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Abstract: Background and Objectives: Proteus and Providencia are related genera of opportunistic
pathogens belonging to the Morganellaceae family, often a cause of infections in the immunocompro-
mised hosts, such as diabetic patients. Their clinical significance has increased due to their intrinsic
resistance to polymyxins, which is often associated with acquired resistance mechanisms. In this
study we evaluated the infections caused by Proteus mirabilis and Providencia stuartii in two groups of
patients, with diabetes (group 1) and without diabetes (group 2) admitted to the intensive care unit
and surgical wards. The infections were investigated in terms of infection type, risk factors, clinical
course, predictive factors for unfavourable outcomes and antibiotic resistance profile. Materials
and Methods: An observational, retrospective, cross-sectional study was conducted, comprising all
patients infected with these pathogens. Bacterial identification and antibiotic sensitivity testing were
performed using the Vitek2C automated system. Results: Comparison of the two groups showed
that the statistically significant common infectious risk factors were found less frequently among
diabetic patients when compared with non-diabetic patients, and that antimicrobial resistance was
significantly lower in the diabetic patient group. However, survival rates did not differ between the
two groups, drawing attention to the implications of diabetes as comorbidity. Additionally, with
regard to the antibiotic resistance profile, 38.89% of P. stuartii strains isolated from diabetic patients
belonged to the difficult-to-treat (DTR) phenotype, contributing to the severity of these infections
compared with those caused by P. mirabilis, of which 32% were wild type strains and 0% were DTR
phenotype. The DTR/extended spectrum beta-lactamase producing P. stuartii isolates more than
doubled the risk of mortality, while the presence of nasogastric nutrition tripled the risk. Conclusions:
P. stuartii infections that occurred in diabetic patients proved to be more difficult to treat, the majority
of them being healthcare-associated bacteremias.
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1. Introduction

People with diabetes are more prone to develop infections compared with the general
population [1,2]. The increased susceptibility to infections of diabetic patients may be
partially explained by some defects in host immune defence mechanisms, such as the
impairment of neutrophil function, affecting endothelial adhesion, chemotaxis, phagocy-
tosis and “natural killer” activity [3,4]. In type 1 diabetes, more alterations occur, such as
the decrease in the number of T lymphocytes, especially CD 4 (T helper), the reduction
of the CD 4/CD 8 ratio and of the IgG and IgA production and also quantitative and
qualitative alteration of serum complement components [5]. In addition to the generalized
immune system disorders, chronic complications of diabetes, such as microangiopathy and
macrovascular disease, represent an additional risk for infection, leading to local vascular
impairment and impaired wound healing [3,5]. Peripheral sensory neuropathy may lead
to unawareness of lower limb trauma and increased infection risk [6]. Incomplete blad-
der emptying due to autonomic neuropathy, or the presence of glycosuria allow urinary
colonization by microorganisms [3].

The risk of skin and mucosal infections (due to more abundant colonization with
staphylococci and Candida spp), diabetic foot infections (DFI) (ranging from cellulitis to
soft tissue necrosis and sometimes osteomyelitis) and an increased frequency of respiratory
and urinary tract infections (UTIs) are well known, representing a clinical and therapeutic
challenge [7,8].

Asymptomatic bacteriuria, three-times more common in diabetic than in non-diabetic
women [9], occurs mainly secondary to neuropathy (leading to an increased volume of post-
void residual urine) [10] and to increased adhesion of microorganisms to uroepithelial cells.
The risk of cystitis, pyelonephritis, perinephritis and papillary necrosis is also increased,
potentially with significant local and systemic complications.

Respiratory tract infections may be severe, with a mortality from pneumonia four-
times higher in diabetics versus non-diabetics. A patient with diabetes is also six to
seven-times more likely to develop pulmonary tuberculosis, often oligo- or asymptomatic,
due to cellular immune system impairment, with the possibility of unfavourable clinical
progression and increased rates of mortality [5].

Increased susceptibility to infections represents an additional risk for healthcare as-
sociated infections (HCAI) in hospitalized diabetic patients. In the United States, 11% of
patients undergoing lower limb bypass develop surgical site infections (SSIs), diabetes
being considered a significant risk factor (OR = 1.5; 95% CI 1.2–1.8) [11]. Diabetes and post-
operative hyperglycaemia were identified as independent risk factors for SSIs associated
with multiple surgical procedures [12].

