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Abstract. Background. It is a well-known bacterium Proteus vulgaris that causes urinary tract infections specifically bacteri-
uria. This study aimed to genetically search for the role of some virulence genes in this bacterium via bacteriuria in preg-
nant women of the Thi-Qar Governorate of Iraq. Materials anm methods. A mid-stream urine specimen with a total of 235
specimens was gleaned from pregnant women, which were performed in a random manner from various hospitals, when
116 cases suffered from UTI (patient group). The others (119 specimens) were collected from married women, but not
pregnant women, and apparently in healthy cases (control group). MacConkey agar and blood agar were used for culturing
and identification of bacteria under aerobic conditions, followed by microscopic examination, appearance description,
biochemical test, API 20E analysis, and PCR analysis. Results. Genetic analysis revealed bacteriuria in 39 (33.6%) preg-
nant women infected with Profeus sp., but it stooped to 3 (2.5%) in apparently healthy women (control). When phenotypi-
cally and genotypically with specific identification genes of P. vulgaris the same samples were infected with this bacterium
in eight (6.8%), while it receded to 1 (0.84%) in the control. The PCR and statistical analyses demonstrated that the total
existence of each study gene (ureC, mrpA, and zapA) in bacteriuria isolates of P. vulgaris was 11/9 (122.2%), 9/9 (100%) and
9/9 (100%), respectively. There was significant variation in the position of zapA on chromosomes 8/9 (88.8%) and on the
plasmid that was dropped to 1/9 (11.1%). Conclusion. The role of these bacteria is serious and significant in pathogenicity
and attachment to the epithelial tissues of the urinary tract, the opportunistic nature of P. vulgaris, biofilm production,
and elevated urine pH, which lead to stone production in pregnant women. PCR is the fastest and most accurate method
for diagnosing P. vulgaris and its virulence genes.
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MOJIEKYNTAPHOE UCCJIEOOBAHUE FTEHOB BUPYJIEHTHOCTU PROTEUS VULGARIS
NPU BECCUMNTOMHOW BAKTEPUYPUWU Y BEPEMEHHbBIX )XEHLLUH
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Pe3tome. Bsedenue. Proteus vulgaris sBsieTCsl XOpPOIIO N3YUYEHHOUN OakTepueit, KoTopast BbI3bIBAET MHMEKIINU MoYe-
BbiBOs I MX yTeit (MMIT), B yacTHOCTH GakTepuypuio. Llenbio HacTosIero uccaeqoBaH s ObLIO MPOBEICHUE TeHe-
TUYECKOI OLIEHKU POJIM Psijia TeHOB BUPYJICHTHOCTHU Proteus vulgaris y 6epeMeHHBIX XEeHIIWH ¢ 0aKTepuypueii B mpo-
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S. Ghali Jabur WNHbekums n UMMyHMUTET

