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An emerging global threat is the development of resistance to various antibiotic groups
among pathogenic bacteria, including Pasteurella multocida. The excessive use of antibiotics and
presence of antibiotic resistance carriers play a significant role in the development of multiple
resistances to anti-microbial agents. Given the role and importance of plasmids in the
development of antibiotic resistance, it is important to prevent the transfer, replication, and
multiplication of plasmids by eliminating plasmids. In this study, the role of plasmids in the

Plasmid curing

Keywords: development and transmission of antibiotic resistance in P. multocida was investigated and

evaluated. This study was performed on P. multocida isolates collected from apparently healthy
Antibiogram and ailing animals (February to September 2014). Identification of P. multocida isolates was
Antibiotic resistance carried out using standard biochemical tests and kmt1 gene amplification. After initial tests and
Pasteurella multocida plasmid DNA extraction, five plasmid-containing isolates were selected for further work. To

compare antibiotic resistance after plasmid removal, the disk diffusion method was used. Based
on the results, it was determined that all plasmid-containing isolates that showed a high level of
antibiotic resistance (especially with large plasmids) became sensitive to anti-microbial agents
after plasmid removal. Therefore, according to the findings, the role and importance of plasmids
in the development of antibiotic resistance in P. multocida was determined. It was also found in
this study that the existence and persistence of plasmids by P. multocida bacteria was of great

importance in the role of plasmids in the development of antibiotic resistance.

© 2026 Urmia University. All rights reserved.

Introduction

Pasteurella multocida, a Gram-negative, non-motile
bacterium, has the ability to infect a wide range of animals.
Animal bites or scrapes can also transmit P. multocida to
humans.}? This Gram-negative bacterium has been linked
to several other significant economic diseases since Louis
Pasteur first linked it to the cause of avian cholera in
1881.3 It is a causative agent of fowl cholera, bovine
hemorrhagic septicemia, swine atrophic rhinitis, enzoonotic
pneumonia, hemorrhagic septicemia, and endemic
pneumonia in sheep and goat, and cattle and pig lower
respiratory tract infections.#® It is a zoonotic agent, and its
transmission to humans frequently occurs through a bite
or scratch from dogs and cats or contact with their mucous
secretions. While it is often known to be associated with
skin and soft tissue infections, this pathogen can beget
bacteremia, meningitis, endocarditis, pneumonia, brain
abscess, urinary tract infections, conjunctivitis, and
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peritonitis in humans.” Such infections are most effectively
managed by anti-microbial agents. The effectiveness of
anti-microbial agents is significantly decreased by the
occurrence of mutations intermediated by antibiotic
overuse and adding of resistance genes transmission.8
Plasmids are extra-chromosomal genetic rudiments
contributing to the bacterial populations development of
anti-microbial resistance (AMR).%10 Through their plasmids,
many bacteria found in medical or veterinary settings are
resistant to anti-microbial agents. They avoid treatment as
a result and endanger people's health.? Research indicates
that plasmids and integrated conjugative elements (ICEs)
play a key role in the induction of multiple resistance, and
the attribution of antibiotic resistance to mobile genetic
elements in the management of infectious diseases can be
considered as a global concern81! Plasmid-developed
multiple resistance and ICEs have been several times
reported in P. multocida.'? Since the role of plasmids in the
development of antibiotic resistance became clear to
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scientists, studies of the molecular epidemiology of
resistance have gained particular importance.!? The role of
plasmids has also been important for a better
understanding of pathogenicity and AMR in P. multocida.

