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Abstract. Proteus mirabilis isolates have been intensively researched for their capacity to cause
urinary tract infections (UTIs) and their swarming motility, although little is known about this
phenomenon. Probiotic Lactobacillus species, which are beneficial bacteria, are being studied
worldwide as therapeutic and preventative agents against bacterial infections. This study
investigated Lactobacillus supernatants as a potential new treatment against Proteus mirabilis.
In addition to testing their antimicrobial and anti-swarming activities, the research also aimed
to understand the genetic mechanisms behind the observed phenotypic changes.

Methods. A total of 150 urine specimens were collected from UTI patients at various hospitals
in Baghdad. Direct culture was performed by streaking the specimens on differential media.
RNA was extracted and purified from the bacterial isolates, and then reverse transcription and
quantitative PCR were used to evaluate swarming-related gene expression. Gene expression
was assessed relative to a reference gene to reveal how probiotics regulate swarming behavior
at the genetic level. Gene expression patterns varied, indicating complex genomic responses to
Lactobacillus exposure.

Results. UTIs affected 50 males (33.33%) and 100 females (66.66%) of various ages. Proteus
mirabilis was identified in 30 (20%) of the 150 samples. Resistance was observed in 25 (83.33%)
isolates for azithromycin and amoxicillin/clavulanic acid, and in 22 (73.33%) isolates for
meropenem. Real-time PCR showed significant alterations in the expression of four swarming-
related genes (rsbA, umoD, ZapA, and FliL). The rsbA gene showed a notable increase in
expression, while another sample displayed a decrease. The umoD gene exhibited the largest
change, with expression doubling in some cases. ZapA showed the greatest increase, nearly
tripling in expression in one sample. FliL expression also rose in multiple isolates. Swarming
activity was positively correlated with gene expression levels for rsbA (r = 0.8, p = 0.009), umoD
(r=0.635p =0.045), ZapA (r = 0.942, p = 0.001), and FliL (r = 0.894, p = 0.001).
Conclusions. The study reveals a complex gene network regulating the swarming motility of
Proteus mirabilis. It suggests that Lactobacillus acidophilus supernatants can modify gene
expression and bacterial motility, potentially aiding in the treatment of UTIs.

Keywords: Lactobacillus, swarming, Proteus mirabilis, urinary tract infections.
Conlflict of interest. The authors declare no conflict of interest.

© M. M. Abdullah, B. A. L. AL-Rubaii, 2024.

Correspondence should be addressed to Bahaa Abdullah Laftaah AL-Rubaii:
bahaa.abdullah@sc.uobaghdad.edu.iq

[ED) ev-sn |

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (84) 2024 OpUriHOABHI HOYKOBI POBOTU 39


mailto:bahaa.abdullah@sc.uobaghdad.edu.iq
https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/
https://orcid.org/0009-0003-1381-1822
https://orcid.org/0000-0003-4546-1815
doi:%2010.31450/ukrjnd.4(84).2024.05
https://en.sc.uobaghdad.edu.iq/?page_id=1559
https://en.sc.uobaghdad.edu.iq/?page_id=1559
https://lutfikirdareah.saglik.gov.tr/EN,194978/our-vision-and-mission.html

Original Papers Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

© Aonymra M. M., Ans-Py6ai b. @. J1., 2024
VIK: 616.61/63-022.76:575.113

Myranna Mysadaxk Aoayia, Baxaa Aoaynna Jlagraax Ann-Pyoai

BB cynepuaranry Lactobacillus na ekcnpecilo reHiB, aconiioBaHux
3 poinHaM Proteus mirabilis, i30;J1b0BaHOTO BiJ NALIEHTIB
3 iH()eK1isAMHM Ce40BOI CUCTEMH
Kadenpa Giosorii, hakyabTeT NIpUpoAHUYUX HayK, barnancekuit yHiBepcuteT, barman, Ipak

Pestome. I[z0namu Proteus mirabilis inmencugno 00caioxncyomscs yepes ixuw 30amuicmo GUKAUKAMU IHpeKyil
ceuo6oi cucmemu (ICC) ma eracmugico poinHs, xoua npo ye aguuje mano wo eidomo. Ilpodiomuuni eudu Lactobacillus
BUBHAIOMDBCS 8 YCbOMY CIMI AK mepanesmu4ui ma npogirakmuyri 3acobu npomu 6axmepiarvHux iHgexyii. Y yvomy
docnioxncenni Oyno eusueno cynepnamanmu Lactobacillus ax nomenyiiinuil nosuil 3aci6 aikyeanns ICC, euxaukaunux
Proteus mirabilis. Kpim mecmyeanns aHmumixpooHoi ma anmu-poinbHoi aKkmueHocmi, 00CAI0NCeHHS MAKONC MAA0 HA
Memi GU3HAYUMU 2eHeMUYHI MeXAHI3MU, KT 1e)CaAMb 8 OCHOBI CNOCMEPeNCYy8aAHUX (PeHOMUNIYHUX 3MIH.

Memoou. 3aeanom Oyno 3iopano 150 3paskie ceui 6id nauyienmie 3 ICC. Ilpsme KyabmugysaunHs npoeoousy uwiis-
XOM HaHeceHHs 3paskié Ha dughepenyianvhi cepedosuwa. PHK 6yaa excmpacosana ma ouuwiena 3 bakmepiansbHux i3o-
Aamis, nicas 402o 3a 00NOM02010 360pomHuoi mpanckpunyii ma kinvkicroi I1JIP 6yn0 oyineno excnpeciio eenie, acouyiiio-
6anux i3 poinHam. Excnpeciro eenie oyintosanu 6iOHOCHO peghepeHCHO20 2eHa 0451 moeo, w00 3 Acy8amu, 1K NPoOioMmuKU
pe2ynoomb PoinbHy N0BeOiHKY HA eeHeMUYHOMY DIiGHI.

Pesyavmamu. ICC diacnocmosano y 50uonosixis (33,33%) i 100 xcinok (66,66%) pisroeo 6iky. Proteus mirabilis
oye eusnavenuii y 30 (20%) i3 150 3paskie. Pesucmenmuicmo 0yaa eusenena é 25 (83,33%) izonamie 00 azumpomiyumy
ma amoKcuyuniny/Kaagyaanosoi kucaomu, i 6 22 (73,33%) izonamis 0o meponenemy. Kinvkicna IIJIP nokasasa 3nauni
3MiHU 8 eKcnpecii Yomupbox eeHie, acouitiosanux i3 poinuam (rsbA, umoD, ZapA ma Flil). Ien rsbA npodemoncmpysas
nideuwenHs piens excnpecii, mooi sk 6 inutiii npoobi cnocmepieanocs 3uudcents. Ien umoD npodemoncmpysae Hailibinbuti
3MiHU, NPU UbOMY 6 OesKux eunadkax ekcnpecis nodsoinacs. Excnpecis eena ZapA 30invuiunacs Hailbinvuie, mMaiice
nompoisuiuce 6 00niil 3 npod. Excnpecia FliL maxoic 3pocra é dexinvkox izonasmax. AKmMueHicms pOEHH NO3UMUBHO
Kopearogana 3 pisHamu excnpecii eenie rsbA (r = 0,8, p = 0,009), umoD (r = 0,635, p = 0,045), ZapA (r = 0,942, p =

0,001) ma FIliL (r = 0,894, p = 0,001).

Bucnosxu. Ilpedcmasnene docaidyicenHs 0eMOHCMPYE CKAAOHY eeHeMUYHY Mepedcy, KA Pecyato€ PoilbHy Mo-
muavricms Proteus mirabilis ma npunyckae, wo cynepuamaumu Lactobacillus acidophilus moxcyms moodugixysamu
eKchnpecito eeHie i 6aKmepianvHy pyxaueicmo, uio nomeryitino mosce cnpusmu aixyeantio 1CC.

Kmouosi cnoBa: Proteus mirabilis, Lactobacillus, poinns, ingexuii cewosoi cucmemu.

Introduction. The bacterial genus Proteus consists
of various species, including P. vulgaris, P. mirabilis, P.
myxofaciens, P. penneri, and P. hauseri [1]. These spe-
cies can either exist as saprophytes in the gastrointesti-
nal tracts of animals and humans or act as opportunistic
pathogens in urinary tract infections (UTIs). In UTIs
involving structural abnormalities or indwelling cath-
eters, Proteus mirabilis is typically present [2]. The rise
in drug resistance among Proteus species highlights the
need for regular antimicrobial susceptibility monitor-
ing to ensure effective therapeutic treatment [3]. A sig-
nificant virulence factor of Proteus species, particularly
P. mirabilis, is swarming motility, which is defined as
“a rapid and coordinated movement of bacteria across
surfaces, allowing them to spread quickly and colonize
new areas.” This trait enables the bacteria to rapidly

Bahaa Abdullah Laftaah AL-Rubaii
bahaa.abdullah@sc.uobaghdad.edu.iq

spread across surfaces in a bull’s-eye pattern, increas-
ing their resistance to antibiotics and predation while
providing competitive advantages through the secretion
of surfactants [4].

Non-motile, rod-shaped, Gram-positive Lactoba-
cillus species may offer the potential to treat antibiotic
resistance. Microorganisms in nutrient-rich habitats
contribute to health benefits. According to Salvetti and
O’Toole [5], Lactobacillus supernatants can impact P.
mirabilis gene expression linked to swarming, suggest-
ing a novel avenue for antibacterial treatment. Research
shows that fermentative Lactobacillus species compete
with harmful bacteria. These bacteria, part of the hu-
man gut microbiota, can adjust gene regulation to in-
hibit pathogenic quorum sensing. The antimicrobial
effect of Lactobacillus is attributed to the production
of bacteriocins, hydrogen peroxide, and organic ac-
ids. Lactobacillus supernatants may prevent P. mirabilis
swarming and colonization of the urinary tract by elimi-
nating other harmful bacteria [6—8].