MOYM, COOpaHHBIX OT 116 GepeMeHHbIX XeHIIUH ¢ UMII (rpyrmna nalueHToB) CydyailHbIM 00pa3oM U3 pa3HbIX 60JIb-
Hull. B rpynny koHTtposst (119 o6pa3iioB) BOILIM 3aMyXHKeE, He OepeMEHHbIE, MPAKTUUECKU 310POBbIE XKEHIIUHBI.
Arap MakKOHKHM U KPOBSIHOM arap MCIoJIb30BaJUCh M1 KYIbTUBUPOBAHUS U UACHTUGUKAIIMM OaKTepUil B a3p0o0-
HBIX YCJIOBUSX C MOCHENYIOIUM MUKPOCKOMTMYECKUM UCCIIEA0BAHUEM, ONMCAHUEM BHEUIHETO BUAA, POBEAECHUEM
ouoxumuueckoro tecta, aHanausa Ha ctpure API 20E u ITLIP. Pesyssmame:. I'eHeTnuecKuii aHaIu3 BBISIBUI OaKTe-
puypuo y 39 (33,6%) OepeMeHHBIX KeHIIMH, MHOUIUPOBAHHBIX Profeus sp., KoTopas Obliia o0HapyxeHa B 3 (2,5%)
caydasix y IpaKTUYECKHU 3M0POBBIX KEHIINH (KOHTPOJb). [Ipu peHOTUTMIECKOM U TeHOTUITMIECKOM HUCCACIOBAaHUHI
C MICTIOJIb30BaHMEM CIeIIN(PIIeCKIX NACHTU(HOUKAIITMOHHBIX TeHOB P. vulgaris oHa Oblia BRISIBJICHA B TeX XKe 00pasiax
B BocbMU (6,8%) 1 ontoMm (0,84%) oOpaslie B rpyIiiie MallMeHTOB U B KOHTPoJie cOoTBeTcTBeHHO. [P 1 ctaructuyec-
KW aHAJTM3 TIOKa3aJu, 4To obllee HajImdre Kaxaoro udyyaemoro reHa (ureC, mrpA v zapA) B uzonsitax 6aKkrepu-
ypuu P. vulgaris coctaBuno 11/9 (122,2%), 9/9 (100%) n 9/9 (100%) cooTrBeTcTBeHHO. OTMEUEHA TOCTOBEPHAsT Bapy-
alKs B NOJOXeHUU zapA Ha xpomocoMmax 8/9 (88,8%) u muasmune, kotopast cHusunach 10 1/9 (11,1%). 3akaouenue.
P. vulgaris urpaeT BaXHYIO pOJib B TATOT€HHOCTU W MPUKPETUIEHUH K SMUTEINATbHBIM TKAaHSIM MOUYEBBIBOMSIIINX
My Teid, YCJOBHO-MATOT€HHOI aKTHBHOCTH, 00pa3oBaHMM OMOTIIEHKH Y MOBbIIIIEHHOM pH MOYM, 4YTO MPUBOIUT K 00-
pa3oBaHUIO KaMHell y 6epeMeHHbIX XeHIIMH. [P sBasieTcss caMbIM OBICTPHIM U TOUHBIM METOIOM AUArHOCTUKU

P. vulgaris v ero reHOB BUPYJIEHTHOCTH.

Karoueswie caoea: Proteus vulgaris, [IL[P, 6axmepuypus, eensl gupyreHmocmu, 6eccumMnmomuas 6aKkmepuypus, uHgexyuu

MOuebI800WUX nYymell.

Introduction

In general, women are more susceptible to dif-
ferent diseases than men, specifically in developed
countries; among the most important is asympto-
matic bacteriuria (ASB), which is a common find-
ing clinically without symptoms or signs of infection
of a urinary route [34]. It occurs in approximately
20% of women throughout lifetime [13]. The aver-
age incidence of ASB infection in females that being
associated with sexual vitality and pregnancy. Most
women are at a risk of ASB related to the urethral
stumpy nature (which causes bacteria to be released
from the urethral stream and perineum), and some
social agents that contain hygiene of person and
sexual vitality [13]. Most women are infected with
transient bacteriuria, when a small number of women
develop infections of symptomatic bacteriuria for the
body’s mechanisms of ordinary defense block infec-
tion of symptomatic bacteriuria in more status [2].
However, there are specific conditions via pregnancy,
the main adjustment event in the mother’s immune
regulation to secure the mother and her future infant
from infection by pathogens while averting harmful
immune restraint versus allogeneic fetal irritation,
and how definite physiological, endocrinological,
and immunological agents raise the risk of infection
demands careful consideration. For example, urinary
route infections are more common [1].

Bacteria are the fundamental causative factors
of bacteriuria. Bacteria of the family Enterobacteria-
ceae are common in UTIs, and the essential path-
ogenic isolation is uropathogenic (UPEC) [8,
9, 22, 23]. Proteus spp. are regarded as the main
Enterobacteriaceae and uropathogenic bacteria that
cause urinary tract infections (UTIs), specifical-
ly (ASB) after Escherichia coli and Staphylococcus
spp. [22, 37]. It occurs in 18 percent of patients with
bacteriuria. The maximum number of isolates were

obtained from patients in the hospital. P. vulgaris
is famous for its behaviorism to cause urinary tract
infections, and mainly causes infections in people
with a weak immunity system, and its plurality can
cause complications in the urinary tract, wounds,
and nosocomial infections [24, 25]. Proteus vulgaris
is a member of the FEnterobacteriaceae family and
is gram-negative, rod-shaped, and motile. It is more
widespread and ordinary; therefore, it gives a Latin
name meaning [31]. It is a popular opportunistic
pathogen in humans that can be present in fecal mat-
ter, soil, and water [12, 36].

