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Abstract

The emergence and spread of carbapenem-resistant Klebsiella pneumoniae (CRKP) is a serious
concern in public health and food safety. Lactic acid bacteria (LAB) and their metabolite have been
proposed as potential biocontrol agents in the removal of biofilm. In this regard, the present study
aimed to investigate the effects of Lactobacillus acidophilus cell-free supernatant (CFS) on the
biofilm of CRKP isolates from raw milk of Piranshahr city (Iran). One-hundred samples of raw milk
were randomly collected from different areas of Piranshahr city with sterile conditions. Enrichment
in BPW broth, streak on McConkey agar, and related metabolic tests were the methods used to isolate
and identify Klebsiella pneumoniae. Identification of CRKP isolates was done by the disk diffusion
method and using carbapenem antibiotics. The biofilm production ability of CRKP isolates and the
biofilm removal activity of L. acidophilus CFS were performed by the microplate assay method.
Twelve milk samples (12%) were contaminated with K. pneumoniae. Among the isolates, 5 isolates
were resistant to doripenem (41.7%), 4 isolates to ertapenem (33.3%), 2 isolates to imipenem (16.7%),
and 2 isolates to meropenem (16/7%). Two isolates were identified as CRKP. CRKP isolates were
also recognized as moderate biofilm producers. Different concentrations of CFS reduced the biofilm
of CRKP isolates in a concentration-dependent manner (p<0.01). L. acidophilus CFS reduced the
biofilm of CRKP isolates in laboratory conditions. Therefore, it is suggested to evaluate the
antibiofilm effects of L. acidophilus CFS on other foodborne pathogens.
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When milk is secreted in the animal's udder, it is potentially sterile. But when leaving the udder, it will be
infected by microorganisms that enter the udder duct from the outside environment. Cases of mastitis and
infections can heavily contaminate milk with microorganisms and may even make it unsuitable for consumption.
During the preparation and transportation of milk in animal husbandry, various microorganisms, most of which
are bacteria, may contaminate the milk. The degree of contamination and the type of bacterial population depends
on the cleanliness of the collection containers, milking machines, tanks, and agitators. Lactic acid bacteria (LAB)
and their production compounds have been proposed as potential biocontrol agents in biofilm removal. LABs are
a diverse group of bacteria with a long history of use in food and medicine. Lactobacillus is a diverse genus of
LAB bacteria. Lactobacilli, especially Acidophilus species, are among the most common probiotics known as a
safe biological therapeutic agent. To this end, this study investigates the effects of Lactobacillus acidophilus cell-
free supernatant (CFS) on the biofilm of CRKP isolates from raw milk of Piranshahr city (Iran).

Materials and Methods

One-hundred samples of raw milk were randomly collected from different areas of Piranshahr city with sterile
conditions. Enrichment in BPW broth, streak on McConkey agar, and related metabolic tests were the methods
used to isolate and identify Klebsiella pneumoniae. In the next step, the identification of CRKP isolates was done
by the disk diffusion method and using carbapenem antibiotics. In additions, the biofilm production ability of
CRKP isolates and the biofilm removal activity of L. acidophilus CFS were performed by the microplate assay
method.

Research Findings

The results show that out of a total of 100 raw milk samples tested, 12 samples (12%) are infected with Klebsiella
pneumoniae. In the present study, out of 12 isolates of Klebsiella pneumoniae, 5 isolates compared to doripenem
(41.7%), 4 isolates compared to ertapenem (33.3%), 2 isolates compared to imipenem (16.7%) and 2 isolates
compared to meropenem. (16.7 percent) were resistant. In addition, 2 isolates were resistant to carbapenem
antibiotics and were identified as CRKP isolates. Among the isolates, 11 isolates (91.67%) were resistant or semi-
sensitive to at least one of the carbapenems; while only one isolate (8.33%) was sensitive to carbapenems. This
finding shows that 91.67% of Klebsiella pneumoniae isolates have a carbapenemase phenotype. Also, the isolates
showed the highest resistance to doripenem (41.7%) and ertapenem (33.3%) and the highest sensitivity to
imipenem (33.3%) and meropenem (22.2%). The results indicate that the tested concentrations of Lactobacillus
acidophilus CFS significantly and concentration-dependently reduce the biofilm of CRPK isolates (p<0.01). Also,
pure CFS (100% concentration) showed the highest percentage of biofilm reduction.

Discussion of Results and Conclusions

Klebsiella pneumoniae is an important opportunistic pathogen that causes several infectious diseases in humans,
including septicemia, liver abscesses, diarrhea and pneumonia. In addition, a hospital-acquired pathogen is known
to be associated with increased patient mortality. In addition to clinical environments, Klebsiella pneumoniae is
mostly found in foods such as raw vegetables, powdered baby food, meat, fish, and prepared foods and is
considered a foodborne pathogen. In addition to being important in medicine, this bacterium is also important in
veterinary medicine due to mastitis in cows and uterus infection in mares.
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22- Lactic acid

23- Acetic acid

24- Formic acid

25- Supernatant

26- Carbapenem-Resistant Enterobacteriaceae (CRE)
27- Helicobacter pylori
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28- Salmonella

- Shigella

30- Pseudomonas aeruginosa

31- Staphylococcus aureus

32- Buffered pepton water (BPW)

3- McConkey agar

34- Imipenem

33- Meropenem

36- Doripenem

37- Ertapenem

38- Disk Diffusion

3- Mueller Hiton agar

40- Inhibition zone

41- Clinical and Laboratory Standards Institute (CLSI)
42- Sensitive

4- Intermediate

4. Resistant

4. Optical density (OD)

46- Tryptic Soy Broth (TSB)

47- Planktonic phase

43- Phosphate buffered saline (PBS)

49 Crystal violet

30- Specific biofilm formation (SBF) index
31 Statistical package for social sciences (SPSS)
32- Multidrug-resistance (MDR)

33- Postbiotics

4- Biosurfactants (BS)
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