Plasmids as extra-chromosomal DNA fragments
carrying antibiotic resistance genes and transposons can
be transferred horizontally between members of the same
species and even between different bacterial species.
Plasmids are highly flexible and can integrate into genomic
DNA or other plasmids in a variety of ways.13 Thus, based
on studies, it has been determined that the spread of
antibiotic resistance genes between different bacteria
occurs mostly through plasmids.!#

In bacterial strains, plasmid curing is often an essential
step in functional analysis of the replicons, and this
method is a way to remove them and evaluate the effect
and role of plasmids.!516 [n order to produce plasmid-free
cells, plasmid curing techniques are frequently developed.
Using plasmid curing techniques is one of the current
research methods for examining genes with transferable
antibiotic resistance.!! Plasmid curing mainly relies on
traditional methods,'” and various chemical and physical
methods have been used for plasmid curing.1¢

It can be challenging to predict the best curing agent
for a plasmid. A few substances, including acridine orange,
ethidium bromide, sodium dodecyl sulfate, benzoate,
rifampicin, and mitomycin C, as well as growth in higher
temperature, have already been used for plasmids
deletion. In recent years, various methods have been
developed for plasmid curing, often based on increasing
temperature, ultimately determining plasmid loss using
agarose gel electrophoresis.!18 The purpose of current
study, which took into account the undeniable importance
of plasmids, was to look into how P. multocida isolates
from different parts of Iran will change their patterns of
antibiotic resistance when plasmid is present or absent.

Materials and Methods

This study was performed on P. multocida samples
collected from apparently healthy and ailing animals
(February to September 2014). Samples of cattle, sheep,
and goats were obtained from animals with pneumonia,
and dog and cat samples were obtained by oropharyngeal
swab. However, samples of birds were obtained from blood
and liver of chickens, turkeys,and ducks.

Blood agar plates (Oxoid, Basingstoke, UK) with 5.00%
defibrinated sheep blood were used to culture the isolates
and incubated for 24 hr at 37.00 °C. Morphological and bio-
chemical characteristics of the isolates were determined
according to the standard biochemical procedures.1?20 For
molecular confirmation of the isolates, after DNA
extraction by boiling method,2? PCR was performed
according to the method of Ujvari et al.,?2 using KMT1T7
and KMT1SP6 primers (Sinaclon, Tehran, Iran). To

evaluate PCR products, the 1.50% agarose gel stained with
Safe Stain (Yekta Tajhiz Azma, Tehran, Iran) under
ultraviolet light was used. In all PCR steps, a negative
control without DNA and a positive control containing
DNA of the P. multocida strain 85020 were used.

Presence of plasmid was checked by alkaline lysis
method.23 Based on this method, five isolates containing
plasmid were identified. Plasmid curing was performed in
the presence of Ethidium Bromide at a final concentration
of 25.00 ug mL? in the brain heart infusion (BHI; Pars
Peyvand, Tehran, Iran) medium. A single colony of each
isolate, containing the plasmid, was incubated for 18 hr at
42.00 °C in 5.00 mL BHI medium, containing 25.00 ug mL!
of Ethidium Bromide in a shaker incubator. Then, 10-fold
serial dilutions were prepared from each of the overnight
cultures in sterile distilled water and 500 pL of dilutions -5
to -9 were spread on BHI agar plates and incubated at
37.00 °C. Then, the grown colonies were evaluated for
plasmid loss after an overnight incubation. Finally, the
plasmid-free colonies were stored with 20.00% sterile
glycerin at - 70.00 °C for further work.

Antibiotic susceptibility test. The disk diffusion
method was used to test antibiotic susceptibility according
to the CLSI M45-2016 and EUCAST-2016 guidelines.2425
For this purpose, five selected isolates before and after
plasmid curing were placed on blood agar plates,
containing 5.00% defibrinated sheep blood, and incubated
at 37.00 °C for 18 hr. Bacterial suspensions equivalent to
0.50 McFarland were prepared from the grown bacteria in
sterile distilled water. Surface culture was performed on
Mueller-Hinton agar plates using sterile swabs from each
bacterial suspension, and after a few min at room
temperature and ensuring that the agar surface was dry,
antibiotic discs (Padtan Teb, Tehran, Iran), as indicated in
Table 1, were placed on the agar surface under aseptic
conditions and incubated for 24 hr at 37.00 °C. Then, the
diameter of the zone of inhibition was measured in mm
and compared with standard tables. Staphylococcus aureus
(PTCC No:1784) and Escherichia coli (PTCC No:1269) were
used as quality controls.