Swarming genes such as rsbA, umoD, ZapA, and
FliL in P. mirabilis control their movement. The rsbA
gene encodes a sensor kinase in a two-component regu-
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latory system that regulates the initiation of swarm-
ing [1, 9]. Mutations in the rshA gene result in early
swarming, demonstrating its role in timing. UmoD, a
key up-regulator of the umo operon, enhances flagellar
gene expression and swarming motility during the tran-
sition from swimmer to swarmer cells. Swarming also
increases the expression of the Zn-dependent metallo-
protease encoded by the ZapA gene, which may degrade
extracellular proteins and enhance movement. The
FliL gene, a flagellar basal body gene, is essential for
proper flagellar function and directly impacts swarming
dynamics [10, 11]. Comparing gene expression during
and after swarming can provide insights into the com-
plex genomic networks controlling swarming in P. mi-
rabilis. This will further elucidate the biology and mo-
lecular mechanisms of swarming [12].

The swarming motility of P. mirabilis accelerates
colonization and involves cell differentiation and col-
lective movement [13]. Swarming enhances antibiotic
resistance; the increased permeability of swarmer cells
and the expression of resistance genes may help these
bacteria survive antimicrobial treatment. Lactobacillus
supernatants may influence P. mirabilis gene expres-
sion, swarming behavior, and antibiotic sensitivity [14,
15]. While the antibacterial capabilities of Lactobacillus
supernatants have been extensively studied, their effects
on P. mirabilis swarming motility, a critical virulence
factor in urinary tract infections, remain largely unex-
plored. Previous investigations into the antibacterial and
probiotic activities of Lactobacillus have overlooked its
potential to regulate gene expression related to swarm-
ing. This gap in the literature calls for further research
into how sub-inhibitory concentrations of Lactobacillus
supernatants affect critical gene expression.

The present study aimed to examine the antibac-
terial and anti-swarming properties of sub-inhibitory
doses of Lactobacillus supernatant and to evaluate its
influence on the gene expression of swarming-related
genes in P. mirabilis.

Materials and methods. This study was conducted
in accordance with ethical guidelines, and approval was
obtained from the institutional review board of [Insti-
tution Name] (approval no. [xxx]). Written informed
consent was obtained from all participants, and all pro-
cedures adhered to the principles of the Declaration of
Helsinki.

Isolation and identification of Proteus spp. Speci-
men collection. One hundred urine specimens were
obtained from UTI patients at various hospitals in
Baghdad. The specimens were streaked on blood agar
and MacConkey agar, then incubated aerobically at
37°C for 24 hours.

Identification of isolates. Morphological identifi-
cation was performed based on Bergey’s Manual [16],
and biochemical tests were conducted according to
references [11-13]. The identification of P. mirabilis
and Lactobacillus acidophilus was confirmed using the
VITEK 2 compact system. The antibiotic susceptibil-
ity test was applied on Mueller-Hinton agar medium,

and the disc diffusion method was employed [17]. The
inhibition zones formed around the discs were mea-
sured in millimeters (mm) [18]. The antibiotics and
their concentrations (pg/disc) used were: Gentamicin
10 (India), Azithromycin 15 (Germany), Meropenem
10 (United Kingdom), Ceftazidime 30 (Canada), Imi-
penem 10 (Germany), Levofloxacin 5 (U.S.), Cipro-
floxacin 5 (Germany), Amoxicillin/clavulanic acid 30
(India), Trimethoprim 10 (U.S.), and Vancomycin 5
(Denmark).

Swarming motility assay (central spot inoculation
method). Blood agar plates were inoculated with an
overnight broth culture (0.01 ml), and the plates were
incubated at 37°C overnight [19].

Preparation _of Lactobacillus _cell-free culture
supernatants. Agar plates and MRS broth were used
to cultivate Lactobacillus. The optical density of the
standard cell suspension was adjusted using McFarland
standard no. 0.5 turbidity. The supernatant was prepared
by incubating 0.1 ml of the standard cell suspension in
MRS broth at 37°C for 24 hours. Lactobacillus cells
were removed through centrifugation and filtration.
The supernatant stock solution was used to examine its
inhibitory activity [20].

Antimicrobial activity of Lactobacillus isolates.
Various concentrations of Lactobacillus supernatant
were tested for antibacterial activity using the agar
dilution method [21]. Briefly, distilled water (D.W.) was
used to dilute the supernatantby 1/2,1/4,1/8,1/16, and
1/32, to reach a final volume of 10 ml. Proteus mirabilis
was inoculated in nutrient broth for 24 hours. Double-
concentration Muller-Hinton agar was autoclaved, then
mixed with the appropriate supernatant concentrations
in sterile Petri dishes. P. mirabilisisolates were spotted in
microliters onto each plate and incubated at 37°C for 24
hours. The minimum inhibitory concentration (MIC)
was defined as the lowest concentration of supernatant
that inhibited bacterial growth. The swarming potential
of the isolates was re-evaluated using sub-inhibitory
concentrations of Lactobacillus supernatant.

Gene expression analysis. RNA extraction and puri-
fication. RNA extraction was performed using GeneAid
reagents (South Korea), and RNA concentration and
purity were measured with a NanoDrop 1000 spec-
trophotometer. After overnight ulture, bacteria were
centrifuged, lysed, and mixed with ethanol. The su-
pernatant was transferred to an RNA binding column,
followed by washing with Pre-Wash Buffer and Wash
Buffer. The column was dried, and RNase-free water
was added to elute the pure RNA. This process ensured
precise and efficient RNA extraction.

c¢DNA synthesis, RT-PCR, and quantitative RT-PCR.
cDNA synthesis, reverse transcription-PCR (RT-PCR),
and quantitative RT-PCR were performed on RNA
samples, excluding those set aside for RNA sequenc-
ing (RNA-Seq). Dissociation curve analysis confirmed
product specificity. Gene expression levels were quanti-
fied using the relative method with rpoA as the reference
gene. The following primer sequences were used:
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e 1poAF: 5-GCGTGTTATAGCCCAGTTGA-3’,
rpoAR: 5’~- AGGCTGACGAACATCACGTA-3

o rsbAF: 5 -CTATACCTACCGCACCATGT-3’,
rsbAR: 5’-GAAGTCCCATCCGTTGATAC-3’

o FliLF: 5-GGTGATCGCCATTATTGCAG-3’,
FliLR: 5’-AGCGTAACGTGATCCCTATG-3’

o umoDF: 5’-CAAGAGTGCCGTGTTTTCTATA-3,
umoDR: 5’-CGATGATATCGCCCGGTTTAA-3’

e ZapAF: 5’-GGCCAAGCATGGTTTAGTGA-3’,
ZapAR: 5’-GGCGACTATCTTCCGCATAA-3’

Results. Isolation proportions of Proteus mirabilis.
The study involved the collection of 150 urine samples
from patients with UTIs admitted to various hospitals.
The patient population consisted of 33.33% male and
66.66% female participants. These samples were culti-
vated on blood and MacConkey agar to identify Proteus
mirabilis. P. mirabilis was isolated in 20% of the samples
(30 samples), with a higher incidence in female patients

(12.66%) compared to male patients (7.33%). The re-
maining 80% (120 samples) were negative for bacteria,
comprising 54% female and 26% male samples. This
data highlights a gender-based variation in the inci-
dence of P. mirabilis in the tested population.

Patterns of antibiotic susceptibility in Proteus mi-
rabilis. The disc diffusion assay revealed the antibiotic
resistance patterns of P. mirabilis isolates. Susceptibility
is indicated by the presence of inhibition zones around
antibiotic-impregnated discs, while resistance is signi-
fied by smaller or absent zones of inhibition. The iso-
lates demonstrated resistance to Amoxicillin/clavulanic
acid, Azithromycin, and Meropenem, with resistance
rates of 25 (83.33%), 25 (83.33%), and 22 (73.33%),
respectively. Resistance rates for Ceftazidime, Genta-
micin, and Vancomycin were 21 (70%), 20 (66.66%),
and 16 (53.33%), respectively. Conversely, sensitivity
rates were 26 (86.66%) for Imipenem, Levofloxacin,
and Ciprofloxacin, and 18 (60%) for Trimethoprim.
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Fig. 1. Test of antibiotic sensitivity for isolates of Proteus mirabilis.

Determination of minimum_inhibitory concentration
(MIC). Sixteen antibiotics were tested using VITEK 2
Compact and an AST card. The antibiotics showed re-
sistance to Piperacillin (=128 pg/ml), Clavulanic acid
(tazobactam/16—64 pg/ml), and Ticarcillin, with MIC
values of 25 (83.33%). Additionally, 66.66% of isolates
demonstrated resistance to Ceftazidime with MICs of at
least 64 pg/ml. Sixteen isolates (53.33%) showed resis-
tance to Imipenem (<0.25 pg/ml), Aztreonam (=64 ng/
ml), Meropenem (1 pg/ml), and Cefepime. Approxi-
mately 50% of samples showed resistance to Amikacin
(£2 pg/ml) and Gentamicin (2 pg/ml). Resistance rates
for Sulfamethoxazole (=320 pg/ml), Trimethoprim,
and Minocycline (8 pug/ml) were around 40% (12 iso-
lates). Fewer isolates (13.33%) showed resistance to
Tobramycin (<1 pg/ml), Ciprofloxacin (<0.25 pg/ml),
and Piperacillin/Tazobactam (<4 pg/ml).

Swarming behavior of Proteus mirabilis on blood
agar. The bacterium exhibits a unique swarming growth
pattern, characterized by tendril-like extensions from
the central inoculation point, demonstrating its rapid
colonization and spreading ability across solid surfaces.
On blood agar, Proteus mirabilis forms these tendrils,
indicating quick diffusion. Initial swarming diameters
were 8.3 cm, 6.7 cm, 7.7 cm, and 6.6 cm. After treat-
ment with Lactobacillus supernatant, these diameters

decreased to 3.1 cm, 2.4 cm, 3.2 cm, and 3.0 cm, in-
dicating reduced swarming. This significant reduction
suggests that chemicals in Lactobacillus supernatants
inhibit P. mirabilis motility on blood agar. The observed
interaction highlights the antagonistic relationship be-
tween Lactobacillus acidophilus and P. mirabilis, sug-
gesting that Lactobacillus products could be used to
treat infections caused by swarming pathogens.

Fig. 2. Swarming activity of Proteus mirabilis on blood agar in
the presence of Lactobacillus acidophilus.