The risk of graft infection is higher in patients with diabetes (HR = 4.6; 95% CI 1.5–14.3)
and graft infection is a risk factor for major amputation of the lower extremities (HR, 9.8;
95% CI 3.5–27.1). It has been shown that 29% of patients with an infected graft suffered a
major amputation 1 year after an intervention [13].

Moreover, there is an increased risk of sepsis in diabetic patients compared with
non-diabetic patients (RR = 2.45; 95% CI 2.23–2.68), with a similarly increased risk for
SSIs (RR = 2.02, 95% CI 1.80–2.27) and osteomyelitis (RR = 4.39; 95% CI 3.80–5.06) [11].
With regard to the aetiology of infections, diabetes increases the prevalence of infections
from less common organisms such as Klebsiella spp., Pseudomonas spp., Proteus mirabilis,
enterococci and fungi [14].

Proteus and Providencia are related genera of Gram-negative bacilli, opportunistic
pathogens belonging to the order Enterobacterales, in the Morganellaceae family, and the
Proteeae group, which often cause HCAIs in immunocompromised hosts. Their clinical
significance has increased due to their intrinsic resistance to polymyxins (considered reserve
antibiotics), which is associated with acquired resistance mechanisms [15].

Providencia stuartii was isolated mainly in UTIs, being strongly associated with biofilm
formation in catheterised patients [16]. In addition, the synthesis of broad-spectrum beta-
lactamases (ESBL) and metallo-beta-lactamases, as well as the association of other genetic
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resistance mechanisms make it a difficult-to-treat (DTR) microorganism [17]. In a recent
study (2021) regarding the Morganellaceae species, represented mainly by P. stuartii and
P. mirabilis, excess mortality in the DTR subsample was 16.37% compared with the non-DTR
one [18].

Over the last decade, in several Romanian hospitals, including our hospital, an alarm-
ing increase in the incidence of carbapenem resistant Proteeae in samples from patients
admitted to high-risk wards was reported [15,19–23].

The aim of this study was to assess P. mirabilis and P. stuartii infections in diabetic
and non-diabetic patients admitted to the intensive care unit (ICU) and surgical wards,
with regard to risk factors, type of infection, clinical progression, and predictive factors for
unfavourable outcomes and resistance phenotypes, respectively.

2. Materials and Methods

An observational, retrospective, cross-sectional study was conducted at the “Pius
Brinzeu” Emergency Clinical County Hospital Timis, oara between July 2017 and April 2019.
The study comprised all patients admitted to the ICU and to surgical wards, from whom
P. mirabilis and P. stuartii were isolated.

Patients under the age of 18 were excluded, as well as those admitted to the ICU and
to surgical wards for less than 24 h. Those re-admitted were registered for a second time
in the database only if they presented a strain of a species or a new resistance phenotype
different from the one previously present.

In order to highlight the impact of diabetes as a comorbidity, the sample of patients
was subdivided into two groups:

Group 1 (G1)—All patients who developed infections with pathogens belonging to the
two species identified above and who had been previously diagnosed with type 1 or type 2
diabetes mellitus (DM); latent autoimmune diabetes of the adult (LADA) or maturity-onset
diabetes of the young (MODY); patients with prediabetic conditions (impaired glucose
tolerance/impaired fasting glucose), gestational diabetes, or with other specific types of
diabetes secondary to exocrine pancreatic diseases (cystic fibrosis), endocrine pathology
(Cushing’s syndrome, hyperthyroidism), or genetic pathology (Down syndrome), as well
as those with hyperglycaemia secondary to glucocorticoid therapy, thiazide diuretics, etc.
were not included in this group.

Group 2 (G2)—All patients infected with pathogens belonging to the two species
identified above, who were hospitalized in the same wards (ICU or surgical) during the
same period of time, but who did not have diabetes as a comorbidity.

HCAI are defined according to the criteria of the European Union (EU) decision
2018/945 on Communicable Diseases and Related Special Health Issues to Be Covered
by Epidemiological Surveillance [24]. The risk associated with medical devices such as
intubation probe, central vascular catheter and urinary catheter was also investigated.