Results

Biochemical and molecular characteristics of
isolates. All isolates were categorically identified as P.
multocida based on biochemical, morphological, and PCR
test results. The observation of short Gram-negative rods,
with positive oxidase and catalase tests, lack of H:S
production and movement, and fermentation of glucose
and sucrose sugars confirmed the presence of P. multocida.
The morphological and biochemical findings of the present
study were fully consistent with the study of Prihandani et
al26 Also, in the PCR test with KMT1T7 and KMT1SP6
primers, all isolates produced a band with a size of about
460 bp (Fig. 1).
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Table 1. Antibiotic resistance before and after plasmid curing in five selected isolates.

Antibiotics Before plasmid curing After plasmid curing

Bl D3 D5 P1 S3 Bl D3 D5 P1 S3
Amoxicillin S I I I I S I I I I
Chloramphenicol S S S S S S S S S S
Trimethoprim-sulfamethoxazole S S S S S S S S S S
Erythromycin R R R R R S S S S S
Oxytetracycline S R S R R S S S S S
Gentamycin S S S S S S S S S S
Streptomycin R R [ R R S R I S S
Penicillin S S S S S S S S S S
Tylosin S R R R R S S S S S
Enrofloxacin S I S I 1 S I S I I
Imipenem S S S S S S S S S S
Cephalothin S S S I S S S S I S
Kanamycin S S S S S S S S S S
Cefalexin R R R R S S S S S S
Florfenicol S S S S S S S S S S
Cefotaxime S R S R R S S S S S
Tetracycline S R S R R S R S R R

B1, D3, D5, P1, and S3: isolates containing plasmids; S: sensitive; I: intermediate; R: resistant.

Fig. 1. Agarose gel electrophoresis of PCR products of
Pasteurella multocida isolates. Lane M: 50 bp DNA ladder;
Cluster A: Negative (C-) and positive (C+) controls; Cluster B:
PCR products for P. multocida isolates, lanes 1 to 9.

After examining the results of plasmid DNA extraction
using the alkaline lysis method, it was determined that five
isolates contained plasmids, being named S3, D3, D5, P1,
and B1 (Fig. 2). After performing plasmid curing, it was
found that all of the isolates lost their plasmids.

As shown in Table 1, based on the disk diffusion
method performed on the five tested isolates before and
after plasmid curing, the antibiotic resistance pattern
completely changed; most isolates lost their resistance to
most antibiotics after plasmid curing and became
susceptible. Except for isolate D3, which still showed
resistance to streptomycin, and samples S3, D3, and P1,
which remained resistant to tetracycline.

Discussion

Multiple antibiotic resistance in Gram-negative
bacteria is caused by large and small plasmids carrying
antibiotic resistance genes, being capable to be transferred
to other bacteria.l Several plasmids from P. multocida
have been shown to carry antibiotic resistance genes.?7-29

Fig. 1. Agarose gel electrophoresis showing five plasmid-
containing samples and plasmid DNA extracted from Pasteurella
multocida samples by alkaline lysis. Lane M: 1 kbp DNA ladder;
Lanes 1-5: S3,D3, D5, P1, and B1 isolates, respectively.

S: sheep, D: dogs, P: pneumonia, and B: birds.