Estimation of gene expression. Real-time PCR re-
vealed changes in the expression levels of four genes—
rsbA, umoD, ZapA, and FliL—in isolates treated with
Lactobacillus acidophilus supernatants compared to
a reference or control. After treatment, the expres-
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sion of the rshA gene in isolate 77 increased by 1.62-
fold, while there was no significant change in isolate
55 (0.96). Isolates 80 and 90 exhibited reductions in
expression, with 0.54 and 0.83-fold decreases, respec-
tively. UmoD expression showed a significant increase
of 2-fold in isolate 77. Isolate 55 was upregulated by
1.25, while isolates 80 and 90 were downregulated by
0.59 and 0.68, respectively. The ZapA gene was up-
regulated in isolate 77 with a 2.93-fold increase, while

isolate 55 showed a fold change of 1 (0.85), and isolates
80 and 90 were downregulated (0.61 and 1.11, respec-
tively). The FIliL gene showed a 1.25-fold upregulation
in isolate 77, with isolate 55 showing a slight increase
(1.05) and isolate 80 downregulated by 0.66. Isolate 90
exhibited a 1.29-fold increase. These changes suggest
that Lactobacillus acidophilus supernatants may influ-
ence the gene expression of swarming-related genes in
P. mirabilis.

Table 1

Gene expression levels of rsbA, umoD, ZapA, and FliL before and after treatment
with Lactobacillus acidophilus supernatants

pre post
Isolate code AACt Fold change
hkg rshA ACt hkg rsbA ACt
80 8.45 13.23 4.78 8.5 14.16 5.66 0.88 0.5433674
77 8.18 15.36 7.18 8.56 15.04 6.48 -0.7 1.6245048
55 13.32 14.74 1.42 10.83 12.31 1.48 0.06 0.9592641
90 8.49 12.68 4.19 10.44 14.89 4.45 0.26 0.8350879
pre post
Isolate code AACt Fold change
hkg umo ACt hkg umo ACt
80 8.45 10.13 1.68 8.5 10.92 2.42 0.74 0.5987394
77 8.18 11.41 3.23 8.56 10.79 2.23 -1 2
55 13.32 15.17 1.85 10.83 12.35 1.52 -0.33 1.2570134
90 8.49 9.55 1.06 10.44 12.04 1.6 0.54 0.6877709
pre post
Isolate code AACt Fold change
hkg ZapA ACt hkg ZapA ACt
80 8.45 10.21 1.76 8.5 10.97 2.47 0.71 0.6113201
77 8.18 12.12 3.94 8.56 10.95 2.39 -1.55 2.9281714
55 13.32 13.92 0.6 10.83 11.67 0.84 0.24 0.8467453
90 8.49 10.24 1.75 10.44 12.04 1.6 -0.15 1.1095695
pre post
Isolate code AACt Fold change
hkg fli ACt hkg S ACt
80 8.45 9.98 1.53 8.5 10.62 2.12 0.59 0.6643429
77 8.18 10.52 2.34 8.56 10.57 2.01 -0.33 1.2570134
55 13.32 14.54 1.22 10.83 11.98 1.15 -0.07 1.0497167
90 8.49 9.87 1.38 10.44 11.45 1.01 -0.37 1.2923528

Gene expression and swarming correlation. Table
2 reveals a strong positive correlation between gene
expression and Proteus mirabilis swarming. Statisti-
cally significant correlations between the expression of
rsbA, UmoD, ZapA, and FliL suggest that these genes
regulate swarming behavior. Although gene activity

increased after Lactobacillus supernatant treatment,
swarming rates decreased, suggesting a complex regu-
latory mechanism involving multiple genes. Investi-
gating these networks is essential for understanding
microorganism motility patterns.
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Table 2
Correlation between gene expression levels and
swarming activity

Gene Pearson’sr p-value

rsbA 0.8 0.009
UmoD 0.635 0.045

ZapA 0.942 0.001

FiiL 0.894 0.001

Discussion. In 2023, Al-Ezzy et al. reported that
63.33% of Proteus mirabilis cases in Iraq occurred in
females, while 36.67% were in males. The 17—23 age
group had a 33.33% infection rate, while the 24—30 age
group had a rate of 16.67% [22]. In 2022, Al-Obaidi and
Al-Hashimy found 22 P. mirabilis isolates among UTI
patients in Baghdad hospitals, with an isolation rate of
21.34% [23]. Similarly, in 2022, Al-Jubouri and Shami
studied UTIs in Iraq and identified microbial growth in
62.3% of 180 urine samples, with no growth in 37.7%.
P. mirabilis was isolated in 2.7% of patients, though the
actual number of cases was not provided [24]. These
studies show that the frequency of P. mirabilis varies by
gender and age. It is most common in individuals aged
17 to 37, but recent research suggests it is more frequent
in boys under 14 [25].

Under the oil immersion lens of a compound light
microscope, the bacterial isolates appeared as reddish-
pink rods, a characteristic typically associated with
Proteus bacteria. This observation aligns with previous
findings [26]. In the present study, Lactobacillus spe-
cies were identified using Gram staining, appearing as
Gram-positive bacilli and cocco-bacilli, either solitary
or paired. Several studies have reported similar results
[27]. This investigation supports both domestic and in-
ternational research findings.

Mohammad et al. found that P. mirabilis isolates
from patients with kidney failure and UTIs in Baghdad
exhibited resistance to ciprofloxacin [28]. Al-Nabhani
and Shami reported P. mirabilis resistance to ceftazi-
dime (86.1%) and gentamicin (76.9%) [29]. Cipro-
floxacin resistance was moderate at 40%, and resistance
to amoxicillin-clavulanic acid was 56.9%. Levofloxacin
(33.8%), imipenem (15.3%), and meropenem (1.5%)
had lower resistance rates [30]. Antibiotic susceptibility
of P. mirabilis isolates has varied across studies. For in-
stance, isolates from Baqubah Hospital were 80% sensi-
tive to ciprofloxacin, 60% sensitive to gentamicin, and
82.6% sensitive to imipenem. Newer carbapenems, such
as imipenem, are more effective against Gram-negative
bacteria due to their lower resistance rates [31]. The in-
creasing resistance to gentamicin in local hospitals un-
derscores the importance of aminoglycosides in treating
UTIs. The complex structure of Proteus spp.’s outer cy-
toplasmic membrane likely contributes to its resistance
mechanisms. Additionally, improper antimicrobial use
has been linked to antibiotic resistance in Proteus spp.
and other microorganisms [29, 32—34].

Minocycline, a bacteriostatic tetracycline that in-
hibits protein synthesis by binding to the 30S ribosomal
subunit, showed resistance in 71.4% of isolates in re-
cent studies [35]. Meropenem had the lowest resistance
rate at 2.85%, and gentamicin and imipenem were
highly effective against P. mirabilis, with a 97.2% suc-
cess rate [36]. However, Proteus spp.” swarming motil-
ity, a virulence factor, poses challenges for microbio-
logical studies and diagnosis due to its association with
high virulence enzymes. Lactobacillus acidophilus has
demonstrated the ability to displace harmful bacteria on
mucosal surfaces and combat various infections [37].
This study found that L. acidophilus can inhibit P. mi-
rabilis, with implications for antibiotic resistance pro-
files. These results underscore the urgent need for novel
therapeutic approaches and precise diagnostic methods
in the face of increasing antibiotic resistance. Probiot-
ics, particularly Lactfobacillus species, may influence
the virulence of P. mirabilis, potentially leading to new
methods for controlling harmful behaviors [38, 39].

Swarming motility, a coordinated and rapid sur-
face movement exhibited by certain bacterial species,
is closely associated with virulence, colonization, and
biofilm formation [40]. In the case of P. mirabilis,
swarming plays a crucial role in urinary tract infections,
especially in catheterized patients, where it facilitates
bacterial colonization [41]. The two samples with the
highest swarming activity on blood agar support pheno-
typic observations that suggest a link between swarm-
ing and the expression of the rshA and Zap genes [42].
The rsbA gene has been associated with bacterial stress
responses, which are believed to play a role in host col-
onization [43]. Its high expression in the most active
swarming samples suggests it may be involved in lim-
iting swarming under harsh or resource-limited con-
ditions, such as the urinary tract [44]. While the exact
role of the Zap gene in swarming remains unclear, its
increased expression in the most active samples suggests
it plays a significant role in this behavior [45].

This study demonstrates that swarming in P. mira-
bilis is influenced by multiple genes, rather than a single
one. Genes like Zap and FliL are involved in flagellar
assembly and extracellular matrix production, which
are essential for swarming. However, the moderate
associations of genes like rshb4 and UmoD suggest that
regulatory or context-dependent factors may mediate
their roles. This highlights the complex genetic regu-
lation of bacterial swarming behavior, indicating that
other factors or pathways are likely involved. Swarm-
ing regulation is known to be influenced by various
stimuli and interconnected regulatory networks [46].
The moderate association of UmoD may reflect the
complexity of its role, which could be context-specific
or require interaction with other regulatory elements.
Overall, multiple genes contribute to swarming behav-
ior, which is governed by a complex genetic network
[47]. Genes involved in flagellar function, such as Zap,
show a strong correlation with swarming, corroborating
previous studies indicating that these genes are highly
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activated during swarming [48]. FliL genes, linked to
extracellular components, support swarming motility,
aligning with research that suggests swarming is aided
by structures like lipopolysaccharides and other mem-
brane components [49]. The moderate correlations
observed for rsbA and UmoD suggest a more intricate
regulatory network. Studies have shown that regulatory
proteins like RshA control the timing of swarming, sup-
porting findings that gene overexpression or mutations
can result in premature swarming [49, 50].

Some studies suggest that P. mirabilis coordinates
virulence factor expression with swarming differentia-
tion, including the regulation of toxins, adhesins, and
other virulence genes [51]. The complex genetic regu-
lation observed in this study is consistent with transcrip-
tomic research showing widespread changes in gene ex-
pression during swarming, including both upregulation
and downregulation of various gene sets [48].