The pathogenesis of Proteus sp. bacteria occurs
because of their capacity to produce a variety of viru-
lence factors, such as biofilm formation, adhesion
molecules, enzymes such as proteases and urease,
and siderophore factors and agents of toxins [10, 20,
25]. The genetic agent that controls urease enzyme
production is the ure operon, where the major gene
of urease production is ureC, but operon genes of pro-
tease production are zap genes, specifically, zapA,
which acts to organize the expression of IgA protease
via swimmer cell differentiation to swarmer cells [33].

Among other virulence agents, various fimbriae
have been identified in Proteus sp. Four types of ge-
netic fimbria sites are more interest and account-
able for the pathogenicity and the cohesion of P. vul-
garis to urinary epithelium tract (mrp, mrkA, uca and
atf) [21]. The vigor type is MR /P fimbria encrypted by
mrp (4, B, C, D, E, F, G, and [) genes, but the mrpA
gene is regarded as significantly remarkable in terms
of pathogenicity because it inputs copious virulent
agents such as the attachment of bacteria to the epithe-
lium tissue, biofilm figuration, and swarming [26, 33].

All virulence factors are encoded by specific
genes on the chromosomes or plasmids of bacteria or
other genetic elements that are acquired by bacteria.
Plasmids are universally present in bacteria and play
key roles in the dissemination of genes such as antibi-
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otic resistance and virulence factors [14]. Horizontal
gene delivery of all virulence genes takes place by
a plasmid from one bacterium to another, which is re-
lated to different species residing in the same niche,
such as in the gastrointestinal tract [17, 29].

Audience education with immediate monitoring
of (asymptomatic bacteriuria) is important for de-
creasing the risk of future complications of repro-
ductive health. In addition, there is little informa-
tion about P. vulgaris in UTI infection in general,
and regarding pregnant women, particularly in Iraq,
especially in the Thi-Qar province where infections
in pregnancy cases should be given special attention,
because there is a risk of vertical transmission to the fe-
tus, and adverse events can occur (preterm birth, and
others). Polymerase chain reaction (PCR) is the most
rapid and sensitive technique [26]. Based on what was
mentioned above, the investigation aimed to deter-
mine the percentage of P. vulgaris percentage includ-
ing its virulence gene location, in pregnant women in-
fected with asymptomatic bacteriuria in the Thi-Qar
province of Iraq by molecular method.

Materials and methods

Ethical approval. The Medical Ethical Committee
of the Pathological analysis department, Collage
of Science, University of Thi-Qar approved this study
(No. 015 on 12/2/2022). All the women involved
in this study signed informed consent forms.

Collection of Samples. A mid-stream urine speci-
men with a total of 235 specimens was gleaned from
women in case of pregnancy, which were performed
in a random way from various hospitals of Thi-Qar
or called (Nasirya city) in Iraq, when 116 cases had
UTI (patient group). The others (119 specimens)
were collected from married women, but not preg-
nant women, and apparently in healthy cases (control
group). Specimens were collected at the AL-Habboby
Hospital and Al-Hussein Teaching Hospital, from
beginning January 2023 until the beginning of April
2024. The specimens were immediately transferred
to the microbial identification laboratory-patholog-
ical analysis department/science faculty by cary blair
(transport media). MacConkey agar and blood agar
were used for culturing and identification of bacte-
ria under aerobic conditions and temperature 37°C
for 24 h. Microscopic examination, appearance de-
scription, biochemical tests, and API 20E analysis
were performed by PCR analysis [11].

Isolation and identification of bacteria. Proteus spp.
diagnosis was conducted in [7, 33].

Phenotypic identification of virulence criteria

Urease production identification test. Christensen’s
Urea Agar was employed to identify the ability of bac-
teria to produce the enzyme of urease, which takes
place by a heavy inoculum (of pure culture of bacteria
about 18- to 24-hour incubation) was used to streak
on the entire slant surface of this agar without stab-

bing the butt, which was regarded as a color control.
The tubes were Incubated at 35°C in loosened caps.
The slant was observed to indicate the change in color
at 6 h, 24 h, and every day for six days, the Diagnosis
of urease production is by fuchsia color or called
(bright pink) formation on a slant that may protract-
ed until the bottom; in addition, any grade of pink
was set as a positive reaction where the protracted in-
cubation period may lead to a forged positive product
because protein hydrolysis occurred in the culture
medium, and the same medium without urea was
used as the control medium to avoid protein hydroly-
sis that caused a positive test [3, 11].

