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Abstract

bacteria within the Enterobacteriaceae family. Out of (380) isolates from different

clinical sources, isolation of PMP bacterial group depending on API 20E
confirmatory test, Vitek-2 GN . Disc diffusion method & VITEK-2 compact system used to
evaluate antibiotic susceptibility.The number of Proteus mirabilis which isolated from
urine samples was(5.5% n=21), then from burn samples (2.3% n=9), pus &wound swabs
was(1% n=4),stool (0.78 % n=3). Proteus mirabilis was the most commonly isolated
species in PMP group at (9.7%) , while Morganella morganii was isolated from urine only
at (2.1% n=8), Providence stuartii was isolated from stool and pus samples only at (0.5%
n=2).. Proteus mirabilis exhibited resistance toward Ceftazidime (83.7%) Cefuroximea
axetil,  Nitrofurantion  (81%,)  Cefazolin,  Trimethoprim-sulfamethoxazole(78%,
)Cefuroxime (75%,) Amoxicillin-Clavulanic acid, Ceftriaxone (70%)gentamicin
Ciprofloxacin, (64,62%) Cefepime (59% ), while sensitive toward Ertapime, Imipenem
Meropenem, Amikacin, Erythromycin (71%, 65%,60%,65% and 55%). While Morganella
morganii  shows resistance Amoxicillin-Clavulanic acid, Cefazolin, Cefuroxime,
Cefuroxime axetil, Nitrofurantion at (100%), ceftazidime, Cefepime, (87%), Ceftriaxone,
Ciprofloxacin(62.5%) and sensitive toward Ertapime, Amikacin Piperacillin-Tazobactam
Erythromycin at (100%), Imipenem (62.5%), gentamcin(75%), Trimethoprim-
sulfamethoxazole (62%) gentamicin (87%) . Providence stuartii shows high resistance to
most antibiotic using in this study This resistance is may be due to its acquisition of
resistance genes. The prevalence of infection in the PMP group due to longer hospital
stays. Drug resistance was also more common in the PMP group.

THE PROTEUS, MORGANELLA and Providencia (PMP) group is a distinct set of

Keywords: Enterobacteriaceae, Proteus spp., Morganella spp., and Providence spp. antibiotic
susceptibility.

Introduction penneri, P. vulgaris, P. myxofaciens, and P.

The Enterobacteriaceae are the most frequently hauseri [3]

encountered bacterial isolates from clinical
specimens. soil, water, and plants [1].

P. mirabilis is a common causative agent of a
diversity of clinical infections such as Urinary Tract
Infections (UTIs), wounds, burns, prostatitis,

This family are including many genera that have
a clinical perspective. The three genera Proteus,
Morganella and Providence presently comprise a
total of ten species, all are gram-negative rods,
motile, with peritrichous flagella and are assigned
to this family on the basis on shared biochemical
characteristics [2]. The genus Proteus is currently
consists of five named species P. mirabilis, P.

meningitis, otitis media, and rarely respiratory tract
infections [4] It affects patients with anatomical
abnormalities, immunodeficiency and urinary
catheterization [5]. They are pleomorphic gram-
negative bacilli, facultatively anaerobic, motile with
swarming motility, have urease activity, do not
usually ferment lactose, non-spore-forming, non-
capsulated oxidase-negative, but catalase and
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nitrate are positive. Proteus spp. cause UTI, skin,
and soft tissues due to their ability to create a
variety of extracellular enzymes such as urease and
phenylalanine deaminase. The genus Morganella
belongs to the tribe Proteae of the same family and
contains one species, Morganella morganii, with
two subspecies, morganii and sibonii. They are
facultative anaerobic Gram-negative enteric rod-
shaped, commonly found in the environment and
the intestinal tracts of humans, mammals and
reptiles as normal flora. Despite its wide
distribution, it is an uncommon cause of
community-acquired infection and is most often
encountered in postoperative, catheter - associated
bacteria and other nosocomial settings [6]. M.
morganii is urease and indole- positive, without
swarming, citrate negative [7]. Providencia spp., a
widespread type of Gram-negative bacteria within
the Enterobacteriaceae family, is often a harmful
pathogen that can cause diarrhea and urinary tract
infections in people. In some cases, they have also
been found in severe infections like meningitis [8].
These bacteria are a natural part of the human gut
bacteria, and some strains have had their genetic
sequence analyzed as part of the Human
Microbiome Project [9].