When evaluating the effect of Lactobacillus
spp. supernatant on swarming-related genes, the
PCR approach is generally recommended. This
molecular technique is widely applied across various
fields of microbiology. It has been used to diagnose
pathogenic bacteria, including Proteus mirabilis [35,
52], Staphylococcus aureus [53], and Pseudomonas
aeruginosa [54], as well as to assess the severity of
Coronavirus Disease 19 [55]. Additionally, PCR hasbeen
employed to explore the roles of bacterial neuraminidase
and hyaluronidase in cancer cell interactions in vivo [56,
57], investigate mutations in gastric cancer [58], and
measure gene expression levels of biomarkers in a range
of diseases [59, 60]. Furthermore, the PCR technique
has been used to examine small nuclear RNA host
gene 3 as a potential therapeutic target in breast cancer
through metabolic reprogramming [61], evaluate the
significance of mitochondrial DNA quantification for
blastocyst transfer potential [62], and used miRNA-126
as a Biomarker for Cancer Stem Cells [63].

References:

Several limitations were encountered in this study.
First, the sample size was relatively small, which may
affect the generalizability of the results. A larger, more
diverse sample size would provide a more comprehen-
sive understanding of P. mirabilis swarming and gene
expression. Second, this study focused on isolates from
a specific geographical region (Baghdad), limiting its
applicability to other regions. Future research should
include isolates from different regions to provide a
more global perspective. Third, while gene expression
was analyzed using real-time PCR, additional molecu-
lar techniques, such as transcriptomics or proteomics,
could offer more detailed insights into the regulatory
pathways involved in swarming. Finally, the study did
not explore the long-term effects of Lactobacillus su-
pernatant on swarming behavior, and further research
is needed to determine the sustainability of its inhibi-
tory effects over time.

Conclusions. The study reveals that swarming mo-
tility in Proteus mirabilis is regulated by multiple genes,
including rshA, UmoD, ZapA, and FliL. Additionally,
Lactobacillus acidophilus supernatants can influence
gene expression and modulate bacterial motility, sug-
gesting potential therapeutic applications for managing
UTls.

Conlflicts of interest statement. The authors have
no conflict of interest to declare.

Funding sources. The authors have no financial
relationships relevant to this article to disclose.

Data availability statement. The datasets used and
analyzed during the current study are available from the
corresponding author upon reasonable request.

The authors’ contributions. Both authors contrib-
uted equally to the development of the research plan,
the statistical analysis of the results, and the writing of
the manuscript.

1. Morgenstein RM, Rather PN. Role of the Umo
proteins and the Rcs phosphorelay in the swarm-
ing motility of the wild type and an O-antigen

(waal) mutant of Proteus mirabilis. J Bacteriol.
2012;194(3):669—76. doi: 10.1128/jb.06047-11.

2. Artero-Lopez J, Gutiérrez-Soto B, Exposito Ruiz M,
Sorlozano Puerto A, Navarro Mari JM, Gutiérrez
Ferndandez J. Etiologia de las infecciones urinarias
en nuestra drea sanitaria y perfil de sensibilidad de
los uropatdégenos mas frecuentes. 2021; Arch. Esp.
Urol. [Internet]. 2021; 74 (2): 197-207. Available
from: https://digibug.ugr.es/handle/10481/90512.

3. Ridha Abbas Al-Fahham H, Raoof Kareem K.
Molecular study of urease ureR gene of Proteus mi-
rabilis isolated from urinary tract infections, Najaf
Iraq. Arch Razi Inst. 2022;77(3):1257—60. doi:
10.22092/AR1.2022.357465.2042.

4. Yuan F, Huang Z, Yang T, Wang G, Li P, Yang B,
et al. Pathogenesis of Proteus mirabilis in cathe-
ter-associated urinary tract infections. Urol Int.

2021;105(5—6):354—61. doi: 10.1159/000514097.

5. Salvetti E, O’Toole PW. The genomic basis of lac-
tobacilli as health-promoting organisms. Microbiol
Spectr. 2017;5(3):10—1128. doi: 10.1128/microbi-
olspec.bad-0011-2016.

6. Wasfi R, Abd El-Rahman OA, Zafer MM, Ashour HM.
Probiotic Lactobacillus sp. inhibit growth, bio-
film formation and gene expression of caries-in-
ducing Streptococcus mutans. J Cell Mol Med.
2018;22(3):1972—83. doi: 10.1111/jcmm.13496.

7. Colautti A, Orecchia E, Comi G, lacumin L. Lactobacilli,
a Weapon to Counteract Pathogens through the
Inhibition of Their Virulence Factors. J Bacteriol. 2022;
204(11):¢0027222. doi: 10.1128/jb.00272-22.

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (84) 2024

OpUriHOABHI HOYKOBI POBOTU 45


https://journals.asm.org/doi/10.1128/jb.06047-11
https://journals.asm.org/doi/10.1128/jb.06047-11
https://journals.asm.org/doi/10.1128/jb.06047-11
https://journals.asm.org/doi/10.1128/jb.06047-11
https://journals.asm.org/doi/10.1128/jb.06047-11
https://digibug.ugr.es/handle/10481/90512
https://digibug.ugr.es/handle/10481/90512
https://digibug.ugr.es/handle/10481/90512
https://digibug.ugr.es/handle/10481/90512
https://digibug.ugr.es/handle/10481/90512
https://digibug.ugr.es/handle/10481/90512
https://digibug.ugr.es/handle/10481/90512
https://archrazi.areeo.ac.ir/article_125789.html
https://archrazi.areeo.ac.ir/article_125789.html
https://archrazi.areeo.ac.ir/article_125789.html
https://archrazi.areeo.ac.ir/article_125789.html
https://archrazi.areeo.ac.ir/article_125789.html
https://karger.com/uin/article/105/5-6/354/302507/Pathogenesis-of-Proteus-mirabilis-in-Catheter
https://karger.com/uin/article/105/5-6/354/302507/Pathogenesis-of-Proteus-mirabilis-in-Catheter
https://karger.com/uin/article/105/5-6/354/302507/Pathogenesis-of-Proteus-mirabilis-in-Catheter
https://karger.com/uin/article/105/5-6/354/302507/Pathogenesis-of-Proteus-mirabilis-in-Catheter
https://journals.asm.org/doi/10.1128/microbiolspec.bad-0011-2016
https://journals.asm.org/doi/10.1128/microbiolspec.bad-0011-2016
https://journals.asm.org/doi/10.1128/microbiolspec.bad-0011-2016
https://journals.asm.org/doi/10.1128/microbiolspec.bad-0011-2016
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.13496
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.13496
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.13496
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.13496
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.13496
https://journals.asm.org/doi/10.1128/jb.00272-22
https://journals.asm.org/doi/10.1128/jb.00272-22
https://journals.asm.org/doi/10.1128/jb.00272-22
https://journals.asm.org/doi/10.1128/jb.00272-22

Original Papers

Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

Piewngam P, Zheng Y, Nguyen TH, Dickey SW,
Joo HS, Villaruz AE, et al. Pathogen elimination
by probiotic Bacillus via signalling interference.
Nature. 2018;562(7728):532—7. doi: 10.1038/
s41586-018-0616-y.

Scavone P, Iribarnegaray V, Gonzalez MJ, Navarro N,
Caneles-Huerta N, Jara-Wilde J, et al. Role of
Proteus mirabilis flagella in biofilm formation. Role
of Rev Argent Microbiol. 2023;55(3):226—34. doi:
10.1016/j.ram.2023.01.005.

Emad M, Alhammer AH, Mohammed RK, Lafta FM.
SYNERGISTIC EFFECTS OF NEEM OIL
AND GENTAMICIN ON PSEUDOMONAS
AERUGINOSA VIA PHZM GENE
DOWNREGULATION: A COMPREHENSIVE
REVIEW. J Microbiol Biotechnol food Sci.
2024;e11095—e11095. doi: 10.55251/jmbfs.11095.

Schaffer JN, Pearson MM. Proteus mirabilis and
Urinary Tract Infections. Microbiol Spectr.
2015;3(5). doi: 10.1128/microbiolspec. UTI-0017-
2013.

Armbruster CE, Mobley HLT. Merging mytho-
logy and morphology: the multifaceted life-
style of Proteus mirabilis. Nat Rev Microbiol.
2012;10(11):743—54. doi: 10.1038 /nrmicro2890.

Sun Y, Wen S, Zhao L, Xia Q, Pan Y, Liu H, et
al. Association among biofilm formation, viru-
lence gene expression, and antibiotic resistance in
Proteus mirabilis isolates from diarrhetic animals
in Northeast China. BMC Vet Res. 2020;16:1—10.
doi: 10.1186/s12917-020-02372-w.

Liu L, Dong Z, Ai S, Chen S, Dong M, Li Q, et al.
Virulence-related factors and antimicrobial resis-
tance in Proteus mirabilis isolated from domestic
and stray dogs. Front Microbiol. 2023;14:1141418.
doi: 10.3389/fmicb.2023.1141418.

Khodadadian R, Rahdar HA, Javadi A, Safari M,
Khorshidi A. Detection of VIM-1 and IMP-1 genes
in Klebsiella pneumoniae and relationship with
biofilm formation. Microb Pathog. 2018;115:25—
30. doi: 10.1016/j.micpath.2017.12.036.

Isaev Yu. M, Semashkin NM, Kalenkov SA. Sau
fheu. Specification of particle movement in a spiral-
screw element. Sustain Dev. 2015;8(3):234—244.
Murillo JI, Encarnacion-Dimayuga R, Malmstrom J,
Christophersen C, Franzblau SG. Antimycobacterial
flavones from Haplopappus sonorensis. Fito-

terapia. 2003;74(3):226—30. doi:10.1016/S0367-
326X(03)00033-9.
Clinical and Laboratory Standards Institute

(CLSI) Performance Standards for Antimicrobial
Susceptibility Testing. CLSI Approved Standard
M100-S15. Clinical and Laboratory Standards
Institute W. Clinical and Laboratory Standards
Institute. [Internet]. 2018;8(4). Available from:
https://www.scirp.org/reference/referencespapers
?referenceid=2267872.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Aygiil A, Ocztiirk I, Cilli FF, Ermertcan S.
Quercetin inhibits swarming motility and ac-
tivates biofilm production of Proteus mirabi-
lis possibly by interacting with central regula-
tors, metabolic status or active pump proteins.
Phytomedicine. 2019;57:65—71. doi: 10.1016/j.
phymed.2018.12.014.