Most of the information regarding plasmids from
Pasteurellaceae family bacteria comes from studies on P.
multocida, the most representative bacterial species of this
family. The resistance conferred by these plasmids can
include resistance to beta-lactams, aminoglycosides,
tetracycline, and sulfonamide antibiotics.? Several studies
have elucidated the role of plasmids in the pathogenicity,
pathogenesis, and antibiotic resistance of P. multocida.2’
Due to the severe antibiotic resistance, as well as the role
of some plasmids as integrons, plasmids are being studied
in relation to environmental distribution and dispersal of
AMR genes. While P. multocida strains have been
described as having a wide range of antibiotic resistance
worldwide, information about the relationship between
the scope of resistance and plasmids conferring those
traits is sparse.? The reasons for the emergence of a wide
range of antibiotic resistance in P. multocida isolates
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include the addition of antibiotics to animal diets and
indiscriminate and blind use of broad-spectrum antibiotics
in the treatment of pasteurella infections.27.30

Based on the present results, it was determined that
isolates containing plasmids with multiple antibiotic
resistance, when lose their plasmids, also lose their
antibiotic resistance, and become susceptible to
antibiotics. Therefore, based on these findings, the
importance and role of plasmids in the emergence of
antibiotic resistance in P. multocida can be understood.
Also, based on the results, it was determined that larger
plasmids carried more resistance genes than smaller
plasmids. In such a way isolates carrying small plasmids
usually had resistance to three antibiotics, while isolates
with large plasmids were resistant to seven antibiotics.

Okoye et al, have designed and conducted a study
similar to the present study and investigated antibiotic
resistance before and after plasmid curing with similar
methods. They worked on various clinical specimens such
as ear exudate, sputum, urethral swab, wound swab, urine
from the catheter, urine, nasal swab, high vaginal swab,
stool, eye swab, and blood and used agar disk diffusion,
alkaline lysis, and plasmid curing methods. In the
mentioned study, only 42 isolates had plasmids and
multiple drug resistance.3! Similar to the present study,
few studies have been conducted to investigate the role of
P. multocida plasmids in antibiotic resistance. In the past,
the curing properties of plasmids have been evaluated by
culturing strains in the presence of a compound or extract
at sub-growth inhibitory concentrations. Many older
publications refer only to loss of the AMR phenotype.32
However, in the present study, the removal of the plasmid
was proved molecularly and its relationship with the
development of antibiotic resistance was investigated.

In the present study, the alkaline lysis method of
plasmid DNA extraction from P. multocida was used. Gong
et al,33 Tatum and Briggs,3* Chung et al,3> and Harper et
al.;3¢ have successfully used the same method to extract
the plasmid from P. multocida samples. By this method,
purity of plasmid DNA is enough to be digested by
restriction enzymes, and it can be analyzed by gel
electrophoresis. The principle of the method is selective
alkaline denaturation of high molecular weight
chromosomal DNA while covalently closed circular DNA
(plasmid) remains double-stranded. Neutralization
renatures chromosomal DNA form an insoluble clot,
leaving plasmid DNA in the supernatant. This method has
been used to extract large and small plasmid DNAs.23

It cannot be ignored that mobile elements, such as
ICEs, have the ability to enter different bacteria and thus,
can be incorporated into plasmids, thereby antibiotic
resistance is transferred horizontally. In addition, such
sequences can be transferred through recombination
between bacteria and/or plasmids and integrated into the
bacterial genomic DNA.37 Although the presence of ICEs in

P. multocida isolates is rare, genomic nucleotide
sequencing of several resistant strains led to the
identification of ICEs in P. multocida for the first time.8
Plasmids have the ability to transfer these extra-
chromosomal DNA fragments between different species
and genera of bacteria. Therefore, given the existence of
plasmids containing antibiotic resistance genes, it is
inferred that over time, multiple antibiotic resistances can
be transferred between different livestock. Therefore,
based on available information, the rate of P. multocida
isolates resistant to multiple antibiotics has increased
from 47.80 to 97.10% during the years 2003 to 2007.3°

One of the essential measures at all global levels is to
prevent the development of antibiotic resistance.
Accordingly, one of the concerns of researchers is to find
ways to prevent the spread and also eliminate plasmids.
Based on the results of this study, when a plasmid is
present in P. multocida, resistance to erythromycin,
oxytetracycline, streptomycin, tylosin, cephalexin, tetra-
cycline, and cefotaxime occurs.