Protease production detection test. Protease pro-
duction was achieved according to the methods
of [4]. The skimmed milk agar was used to examine
the ability of the study [8] isolate to produce protease,
where each isolate was inoculated on the superficies
of plate of this medium, at 37°C for about 24—48 h,
and the pates were incubated with inverted it. A spe-
cific zone surrounding the line of growth was ob-
served, indicating successful results.

The fimbriae production test. This test is called
resistant to mannose-hemagglutination analysis
(MRHA). It was made by a conglomerate of red cells
with fimbriae produced in bacteria and D-mannose
occurring by hemagglutination in bacteria in direct
tests, which include the slide method and resistance
in mannose hemagglutination tests. Bacterial isolates
were inoculated into nutrient broth at approximately
1%, followed by incubation at 37°C for 48 h for full-
fimbriation. Erythrocytes were chosen by obtaining
the blood of humans specifically (“O” group), which
was rinsed thrice with normal saline, and then fresh
saline was used to make a 3% suspension. They were
employed immediately and within a week, when
storage accrued within (3—5°C). Approximately one
drop of blood erythrocyte suspension was added
to an acollyrium of the broth culture, and then a slide
was shaken at room temperature for approximately
5 min. The hemagglutination of sensitive to mannose
was identified by the hemagglutination was absence
in a parallel set of analysis in that an acollyrium of two
percent D-mannose was supplemented to an acollyr-
ium of broth culture and red cells when hemaggluti-
nation resistant Mannose was diagnosed by the car-
ried out of hemagglutination in three percent RBC
specifically group “O” of human and in 2% mannose
presence. Tannic acid bacterial agglutination of treat-
ed human erythrocytes (agglutination of MR /K) was
performed using a previously described method to re-
veal the manifestation of type 3 fimbriae [26].

Molecular identification. The total isolates
of Proteus sp. that appeared from the biochemical in-
vestigation were the target of molecular identification
by PCR with primers specific for the 16S rRNA gene
of Proteus sp. and ureC gene of P. vulgaris [6] (Table 1)
for confirmed identification of P. vulgaris where ex-
traction and purification of bacterial DNA were per-
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Table 1. The primers that used in study

£ 3
Proteus Isolates | 2 Primers sequence 5'-3’ Product | © g E
gene = q sizebp | = € )
o © )
5 o
ureC specific F GTTATTCGTGATGGTATGGG
identification gene 317 56.2 34
of P. vulgaris R ATAAAGGTGGTTACGCCAGA
16SrRNA specific F GGAAACGGTGGCTAATACCGCATAAT
identification gene 101 60 22
of Proteus sp. R GCAGCGCTAGGTGAGCCTAATGGG
F ACACCTGCCCATATGGAAGATACTGGTACA
mrpA 550 40 34
R AAGTGATGAAGCTTAGTGATGGTGATGGTGATGAGAGTAAGTCACC
F ACCGCAGGAAAACATATAGCCC 5and
2apA R GCGACTATCTTCCGCATAATCA 540 9| a4

formed using Genomic DNA (Trans/Korea), and
the total nine isolates of P. vulgaris were extracted and
purified using plasmid mini kit (Trans/Korea) [19,
32] and chromosomal DNA mini kit (Trans/Korea)
to the DNA of the chromosome and plasmid of each
isolate, followed by PCR for identification of viru-
lence genes using the primers listed in Table 1.

These genes were multiplied by PCR operation
in an aggregate volume (50 pl) with the mode dem-
onstrated in the study of [28]. The PCR conditions
for all genes in the study are listed in Table 1 and 2,
taking into account that the conditions are the same
for all genes except the annealing temperature.
The multiplying samples were analyzed on an agarose
gel containing red stain in electrophoreses to clarify
the PCR outputs.