The data collection complied with the requirements of EU Regulation No. 679/2016
on the protection of individuals with regard to the processing of personal data and
the free movement of such data. The approval of the Ethics Committee of the ”Pius
Brinzeu” Clinical Emergency County Hospital Timis, oara was requested and received
(No. 149/06.02.2019).

Microbiological method. The primary culture was performed according to the Bacte-
riology Laboratory working protocol. Blood (from positive Bactec blood culture bottles),
catheter tips, wound swabs, urine, bronchial aspirates) were cultured on solid media
(Columbia blood agar Sanimed International Impex) and chromogenic agar (UTI, Sanimed
International Impex). Bacterial identification and antibiotic sensitivity testing were per-
formed using the Vitek2C automated system, according to the Clinical Laboratory Stan-
dards Institute (CLSI) 2017–2018 standard. Escherichia coli ATCC 25922 and Klebsiella pneu-
moniae ATCC BAA-1705 reference strains were used. The carbapenem-resistant phenotype
was identified using the KPC/MBL kit and OXA-48 (Rosco Diagnostica).

Antibiotic resistance phenotypes were defined as follows:
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Multidrug-resistant (MDR)—Resistance to at least one antibiotic from three or more
classes of antibiotics active for a given species [25,26];

Extensively drug resistant (XDR)—Resistance to at least one agent in all but one or
two antimicrobial categories [25,26];

Pan-drug resistant (PDR)—Resistance to all agents in all active antimicrobial categories
for a particular species [25,26];

Wild type/susceptible (WT)—Strains with natural sensitivity, characteristic of that
species [27];

Difficult-to-treat resistance (DTR)—Resistance to all first-line antimicrobials, rep-
resented by carbapenems (imipenem, meropenem and ertapenem/doripenem), broad-
spectrum cephalosporins (the ones relevant for those pathogens) and fluoroquinolones
(ciprofloxacin, levofloxacin and moxifloxacin) [28].

Statistical analysis. Data analysis was performed using IBM SPSS Statistics 20 (SPSS
Inc., Chicago, Il). Continuous variables were characterized by the median and interquartile
ranges (IQR) and categorical variables were characterized by value and percentage. Data
distribution testing was performed using the Kolmogorov–Smirnov test. The numerical
variables were compared using the Mann–Whitney U test and the nominal ones using the
chi2 test. The bivariate correlation was established by applying the Spearman correlation
coefficient. The independent variables that were statistically significant in the univariate
analysis were further investigated by logistic regression, the model being chosen according
to the Nagelkerke R2 coefficient and according to the test for assessing deviation from the
theoretical model of Hosmer and Lemeshow. Predictors of mortality were investigated
using Cox proportional hazards regression models. The Kaplan–Meier method with the log-
rank (Mantel-Cox) test was used to compare survival rates between the two samples. All
statistical tests were calculated with 2 extremities and the threshold of statistical significance
was considered p ≤ 0.05.

3. Results

A total of 339 patients, from whom 245 unduplicated strains of P. mirabilis and 94
strains of P. stuartii were isolated, were identified in the ICU and surgical wards during the
study period.

Of the 339 patients, 93 (27.43%) had diabetes and, out of these, the majority (80.65%)
had P. mirabilis infections, and only 19.35% had P. stuartii infections. Patients infected with
Proteeae species represented 35.77% (over one third) of all diabetic patients admitted to the
ICU and surgical wards, while only 4.04% of all non-diabetic patients became infected with
the two species mentioned above (Figure 1).
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The majority (62.36%) of the diabetic patients infected with Proteeae, came from the
surgical wards (due to more frequent amputations, abscess drainage and other DFI or SSI)
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while in the group of non-diabetics, the majority (60.16%) came from the ICU (following
complications after orthopaedic, thoracic, neuro-surgical interventions).