Providencia is a facultative anaerobic , with
peritrichous flagella , Providenca stuartii and P.
rettgeri, are the most commonly associated with
hospitalized infections [10] . The Providencia
genus originally had six species, but is now known
to have nine species including P. alcalifaciens, P.
rustigianii, P. stuartii, P. rettgeri, P. friedericiana,
P. heimbachae, P. vermicola, P. sneebia, and P.
thailandensis. Providencia bacilli do not ferment
lactose, but they are positive for methyl red and
phenyl pyruvic acid tests. They are also positive for
the phenylalanine deaminase test, but negative for
lysine decarboxylase, ornithine decarboxylase, and
arginine dihydrolase tests [11]. One common
characteristic of Providencia species is their fruity
smell. The existence of antibiotic resistance
amongst P. mirabilis is isolated from patients in
particular from the classes of B-lactam antibiotics
and fluoroquinolones [12]. The bacteria have
evolved ways to resist antibiotics by creating new
genes that can be transferred through plasmids and
other mobile genetic elements like transposons
[13]. They use various methods to become resistant
to multiple drugs, including altering the target sites
of antibiotics, deactivating antibiotics with
enzymes, expelling drugs through efflux
mechanisms, and increasing mutation rates in
response to stress [14]. Morganella morganii is
often difficult to treat because it is naturally
resistant to  several antibiotics including

glycopeptide, fusidic acid, macrolides,
lincosamides, streptogramins, rifampicin,
daptomycin, tetracyclines, colistin, and

nitrofurantoin. Additionally, there is an increasing
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presence of extended-spectrum beta-lactamases,
carbapenemase, and plasmid-mediated quinolone-
resistance [15]. In this species, making the selection
of antibiotics even more complicated . Providencia
spp. resistant to multiple antimicrobials and exhibit
Multi- Drug Resistance (MDR). Both P. stuartii
and P. rettgeri have shown resistance to a range of
antimicrobial ~ drugs, including  gentamicin,
Imipenem, polymyxin, tetracycline, nitrofurantoin,
vancomycin, bacitracin, erythromycin, Novobiocin,
and rifampin. These species are also capable of
acquiring genes that confer resistance, such as
aminoglycoside-modifying  enzymes  (AMES),
Extended Spectrum pB-lactamases (ESBLs), and
carbapenemase enzymes [16].

The current study aimed to isolate Proteus spp.,
Morganella spp. and Providencia spp. from
clinically sources and identification according to
essential  Biochemical screening tests and
confirmed to species level by API-20, Vitek-2
system and indicate their resistance to specific
antibiotics in which were used in the treatment of
PMP group..

Material and Methods

Study Population

Three hundred and eighty (380) specimens were
collected urine (179) pus and swab wound (52),
burns (91), stool (37), cerebrospinal fluid (10),
Sputum (8), and Bone marrow (3) from Recumbent
patients and out-patients who visited Ibn Sena
hospital Mosul General Hospital, AL-Jamhoree
hospital, Al-Salam teaching hospital, AL-Mosul
center for burns and plastic surgery hospital in
Mosul city/lraqg from 23th March to 30"
September 2023. The majority of samples yielding
non lactose fermentative Gram- negative bacteria
(NLF -GNB), the isolates belonged to patients aged
from (1-80) years. The samples were taken to the
laboratory to isolate the PMP bacterial group using
sterile equipment and media. They were streaked on
selective media such as MacConkey’s agar, blood
agar, XLD agar, and Cetrimide agar for the
identification of Pseudomonas aeruginosa, a
bacterial species different from other NLF-GNB.
The plates were then incubated at 37° C for 24
hours, and the isolates were identified based on
their Microscopical features using Gram stain to
detect their response to stain, shape, and
arrangement [17]. Morphological features on
culture media, such as swarming on blood agar,
non-lactose fermented growth on MacConkey's
agar, and colorless growth on XLD agar, were also
used to identify the PMP group. Additionally,
several biochemical tests, including catalase,
oxidase tests, Indole, MR-VP test, citrate utilization
tests, Urea test, Motility test, gelatin liquefaction
test, and Triple Sugar Iron agar test, were used for
further identification of the PMP group.
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phenylalanine deaminase test (PDA), Isolates other
than PMP Group from various clinical samples
were excluded from the study according to the
diagnostic procedures [18]. and the diagnosis of
bacterial samples has been enhanced according to
API 20E [19] confirmatory test and Vitek GNI [20].

Antibiotic Susceptibility Testing (AST)

The Kirby Bauer disc method is used to assess
antibiotic susceptibility on Muller Hinton Agar
(MHA). Fresh bacterial cultures were prepared in
MHA, and the concentration of bacterial cells was
adjusting to (1x10%) CFU/ml) compared with the
first tube of McFarland. By using, the bacterial
inoculum which was streaked on plates containing
MHA the following antibiotic discs were used
:AMC(30pg), CZA (30 pg) ,FEP (30 ug), CRO(30
Hg), CFX(30 pg) ,CFXAXxetil (30 ug), ETP(10 pg),
MEM(10 pg), PTZ(100 pg/10 pug), AK(30 pg), CiP
(10pg) CZ(30 ug), CN(10 ug), IMP(10 mag),),
F(100ug), ATM(30  pg),SXT(25ug)  (purchased
from (Himedia, Mumbai, India, Bioanalyse,
Turkey) discs were fixed on the plates and then
incubated at37°C for 24h, the results were recorded
by the appearance of inhibition zones around the
discs . The Clinical and Laboratory Standards
Institute (CLSI) guidelines were interpreted the
result (CLSI,2023). Also isolates for drug
susceptibility were analyzed using the Vitek-2
system( BioMerieux, France),(21).In this study we
use disc diffusion classical and conventional
phenotypic method still widely practiced as gold-
standard.

