% carried blaZ (39/41), and 92.68% carried three resistance genes, ant(6)-18 

Ia, aph(3')-III and erm(B) (38/41). The high positive rates of the above five drug-19 

resistant genes were consistent with the resistance results of the drug sensitivity 20 

assay. Strain ST97 contained only two drug-resistant genes, blaZ and str, with 21 

detection rates of 16% (4/25) and 8% (2/25), respectively. Strain ST81 carried only 22 

one resistance gene, str, with a detection rate of 8.3% (1/12). There was a 23 
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significant difference in the number of resistance genes carried by the three 1 

dominant clonal groups, with strain CC59 carrying a much higher number of 2 

resistance genes than strains CC97 and CC1 (p < 0.01), while there was no 3 

significant difference between strains CC97 and CC1 (p > 0.05) (Fig. 4B). Some 4 

of the resistance genes were specific to certain ST types and source strains. lnu(G) 5 

was found only in animal source strains (ST59), bleO was found only in human 6 

source strains (ST88), and tet(K) was found only in environmental and human 7 

source strains (ST59). 8 

The 121 representative strains contained a total of four drug-resistant mutations, 9 

grlB (p.E422D), grlA (p.S80Y and p.S80F), dfrB (p.H31N), and gyrA (p.S84L), 10 

which were detected in 54.54% (66/121), 49.58% (64/121), 9.09% (11/121 ) and 11 

8.26% (10/121). Among them, three mutations, grlA, grlB and gyrA, were 12 

associated with fluoroquinolone resistance, and the dfrB mutation phenotyped as 13 

methicarbamazepine. grlB was carried by more than 50% of the three source 14 

strains on the farm, whereas the dfrB and gyrA mutations were found only in the 15 

farm session (Fig. 4A). 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 
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Fig. 4. (A) Distribution of drug resistance in 121 strains of S. aureus. (B) 1 

Distribution chart of the number of drug resistance genes carried by different 2 

clones.  3 

4 Discussion 4 

The results of isolation of S. aureus from each session of ‘animal-food-5 

human’showed that the isolation rate of target bacterial from pasteurised milk 6 

samples collected from the market (1.33%) was much lower than that of the other 7 

two sessions (17.59% and 18.71%), indicating that dairy farms were the main 8 

source of S. aureus contamination in fresh milk. Pasteurisation of fresh milk 9 

basically kills the bacteria in milk, but one strain was still detected in the 10 

pasteurised milk samples collected from the market, posing a risk of transmission 11 

to humans along the food chain. Further analysis of the isolation results of strains 12 

from‘animal-environment-human’in the farm chain showed that the isolation rate in 13 

the milking chain (28.82%) was much higher than that in the farming chain (11.66%) 14 

(p＜0.01), and the isolation rate of milk from tank (24%) was higher than that of 15 

individual milk in the farming chain (16%), indicating that the milking chain of dairy 16 

farms may be the cause of the bacteria in raw milk. Except for air and flies, the 17 

isolation rate of strains in the milking session was more than 12.86% in all 12 types 18 

of samples，and the isolation rates of strains in three types of environmental 19 

samples (effluent, pens, and towels) and four types of human samples (nasal 20 

swabs, hand swabs, clothes swabs, and shoe swabs) were all more than 30%, 21 

which suggests that contamination of different environmental samples and the 22 

mobility of personnel may be the key risk points for the spread of S. aureus in the 23 
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milking session. S. aureus to spread to each other in the milking process, 1 

especially the towel used to wipe the udder, the water used to clean the towel and 2 

the irregular operation of the milking workers, which could easily lead to cross-3 

contamination. The use of the same towel, the same bucket of washing water by 4 

multiple bovine and irregular hand washing and disinfection by milking workers 5 

during the first three milking were also found in the sampling, which may be the 6 

key influencing factors leading to the inter-transmission of S. aureus among the 7 

milk, environment and humans. In addition, the isolation rate of tank wall swab 8 

samples (20%) was also high, indicating that the cleaning and disinfection of milk 9 

tanks were not thorough. The isolation rate of air duct swab samples was as high 10 

as 34%, which may be due to the high location of the air ducts in the disinfection 11 

blind area. Ccombined with the result that no target organisms were isolated from 12 

the air samples of the parlour, it shows that it has not yet played an important role 13 

in the transmission of the target organisms in the parlour. The results suggested 14 

that dairy farms should pay attention to this issue by strengthening the disinfection 15 

of parlour facilities and expanding the disinfection area. The isolation rate of S. 16 

aureus from milk samples in the farming session in this study was 16%, which is 17 

much lower than that in California (40%) and Pakistan (30.32%) [14, 15]. This may 18 

be due to the fact that the latter were collected from mastitis and occult mastitis 19 

cows screened by mastitis detection method (CMT) and somatic cell count (SCC), 20 

whereas the present study included healthy individual cows, which also suggests 21 

that screening of occult carrier cows should be strengthened during the breeding 22 

process, to prevent them from entering the milking process at the source and 23 
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leading to bacterial transmission. In addition, the isolation rate of 20.98% from 1 

nasal swabs of cows in this study was higher than that from nasal swabs of 2 

Algerian cows (16%) (Titouche et al., 2024), but lower than that of S. aureus from 3 

domestic bovine sources (25.7%-36.8%) [16-18]. This may be due to the differences 4 

in the isolation rate of the target organisms due to different feeding management 5 

levels in different countries and regions. 6 

The cgMLST and SNP analysis based on the isolated strains showed that cgMLST 7 

was mainly divided into three branches, the dominant clonal groups included CC59, 8 