In the present study, the role of plasmids in the
emergence of antibiotic resistance and development of a
suitable method for removing P. multocida plasmids were
investigated and evaluated. Caro and colleagues have
described ethidium bromide, an intercalating dye, and
elevated temperatures as effective curing agents for
plasmids and presented a method for using these agents.
In their study, they discovered that intercalating dyes,
especially ethidium bromide, were effective in destroying
plasmids, including antibiotic resistance plasmids.3!
Plasmid curing compounds have been sought for decades,
and gained momentum in the 1970s; during the 1980s,
related publication numbers peaked.32

Given that plasmid curing can play a role in
controlling antibiotic resistance by eliminating plasmids
containing drug resistance genes without changing
microbial populations, it has received attention today. As
a result, by administering plasmid-removing compounds
to various animals, the microbial flora of their digestive
tract can be kept almost constant, thereby making food-
borne pathogenic bacteria susceptible to antibiotics.
Additionally, to reduce the risk of a nosocomial infection,
suitable plasmid removal agents can be used in the
environment. Plasmid removal could be used to remove
antibiotic resistance genes from bacteria in sewage
(which can carry high concentrations and types of
resistance genes having the potential to be transmitted to
people) before release into the environment.
Unfortunately, such methods are not available at the
moment. As a result, this area requires urgent research.32
According to the recently published study, 24.00% of
non-antibiotic drugs impact the growth of human
microbiomes.*® The AMR cannot be solved completely
with anti-plasmid strategies, but they can contribute to
reduce global resistance levels.



M. Tabatabaei and SM. Joghataei. Veterinary Research Forum. 2026; 17 (9): 647 - 652 651

In this study, three isolates showed resistance to
tetracycline before and after plasmid curing. Thus, it is
likely that this resistance has a chromosomal origin.
However, it should be noted that plasmids carrying tetra-
cycline resistance genes may have entered the bacterial
chromosome over time. Also, one sample was resistant to
streptomycin, while the other samples had shown inter-
mediate sensitivity. After plasmid curing, the intermediate
susceptibility remained unchanged. Thus, based on this
phenomenon, it can be concluded that the streptomycin
resistance gene is located on the bacterial chromosome
and is probably established through plasmid integration. It
was found that resistance to tetracycline and streptomycin
has a chromosomal origin.!? Reportedly, in P. multocida
isolates, resistance to tetracycline can be chromosomal
and induced by plasmids.*® Based on the information
obtained from the present study, it was determined that
widespread resistance to erythromycin is due to the
presence of plasmids, being consistent with the results of
Citron et al*' Regarding resistance to florfenicol, the
present results are similar to the report by Tang et al,
where all isolates were sensitive to this antibiotic.30

By investigating the synergistic effects of antibiotics
and antibiotic resistance-modifying compounds in vitro, it
is possible to produce drugs preventing plasmid
replication and the development and transfer of antibiotic
resistance between bacteria.

Based on the studies conducted, it can be concluded
that widespread antibiotic resistance is undoubtedly
caused by plasmids. In the future, it is predicted that there
will be more plasmids with resistance genes. The results of
the present study may be used to further investigate
whether scientists can provide treatments and techniques
to prevent the development and spread of antibiotic
resistance plasmids. One of the tasks that will likely be
considered in the future is to eliminate or prevent the
widespread transfer of plasmids between bacterial
populations. Given that the complete elimination of
plasmids stops the replication and spread of plasmids, it
could be considered one of the most important ways to
reduce antibiotic resistance. Therefore, severe and
resistant bacterial infections can be treated by
administering antibiotics and resistance-modifying
compounds simultaneously. Therefore, considering that
one of the important goals is to prevent the spread of
antibiotic resistance among bacteria, diseases that are
likely to be caused by bacteria can be easily treated. On the
other hand, it should be noted that antibiotic resistance
severely affects the production of food of animal origin.?
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