Santos ACC, Malta SM, Dantas RCC, Coelho
Rocha ND, Ariston de Carvalho Azevedo V, Ueira-
Vieira C. Antimicrobial activity of supernatants pro-
duced by bacteria isolated from Brazilian stingless
bee’s larval food. BMC Microbiol. 2022;22(1):127.
doi: 10.1186/s12866-022-02548-4.

Rammelsberg M, Radler F. Antibacterial polypep-
tides of Lactobacillus species. J Appl Bacteriol.
1990;69(2):177—84. doi: 10.1111/j.1365-
2672.1990.tb01507.x.

Al-Ezzy AIA, Al-Azawi SA, Algburi A. Multidrug
Resistant Behavior Of Proteus mirabilis Isolated
From patients with Urinary Tract Infections. Diyala
J Vet Sci. [Internet]. 2023;1(1):1—15. Available
from: https://djvs.uodiyala.edu.iq/index.php/djvs/
article/view/92.

AL-Jubouri SS, Shami AM. Molecular Detection
of Cephalosporin Resistance Genes in Escherichia
coli Isolated from Urinary Tract Infections in
Baghdad Hospitals. Iraqgi J Biotechnol. [Internet].
2022;21(2):145—-52. Available from: https://
jige.uobaghdad.edu.iq/index.php/I1JB/article/
view/489.

Alsamarai AM, Khorshed SA, Ali H. Urinary tract
infection in female in Kirkuk city, Iraq: Association
between risk factors and bacterial type. Our
Dermatology Online. 2017;8(3):242. doi: 10.7241/
ourd.20173.72.

Magliano E, Grazioli V, Deflorio L, Leuci Al,
Mattina R, Romano P, et al. Gender and age-depen-
dent etiology of community-acquired urinary tract
infections. Sci World J. 2012;2012(1):349597. doi:
10.1100/2012/349597.

Ansari A, Son D, Hur YM, Park S, You YA, Kim SM,
et al. Lactobacillus probiotics improve vaginal
dysbiosis in asymptomatic women. Nutrients.
2023;15(8):1862. doi: 10.3390/nul5081862.

Tabatabaei A, Ahmadi K, Shabestari AN, Khosravi N,
Badamchi A. Virulence genes and antimicrobial
resistance pattern in Proteus mirabilis strains iso-
lated from patients attended with urinary infec-
tions to Tertiary Hospitals, in Iran. Afr Health Sci.
2021;21(4):1677—84. doi: 10.4314/ahs.v21i4.22.
Khudhur Mohammad T, Zuhir LW, Jasim LIA.
Detection of some Bacterial Uropathogens in Male
Students at the Institute of Medical Technology/
Al-Mansour. J Al-Ma’moon Coll. 2017;(29).
Al-Nabhani NA, Shami AM. Molecular Study
of Carbapenem Resistance Genes in Proteus
mirabilis Isolated from Clinical Samples in

46

OpWUriHOABHI HOYKOBI POBOTH

YKPQIHCBKNM XKYPHOA HEPPOAOTIT T pianisy N°4 (84) 2024


https://www.nature.com/articles/s41586-018-0616-y
https://www.nature.com/articles/s41586-018-0616-y
https://www.nature.com/articles/s41586-018-0616-y
https://www.nature.com/articles/s41586-018-0616-y
https://www.nature.com/articles/s41586-018-0616-y
https://www.sciencedirect.com/science/article/pii/S0325754123000202?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0325754123000202?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0325754123000202?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0325754123000202?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0325754123000202?via%3Dihub
https://office2.jmbfs.org/index.php/JMBFS/article/view/11095/3630
https://office2.jmbfs.org/index.php/JMBFS/article/view/11095/3630
https://office2.jmbfs.org/index.php/JMBFS/article/view/11095/3630
https://office2.jmbfs.org/index.php/JMBFS/article/view/11095/3630
https://office2.jmbfs.org/index.php/JMBFS/article/view/11095/3630
https://office2.jmbfs.org/index.php/JMBFS/article/view/11095/3630
https://office2.jmbfs.org/index.php/JMBFS/article/view/11095/3630
https://journals.asm.org/doi/pdf/10.1128/microbiolspec.uti-0017-2013
https://journals.asm.org/doi/pdf/10.1128/microbiolspec.uti-0017-2013
https://journals.asm.org/doi/pdf/10.1128/microbiolspec.uti-0017-2013
https://journals.asm.org/doi/pdf/10.1128/microbiolspec.uti-0017-2013
https://www.nature.com/articles/nrmicro2890
https://www.nature.com/articles/nrmicro2890
https://www.nature.com/articles/nrmicro2890
https://www.nature.com/articles/nrmicro2890
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-020-02372-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-020-02372-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-020-02372-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-020-02372-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-020-02372-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-020-02372-w
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1141418/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1141418/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1141418/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1141418/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1141418/full
https://www.sciencedirect.com/science/article/abs/pii/S0882401017314523?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401017314523?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401017314523?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401017314523?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401017314523?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X03000339?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X03000339?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X03000339?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X03000339?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X03000339?via%3Dihub
https://www.scirp.org/reference/referencespapers?referenceid=2267872.
https://www.scirp.org/reference/referencespapers?referenceid=2267872.
https://www.scirp.org/reference/referencespapers?referenceid=2267872.
https://www.scirp.org/reference/referencespapers?referenceid=2267872.
https://www.scirp.org/reference/referencespapers?referenceid=2267872.
https://www.scirp.org/reference/referencespapers?referenceid=2267872.
https://www.scirp.org/reference/referencespapers?referenceid=2267872.
https://www.scirp.org/reference/referencespapers?referenceid=2267872.
https://www.sciencedirect.com/science/article/abs/pii/S094471131830610X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S094471131830610X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S094471131830610X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S094471131830610X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S094471131830610X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S094471131830610X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S094471131830610X?via%3Dihub
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-022-02548-4
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-022-02548-4
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-022-02548-4
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-022-02548-4
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-022-02548-4
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-022-02548-4
https://academic.oup.com/jambio/article-abstract/69/2/177/6725268
https://academic.oup.com/jambio/article-abstract/69/2/177/6725268
https://academic.oup.com/jambio/article-abstract/69/2/177/6725268
https://academic.oup.com/jambio/article-abstract/69/2/177/6725268
https://djvs.uodiyala.edu.iq/index.php/djvs/article/view/92
https://djvs.uodiyala.edu.iq/index.php/djvs/article/view/92
https://djvs.uodiyala.edu.iq/index.php/djvs/article/view/92
https://djvs.uodiyala.edu.iq/index.php/djvs/article/view/92
https://djvs.uodiyala.edu.iq/index.php/djvs/article/view/92
https://djvs.uodiyala.edu.iq/index.php/djvs/article/view/92
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/489
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/489
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/489
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/489
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/489
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/489
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/489
https://www.academia.edu/51266577/Urinary_tract_infection_in_female_in_Kirkuk_city_Iraq_Association_between_risk_factors_and_bacterial_type
https://www.academia.edu/51266577/Urinary_tract_infection_in_female_in_Kirkuk_city_Iraq_Association_between_risk_factors_and_bacterial_type
https://www.academia.edu/51266577/Urinary_tract_infection_in_female_in_Kirkuk_city_Iraq_Association_between_risk_factors_and_bacterial_type
https://www.academia.edu/51266577/Urinary_tract_infection_in_female_in_Kirkuk_city_Iraq_Association_between_risk_factors_and_bacterial_type
https://www.academia.edu/51266577/Urinary_tract_infection_in_female_in_Kirkuk_city_Iraq_Association_between_risk_factors_and_bacterial_type
https://onlinelibrary.wiley.com/doi/10.1100/2012/349597
https://onlinelibrary.wiley.com/doi/10.1100/2012/349597
https://onlinelibrary.wiley.com/doi/10.1100/2012/349597
https://onlinelibrary.wiley.com/doi/10.1100/2012/349597
https://onlinelibrary.wiley.com/doi/10.1100/2012/349597
https://www.mdpi.com/2072-6643/15/8/1862
https://www.mdpi.com/2072-6643/15/8/1862
https://www.mdpi.com/2072-6643/15/8/1862
https://www.mdpi.com/2072-6643/15/8/1862
https://www.ajol.info/index.php/ahs/article/view/218919
https://www.ajol.info/index.php/ahs/article/view/218919
https://www.ajol.info/index.php/ahs/article/view/218919
https://www.ajol.info/index.php/ahs/article/view/218919
https://www.ajol.info/index.php/ahs/article/view/218919
https://www.ajol.info/index.php/ahs/article/view/218919
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/583/449
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/583/449
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/583/449

Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

Original Papers

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Baghdad Hospitals. Iraqgi J Biotechnol. [Internet].
2023;22(1):154-162. Available from: https://
jige.uobaghdad.edu.iq/index.php/I1JB/article/
view/583/449.

Najim HT, Farhan AA, Athab AM. Bacteriological
Study of the Bacteria Cause Urinary Tract
Infection of Patients Admitted to Cardiac Care
Unite a Baqubah General Teaching Hospital. 2018;
14(1):73-83. doi: 10.26505/DJM.14013610829.

Maharaul HH, Mehta F, Shah K, Asokan AP. A
Clinico Microbiological Profile of Diabetic Foot
Patients. Medico-legal Updat. 2021;21(2):632-638.
doi: 10.37506/mlu.v21i2.2753.

Al-obaidi SA, Al-Hashimy AB. Molecular screening
forluxs and pm1 virulence genes of Proteus mirabilis
isolated from Iraqi urinary tract infection patients.
Iraqi J Biotechnol. [Internet]. 2022;21(2):499—504.
Available from: https://jige.uobaghdad.edu.iq/in-
dex.php/1JB/article/view/524.

Stepanova N. How Advanced Is Our Understanding
of the Role of Intestinal Barrier Dysfunction in
the Pathogenesis of Recurrent Urinary Tract
Infections. Front Pharmacol. 2022;13:780122. doi:
10.3389/fphar.2022.780122.

Martins AM, Marto JM, Johnson JL, Graber EM.
A review of systemic minocycline side effects and
topical minocycline as a safer alternative for treat-
ing acne and rosacea. Antibiotics. 2021;10(7):757.
doi: 10.3390/antibiotics10070757.