The distribution of patients according to the profile of the ward where they were
treated is given in Figure 2:
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The highest number of infections in both diabetic and non-diabetic patients was
recorded in July 2018, which shows that there are predisposing factors for Proteeae infec-
tions in both DM and in non-DM groups, related to environmental conditions such as
temperature (July being a warm month). (Figure 3). The Spearman correlation coefficient
between the monthly distribution of infections among diabetic and non-diabetic patients
was 0.519, being statistically significant (p = 0.011).
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Comparison of the two groups (Table 1) shows that the statistically significant common
infectious risk factors were found less frequently among diabetic compared to non-diabetic
patients. Logistic regression identified only P. mirabilis infections (HR = 6.08 [1.18–31.45],
p = 0.031) and wound infections (HR = 8.43 [1.19–59.65], p = 0.033) as independent risk
factors for diabetic patients. In contrast, diabetes as a comorbidity recorded protective
values against infections with aminoglycoside-resistant (HR = 0.21 [0.05–0.82], p = 0.025),
carbapenem resistant (HR = 0.03 [0.002–0.60], p = 0.021) and fluoroquinolone-resistant
strains (HR = 0.19 [0.04–0.83], p = 0.027), respectively.

All these mean that one third of the DM group, especially patients hospitalized in
surgical wards, were infected with Proteeae, the predominant being sensitive P. mirabilis
strains in contrast to the non-DM group, most of them from ICU, usually with HCAI
produced by MDR P. stuartii strains.
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The differences regarding risk factors arose from the different therapeutic interven-
tions. Thus, diabetic patients suffered significantly more frequent amputations (p < 0.001)
and abscess drainage (p < 0.001), while non-diabetic patients underwent orthopaedic
(p = 0.025), thoracic (p = 0.004) and neurosurgical interventions (p < 0.001) more frequently.
(Figure 4). These findings could be the consequence of angiopathy and neuropathy (in the
diabetic patient group) and the increased frequency of traumatic pathology in adulthood,
as well as the fact that these second group of surgeries were often the cause of prolonged
admission, ICU transfer and acquisition of hospital acquired pathogens (in the non-diabetic
patients group).

Although the complexity of therapeutic interventions and risk factors were signifi-
cantly more pronounced among G2 patients, survival rates did not differ between the two
groups (log-rank Mantel-Cox test p = 0.163) (Figure 5).

Table 1. Variables with statistical significance in univariate analysis.

Variable G1-Diabetic Patients
N1 = 93

G2-Non-Diabetic
Patients
N2 = 246

p Value OR [95% CI]

Age [median, IQR] 65 (28) 61 (21) 0.002 0.97 [0.95–0.99]
Days of hospitalization [median, IQR] 23 (35) 42 (55) <0.001 1.01 [1.00–1.02]
Days of antibiotic therapy [median, IQR] 12 (36) 23 (41) <0.001 1.02 [1.00–1.03]
Number of antibiotics [median, IQR] 2 (3) 4 (4) <0.001 1.27 [1.14–1.40]
Days with CVC [median, IQR] 3 (18) 17.50 (40) <0.001 1.03 [1.02–1.04]
Days with UC [median, IQR] 0 (20) 21.50 (52) <0.001 1.03 [1.01–1.04]
Glasgow Score [median, IQR] 15 (8) 10 (11) 0.025 0.92 [0.86–0.99]
Number of antibiotics with
resistance/strain [median, IQR] 2 (8) 8 (9) <0.001 1.13 [1.07–1.19]

Mechanical ventilation [n, %] 31(33.33) 156 (63.41) <0.001 0.29 [0.17–0.49]
Urinary catheter [n, %] 46 (49.46) 173 (70.33) <0.001 0.41 [0.25–0.69]
Tracheostomy [n, %] 18 (19.35) 97 (39.43) <0.001 0.37 [0.20–0.68]
Vasopressors [n, %] 22 (23.66) 109 (44.31) <0.001 0.39 [0.22–0.69]
Blood transfusions [n, %] 28 (30.11) 132 (53.66) <0.001 0.37 [0.22–0.64]
Nasogastric nutrition [n, %] 33 (35.48) 141 (57.32) <0.001 0.41 [0.24–0.69]
Mechanical ventilation 0 h [n, %] 62 (66.67) 90 (36.58) <0.001 3.47 [2.04–5.92]
Mechanical ventilation ≥ 96 h [n, %] 29 (31.18) 147 (59.75) <0.001 0.31 [0.18–0.52]
Proteus mirabilis [n, %] 75 (80.65) 170 (69.11)