Results
Bacterial isolation and Identification

A out of (380) clinical samples were collected
from different clinical sources including urine
(179), burn (91), wound & pus swabs (52), stool
(37), C.S.F(10), sputum (8), bone marrow (3). The
primary isolation and identification of different
bacterial genera were done by growing on blood
agar and MacConkey’s agar to obtain bacterial
species belonging to the PMP group, which all
PMP groups were positive for Phenylalanine
deaminase test (PDA). And can used to differentiate
Proteus spp., Providencia spp., and Morganella
morganii from other Enterobacteriaceae that have
great importance in the taxonomy of Proteus spp.,
Morganella morganii, and Providencia spp The
biochemical tests of the PMP group as shown in
Table (1).

A total of (380), isolates belonging to the PMP
group according to API20E, the VITEK 2
automated  system (bioMerieux,France) were
identified, P. mirabilis from urine was 21(5.52%),
burn 9(2.36), pus& wound swab 4(1%), stool 3
(0.78%). was the most common pathogen, followed
by M. Morganii from urine 8(2.1%) and

Providencia stuartii from Pus& wound Swabs &
stool 2(0.52%) as shown in Table 2). The majority
of the isolates. were recovered from urine (16.20 %;
n=179), followed by burn (9.8%; n=91) as shown in
Table (2).

Antibiotics sensitivity test

The results of antibiotic susceptibility showed
that all isolates varied in their sensitivity as shown
in Table (3) the high resistance rates were to
Ceftazidime  (83.7%),  Cefuroxime  axetil,
Nitrofurantion (81%) Cefazolin and Trimethoprim
(78%) Cefuroxime75%, Amoxicillin-Clavulanic
acid, Ceftriaxone  (70%), Gentamicin(62%)
Ciprofloxacin, (64,62%). while sensitive toward
Ertapime, Imipenem , Amikacin, Meropenem,
Erythromycin, Piperacillin-Tazobactam, Cefepime,
and (71%, 65%,65%,60%55%,84.6%),
respectively were observed amongst P. mirabilis
isolates as shown in table (3), whereas the M.
Morganii show least resistance toAmoxicillin-
Clavulanic acid, Cefazolin, Cefuroxime
Cefuroxime  axetil  Nitrofurantion,  (100%).
Ceftazidime and Cefepime (87%), Ceftriaxone ,
Ciprofloxacin (62.5%) and show sensitive toward
Ertapime,  Amikacin  Piperacillin-Tazobactam
Erythromycin, Meropenem (100%),
Cefepime(87%), Imipenem (62.5%)
,Gentamicin(75%), Trimethoprim-
sulfamethoxazole (62%)as shown in table (5) and
Providence stuartii shows high resistance to
antibiotic Amoxicillin-Clavulanic acid, Cefazolin,
gentamicin, Nitrofurantoin  (100%) and less
resistance Ceftriaxone, Imipenem Ciprofloxacin,
Trimethoprim-sulfamethoxazole Erythromycin and
sensitive to Ertapenem, Amikacin, Meropenem,
Piperacillin-Tazobactam, Erythromycin(100%),
Cefuroxime Axetil Ceftazidime Cefuroxime,
Cefepime Amikacin as show in the table (7).

Discussion

Members of the PMP group are inclusive, and
great interest like other Enterobacteriaceae in the
listing of gram-negative bacteria responsible for
nosocomial infections especially from clinical
specimens. They are opportunistic and may cause
morbidity and motility [22]. In this study PMP
bacterial group accounted for 47/380(12.36%) of all
isolates.

The highest frequency of the PMP group was
from urine samples with dominant of P. mirabilis
and M. morganii followed by burn samples
highlighting the clinical relevance of the PMP
group as causative agents for UTIs. Proteae are
more severe and have an increased risk of
recurrence, complications, and pyelonephritis,
especially for UTIs [23]. Proteus mirabilis has
emerged as a significant cause of complicated
urinary tract infections (UTIs) because of its ability
to produce the enzyme urealyticum

Egypt. J. Vet. Sci. Vol. 56, No. 7 (2025)



1606 EMAN M. TAHER et al.

biomineralization, which leads to the formation of
alkaline urine and crystalline deposits. A study by
[24] found that P. mirabilis was most commonly
isolated from urine compared to other clinical
samples, likely due to the bacteria's possession of
virulence  factors that contribute to UTI
development, such as adherence capability, urease
production, and flagella. The high percentage of
local strains could be attributed to the broad
capability of the Proteus spp. genus to invade
tissues and surfaces of instruments. This, coupled
with the indiscriminate use of antibiotics, has led to
a rise in Proteus spp. infections and contamination
of urinary catheters and other devices used in the
area [25]. Morganella morganii was isolated from
the urine a similar finding of (26) Out of 625
patients diagnosed with urinary tract infections
(UTIs), only 11 cases tested positive for M.
morganii in clean-catch midstream urine cultures.
M. morganii was commonly identified as a cause of
UTIs in adults. A study conducted in Turkey in
2020 found 11 cases of community-acquired UTIs
caused by M. Morganii in urine cultures [27] . The
reason why this bacteria, M. morganii, is less
common in causing UTIs compared to other
bacteria like P. mirabilis is primarily because M.
morganii grows slowly and its urease cannot be
stimulated to progress, which slows down its
growth. (28). . Isolates of Proteus mirabilis from
burns and wounds were in low percentage [29], that
Bacteria rapidly colonize open skin wounds after
burn Injuries can come from microorganisms that
naturally exist on a patient's skin, in their
gastrointestinal system, and in their respiratory
system. Proteus spp. were found to be most
dominant Gram-negative isolates in diabetic
wounds. The lack of both presurgical prophylactic
measures and education on the principles of asepsis
for wound care may explain colonizing Proteus in
wounds. These microorganisms can also be spread
to a patient's skin by touching contaminated
surfaces, water, objects, air, and the dirty hands of
healthcare providers [15].