The PCR steps for PCR the 16 srRNA diagnos-
tic gene specific to Proteus sp. Were as followed:
the initial denaturation at 94°C for 30 s in one cy-
cle. The samples were then denaturation at 94°C
for 30 s, annealing at 60°C for 30 s, and extension at
72°C for 10 s for 30 cycles. The final extension 72°C
for 10 min for one cycle. Then hold at 4°C forever.

Statistical analysis. The data were processed and
analyzed using SPSS (Statistical Package for Social
Sciences) version 23 for Windows (SPSS Inc.,
Chicago, IL, USA). The qualitative results are pre-
sented as frequencies and comparative percentages.
The (¢*) Chi square test was employed to account
for the difference between two or more groups, and
a P value < 0.05 was considered significant.

Results

Phenotyping and genotyping identification of P. vul-
garis. The molecularanalysis of the studyindicated that
the number and rate of bacteriuria samples infected
with Proteus sp. in pregnant women were 39 (33.6%)
when that in the control (apparently healthy women)
was dropped to 3 (2.5%). However, the phenotypically
and genotypically with specific identification (ureC)
of P. vulgaris showed that the number and percentage
of samples infected with P. vulgaris in the pregnant
women were 8 (6.8)%, but it decreased to 1 (0.84)%
in the control (apparently healthy women) (Table 2).

Urease production. The phenotypic analysis of the
study expounded that the urease production ratio
in the total investigation isolates of P. vulgaris was
9/9 (100)%.

Protease production. All the study isolates
in 9/9 (100%) showed phenotypic ability to produce
protease enzymes (Table 3).

Fimbriae production. Analysis of the virulence
characteristics of the bacteria in the study iso-
lates proved that all of these isolates were capable
of producing fimbriae 9/9 (100%), with no signifi-
cant differences between the isolates of pregnant
women infected with bacteriuria disease 8/8 (100%)
and the control isolate (apparently healthy women)
1/1 (100%) (Table 4).

Genotyping identification of virulence gene. The PCR
technique used in the study showed that the total per-
centage of each virulence gene in the study (ureC, mrpA,

Table 2. Number and percentage of P. vulgaris isolated from pregnancy women

Patient sample Number Numl_oer and percentage of sample Numb_er and per_centage of s_ample
of sample infected with Proteus sp. infected with P. vulgaris
Pregnancy women 116 39 (33.6) 8(6.8)
Apparently health
wl:)’:nen (cgntrol) Y 19 3(2.9) 1(0.84)
Total 235 42 (17.8) 9(21.4)
P. value =95 CalX?=0.035 Calx?=30.82 CalX?=5.4
Df=1 Tab.X?=3.84 Tab.X?=3.84 Tab.X?>=3.84
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Table 3. Phenotyping identification of virulence factors in P. vulgaris isolated from bacteriuria sample

in pregnancy women

Sample source th:iggllla"t':ser p:lorzzgtaign p':;gtue;?gn Urease production
Pregnancy women 8 8/8 (100) 8/8 (100) 8/8 (100)
Apparently healthy women (control) 1 1/1(100) 1/1 (100) 1/1 (100)
Total 9 9/9 (100) 9/9 (100) 9/9 (100)

P. Value =95 CalxX?=3.6
Df=1 Tab.X?=3.59

Table 4. Comparison number and percentage of virulence gene in chromosome and plasmid of P. vulgaris
isolated from bacteriuria samples from pregnancy women

L. Total number Number and percentage of isolates appeared gene
Genetic site of isolates ureC mrpA 2apA
Chromosome 9 9/9 (100) 6/9 (66.6) 8/9 (88.8)
Plasmid 2/9 (22.2) 4/9 (44.4) 1/9 (11.1)
Total 9 11/9 (122.2) 9/9 (100) 9/9 (100)
P. Value =95 CalxX?>=3.6 CalX?=0.5 CalX?=4.5
Df=1 Tab.X?=3.84 Tab.X?=3.84 Tab.X?=3.84

and zapA) was 11/8 (122.2), 8/8 (100), and 8/8 (100)%,
respectively, while ureC was located in chromosome
9/9 (100%) and in plasmid 2/9 (22.2%) without dif-
ferences between these two locations, and the per-
centage of mrpA showed that there was no signifi-
cant difference in the gene on the chromosome than
on the plasmid if it was on chromosome 6/9 (66.6%),
while on the plasmid it was 4/9 (44.4%). The position
of zapA was manifested on the chromosome at a rate
of 8/9 (88.8%), which decreased significantly on the
plasmid to 1/9 (11.1) (Table 4).