0.034 1.86 [1.01–3.48]Providencia stuartii [n, %] 18 (18.35) 76 (30.89)
Association of 2 pathogens [n, %] 8 (8.60) 26 (19.57) 0.046 0.43 [0.17–1,07]
HCAI [n, %] 30 (32.96) 147 (59.76) <0.001 0.32 [0.19–0.55]
Bronchial aspirate [n, %] 10 (10.75) 68 (27.64) <0.001 0.32 [0.14–0.67]
Wound swab [n, %] 51 (54.84) 75 (30.48) <0.001 3.63 [2.10–6.32]
Other [n, %] 1 (1.07) 17 (6.91) 0.030 0.15 [0.00–0.96]
DTR phenotype [n, %] 7 (7.53) 72 (29.27) <0.001 0.20 [0.07–0.45]
MDR phenotype [n, %] 44 (47.31) 168 (68.29) <0.001 0.42 [0.25–0.70]
XDR phenotype [n, %] 14 (15.05) 91 (36.99) <0.001 0.30 [0.15–0.58]
Aminoglycoside resistance [n, %] 12 (12.90) 69 (28.05) 0.0003 0,38 [0.18–0.77]
ESBL [n, %] 15 (16.13) 102 (41.46) <0.001 0.27 [0.14–0.52]
CR [n, %] 13 (13.98) 90 (36.59) <0.001 0.28 [0.14–0.56]
Fluoroquinolone resistance [n, %] 27 (29.03) 133 (54.06) <0.001 0.35 [0.20–0.60]

Legend: N(n), number; IQR, interquartile range; CVC, central venous catheter; UC, urinary catheter; ICU, intensive
care unit; h, hour; HCAI, healthcare associated infections; DTR, difficult-to-treat resistance; MDR, multi-drug
resistant; XDR, eXtensive Drug Resistance; CI, confidence interval; OR, odds ratio; p, the threshold of statistical
significance; CR, Carbapenem resistance; ESBL, Extended spectrum beta-lactamase.
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Cox regression identified the following factors associated with risk of in-hospital death:

• Age HR = 1.029 (1.011–1.047), p = 0.001;
• Vasopressor therapy HR = 1.851 (1.080–3.171), p = 0.025;
• Nasogastric nutrition HR = 3.137 (1.292–7.618), p = 0.012;
• Bacterial species HR = 2.021 (1.145–3.565), p = 0.015;
• DTR strains HR = 2.726 (1.245–5.965), p = 0.012;
• ESBL strains HR = 2.175 (1.070–4.423), p = 0.032;
• Duration of antibiotic therapy HR = 0.971 (0.959–0.984), p < 0.001;
• Duration of urinary catheterization HR = 0.974 (0.955–0.993), p = 0.007.

Diabetic patients infected with P. stuartii had a significantly longer duration of central
venous and urinary catheters in situ, a longer period of mechanical ventilation and a higher
rate of antimicrobial resistance, which may be explained by the fact that 72.22% of infections
were HCAI. 66.67% of P. stuartii infections were blood stream infections, while 64.00% of
P. mirabilis infections were wound infections, two thirds of them being community-acquired
(Table 2).

Table 2. Variables with statistically significant differences among diabetic patients infected with the
two species of Proteeae.

Variable
Sample of Diabetic Patients

Infected with P. mirabilis
n1 = 75

Sample of Diabetic Patients
Infected with P. stuartii

n2 = 18
p Value

Number of antibiotics [median, IQR] 2 (2) 5 (3) <0.001
Days with CVC [median, IQR] 2 (12) 16.50 (20) 0.032
Days with UC [median, IQR] 0 (10) 19 (19) 0.019
Number of antibiotics with resistance/pathogen
[median, IQR] 1(4) 9 (5) <0.001