The present study also suggests that P. mirabilis
was prevalently etiological agent for wounds and
on the pus specimen's infections [30]. This study
indicates that P. mirabilis was commonly
responsible for wound and pus infections [29]. The
prevalence of P. mirabilis infections was 2%, with
the bacteria being predominantly found in 84.29%
of pus samples. Pus is collected from infected
wounds and can contain dead white blood cells and
harmful bacteria [31]. The study by [11] identified
Providencia stuartii isolates in samples taken from
stool, pus, and wound swabs. The research
specifically examined the presence of these
opportunistic bacteria in patients with diarrhea,
particularly children, as well as those with wound
infections [32].
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Antibiotics Sensitivity Test

In the existing study, high rates of resistance
were to Ceftazidime, CefuroximeAxetil,
Nitrofurantoin, Cefazolin, Trimethoprim-
sulfamethoxazole, Cefuroxime, Ceftriaxone
Amoxicillin-Clavulanic acid, Gentamicin,
Ciprofloxacin similar to the rates reported from
[23]. This finding could be related to the
indiscriminate use of these antibiotics for treatment
of community-acquired UTIs. The resistant
proportion toward Trimethoprim and Resistance
antibiotics are mediated through barrier
permeability exhibited by isolated strains [33] as
resistance toward Amoxicillin/ Clavulanic acid due
to the elevated level of -lactamase production as
directly proportional to an increase in the resistance
menace and frequent prescribing of this drug by
physicians [34]. P. mirabilis displayed resistance to
ertapenem and Imipenem [28]and in the present
study it gave highest sensitivity rate against
amikacin,  Cefepime. which  showed that
aminoglycosides commonly used in the treatment
of infections caused by P. mirabilis isolates also are
still effective. In the current study, susceptibility
tests showed that M. morganii isolates were highly
susceptible to Aztreonam, piperacillin/Tazobactam,
ertapenem, Meropenem, and Amikacin at 100%,
and Trimethoprim-sulfamethoxazole at 62.5%. %
[26], who found the same rate of sensitivity and
high resistance toward Amoxicillin-Clavulanic
acid, Cefazolin, Cefuroxime Cefuroxime Axetil
Nitrofurantion, (100%). Ceftazidime and Cefepime
(87%), Ceftriaxone , Ciprofloxacin 62.5% [35].
Discovered (36) that two M. morganii strains
resistant to multiple drugs used to treat urinary tract
infections were only susceptible to carbapenems,
amikacin, and tigecycline. Additionally, they found
that M. morganii showed resistance to most -
lactam antibiotics. Typically, M. morganii is
susceptible to Aztreonam, aminoglycosides, third-
and fourth-generation cephalosporins,
carbapenems, quinolones, and trimethoprim /
sulfamethoxazole.

Conclusion

The antibiotic pattern of Providence stuartii in
the current study shows high resistance to antibiotic
Amoxicillin-Clavulanic\acid, Cefazolin,
Gentamcin, Nitrofurantoin (100%) Ceftriaxone,
Imipenem Ciprofloxacin, Trimethoprim-
sulfamethoxazole Erythromycin and sensitive to
Ertapenem, Amikacin, Meropenem, Piperacillin-
Tazobactam, Erythromycin Cefepime (100%),. This
agrees with [32] that the majority of strains were
Carbapenem-resistant  Providencia spp. other
studies find similar results. P. stuartii naturally
produces AmpC beta-lactamase, making it resistant
to penicillin and generation cephalosporins. In
recent years, there has been a growing concern
about P. stuartii as ESBL-producing and
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Carbapenem-resistant strains have become more
common [37]. While P. stuartii strains were
susceptible to Cefepime and Imipenem [38], non-
carbapenemase  mechanisms often lead to
Carbapenem  resistance  through  increased
production of AmpC, changes in outer membrane
proteins, efflux pumps, and penicillin-binding
proteins [39].

