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Abstract

Today, one of the significant problems at the level of global health is the increase in the prevalence of antibiotic
resistance of pathogens in different human and animal populations and food contamination. Proteus mirabilis is
an emerging foodborne pathogen of public health importance. In this cross-sectional descriptive study, 480
samples of dairy products, including cow's milk, goat's milk, sheep's milk, cheese, cheese, yogurt, buttermilk,
and curd, in Shahrekord, Iran in 2021-2022, were examined for Proteus mirabilis contamination. The samples
were analyzed by biochemical and molecular methods. In order to investigate biofilm reaction, the microtiter
plate method was used, and the disk diffusion method was used to determine the sensitivity of bacteria to
antibiotics. Using biochemical methods, 59 isolates (12.29%) of Proteus mirabilis were isolated, which were
also confirmed by molecular methods. Most cases of positive contamination were observed in cow's milk, goat's
milk and sheep's milk, respectively. The highest resistance of Proteus mirabilis isolates to the antibiotic
cotrimoxazole was reported in 35 isolates (59.32%) and the lowest resistance to cephalothin in 14 isolates
(23.72%). In the microtiter plate method for biofilm formation, 52 strains (88.12%) were able to produce
biofilm, with strong biofilm reaction in 37 strains (71.15%), and moderate biofilm reaction in 11 strains
(21.15%) and biofilm reaction Weakness was reported in 4 strains (7.69%). The findings of this study provide
robust evidence of the widespread dissemination of antimicrobial resistance among Proteus mirabilis isolates,
posing a significant threat to public health.
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Extended Abstract

Introduction

Dairy products, including milk, are a rich
source of protein, sugar, minerals, and
vitamins and can be considered as an
important factor in causing food poisoning
and gastrointestinal disorders. The severity
of microbial contamination and spoilage in
raw milk depends on how hygienically it is
prepared, collected, transported, and
stored. Microorganisms may be introduced
into dairy products during processing,
handling, and distribution, and the
ingredients used in dairy products can also
contaminate the product, resulting in
public  health  hazards such as
gastroenteritis in humans. Foodborne
microorganisms are the main pathogens
that affect food safety, and as a result, the
consumption of food, mainly animal
products contaminated with pathogens or
their toxins, causes human disease
worldwide. Outbreaks of foodborne illness
following consumption of raw milk and
dairy products made from raw milk may
be caused by Escherichia coli, Salmonella
spp., Proteus, and Yersinia enterocolitica.
Epidemiological studies have shown that
meat products, legumes, dairy products,
fish, and cold foods are commonly
associated with food poisoning caused by
Proteus mirabilis. Therefore, Proteus
mirabilis may pose a relatively large threat
to food safety and public health. Currently,
several resistant forms of this bacterium
are emerging, indicating that. Proteus
mirabilis has been found to form biofilms
on a wide range of surfaces, including
polystyrene, silicone, latex, glass, and
various biological surfaces. In recent
years, studies have reported a link between
biofilm formation and various
pathogenicity in human isolates of Proteus
mirabilis. Over the past two decades, the
treatment of Proteus mirabilis infections
has become increasingly difficult due to
the identification of multidrug-resistant

(MDR) and extensively drug-resistant
(XDR) isolates of Proteus mirabilis. For
example, biofilm formation by Proteus
mirabilis complicates bacterial resistance,
prolongs treatment time, and exacerbates
infection. In principle, biofilms protect
organisms from the host immune system
and antimicrobial agents. This study aimed
to investigate the prevalence, biofilm-
forming ability, and antibiotic resistance
patterns of Proteus mirabilis isolates from
dairy products in Shahrekord.

Methods

In this cross-sectional descriptive study,
480 dairy products were randomly
collected from retail outlets in Shahrekord,
Iran, during 2021-2022 and examined for
Proteus mirabilis contamination.
Following enrichment in Tryptic Soy
Broth and selective culture on Xylose
Lysine  Deoxycholate (XLD) agar,
presumptive colonies were confirmed
using  standard  biochemical  tests
(including urease activity, swarming
motility, IMViC, and sugar fermentation
profiles) and molecular identification via
PCR targeting the ureR gene. Biofilm-
forming capacity of confirmed isolates was
assessed using the 96-well microtiter plate
method with crystal violet staining, and
antibiotic susceptibility was determined by
the Kirby-Bauer disk diffusion technique
according to CLSI (2021) guidelines
against a panel of 12 antibiotics.