Anti-biotherapy prior to ICU [n, %] 9 (12.00) 8 (44.44) 0.003
Mechanical ventilation [n, %] 18 (24.00) 13 (72.22) <0.001
Urinary catheter [n, %] 31 (41.33) 15 (83.33) 0.001
Tracheostomy [n, %] 8 (10.67) 10 (55.55) <0.001
Blood transfusions [n, %] 17 (22.67) 11 (61.11) 0.001
Nasogastric nutrition [n, %] 18 (24.00) 15 (83.33) <0.001
Mechanical ventilation 0 h [n, %] 57 (76.00) 5 (27.77) <0.001
Mechanical ventilation ≥ 96 h [n, %] 16 (21.33) 13 (72.22) <0.001
Discharge status - Deceased [n, %] 20 (26.67) 9 (50.00) 0.054
HCAI [n, %] 17 (22.67) 13 (72.22) <0.001
Blood culture [n, %] 3 (4.00) 6 (33.33) 0.001
Catheter tip [n, %] 2 (2.67) 6 (33.33) <0.001
Wound swab [n, %] 48 (64.00) 3 (16.67) <0.001
WT phenotype [n, %] 24 (32.00) 0 (0) 0.005
DTR phenotype [n, %] 0 (0) 7 (38.89) <0.001
MDR phenotype [n, %] 26 (34.67) 18 (100) <0.001
XDR phenotype [n, %] 3 (4.00) 11 (61.11) <0.001
Aminoglycoside resistance [n, %] 3 (4.00) 9 (50.00) <0.001
ESBL [n, %] 6 (8.00) 9 (50.00) <0.001
Carbapenem resistance [n, %] 1 (1.33) 12 (66.67) <0.001
Fluoroquinolone resistance [n, %] 10 (13.33) 17 (94.44) <0.001
Sulphonamide resistance [n, %] 41 (54.67) 18 (100) <0.001

Legend: n, number; IQR, interval between quartiles; CVC, central venous catheter; ICU, intensive care unit;
h, hour; HCAI, healthcare associated infections; WT, wild type; DTR, difficult-to-treat resistance; MDR, multi-
drug resistant; XDR, eXtensive Drug Resistance; OR, odds ratio; HR, hazard ratio; p, the threshold of statistical
significance; ESBL, extended spectrum beta-lactamase.

4. Discussion

Diabetic foot is one of the most common complications of diabetes, and also a major
public health concern worldwide, with an incidence of up to 10% among this category of
patients. Furthermore, treatment often involves partial or total amputation of the affected
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lower limb [29]. The most commonly isolated pathogens in a study of 440 patients with
DFI were Gram-negative aerobic bacteria (51.2% of the total isolates). Along with the
isolates of Proteus spp. (47; 12.0%), P. aeruginosa (135; 34%), E. coli (46; 12%), K. pneumoniae
(36; 9.0%) and Enterobacter spp. (34; 8.5%) were identified, highlighting that DFI were
mainly polymicrobial and that most of the etiological agents were MDR [30].

Related to the above, in a prospective study which enrolled 216 diabetic patients
with DFI, Saseedharan pointed out that the identified pathogens were most frequently
Gram-negatives (58.5%), with a frequency of 5.45% for P. mirabilis strains, along with E. coli
(20.6%), K. pneumoniae (16.36%) and C. koseri (6.06%) [31].

Another recent review of the diversity of microorganisms involved in DFI identified
the Enterobacterales (E. coli, K. pneumoniae, M. morganii and P. mirabilis) as the largest group
of Gram-negative pathogens involved [32].

With regard to the relationship between diabetes and SSIs, Martin showed that this
association was significantly higher for cardiac surgery compared to other types of surgical
interventions, and that diabetes was identified as an independent risk factor for multiple
types of surgical procedures [12]. Furthermore, Jeffrey showed that the rate of graft
infection involving femoral artery was significantly more frequent in patients with diabetes
compared with patients without this pathology (6.5% vs. 1.9%; p < 0.01), having a total
graft infection frequency of 3.8% [13].

In this study, we aimed to evaluate the infections caused by P. mirabilis and P. stuartii
in diabetic versus non-diabetic patients admitted to high-risk wards of our hospital from
the perspective of risk factors, type of infections, clinical evolution, and predictive factors,
respectively, of resistance phenotypes.

From the beginning, it was observed that diabetes, as a comorbidity, was an important
risk factor for infections with the two species of Proteeae (OR = 13.24 [9.87–17.76], p < 0.001).
The diabetic patients came mainly from surgical wards, while those without this pathology
were mostly admitted to the ICU (p < 0.001), thus involving a greater degree of complexity
and invasiveness of the diagnostic and therapeutic procedures.