The prevalence of PMP group infections could
be attributed to prolonged hospital stays and
overcrowding. Drug resistance was also becoming
more common in the PMP group. Merely relying on
screening tests may not be enough to detect
antibiotic resistance, so a dependable confirmatory
test to identify resistance in this group is necessary
if possible.
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TABLE 1. Conventional Biochemical Tests for Identification of PMP Group

Bl e Biochemical tests Proteus mirabilis Mni)ggggre]::a Providencia stuartii
Indole - + +
Methy!l red test + + +
Vogues Proskauer - - -
Citrate utilization \Y/ - +
Urease + + -
H2S production + - -
Phenylalanine deaminase + + +
Gelatinase - - -
Catalase +
Oxidase - - -
Lactose fermentation - - -
sucrose fermentation - - R
Glucose fermentation + + +
D-mannitol fermentation - - -
TSI test A/K gas + A/K gas- A/K gas-
Nitrate Reduction + + +

TABLE 2. Numbers and Percentages of PMP Bacterial Species

Bacterial Species Numbelf of Source of isolation Percentages 0]:, bacterial
bacteria isolate%

Proteus mirabilis 21 Urine 5.52
Proteus mirabilis 9 Burns 2.36
Proteus mirabilis 4 Pus & wound swab 1

Proteus mirabilis 3 Stool 0.78
Providencia stuartii 2 Pus& wound Swabs &stool 0.52
Morganella morganii 8 Urine 2.1

Egypt. J. Vet. Sci. Vol. 56, No. 7 (2025)
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TABLE 3. Number and Percentage of Resistance or Sensitivity of Proteus mirabilis by Kirby-Bauer Disc Diffusion

Method
No. Antibiotics Isol_ates of Percentage of IsoIat_e; of Percentage of
resistance  resistance Sensitive sensitive
1 Amoxicillin-Clavulanic Acid 26 70 11 30
2 Piperacillin-Tazobactam 17 45 20 55
3 Cefazolin 29 78 8 22
4 Cefuroxime 28 75 9 25
5 CefuroximeAxetil 30 81 7 19
6 Ceftazidime 31 83.7 16 16.3
7 Ceftriaxone 26 70 11 30
8 Cefepime 19 51.3 18 48.6
9 Ertapenem 12 29 25 71
10 Imipenem 13 35 24 65
11 Meropenem 15 40 22 60
12 Amikacin 16 43 21 65.75
13 Gentamicin 23 62 14 38
14 Ciprofloxacin 24 64 13 36
15 Nitrofurantoin 30 81 7 19
16 Trimethoprim- 29 78 8 29
sulfamethoxazole
17 Erythromycin 17 45 20 55

TABLE 4. Number and Percentage of Resistance or Sensitivity of Proteus mirabilis by Vitek-2

No. Anibiotics raisance  reustanee Senstive Sensitive
1 Amoxicillin-Clavulanic Acid 16 43 21 56.7
2 Piperacillin-Tazobactam 17 45 20 55
3 Cefazolin 29 78 6 22
4 Cefuroxime 28 75 7 25
5 CefuroximeAxetil 30 81 7 19
6 Ceftazidime 26 70 11 30
7 Ceftriaxone 26 70 11 30
8 Cefepime 19 51 18 49
9 Ertapenem 10 29 27 71
10 Imipenem 10 27 27 73
11 Meropenem 12 32 25 68
12 Amikacin 15 40 22 60
13 Gentamicin 18 48 19 52
14 Ciprofloxacin 24 64.5 13 355
15 Nitrofurantoin 31 83 6 17
16 Trimethoprim- 31 81 6 19
sulfamethoxazole
17 Erythromycin 17 45 20 55
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TABLE 5. Number and Percentage of Resistance or Sensitivity of Morganella morganii by Kirby-Bauer disc
diffusion method

No. Antibiotics Isol_ates of Percentage of Isolat_e_s of Percentage of
resistance resistance Sensitive Sensitive

1 Amoxicillin-Clavulanic Acid 8 100 Zero Zero
2 Piperacillin-Tazobactam Zero Zero 8 100

3 Cefazolin 8 100 Zero Zero

4 Cefuroxime 8 100 Zero Zero

5 CefuroximeAxetil 8 100 Zero Zero

6 Ceftazidime 6 87.5 1 125

7 Ceftriaxone 5 62.5 3 375

8 Cefepime 1 125 7 87.5

9 Erttapime Zero Zero 8 100
10 Imipenem 3 375 5 62.5
11 Meropenem 1 12.5 7 87.5
12 Amikacin Zero Zero 8 100
13 Gentamicin 2 25 6 75

14 Ciprofloxacin 5 62.5 3 375
15 Nitrofurantoin 4 50 4 50

s e : s
17 Erythromycin Zero Zero 8 100

TABLE 6. Number and Percentage of Resistance or Sensitivity of Morganella morganii by Vtek-2.

No. Antibiotics Iso!ates of Percentage of Isolat_e_s of Percentage of
resistance resistance Sensitive Sensitive

1 ég\‘l’:j:g'r']'i::“ id 8 100 Zero Zero

2 ‘T’izfz%rt?;(i;ltgrr; Zero Zero 8 100

3 Cefazolin 8 100 Zero Zero

4 Cefuroxime 8 100 Zero Zero

5 CefuroximeAxetil 8 100 Zero Zero

6 Ceftazidime 6 75 2 25

7 Ceftriaxone 5 62.5 3 375

8 Cefepime 1 12,5 7 87.5

9 Erttapime 1 12.5 7 87.5
10 Imipenem 7 87.5 1 125
11 Meropenem Zero Zero 8 100
12 Amikacin Zero Zero 8 100
13 Gentamicin 3 375 5 62.5
14 Ciprofloxacin 2 25 1 75

15 Nitrofurantoin 8 100 Zero Zero
o e z s 5 1
17 Erythromycin Zero Zero 8 100
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TABLE 7. Number and Percentage of Resistance or Sensitivity of Providencia stuartii by Kirby-Bauer Disc Diffusion

Method and by Vitek-2.