Results and Discussion

In this study, 59 isolates of Proteus
mirabilis (12.29%) from 480 dairy samples
were identified using biochemical tests and
confirmed by molecular method. The
highest contamination was observed in
cow's milk (21.66%), followed by goat and
sheep milk. In terms of antibiotic
resistance, the highest resistance was to
co-trimoxazole (59.32%) and the lowest to
cephalothin (23.72%). Also, 88.12% of the
isolates were able to form biofilms, most
of which (71.15%) produced strong
biofilms. These findings indicate a
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significant prevalence of multidrug-
resistant and biofilm-forming strains of P.
mirabilis in Shahrekord dairy products,
which is a serious risk to public health.
The findings of this study indicate that
dairy products in Shahrekord, especially
raw milk, serve as a potential reservoir for
Proteus mirabilis. The prevalence of
12.29% of this bacterium, together with
the high rate of antibiotic resistance,
especially to co-trimoxazole, raises serious
concerns about the transmission of
multiple resistances through the food
chain. This is likely due to the widespread
use of antibiotics in livestock farms in the
region. On the other hand, the ability of
88% of the isolates to form biofilms,
especially strong biofilms in more than
70% of cases, indicates that these bacteria
can persist on the surfaces of dairy
equipment and processing environments
and show increased resistance to
disinfectants and  antibiotics. = The
combination of antibiotic resistance and
biofilm formation not only reduces the
effectiveness of clinical treatments but also
increases the risk of foodborne infections.
These results highlight the need to review
antibiotic use policies in veterinary
medicine, improve hygiene conditions in
dairy production and distribution, and
continuously monitor the quality of dairy
products through microbiological
monitoring.

Conclusion

The findings of this study also provide a
clear picture of widespread antibiotic
resistance in Proteus mirabilis 1isolates,
which potentially poses a serious threat to
public health. This highlights the
importance of developing a health
management strategy to prevent Profeus
mirabilis infections in humans and animals
and contamination of food products.
Genotyping of isolates will help in the
above-mentioned cases, as the high genetic
similarity between some of the Proteus
mirabilis isolates isolated from dairy
products in Shahrekord, Iran indicates that

they have the same source of
contamination. Future studies should
investigate the genetic ~mechanisms
underlying multidrug resistance and
biofilm formation in isolates of Proteus sp.
and other bacteria associated with dairy
sources. Implementing stricter hygiene
protocols throughout the dairy supply
chain and monitoring antibiotic use in
livestock could significantly reduce the
risks of contamination.
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Prevalence of Proteus mirabilis in Milk and Dairy Products
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Biofilm Formation in Proteus mirabilis by Sample Type
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Statistical Analysis:
* Resistance Mean CV: 29.71% Antibiotic Resistance in Proteus mirabilis
+ Semi-Sensitivity Mean CV: 18.54%
+ Sensitivity Mean CV: 25.62% ---- Mean CV Resistant (29.71%)
-- Mean CV Semi-Sensitive (18.54%)
60 -- Mean CV Sensitive (25.62%)
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Antibiotics