Mohsin MR, Al-Rubaii BAL. Bacterial growth and
antibiotic sensitivity of Proteus mirabilis treat-
ed with anti-inflammatory and painkiller drugs.
Biomedicine. 2023;43(2):728—34. doi: 10.51248/.
v43i02.2693.

Al-Jumaily FE, Zgaer SH. Multidrug resistant
Proteus mirabilis isolated from urinary tract infec-
tion from different hospitals in Baghdad City. Int J
Curr Microbiol App Sci. 2016;5(9):390—399. doi:
10.20546/ijcmas.2016.509.041.

Shaaban M, Abd El-Rahman OA, Al-Qaidi B,
Ashour HM. Antimicrobial and antibiofilm activi-
ties of probiotic Lactobacilli on antibiotic-resistant
Proteus mirabilis. Microorganisms. 2020;8(6):960.
doi: 10.3390/microorganisms8060960.

Goudarzi L, Kermanshahi RK, Mousavinezhad Z,
Dallal MMS. Antimicrobial and Anti-Swarming
Effects of Bacteriocins and Biosurfactants from
Probiotic Bacterial Strains against Proteus spp.
J Med Bacteriol. [Internet]. 2016;5(5—6):1—12.
Available from: https://jmb.tums.ac.ir/index.php/
jmb/article/view/268.

Basuino L, Jousselin A, Alexander JAN, Strynadka
NCJ, Pinho MG, Chambers HF, et al. PBP4 ac-
tivity and its overexpression are necessary for
PBP4-mediated high-level B-lactam resistance. J
Antimicrob Chemother. 2018;73(5):1177—80. doi:
10.1093/jac/dkx531.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

. de Sousa K, van Etten J, Neby M, Solberg S@. Climate

variability indices for ecological and crop models in
R: the climatrends package. J Open Source Softw.
2023; 8(85), 4405. doi: 10.21105/joss.04405.

Manos J, Belas R. The genera proteus, providencia,
and morganella. Prokaryotes. 2006;6:245—69. doi:
10.1007/0-387-30746-x_12.

Diao Q, Hou C. Does nonreproductive swarm-
ing adapt to pathogens? PLoS Pathog.
2018;14(1):e1006742. doi: 10.1371/journal.
ppat.1006742.

Bessaiah H, Anamalé C, Sung J, Dozois CM. What
flips the switch? Signals and stress regulating ex-
traintestinal pathogenic Escherichia coli type 1
fimbriae (pili). Microorganisms. 2021;10(1):5. doi:
10.3390/microorganisms10010005.

Nepper JF, Lin YC, Weibel DB. Rcs phosphore-
lay activation in cardiolipin-deficient Escherichia
coli reduces biofilm formation. J Bacteriol. 2019;
201(9):¢00804-18. doi: 10.1128/jb.00804-18.
Yang X, Sun S, Chen Q, Zhang Z, Wang J, Liu Y,
et al. A polysaccharide of ganoderma lucidum en-
hances antifungal activity of chemical fungicides
against soil-borne diseases of wheat and maize by
induced resistance. Agriculture. 2022;12(1):55. doi:
10.3390/agriculture12010055.

Schaffer JN, Pearson MM. Proteus mirabilis and uri-
nary tract infections. In: Urinary Tract Infections:
Mol Pathog Clin Manag. 2017;383—433. doi:
10.1128/9781555817404.chl17.

Cusick K, Lee YY, Youchak B, Belas R. Perturbation
of FliL interferes with Proteus mirabilis swarmer
cell gene expression and differentiation. J Bacteriol.
2012;194(2):437—47. doi: 10.1128/jb.05998-11.

Pearson MM, Rasko DA, Smith SN, Mobley HLT.
Transcriptome of swarming Proteus mirabilis.
Infect Immun. 2010;78(6):2834—45. doi: 10.1128/
iai.01222-09.

Little K, Tipping MJ, Gibbs KA. Swarmer cell devel-
opment of the bacterium Proteus mirabilis requires
the conserved enterobacterial common antigen bio-
synthesis gene rffG. J Bacteriol. 2018;200(18):10—
1128. doi: 10.1128/jb.00230-18.

Morgenstein RM, Szostek B, Rather PN. Regulation
of gene expression during swarmer cell differ-
entiation in Proteus mirabilis. FEMS Microbiol
Rev. 2010;34(5):753—63. doi: 10.1111/j.1574-
6976.2010.00229.x

Armbruster CE, Mobley HLT, Pearson MM.
Pathogenesis of Proteus mirabilis infection. EcoSal
Plus. 2018;8(1):10—1128. doi: 10.1128/ecosalplus.
esp-0009-2017.

Ibrahim GJ, Laftaah BA. The Efficiency of Certain
Amino Acidsinregulating chABCI Gene Expression

in Proteus mirabilis. Iraqi Journal of Science. 2024;
56(9). doi: 10.24996/ijs.2024.65.9.15.

YKPQIHCKNM XXYPHAA HEPPOAOTIT Ta planizy N4 (84) 2024

OpUriHOAbHI HaYKOBI POBOTU 47


https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/583/449
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/583/449
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/583/449
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/583/449
https://djm.uodiyala.edu.iq/index.php/djm/article/view/33
https://djm.uodiyala.edu.iq/index.php/djm/article/view/33
https://djm.uodiyala.edu.iq/index.php/djm/article/view/33
https://djm.uodiyala.edu.iq/index.php/djm/article/view/33
https://djm.uodiyala.edu.iq/index.php/djm/article/view/33
https://www.researchgate.net/publication/378238207_A_Clinico_Microbiological_Profile_of_Diabetic_Foot_Patients
https://www.researchgate.net/publication/378238207_A_Clinico_Microbiological_Profile_of_Diabetic_Foot_Patients
https://www.researchgate.net/publication/378238207_A_Clinico_Microbiological_Profile_of_Diabetic_Foot_Patients
https://www.researchgate.net/publication/378238207_A_Clinico_Microbiological_Profile_of_Diabetic_Foot_Patients
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/524
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/524
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/524
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/524
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/524
https://jige.uobaghdad.edu.iq/index.php/IJB/article/view/524
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.780122/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.780122/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.780122/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.780122/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.780122/full
https://www.mdpi.com/2079-6382/10/7/757
https://www.mdpi.com/2079-6382/10/7/757
https://www.mdpi.com/2079-6382/10/7/757
https://www.mdpi.com/2079-6382/10/7/757
https://www.mdpi.com/2079-6382/10/7/757
https://www.researchgate.net/publication/371118244_Bacterial_growth_and_antibiotic_sensitivity_of_Proteus_mirabilis_treated_with_anti-inflammatory_and_painkiller_drugs
https://www.researchgate.net/publication/371118244_Bacterial_growth_and_antibiotic_sensitivity_of_Proteus_mirabilis_treated_with_anti-inflammatory_and_painkiller_drugs
https://www.researchgate.net/publication/371118244_Bacterial_growth_and_antibiotic_sensitivity_of_Proteus_mirabilis_treated_with_anti-inflammatory_and_painkiller_drugs
https://www.researchgate.net/publication/371118244_Bacterial_growth_and_antibiotic_sensitivity_of_Proteus_mirabilis_treated_with_anti-inflammatory_and_painkiller_drugs
https://www.researchgate.net/publication/371118244_Bacterial_growth_and_antibiotic_sensitivity_of_Proteus_mirabilis_treated_with_anti-inflammatory_and_painkiller_drugs
https://www.ijcmas.com/5-9-2016/Fatima%20A.%20Mohammed,%20et%20al.pdf
https://www.ijcmas.com/5-9-2016/Fatima%20A.%20Mohammed,%20et%20al.pdf
https://www.ijcmas.com/5-9-2016/Fatima%20A.%20Mohammed,%20et%20al.pdf
https://www.ijcmas.com/5-9-2016/Fatima%20A.%20Mohammed,%20et%20al.pdf
https://www.ijcmas.com/5-9-2016/Fatima%20A.%20Mohammed,%20et%20al.pdf
https://www.mdpi.com/2076-2607/8/6/960
https://www.mdpi.com/2076-2607/8/6/960
https://www.mdpi.com/2076-2607/8/6/960
https://www.mdpi.com/2076-2607/8/6/960
https://www.mdpi.com/2076-2607/8/6/960
https://jmb.tums.ac.ir/index.php/jmb/article/view/268
https://jmb.tums.ac.ir/index.php/jmb/article/view/268
https://jmb.tums.ac.ir/index.php/jmb/article/view/268
https://jmb.tums.ac.ir/index.php/jmb/article/view/268
https://jmb.tums.ac.ir/index.php/jmb/article/view/268
https://jmb.tums.ac.ir/index.php/jmb/article/view/268
https://jmb.tums.ac.ir/index.php/jmb/article/view/268
https://academic.oup.com/jac/article/73/5/1177/4817624?login=false
https://academic.oup.com/jac/article/73/5/1177/4817624?login=false
https://academic.oup.com/jac/article/73/5/1177/4817624?login=false
https://academic.oup.com/jac/article/73/5/1177/4817624?login=false
https://academic.oup.com/jac/article/73/5/1177/4817624?login=false
https://academic.oup.com/jac/article/73/5/1177/4817624?login=false
https://joss.theoj.org/papers/10.21105/joss.04405
https://joss.theoj.org/papers/10.21105/joss.04405
https://joss.theoj.org/papers/10.21105/joss.04405
https://joss.theoj.org/papers/10.21105/joss.04405
https://www.researchgate.net/publication/226379834_The_Genera_Proteus_Providencia_and_Morganella
https://www.researchgate.net/publication/226379834_The_Genera_Proteus_Providencia_and_Morganella
https://www.researchgate.net/publication/226379834_The_Genera_Proteus_Providencia_and_Morganella
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006742
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006742
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006742
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006742
https://www.mdpi.com/2076-2607/10/1/5
https://www.mdpi.com/2076-2607/10/1/5
https://www.mdpi.com/2076-2607/10/1/5
https://www.mdpi.com/2076-2607/10/1/5
https://www.mdpi.com/2076-2607/10/1/5
https://journals.asm.org/doi/10.1128/jb.00804-18
https://journals.asm.org/doi/10.1128/jb.00804-18
https://journals.asm.org/doi/10.1128/jb.00804-18
https://journals.asm.org/doi/10.1128/jb.00804-18
https://www.mdpi.com/2077-0472/12/1/55
https://www.mdpi.com/2077-0472/12/1/55
https://www.mdpi.com/2077-0472/12/1/55
https://www.mdpi.com/2077-0472/12/1/55
https://www.mdpi.com/2077-0472/12/1/55
https://www.mdpi.com/2077-0472/12/1/55
https://onlinelibrary.wiley.com/doi/abs/10.1128/9781555817404.ch17
https://onlinelibrary.wiley.com/doi/abs/10.1128/9781555817404.ch17
https://onlinelibrary.wiley.com/doi/abs/10.1128/9781555817404.ch17
https://onlinelibrary.wiley.com/doi/abs/10.1128/9781555817404.ch17
https://journals.asm.org/doi/10.1128/jb.05998-11
https://journals.asm.org/doi/10.1128/jb.05998-11
https://journals.asm.org/doi/10.1128/jb.05998-11
https://journals.asm.org/doi/10.1128/jb.05998-11
https://journals.asm.org/doi/10.1128/iai.01222-09
https://journals.asm.org/doi/10.1128/iai.01222-09
https://journals.asm.org/doi/10.1128/iai.01222-09
https://journals.asm.org/doi/10.1128/iai.01222-09
https://journals.asm.org/doi/10.1128/jb.00230-18
https://journals.asm.org/doi/10.1128/jb.00230-18
https://journals.asm.org/doi/10.1128/jb.00230-18
https://journals.asm.org/doi/10.1128/jb.00230-18
https://journals.asm.org/doi/10.1128/jb.00230-18
https://academic.oup.com/femsre/article/34/5/753/797539?login=false
https://academic.oup.com/femsre/article/34/5/753/797539?login=false
https://academic.oup.com/femsre/article/34/5/753/797539?login=false
https://academic.oup.com/femsre/article/34/5/753/797539?login=false
https://academic.oup.com/femsre/article/34/5/753/797539?login=false
https://journals.asm.org/doi/10.1128/ecosalplus.esp-0009-2017
https://journals.asm.org/doi/10.1128/ecosalplus.esp-0009-2017
https://journals.asm.org/doi/10.1128/ecosalplus.esp-0009-2017
https://journals.asm.org/doi/10.1128/ecosalplus.esp-0009-2017
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/10501?articlesBySimilarityPage=10
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/10501?articlesBySimilarityPage=10
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/10501?articlesBySimilarityPage=10
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/10501?articlesBySimilarityPage=10