S Isolates of Percentage of Isolates of Percentage of
No. Antibiotics : : e g
resistance resistance Sensitive Sensitive
1 Amoxmlllln-CIavuIanlc 2 100 Zero Zero
Acid
2 Piperacillin-Tazobactam Zero Zero 2 100
3 Cefazolin 2 100 Zero Zero
4 Cefuroxime Zero Zero 2 100
5 CefuroximeAxetil Zero Zero 2 100
6 Ceftazidime Zero Zero 2 100
7 Ceftriaxone 1 50 1 50
8 Cefepime Zero Zero 2 100
9 Erttapime Zero Zero 2 100
10 Imipenem 1 50 1 50
11 Meropenem Zero Zero 2 100
12 Amikacin Zero Zero 2 100
13 Gentamicin 2 100 Zero Zero
14 Ciprofloxacin 1 50 1 50
15 Nitrofurantoin 2 100 Zero Zero
16 Trimethoprim- 1 50 1 50
sulfamethoxazole
17 Erythromycin 1 50 1 50
References 6. Liu, H., Zhu, J.,, Hu, Q. and Rao, X. Morganella
. morganii, a non-negligent opportunistic pathogen.

1. Salih, MM., T_hanoon Altaee, M.F. and Mohammed, International Journal of Infectious Diseases, 50, 10-
M.1. Comparative study between two types of waters 17 (2016)
on the ability of growth of some pathogenic and '
ecological bacterial species. Biochemical & Cellular 7. Bandy, A. Ringing bells: Morganella morganii fights
Archives, 2(21), 2129-2135(2021). for recognition. Public Health, 182,45-50(2020).

2. Manos, J. and Belas, R.O. The genera proteus, 8. Abdallah, M. and Balshi, A. First literature review of
providencia, and morganella. Prokaryotes, 6, 245- carbapenem-resistant Providencia. New Microbes and
269(2006) New Infections, 25, 16-23(2018).

3. PRIYA, PS. and LEELA, K. Phenotypic 9. Shima, A., Hinenoya, A., Samosornsuk, W.,
Characterisation of Proteus Species Isolated from Samosornsuk, S., Mungkornkaew, N. and Yamasaki,
Different Clinical Samples with Special Reference to S. Prevalence of Providencia strains among patients
Antibiotic Resistance Pattern in a Tertiary Care with diarrhea and in retail meats in Thailand.
Centre. Journal of Clinical & Diagnostic Research, Japanese Journal of Infectious Diseases, 69(4), 323-
16(1), 571-581 (2022). 325(2016).

4, O'Hara, C.M., Brenner, F.W. and Miller, J.M. 10. Wie, S.H. Clinical significance of Providencia
Classification, identification, and clinical significance bacteremia or bacteriuria. The Korean Journal of
of Proteus, Providencia, and Morganella. Clinical Internal Medicine, 30(2), 167(2015).

Mi iol Revi 13(4 4-546(2 . . .
icrobiology Reviews, 13(4), 534-546(2000) 11. Guidone, G.H., Cardozo, J.G., Silva, L.C., Sanches,

Karthik, R., Ambica, R., Nagarathnamma, T. Study
of biofilm production and antimicrobial susceptibility
pattern in clinical isolates of proteus species at a
tertiary care hospital. International Journal of
Current Microbiology and Applied Sciences,
7(01),574-586(2018).

Egypt. J. Vet. Sci. Vol. 56, No. 7 (2025)

M.S., Galhardi, L.C., Kobayashi, R.K., Vespero, E.C.
and Rocha, S.P. Epidemiology and characterization
of Providencia stuartii isolated from hospitalized
patients in southern Brazil: a possible emerging
pathogen. Access Microbiology, 5(10), 000652-
v4(2023).



1611

PHENOTYPIC IDENTIFICATION AND ANTIBIOTIC PROFILE OF Proteus, Morganella ...

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Boudjemaa, H., Allem, R., Fonkou, M.D., Zouagui,
S., el Houda Khennouchi, N.C. and Kerkoud, M.
Molecular drivers of emerging multidrug resistance
in Proteus mirabilis clinical isolates from Algeria.
Journal of Global Antimicrobial Resistance, 18, 249-
256(2019).

Evans, D.R., Griffith, M.P., Sundermann, A.J., Shutt,
K.A., Saul, M.l., Mustapha, M.M., Marsh, J.W.,
Cooper, V.S., Harrison, L.H. and Van Tyne, D.
Systematic detection of horizontal gene transfer
across genera among multidrug-resistant bacteria in a
single hospital. Elife, 9, €53886(2020).