S 5 03318 5 s 31 0k 1 punlesl s o1y SBAI3 31! (S s T anglie ~F S

orrditlyan ustis g SBAgR] 33 (S gm T Caoglio oSN -F Jgunr

gyl o lods oS g digod £ o 5 g 5T aoglito Jsl3g
| T 35 et SXT, AN, TE, CTX, CRO, CP
\f &5 oS 5t SXT, AN, GM, TE, CTX, CRO, CP, NOR
¥ T 35 et SXT, AN, TE, CTX, CRO, CP
¥ ETE PLIgY SXT, AN, GM, TE, CAZ, CRO
o &5 o5 SXT, AN, TE , FM, CF, NA, NOR
$ Lyt 5 s GM, FM, CTX,
v e 95 et SXT, AN, TE, CAZ, CP, NOR
A S PLIgY SXT, GM, TE, CTX, CRO, NA
A T 95 et SXT, AN, GM, TE, CP
Ve T 45 b SXT, AN, TE, CRO, NOR,
V) S8 o5 s SXT, AN, GM, TE, CAZ, CRO
VY &5 5 s GM, TE, NA, CF
VY Logis o5 i GM, TE, NA, CTX
Ve &5 SihgS o GM, TE, NA, CAZ
V0 @5 MiagS s SXT, AN, CTX, CAZ, CF, CRO, CP, NA, NOR
\# T AibwgS SXT, AN, GM, TE, CTX, CAZ, CRO, CP
VY Lsgie REFINK SO0 SXT, AN, GM, TE, FM, CAZ, CRO, NA
VA S8 KCETNIS v SXT, AN, TE, FM, CF, CP, NA
V4 Lsgie REFINK SO0 SXT, GM, FM, CTX, CRO, NA, NOR
v &5 SikosgS SXT, AN, GM, TE, FM, CAZ, CP, NOR
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I 598 KCEIVS o SXT, AN, TE, CAZ, CP, NA
Y @sb REEIL O SXT, AN, GM, TE, FM, CF, NOR
vy &5 MiagS SXT, AN, GM, TE, CTX, CAZ, CRO, CP
YY S8 AidgS SXT, AN, TE, FM, CAZ, CF, CP, NOR
Yo @sd RUFINR S0 SXT, AN, GM, TE, CTX, CP, NA
22 i 59 5o SXT, AN, TE, CAZ, CRO, NA, NOR
vy Lgis s SXT, AN, TE, CTX, CRO, CP
YA (B 59 5o SXT, AN, GM, TE, CRO, CP, NA
vq @sd 5t GM, CAZ, NA, NOR
Y- 53 e SXT, AN, TE, CP,
T S48 B SXT, AN, TE, FM, CAZ, CF, NA
vy &8 [ SXT, AN, GM, TE, CAZ, CRO, CP, NA
Y &5 3o SXT, AN, TE, FM, CF, NA
A1 &5 [ SXT, GM, TE, CAZ, CF, CP, NA
N @sd 5t SXT, AN, TE, CF, NA,
02 &5 [ SXT, AN, TE, FM, CP, NOR
v s goee) SXT, AN, TE, CTX, CF, NA
YA @sb Jocs SXT, AN, TE, CF, CRO, NA
va FE P SXT, AN, TE, CTX
£ 899 guy, SXT, AN, GM, TE, FM, CF, NA,
A - 698 P SXT, AN, TE, CTX, CF, CP
fy - Pt SXT, AN, TE, CRO, NA
£t &5 g SXT, AN, GM, TE, CTX, CRO, CP
£f @5 e oo SXT, AN, GM, TE, CAZ, CRO, NA, NOR,
£ &5 -y SXT, TE, CTX, CF, N
12 P oo SXT, AN, TE, CF, NA
£y - ey SXT, AN, TE, CTX, CF, CP, NA
fA S Cale SXT, AN, TE, CF, NA
4 G Coslo SXT, AN, TE, FM, CF, NA
o+ S8 o GM, CF, CRO, NA, NOR
O - Cale SXT, AN, TE, CAZ, CP
oy = Zewlo SXT, GM, TE, CTX, CRO, NA
oY Y Eg0 SXT, AN, GM, TE, FM, CF, NA
of S Eg0 GM, CAZ, NA, NOR
00 - £90 SXT, AN, GM, TE, CAZ, CRO
of - A SXT, AN, TE, EM, CAZ, CF, NA
oy Y Sas GM, CAZ, NA, NOR
OA &8 s GM, TE, NA
b4 - sas SXT, AN, TE, CRO, NA
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Antibiotic Resistance by Sample Type (Heatmap)
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