Original Papers

Ukrainian Journal of Nephrology and Dialysis, 4 (84)'2024

53.

54.

55.

56.

57.

Sabah Fakhry S, Noori Hammed Z, Abdul-
elah Bakir W, Abdullah Laftaah ALRubaii B.
Identification of methicillin-resistant strains of
Staphylococcus aureus isolated from humans
and food sources by Use of mecA 1 and mecA 2
genes in Pulsed field gel electrophoresis (PFGE
(technique. Revis Bionatura 2022; 7 (2) 44. doi:
10.21931/RB/2022.07.02.44.

Saleh TH, Hashim ST, Abdulrazaq Al-Obaidi RA,
AL-Rubaii BA. A biological study of chitinase
produced by clinical isolates of Pseudomonas
aeruginosa and detection of chia responsi-
ble gene. International Journal of Research in
Pharmaceutical Sciences. [Internet]. 2020; 11
(2):1318-1330. Available from: https://ijrps.com/
home/article/view/805.

Al-Humairi RM, Muhsin HY, Ad’hiah AH. Severity of
Coronavirus Disease 19: A Profile of Inflammatory
Markers in Iraqi Patients. Malaysian Journal of
Medicine Health Sciences. [Internet].2022; 18(1).
91-98. Available from: https://search.bvsalud.org/
gim/resource/fr/wpr-979952.

Ali SM, Laftah BA, Al-Shammary AM, Salih HS.
Study the role of bacterial neuraminidase against
adenocarcinoma cells in vivo. AIP Conf Proc. 2021;
2372(1): 030009. doi: 10.1063/5.0067193.

Salih  HS, Al-Shammari AM, Laftaah BA.
Intratumoral co-administration of oncolytic new-
castle disease virus and bacterial hyaluronidase
enhances virus potency in tumor models. Journal
of Global Pharma Technology. [Internet].2018;

58.

59.

60.

6l.

62.

63.

10(10):303-310. Available from: http://www.jgpt.
co.in/index.php/jgpt/article/view/1510/2077.

Bresam S, Alhumairi RM, Hade IM, Al-Rubaii BA.
Genetic mutation 1s972283 of the KLF14 gene and

the incidence of gastric cancer. Biomedicine. 2023;
43(4):1256-60. doi: 10.51248/.v43i4.3112.

Al-Jumaily RM, AL-Sheakli II, Muhammed HJ, Al-
Rubaii BA. Gene expression of Interleukin-10 and
Foxp3 as critical biomarkers in rheumatoid arthri-
tis patients. Biomedicine. 2023;43(4):1183-7. doi:
10.51248/.v43i4.3107.

Muhsin HY, Al-Humairi RM, Alshareef DQ, Ad’hiah
AH. Interleukin-22 is up-regulated in serum of
male patients with ankylosing spondylitis. The
Egyptian Rheumatologist. 2022;44(4):351-355.
doi: 10.1016/j.€jr.2022.07.002.

Sultan RS, Al Khayali BD, Abdulmajeed GM,
Al-Rubaii BA. Exploring small nucleolar RNA
host gene 3 as a therapeutic target in breast can-
cer through metabolic reprogramming. Oera
Medica et Physiologica. 2023;10(4):36-47. doi:
10.24412/2500-2295-2023-4-36-47.

Hassoon AH. Evaluating the role of mitochondrial
DNA quantification in blastocyst transfers poten-
tial. AIP Conference Proceedings 2022; 2386(1):
doi: 10.1063/5.0067093.

Al-Maliki NS, Zedan ZK. miRNA-126 as a Biomarker
for Cancer Stem Cells: Role in Chemotherapy
Resistance in Iraqgi Patients with Acute Myeloid
Leukemia. Al-Rafidain Journal of Medical Sciences.
2024;6(1):195-199. doi: 10.54133/ajms.v6il.577.