Bameri, Z., Karam, M.R., Habibi, M., Ehsani, P. and
Bouzari, S. Determination immunogenic property of
truncated MrpH. FIiC as a vaccine candidate against
urinary tract infections caused by Proteus mirabilis.
Microbial Pathogenesis, 114, 99-106(2018).

Seija, V., Presentado, J.C., Bado, I., Ezdra, R.P,,
Batista, N., Gutierrez, C., Guirado, M., Vidal, M.,
Nin, M. and Vignoli, R. Sepsis caused by New Delhi
metallo-B-lactamase  (blaNDM-1) and  gnrD-
producing Morganella morganii, treated successfully
with fosfomycin and meropenem: case report and
literature review. International Journal of Infectious
Diseases, 30, 20-26(2015)

Molnar, S., Flonta, M.M., Almas, A., Buzea, M.,
Licker, M., Rus, M., Fdldes, A. and Székely, E.
Dissemination of NDM-1 carbapenemase-producer
Providencia stuartii strains in Romanian hospitals: a
multicentre study. Journal of Hospital Infection,
103(2),165-169(2019).

Mahon, C.R. and Lehman,
diagnostic microbiology-e-book. Elsevier
Sciences; Nov 2.(2022).

Al-khalidy, R.M. and Aburesha, R.A. molecular
detection of some virulence gene in proteus mirabilis
isolated from urinary tract infection in irag. Iraqi

D.C. Textbook of
Health

Journal of Agricultural Sciences, 54(3),709-
715(2023).

Al-Gburi, A. and Mohammed, N. Isolation and
molecular identification and antimicrobial

susceptibility of Providencia spp. from raw Cow’s
Milk in Baghdad, Iraq. Veterinary Medicine
International, 2020, 8874747, eCollection (2020).

Jaber, A.S. Detection of Virulence Genes of Proteus
Mirabilis Isolated from Clinical Samples of some
Hospitals in Nasiriyah City. Pakistan Journal of
Medical & Health Sciences, 16(10), 433-433(2022).

Issa, A.H. and Almayah, A.A. New Virulence Factor
of Normal Flora E. Coli. Systematic Reviews in
Pharmacy, 11(2),71-76(2020).

Kamga, H.L., Nsagha, D.S., Assob, J.C., Njunda,
A.L. and Tchape, G.N. Epidemiological studies on
proteeae isolates from clinical specimens in the
Laquintinie Hospital in Douala, Cameroon. African
Journal of Clinical and Experimental Microbiology,
13(2),118-26(2012)

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

El-Kady, R.A., Alotaibi, S.A., Aljabri, T.T., Haraka,
R.R., Ibrahim, I.M., Mousa, A.l., Bashbeshi, M.W.,
Alotaibi, S. and Bashbeshi, M. Antimicrobial
Susceptibility Trends of Proteeae Isolates From a
Tertiary-Care Hospital in Western Saudi Arabia.
Cureus, 15(10), e47494(2023).

Gomaa, S., Serry, F., Abdellatif, H. and Abbas, H.
Elimination of multidrug-resistant Proteus mirabilis
biofilms using bacteriophages. Archives of Virology,
164, 2265-2275(2019).

Abdullah, P.B., Khalid, H.M. and Mero, W.M.
Molecular characterization and antibiotic
susceptibility of Proteus mirabilis isolated from
different clinical specimens in Zakho city, Kurdistan
Region, Irag. Zanco Journal of Pure and Applied
Sciences, 34(5), 198-207(2022).

Shi, H., Chen, X., Yao, Y. and Xu, J. Morganella
morganii: An unusual analysis of 11 cases of
pediatric urinary tract infections. Journal of Clinical
Laboratory Analysis, 36(5), €24399(2022).

Atmig, B., Kara, S.S. and Aslan, M.H. Community-
acquired Pediatric Urinary Tract Infections Caused
by Morganella Morganii. Journal of Pediatric
Research, 7(2), 121-125(2020).

Nagid, I.A., Hussein, N.R., Balatay, A., Saeed, K.A.
and Ahmed, H.A. Antibiotic susceptibility patterns of
uropathogens isolated from female patients with
urinary tract infection in Duhok province, Irag.
Jundishapur Journal of Health Sciences, 12(3),
€105146(2020).

Ghafil, J.A. and Flieh, M. Isolation and Identification
of Bacterial Burn Wound Infection in Iraqi Patient.
Indian Journal of Forensic Medicine & Toxicology,
15(4), 1351(2021).

Suhartono, S., Mahdani, W. and Khalizazia, K.
Prevalence and Antibiotic Susceptibility of Proteus
mirabilis Isolated from Clinical Specimens in the
Zainoel Abidin General Hospital, Banda Aceh,
Indonesia. Open Access Macedonian Journal of
Medical Sciences, 10(A), 1532-1537(2022).

Sharma, V., Parihar, G., Sharma, V. and Sharma, H.
A study of various isolates from pus sample with
their antibiogram from Jin hospital, Ajmer. 10SR
Journal of Dental and Medical Sciences, 14(10), 64-
68(2015).