CC97 and CC1, and the dominant phenotypes were ST59 (33.05%), ST97 9 

(20.66%), and ST81 (9.9%) SNP evolutionary tree showed that the differently 10 

typed strains were clustered in the same cluster of branches, respectively. The 11 

cross typing of strains from three sources, animal, environmental and human, in 12 

the farm session included ST59, ST97, ST81 and ST5, Clade I was the largest 13 

branch, all strains were MRSA-ST59-t437 type, and its main branches were from 14 

strains from three source, farm, market and hospital, and the differential loci of 15 

strains between the farm sessions were all less than 10, especially the individual 16 

milk (B20) with only 1 differential locus between strains sourceating from airway 17 

swabs (E8, E9) and human nasal swabs (H1), suggesting extensive clonal 18 

transmission between strains from the three farm source. The cross typing of the 19 

farm session with the market and hospital sessions was ST59, and the differential 20 

loci between the strains of the three sessions were also distributed in 0-15, 21 

containing only 2 differential loci between individual milk (B12) and the market 22 

source strain (M1), and 1 differential locus with the patient source strain (QH4). 23 
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This confirmed that bovine-derived S. aureus did pose a risk of transmission along 1 

the food chain through the market. In addition, it was also found that the differential 2 

loci of hand swabs (H8) and towel swabs (E30), towel washing water (E16, E31), 3 

and air duct swabs (E24, E25, E26) were less than 10, and the isolation rate of the 4 

strains in the four types of samples in the milking process was as high as 30% or 5 

more, which confirmed that unhygienic towels and effluent, irregular operation of 6 

the milkers and incomplete cleaning and disinfection of the environment were the 7 

main causes of S. aureus transmission through the market chain. Clade II and 8 

Clade IV consisted of ST97-t2734 and ST81-t5100, respectively, and all strains 9 

came from farms, and multiple strains from the three sources had differential loci 10 

less than 10, which indicated that the strains in the farms were closely related to 11 

each other. In this study, ST59 MRSA strains, which are the main community-12 

associated MRSA strains (HA-MRSA) in China [19, 20], were detected in samples 13 

from animals, the environment, and workers on dairy farms, suggesting that the 14 

monitoring and control of ST59 MRSA strains on dairy farms should be 15 

strengthened to avoid their transmission to humans, especially practitioners, and 16 

to trigger public health safety. practitioners, which may cause public health and 17 

safety problems. 18 

The results of drug sensitivity showed that the multi-resistance rate in the farm 19 

session was 36.91% (55/149), much higher than the multi-resistance rate in the 20 

hospital session, which was 28.57% (6/21) (p < 0.01). The resistance rate of S. 21 

aureus to penicillin in milk source was as high as 100%, which was higher than the 22 

resistance rate of S. aureus in milk sources in Hunan Province and Xinjiang 23 
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Autonomous Prefecture by Ning Qiang and Ren Keming et al. [21, 22], and the 1 

resistance rate to erythromycin, clindamycin, and benzathine was 25%, which was 2 

basically the same as that in the study of Ning Qiang and Ren Keming et al. 3 

Therefore, it is necessary to strengthen the promotion of raw milk testing, 4 

alternative therapies and biological control, and strengthen monitoring. 5 

The highest isolation rate of β-amide resistance gene blaZ was 52.89% (64/121), 6 

followed by aminoglycoside resistance genes ant(6)-Ia (33.88%), aph(3')-III 7 

(31.4%) and macrolide resistance gene erm(B) (33.88%) in the present study. The 8 

detection rate of strains of human and environmental source carrying ant(6)-Ia, 9 

aph(3')-III and erm(B) resistance genes was as high as 100%, and that of strains 10 

of animal source was 83.33%, and ST59-MRSA strains from hospital and farm 11 

session were also found to carry three resistance genes at the same time, which 12 

is in line with the results that the multi-drug resistance rates of strains of human 13 

and environmental source were higher than strains of animal source. In addition, 14 

strains carrying tet(K) resistance genes (E57, H20, H21, H24) were found only in 15 

environmental and human ST59-MRSA strains, suggesting that the environmental 16 

and human strains have a wider diversity of resistance genes compared to animal 17 

source strains. It has been shown [18, 23] that a serine to leucine amino acid 18 

substitution at position 84 of the gryA gene and a mutation from serine (TCA) to 19 

tyrosine at position 80 of the grlA gene are genetic variations capable of affecting 20 

the spatial conformation of the DNA in the transcription, auxiliary, and 21 

recombination processes. This ultimately led to bacterial resistance to 22 

fluoroquinolone. In this study, the detection rate of grlA gene was as high as 23 
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49.58%, which indicated that the mutation at the above locus might be the main 1 

mechanism for the resistance of the strains to oxfloxacin and enrofloxacin. 2 

S. aureus can control the expression of virulence factors and resistance genes 3 

through a complex regulatory gene network, so it can survive in different animals, 4 

humans and environments [22, 24, 25]. In the present study, we found that human-5 

source strains (H7) and environmental-source strains (E20) on farms carried the 6 

same resistance gene profile and contained only four SNP difference loci between 7 

them, suggesting that there is a risk of transmission of multi-drug-resistant bacteria 8 

to animals by human carriage and environmental contamination. The strains of 9 

animal source (B20, B34, B36) as well as the strains of environmental source from 10 

drinking water (E15), tank wall swabs (E19) and air duct swabs (E24) also shared 11 

the same resistance gene profiles with the strains of market (M1) and hospital 12 

(QH28, QH29), and the SNPs of these strains were less than 10, which further 13 

suggests that animals can transmit multidrug-resistant bacteria to animals via This 14 

further suggests that animals can transmit multidrug-resistant bacteria to humans 15 

through direct or indirect environmental factors. 16 
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