48

OpWUriHOABHI HOYKOBI POBOTH

YKPQIHCBKNM XKYPHOA HEPPOAOTIT T pianisy N°4 (84) 2024


https://revistabionatura.com/files/2022.07.02.44.pdf
https://revistabionatura.com/files/2022.07.02.44.pdf
https://revistabionatura.com/files/2022.07.02.44.pdf
https://revistabionatura.com/files/2022.07.02.44.pdf
https://revistabionatura.com/files/2022.07.02.44.pdf
https://revistabionatura.com/files/2022.07.02.44.pdf
https://revistabionatura.com/files/2022.07.02.44.pdf
https://revistabionatura.com/files/2022.07.02.44.pdf
file://C:\Users\nmste\Downloads\Saleh%20TH,%20Hashim%20ST,%20Abdulrazaq%20Al-Obaidi%20RA,%20AL-Rubaii%20BA.%20A%20biological%20study%20of%20chitinase%20produced%20by%20clinical%20isolates%20of%20Pseudomonas%20aeruginosa%20and%20detection%20of%20chia%20responsible%20gene.%20International%20Journal%20of%20Research%20in%20Pharmaceutical%20Sciences.%20%5bInternet%5d.%202020;%2011%20(2):1318-1330.%20Available%20from:%20https:\ijrps.com\home\article\view\805.
file://C:\Users\nmste\Downloads\Saleh%20TH,%20Hashim%20ST,%20Abdulrazaq%20Al-Obaidi%20RA,%20AL-Rubaii%20BA.%20A%20biological%20study%20of%20chitinase%20produced%20by%20clinical%20isolates%20of%20Pseudomonas%20aeruginosa%20and%20detection%20of%20chia%20responsible%20gene.%20International%20Journal%20of%20Research%20in%20Pharmaceutical%20Sciences.%20%5bInternet%5d.%202020;%2011%20(2):1318-1330.%20Available%20from:%20https:\ijrps.com\home\article\view\805.
file://C:\Users\nmste\Downloads\Saleh%20TH,%20Hashim%20ST,%20Abdulrazaq%20Al-Obaidi%20RA,%20AL-Rubaii%20BA.%20A%20biological%20study%20of%20chitinase%20produced%20by%20clinical%20isolates%20of%20Pseudomonas%20aeruginosa%20and%20detection%20of%20chia%20responsible%20gene.%20International%20Journal%20of%20Research%20in%20Pharmaceutical%20Sciences.%20%5bInternet%5d.%202020;%2011%20(2):1318-1330.%20Available%20from:%20https:\ijrps.com\home\article\view\805.
file://C:\Users\nmste\Downloads\Saleh%20TH,%20Hashim%20ST,%20Abdulrazaq%20Al-Obaidi%20RA,%20AL-Rubaii%20BA.%20A%20biological%20study%20of%20chitinase%20produced%20by%20clinical%20isolates%20of%20Pseudomonas%20aeruginosa%20and%20detection%20of%20chia%20responsible%20gene.%20International%20Journal%20of%20Research%20in%20Pharmaceutical%20Sciences.%20%5bInternet%5d.%202020;%2011%20(2):1318-1330.%20Available%20from:%20https:\ijrps.com\home\article\view\805.
file://C:\Users\nmste\Downloads\Saleh%20TH,%20Hashim%20ST,%20Abdulrazaq%20Al-Obaidi%20RA,%20AL-Rubaii%20BA.%20A%20biological%20study%20of%20chitinase%20produced%20by%20clinical%20isolates%20of%20Pseudomonas%20aeruginosa%20and%20detection%20of%20chia%20responsible%20gene.%20International%20Journal%20of%20Research%20in%20Pharmaceutical%20Sciences.%20%5bInternet%5d.%202020;%2011%20(2):1318-1330.%20Available%20from:%20https:\ijrps.com\home\article\view\805.
file://C:\Users\nmste\Downloads\Saleh%20TH,%20Hashim%20ST,%20Abdulrazaq%20Al-Obaidi%20RA,%20AL-Rubaii%20BA.%20A%20biological%20study%20of%20chitinase%20produced%20by%20clinical%20isolates%20of%20Pseudomonas%20aeruginosa%20and%20detection%20of%20chia%20responsible%20gene.%20International%20Journal%20of%20Research%20in%20Pharmaceutical%20Sciences.%20%5bInternet%5d.%202020;%2011%20(2):1318-1330.%20Available%20from:%20https:\ijrps.com\home\article\view\805.
file://C:\Users\nmste\Downloads\Saleh%20TH,%20Hashim%20ST,%20Abdulrazaq%20Al-Obaidi%20RA,%20AL-Rubaii%20BA.%20A%20biological%20study%20of%20chitinase%20produced%20by%20clinical%20isolates%20of%20Pseudomonas%20aeruginosa%20and%20detection%20of%20chia%20responsible%20gene.%20International%20Journal%20of%20Research%20in%20Pharmaceutical%20Sciences.%20%5bInternet%5d.%202020;%2011%20(2):1318-1330.%20Available%20from:%20https:\ijrps.com\home\article\view\805.
file://C:\Users\nmste\Downloads\Saleh%20TH,%20Hashim%20ST,%20Abdulrazaq%20Al-Obaidi%20RA,%20AL-Rubaii%20BA.%20A%20biological%20study%20of%20chitinase%20produced%20by%20clinical%20isolates%20of%20Pseudomonas%20aeruginosa%20and%20detection%20of%20chia%20responsible%20gene.%20International%20Journal%20of%20Research%20in%20Pharmaceutical%20Sciences.%20%5bInternet%5d.%202020;%2011%20(2):1318-1330.%20Available%20from:%20https:\ijrps.com\home\article\view\805.
https://search.bvsalud.org/gim/resource/fr/wpr-979952
https://search.bvsalud.org/gim/resource/fr/wpr-979952
https://search.bvsalud.org/gim/resource/fr/wpr-979952
https://search.bvsalud.org/gim/resource/fr/wpr-979952
https://search.bvsalud.org/gim/resource/fr/wpr-979952
https://search.bvsalud.org/gim/resource/fr/wpr-979952
https://pubs.aip.org/aip/acp/article-abstract/2372/1/030009/819003/Study-the-role-of-bacterial-neuraminidase-against?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/2372/1/030009/819003/Study-the-role-of-bacterial-neuraminidase-against?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/2372/1/030009/819003/Study-the-role-of-bacterial-neuraminidase-against?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/2372/1/030009/819003/Study-the-role-of-bacterial-neuraminidase-against?redirectedFrom=fulltext
http://www.jgpt.co.in/index.php/jgpt/article/view/1510/2077.
http://www.jgpt.co.in/index.php/jgpt/article/view/1510/2077.
http://www.jgpt.co.in/index.php/jgpt/article/view/1510/2077.
http://www.jgpt.co.in/index.php/jgpt/article/view/1510/2077.
http://www.jgpt.co.in/index.php/jgpt/article/view/1510/2077.
http://www.jgpt.co.in/index.php/jgpt/article/view/1510/2077.
http://www.jgpt.co.in/index.php/jgpt/article/view/1510/2077.
https://www.researchgate.net/publication/374030239_Genetic_mutation_rs972283_of_the_KLF14_gene_and_the_incidence_of_gastric_cancer
https://www.researchgate.net/publication/374030239_Genetic_mutation_rs972283_of_the_KLF14_gene_and_the_incidence_of_gastric_cancer
https://www.researchgate.net/publication/374030239_Genetic_mutation_rs972283_of_the_KLF14_gene_and_the_incidence_of_gastric_cancer
https://www.researchgate.net/publication/374030239_Genetic_mutation_rs972283_of_the_KLF14_gene_and_the_incidence_of_gastric_cancer
https://www.researchgate.net/publication/374092001_Gene_expression_of_Interleukin-10_and_Foxp3_as_critical_biomarkers_in_rheumatoid_arthritis_patients
https://www.researchgate.net/publication/374092001_Gene_expression_of_Interleukin-10_and_Foxp3_as_critical_biomarkers_in_rheumatoid_arthritis_patients
https://www.researchgate.net/publication/374092001_Gene_expression_of_Interleukin-10_and_Foxp3_as_critical_biomarkers_in_rheumatoid_arthritis_patients
https://www.researchgate.net/publication/374092001_Gene_expression_of_Interleukin-10_and_Foxp3_as_critical_biomarkers_in_rheumatoid_arthritis_patients
https://www.researchgate.net/publication/374092001_Gene_expression_of_Interleukin-10_and_Foxp3_as_critical_biomarkers_in_rheumatoid_arthritis_patients
https://www.sciencedirect.com/science/article/pii/S1110116422000941
https://www.sciencedirect.com/science/article/pii/S1110116422000941
https://www.sciencedirect.com/science/article/pii/S1110116422000941
https://www.sciencedirect.com/science/article/pii/S1110116422000941
https://www.sciencedirect.com/science/article/pii/S1110116422000941
https://cyberleninka.ru/article/n/exploring-small-nucleolar-rna-host-gene-3-as-a-therapeutic-target-in-breast-cancer-through-metabolic-reprogramming
https://cyberleninka.ru/article/n/exploring-small-nucleolar-rna-host-gene-3-as-a-therapeutic-target-in-breast-cancer-through-metabolic-reprogramming
https://cyberleninka.ru/article/n/exploring-small-nucleolar-rna-host-gene-3-as-a-therapeutic-target-in-breast-cancer-through-metabolic-reprogramming
https://cyberleninka.ru/article/n/exploring-small-nucleolar-rna-host-gene-3-as-a-therapeutic-target-in-breast-cancer-through-metabolic-reprogramming
https://cyberleninka.ru/article/n/exploring-small-nucleolar-rna-host-gene-3-as-a-therapeutic-target-in-breast-cancer-through-metabolic-reprogramming
https://cyberleninka.ru/article/n/exploring-small-nucleolar-rna-host-gene-3-as-a-therapeutic-target-in-breast-cancer-through-metabolic-reprogramming
https://pubs.aip.org/aip/acp/article-abstract/2386/1/020046/2820941/Evaluating-the-role-of-mitochondrial-DNA?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/2386/1/020046/2820941/Evaluating-the-role-of-mitochondrial-DNA?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/2386/1/020046/2820941/Evaluating-the-role-of-mitochondrial-DNA?redirectedFrom=fulltext
https://pubs.aip.org/aip/acp/article-abstract/2386/1/020046/2820941/Evaluating-the-role-of-mitochondrial-DNA?redirectedFrom=fulltext

	_Hlk178870859
	_Hlk181886815
	_Hlk181886837
	_Hlk181166092
	_Hlk181717930
	_Hlk181718382
	_Hlk181719909
	_Hlk181719713
	_Hlk181724755
	_Hlk181724931
	_Hlk172472689
	_Hlk183034764
	_Hlk183034778
	_Hlk183035638
	_Hlk183035737
	_Hlk183088133
	_Hlk183036583
	_Hlk183037845
	_Hlk183037876
	_Hlk181606672
	_Hlk183090129
	_Hlk183108702
	_Hlk180573248
	_Hlk181628942
	_Hlk181632472
	_Hlk181632488
	_Hlk178173073
	_Hlk109810530
	_Hlk183275751
	_Hlk183275791
	_Hlk183275805
	_Hlk177573415
	_Hlk177582232
	_Hlk181784634
	_Hlk181726403
	_Hlk179635660
	_Hlk179615930
	Контраст-асоційоване гостре пошкодження нирок.
Клінічні рекомендації 
	Жоао Феррейра Герра, Жоао Магальяйнш Піна, Ванесса Андраде, 
Мігель Бріто Ланча, Луїс Кампос Піньейру
	Карцинома нирки, асоційована з термінальною стадією 
хронічної хвороби нирок: серія клінічних випадків 
із високоспеціалізованої лікарні Португалії

	Серафін Ауї1, Нонвіньйон Ерік Аяджі2, Джованна Зоссунбо2, Джозеф Годону1, Обен Мелікан1, 
Еме Вінасс1, Сабріна Кончіта Сомаку2, Ніканор Уето1, Еваріст Етека1, Жак Віган3
	Гемоглобінурія та гостре пошкодження нирок у пацієнтів 
з тяжкою малярією: клінічні випадки з університетської 
лікарні Боргу/Аліборі, Бенін

	А.К. Голованова, Т.І. Остапенко
	Диференційна діагностика поліурії: клінічні випадки та огляд літератури

	Мутанна Мувафак Абдулла, Бахаа Абдулла Лафтаах Аль-Рубаї
	Вплив супернатанту Lactobacillus на експресію генів, асоційованих 
з роїнням Proteus mirabilis, ізольованого від пацієнтів 
з інфекціями сечової системи

	В.Ю. Глоба1, Г.А. Божок1, Є.І. Легач1, Я.Ю. Самбург2, О.М. Годлевська2, О.М. Власенко2
	Імуногістохімічна оцінка впливу нейротрофічних факторів на сечовий міхур щурів з інфравезикальною обструкцією після введення біологічно активних композицій

	І.С. Михалойко1, Р.І. Яцишин1, І.О. Дудар2, Г.М. Курилів1
	Оцінка рівня антитромбіну у хворих на гломерулонефрит з нефротичним синдром: одномоментне обсерваційне дослідження

	Женя Явроян1, Анна Григорян2, Нуне Акопян1, Агапі Оганесян1, Тамара Абгарян2, 
Анна Карапетян2, Еміль Геворгян1
	Окремі та комбіновані нефротоксичні ефекти цисплатину 
і дексаметазону у самок щурів

	Садім Субгі Абед1, Майса Мансур Мохаммед2
	Методи спектрофотометрії та екстракції за точкою хмарності для кількісного визначення кверцетину дигідрату у добавках та зразках сечі

	Анггіт Прасетя1,2, Агус Сантоса1, Джебул Суросо1
	Сестринське втручання: кінезіотейпування для зменшення симптомів синдрому неспокійних ніг у пацієнтів, які лікуються методом гемодіалізу