There were significant differences in the nature of the surgical interventions between
the two groups of patients: in G1, amputations (22.58%) and wound debridements (12.90%)
predominated, followed by urological and gastroenterological procedures (10.75%), whilst
in G2, neurosurgical interventions prevailed (25.61%), followed by orthopaedic procedures
and wound debridements (10.98% each). Thus, one third of diabetic patients underwent
surgical procedures directly related to the complications of diabetes, while approximately a
quarter of non-diabetic patients had neurosurgical interventions which were associated
with altered consciousness (also highlighted by the lower average value on the Glasgow
Coma Scale), the need for prolonged mechanical ventilation, tracheostomy and increased
duration of catheterization.

The fact that the peak monthly frequency of infections caused by these two Proteeae
species is the same in both groups, as well as the direct, positive, moderate, and statistically
significant correlation (rho = 0.519, p = 0.011) between the two groups, argue for the
contribution of exogenous microbial flora transmission in the hospital environment. In fact,
as expected, the percentage of HCAI is almost double in G2 compared with G1 (59.76%
vs. 32.96%, p < 0.001), due to the higher percentage of iatrogenic factors. It also raises
the issue of high ambient temperature as a predisposing factor for infections with the
two species. The median age of patients with Proteeae infections in our study was 65.00
years [56.00–84.00] for diabetic patients and 61.00 years [48.00–69.00] for non-diabetic
patients, lower than the median age of 69.6 years (IQR 41.6–81.8) recorded by Laupland
(2007) in his study [33]. The author showed a significant relationship between age, sex and
the incidence of Proteeae identification, with dramatically increasing rates over the age of
60 and with a twofold increased risk in women compared with men.

The predominantly community-acquired nature of infections and the known increased
susceptibility to infections of diabetic patients explain the lower frequency of isolates
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resistant to the main classes of antimicrobial agents, as well as the results obtained by
logistic regression in our study.

Diabetic patients had P. mirabilis infections (HR = 6.08 [1.18–31.45], p = 0.031) and
wound infections (HR = 8.43 [1.19–59.65], p = 0.033) as independent risk factors. It is
important to note that these two risk factors usually coexist in studies that report the
presence of Proteus spp., especially in DFI.

UTI is another common pathology of the diabetic patient, the main risk factors being
poor glycemic control, duration of diabetes, diabetic microangiopathy, impaired leukocyte
function, recurrent vaginitis and anatomical and functional abnormalities of the urinary
tract [8–10,34,35].

In the study conducted by Kumar et al., 49.01% of UTIs in diabetic patients were
caused by E. coli, 11.07% by K. pneumoniae and 8.3% by P. mirabilis. P. aeruginosa, with the
A. calcoaceticus-baumannii complex ranked 4th and 5th in prevalence [36].

Moreover, Gautam et al. showed in their study that UTIs caused by C. albicans and
P. mirabilis coinfection were more frequent in the diabetic patient group compared with the
non-diabetic group (p = 0.002 and p = 0.02, respectively) and that 50% of the P. mirabilis
isolates were MDR [37].

P. stuartii is more commonly isolated from UTIs in patients with long-term indwelling
urinary catheters than in non-catheterized patients [38–40], persistent bacterial adherence
being mediated by type 3 fimbriae [41].

A study conducted in a Korean hospital which investigated the clinical features and
antibiotic susceptibility of Providencia species in 14 cases of bacteremia revealed that UTIs
were the most common source (35.7%), and that the Providencia spp. showed resistance to
tobramycin but were susceptible to amikacin and isepamicin. Susceptibility to ciprofloxacin
was seen in 50% of the isolates, higher than in the present study [42].

Another study performed in an Italian university hospital which investigated P. stuartii
infections over a four-year period found that 52% of the isolated strains were ESBL-
producers, all of them being MDR [43]. Sabri et al. [40] also identified the broad-spectrum
antimicrobial resistance of this organism. Out of the 32 samples of P. stuartii isolated mostly
from catheterized urine samples, 53.1% were ESBL-MDR isolates and 94% of them were
AmpC producers.