Discussion

The molecular identification of Proteus sp.
in pregnant women with 16 srRNA genes perhaps
regarded as an accurate identification and classifica-
tion center of Profeus sp. [6]; therefore, the identifi-
cation of bacteriuria in pregnant women of Thi-Qar
province may be a perfect diagnosis. In addition,
P. vulgaris was found in eight (6.8%) pregnant women
in the same governorate of Iraq, because the primers
of the Urease C gene were used to rapidly and pre-
cisely identify Proteus vulgaris [6].

The complete phenotypic percentage of urease
enzyme was confirmed through molecular diagno-
sis of the genes encoding the urease enzyme under
investigation (genotyping identification of virulence
gene). This return assures the finding of [30], which
states that enzyme urease production is a diagnostic
characteristic of Proteus sp., especially the two types
P. vulgaris and P. mirabilis. The overall rate of pro-
tease production was also confirmed in a subsequent
test (genotyping identification of virulence genes),
which showed a complete percentage. These results
are similar to those of other studies in Iraq, including
that all P. vulgaris isolated from a variety of clinical
sources can produce extracellular proteases [8].

Fimbriae are a means of bacterial attachment and
adhesion. adhesion is substantial when infection oc-
curs in an anatomically ordinary urinary tract [26].
Therefore, the presence of fimbriae in all study
isolates and even in the control isolate in urinary
tract samples explains the capacity of these isolates
to cohesion in epithelial tissue, which can colonize
the urinary tract and increase the opportunistic sus-
ceptibility of the organism.

The results of a study on Fimbriae foundation and
clot blood red cells in all isolates are similar to the re-
sults of other studies in Iraq, such as the study of [16],
which showed that all P. mirabilis and P. vulgaris iso-
lates from different clinical specimens were at a rate
(100%) and were able to clot human red blood cells
of types A and O in the presence of mannose or tan-
nic acid, which indicates the presence of fimbriae
of type (CFA I and CFA 1I1.

The high rate of ureC gene in the study P. vulgaris
isolates may lead to stone pointing and a serious role
of this bacterium in UTI infection because ureCis an
administrator of the altitude of urine pH and causes
gravel production [27].

The complete percentage of wureC resembled
the results of [33] while mentioned, ureCwas the only
gene diagnosed in all bacteria P. vulgarisisolated from
urinary and respiratory samples of humans, and did
not agree with the same study about zapA and mrpA
genes where the zapA gene and mrpA gene were not
identified in P. vulgaris strains. This variation may
be related to differences in the isolation location [18].
In addition, 100% ureC in P. vulgaris isolated from
milk and meat samples [35].

The high ureC gene data were in agreement
with [5] study, which found that ureC was detected
in approximately 96.6% of UTI isolates.

The fimbrial genes found in all isolates of study
similar to the investigation of [26] were detected
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in 100% of isolates from patients with urinary tract
infections in four hospitals of Babylon province
in Iraq at 2013.

The existence of each virulence factor gene
of study in chromosome and plasmid may be related
to recurrence of the same gene by recombination pro-
cess of the gene from chromosome or genetic trans-
formation process or by conjugation of the P. vulgaris
isolates with other pathogenic bacteria in the same
clinical environment as P. mirabilis which is known
to be present in urinary tract infections [15], then
transition the gene from a conjugative plasmid of this
bacterium to a conjugative plasmid of P. vulgaris iso-
lates of study, which is called horizontal gene trans-
portation [17, 29].

Based on the results of the current study, it can
be concluded that the virulence factors of isolates
of P. vulgaris are capable of producing and releasing
both urease and protease enzymes, as well as pro-
ducing fimbria, which are more serious and admin-
istrators of the pathogenicity and cohesion of P. vul-
garis at a very high rate to the epithelial tissue of the
urinary system and cause infections in the urinary
tracts of pregnant women in Thi-Qar. The propaga-
tion of fimbria genes may be associated with the op-
portunistic capacity of P. vulgaris, which can also use
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