Idomir, M.E. Providencia Species—Involvement in
Pathology and Multidrug Resistance in a Romanian
County Hospital. Bulletin of the Transilvania
University of Brasov. Series VI: Medical Sciences, 1,
43-50(2021).

Girlich, D., Bonnin, R.A., Dortet, L. and Naas, T.
Genetics of acquired antibiotic resistance genes in
Proteus spp. Frontiers in Microbiology, 11, 500668
(2020).

Egypt. J. Vet. Sci. Vol. 56, No. 7 (2025)



1612

EMAN M. TAHER et al.

34.

35.

36.

Thabit, A.G., El-Sabour, A., Nafie, A.M., El-
Mokhtar, M.A. and Biomy, Y.E. Detection of proteus
species in diabetic wounds and their antibiotic
resistance profile analysis. Bulletin of
Pharmaceutical Sciences. Assiut, 43(1),1-0(2020).

Mbelle, N., Osei Sekyere, J., Feldman, C., Maningi,
N.E., Modipane, L. and Essack, S.Y. Genomic
analysis of two drug-resistant clinical Morganella
morganii strains isolated from UTI patients in
Pretoria, South Africa. Letters in Applied
Microbiology, 70(1), 21-28(2020).

Guo, X., Rao, Y., Guo, L., Xu, H., Lv, T., Yu, X,,
Chen, Y., Liu, N., Han, H. and Zheng, B. Detection
and genomic characterization of a Morganella
morganii isolate from China that produces NDM-5.
Frontiers in Microbiology, 10, 1156(2019).

37.

38.

39.

Jiménez-Guerra, G., Borrego-Jiménez, J., Gutiérrez-
Soto, B., Expésito-Ruiz, M., Navarro-Mari, J.M. and
Gutiérrez-Fernandez, J. Susceptibility evolution to
antibiotics of Enterobacter cloacae, Morganella
morganii, Klebsiella aerogenes and Citrobacter
freundii involved in urinary tract infections: an 11-
year epidemiological surveillance study.
Enfermedades infecciosas y microbiologia clinica
(English ed.). 38(4), 166-169(2020).

Liu, J., Wang, R. and Fang, M. Clinical and drug
resistance characteristics of Providencia stuartii
infections in 76 patients. Journal of International
Medical Research, 48(10), 0300060520962296
(2020).

Sharma, S., Pramanik, S., Marndi, P. and Banerjee, T.
Hospital-acquired infections due to carbapenem-
resistant Providencia stuartii. Indian Journal of
Medical Research, 158(2),145-150(2023).

04 (PMP) bbb g 9 Sile 5 gall g a9 ol £155) A gannal (5 jgdiall cyiaal

é\ﬂ\-&é}d\ gé L*J,jﬂ\ ibaall
AR e el g 4 ae dauly ¢ ala daaa Gl

A - Jom il s — g shall S slaY)

oailal

J213 83 53 gall LKAl (e 3 jaaie A gaaa APrOVidencia (PMP) sMorganella s Proteus 4e sass

L sbias e A e (380) O oo, il (e AiSall (5 saell WS Canae (8 5 A grall S0 Alle
Clanas (%2.3) Gaoall clie ey (%5.5) sl Glise Ga e A Galal e onsi il 220 @l Ailide
b Lo i Wyl ¢1Y XI Proteus mirabilis <uiS (%0.78) ) «(%1) <ilS z 5 salls
A ohaid (9%2.1) iy ol 0« Morganella morganii Jie & ces (2 ¢(%9.7) 4wy PMP Ae gz
L slie < ekl Proteus mirabilis .4 (%0.5) Ay zall 5 ) ) <l g« Providence sturatii Jdie
IS staalilinay 5o givas ¥ el s Lo ((%081) O sl 58 5 538 (JiansS) asasS 5 ) shans (%83.7) poda Jlibans ol
(Ol 518 5 s Cpuasaliin (%70) GsmSl i cxpnd i SIS liasnsS sal (%75) a5 s («%78)
%T1) Cmades il GralSaals asins ey aismal s aalis) slad Glus Wain (%59) pasiss (%64¢62)
el Y B8 -l sal Aaglie Aplepsall Shile jsall el e (%555 %655 %605 %655
((%87) o o Jlins (%100) Aty G5 5 eSSl s g ) g S5 sh cCil 5 e
) e Cpeare s i) S 55U - Cnlial pan CpalSael i )2 Alin 5 (%62.5) OabsS 585 s ¢y Sy s
2652 (%87) Opmsaliin (%662) Js e sisalilas - 2 shamr 5 ¢(%75) Opmsalii ((%62.5) sz %100
oty o gliall oda (€3 38 Ayl o3a (o Aadiiaall 4y goad) Colsliaall alanal dle daslie i) gl (uing s
WS adtuadl & ALkl 2B ) PMP 4 saaa sse L (g 3a ol oSar Aagliall chlial 4l
) PMP e sene 3 & i ST 4 50Y) dalie oyl

« Providence spp ¢« Morganella spp. ¢ Proteus spp. ¢ Enterobacteriaceae :dalidall cilalsl)

Egypt. J. Vet. Sci. Vol. 56, No. 7 (2025)