In the present study, all patients with P. stuartii UTIs had a long-term urinary catheter
with an average duration of 48.75 days, while in the case of P. mirabillis UTIs only 43.33%
of patients were catheterized, with an average duration of bladder catheterization of
49.23 days.

In our study, P. mirabilis and P. stuartii isolates were responsible for 10.75% of the UTIs
in diabetic patients and for 13.41% of the UTIs in the non-diabetic group. Of these two
species, P. mirabilis was predominant in UTIs of both diabetic (96%) and non-diabetic (63%)
patients, highlighting that, in the non-diabetic group, P. stuartii was involved in a third of
these infections.

The importance of diabetes as a comorbidity is reflected in the survival analysis,
although G1 subjects had fewer risk factors for infection and the strains were less resistant
and the length of hospitalization/catheterization was shorter, survival did not differ when
compared with G2 patients (log-rank test p = 0.163). Multivariate Cox regression analysis
revealed the following factors associated with risk of in-hospital death:

- A 1-day increase in the duration of urinary catheterization decreased the risk of death
by 2.6%;

- A 1-day increase in the duration of antimicrobial therapy decreased the risk of death
by 2.9%;

- Increasing age by 1 unit increased the risk of death by 2.9%;
- The presence of vasopressor therapy increased the risk of death by 85.1%;
- Infection with P. stuartii increased the risk of death by 102.1%;
- Infection with ESBL strains increased the risk of death by 117.5%;
- Infection with DTR strains increased the risk of death by 172.6%;
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- The presence of nasogastric nutrition increased the risk of death by 213.7%.

Regarding bloodstream infections caused by P. stuartii, Hayakawa et al. [44] showed
that the frequent use of colistin and tigecycline increased the risk of infections with these
species due to selective antimicrobial pressure, the microorganism being intrinsically
resistant to these antibiotics, being well known P. stuartii intrinsic resistance to colistin, tige-
cycline, and reduced sensitivity to aminopenicillins, the first generation of cephalosporins
and aminoglycosides [45].

The comparison presented in Table 2 highlights the severity of infections caused by
P. stuartii compared to those caused by P. mirabilis, with significant differences regarding
risk factors, antimicrobial resistance, prolonged duration of catheterization and treatment
difficulties, due to the significantly higher number of antimicrobial agents used. A total of
66.66% of the infections caused by P. stuartii were blood stream infections, either primary
or secondary, resulting from the spreading of an infection from a different location. A total
of 38.89% of P. stuartii strains belonged to the DTR phenotype, which contributed to the
severity of these infections compared with those caused by P. mirabilis, 32% of which were
WT strains while 0% were DTR phenotype.

Our study has several limitations: It is an unicentric study, with a retrospective design,
which compares diabetic patients to patients without this pathology, with no stratifica-
tion according to glycaemic control. The cross-sectional model allowed the samples to be
matched only in terms of the location and duration of hospitalization. The variables regard-
ing the risk factors (days of hospitalization/antibiotic therapy/catheterization) represent
total values and not the values strictly related to the period prior to the onset of infection, in
order to more accurately quantify the impact of HCAI. The unequal size of the two samples
of infected diabetic patients influenced the difference in mortality rates during hospital-
ization, which only reached the statistical significance threshold (p = 0.054), although the
percentage was almost double for P. stuartii infections. However, the manuscript presents
preliminary data, which needs to be confirmed by a more significant population, the impor-
tance of infectious pathology produced by Proteeae species and risk factors involved in
diabetic patients requiring new research directions.

5. Conclusions

Although diabetic patients had fewer risk factors for infection and their antimicrobial
resistance was significantly lower, survival did not differ from non-diabetic patients, draw-
ing attention to the implications of diabetes as a comorbidity. The DTR/ESBL P. stuartii
isolates had the effect of doubling, at the very least, the risk of death, while the presence of
nasogastric nutrition tripled it.

P. stuartii infections proved to be more difficult to treat in diabetic patients, most of
them being healthcare-associated bacteremias which require improved infection control
measures, ranging from patient isolation, decontamination, and sterilization of equipment
to staff training, in order to prevent complex indirect transmission of this pathogen.
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