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Abstract

Multidrug-resistant bacterial infections are the world's greatest health threats, especially those caused by A.
baumannii, and P. aeruginosa. Diseases caused by these pathogens most often are difficult to treat, and they
contribute to nosocomial infections which result in high mortality and morbidity rates. This study aims to find
the prevalence of multidrug-resistant pathogens in a health care setting and to determine their antimicrobial
resistance pattern. In the current study, a total of 156 bacterial isolates were collected from various clinical
specimens at a teaching hospital in Jeddah, Saudi Arabia. All isolates were identified at the clinical and
molecular microbiology laboratory using the VITEK 2 system with ID-GN cards for Gram-negative fermenting
and non-fermenting bacilli. Antimicrobial resistance patterns were determined by using VITEK 2 system. The
obtained results revealed that 86 the identified isolates were A. baumannii (55.13%) and 70 isolates (44.8%)
as P. aeruginosa. About 32.4% of the isolates were isolated from patients hospitalized in Medical Intensive
Care Unit; (MIC). Multidrug resistance (MDR) was largely observed in all A. baumannii isolates. Most of these
isolates (98-100 %) were resistant to nearly all tested antibiotic classes. On contrast, a total of 26.3% of P.
aeruginosa isolates were MDR and the highest resistance was to cefotaxime, tigecycline, and trimethoprim/
sulfamethoxazole. For both pathogens colistin was the most active antibiotic agent. Epidemiological data can
be help to implement better infection control strategies in healthcare settings.
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. Introduction:

The Prevalence of multidrug-resistant A. baumannii and P. aeruginosa in health care settings is
considered a serious threat to public health. These pathogens are the important common cause of hospital-
acquired infections worldwide (Karaiskos et al., 2019; Pachori et al.,, 2019; Nguyen and Joshi., 2021).
Multidrug-resistant A. baumannii and P. aeruginosa can cause serious nosocomial infections such as ventilator-
associated pneumonia; burn wound infections, bacteremia, and urinary tract infections. These infections were
observed in patients in intensive care units, generally associated with high morbidity and mortality (Ayoub
Moubareck and Halat, 2020; Labovska, 2021). Moreover, the increasing resistance rate among A.
baumannii and P. aeruginosa present a complicated situation for antimicrobial therapy due to its natural and
acquired resistance to nearly all major antibiotics classes, which compromise the ability to treat patients who are
infected by this pathogen (World Health Organization, 2019; Nijsingh et al., 2020).

Numerous studies reported the prevalence of MDR A. baumannii and P. aeruginosa among clinical
isolates in Saudi hospital settings. Alarge prospective study in 2020 to determine the distribution and resistance
pathogens in surgical site infections (SSI) in Saudi Arabiareported that A. baumannii was the most identified
pathogen among MDR- Gram-negative isolates (EI-Saed et al., 2020). Another study reported Carbapenem-
resistant A. baumannii is the most frequent pathogen associated with nosocomial infection, followed by P.
aeruginosa (Alotaibi et al., 2017). Another study has identified the prevalence of P. aeruginosa to be the most
frequent pathogen in KSA hospitals (Khan et al., 2018).
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Study of prevalence, antibiotic resistance patterns and reliable, and accurate laboratory detection of the
MDR A. baumannii and P. aeruginosa are essential for appropriate antibiotic treatment and improve infection
control programs to control the spread of these pathogens (Thatrimontrichai and Apisarnthanarak, 2020).
Considering these,this study was performed to find out the prevalence, and evaluate the antimicrobial resistance
profile of A. baumannii and P. aeruginosa strains isolated from clinical specimens from a tertiaryhospital in
Jeddah, the west region of Saudi Arabia.

Il.  Materials and Methods:
Ethics Statement
The study was approved by the unit of biomedical ethics - research committee- of King Abdulaziz University
Hospital (KAUH) in Jeddah in December 2020 (reference no.: 693-20).

Bacterial isolates

A total of 156 bacterial isolates belong to A. baumannii and P. aerugionsa were obtained from 122
patients admitted to (KAUH). The isolates were recovered from different clinical specimens such as tracheal
aspirate, sputum, wound swab, urine catheter, tissue, blood, ascitic fluid, and ear swab. The specimens were
collected from October 2020 to June 2021 from all units of King Abdulaziz University Hospital (KAUH) at
Jeddah.

Culture and Identification of bacterial isolates

The isolates were cultured on 5% Sheep blood agar, MacConkey’s agar, and Tryptic Soy Agar (TSA)
under aerobic conditions for 24 hours at 37°C. Pseudomonas agar was used for the isolation and differentiation
of P. aerugionsa from other Pseudomonas based on pigment formation. The strains were stored in Tryptic Soy
Broth (TSB) with 30 % glycerol at -20°C until used.

Phenotypic identification of bacterial isolates was completed at the clinical and molecular microbiology
laboratory using the VITEK 2 system with ID-GN cards for Gram-negative fermenting and non-fermenting
bacilli (bioMérieux, Marcy IEtoile France) as described by Funke et al. (1998). Matrix-Assisted Laser
Desorption lonization -Time of Flight Mass Spectrometry (MALDI-TOF MS) (Bruker Daltonik GmbH) was
used to confirm the identification of A. baumannii isolates which identified by VITEK 2 as Acinetobacter
complex (Romero-Gomez et al., 2012;Dahdouh et al., 2017).

Antimicrobial susceptibility test

Susceptibility to antimicrobial agents and Minimum Inhibitory Concentrations (MICs) were
determined by using VITEK 2 with AST-N291 cards according to the manufacturer's instructions (BioMérieux
Mercy I’Etoile, France). Bacterial isolates were sub-cultured on Muller Hinton agar for 18hr at 37°C. A
suspension was prepared by transfer a few colonies for each isolate into 3 mL of 0.45% sterile sodium chloride
solutionthen the suspension was adjusted to 0.5 McFarland standards (Bobenchik et al., 2014). The
susceptibility testing system was used, the antimicrobial agents with MIC reference ranges were
piperacillin/tazobactam (4/4-128/4 pg/mL), cefepime (1-64 pg/mL), cefotaxime (1-64 pg/mL), ceftazidime (1-
64 ng/mL), meropenem (0.25-16 pg/mL), imipenem (0.25-16 ug/mL), amikacin (2-64 pg/mL), gentamicin (1-16
ug/mL), ciprofloxacin (0.25-4 pg/mL), trimethoprim/sulfamethoxazole (1/19-16/304 pg/mL) and tigecycline
(0.5-8 pg/mL). For colistin (MIC) was determined by E-test strips ((BioMérieux Mercy I’Etoile, France).
These tests were applied according to the Clinical and Laboratory Standards Institute guidelines (CLSI, 2017),
and the results were accordingly reported as resistant, intermediately resistant, or susceptible.

Data analysis

All statistical analyses were completed using the SPSS program version 22 statistical software. Chi-square test
was usedto compare the prevalence of A. baumannii, and P. aeruginosa strains between specimen type and
hospital units with P-values < 0.05 considered significant.

I, Results:
Demographic and clinical characteristics:

The bacterial samples were collected from 122 patients who included 73 patients infected with A.
baumannii and 49 patients infected with P. aeruginosa. In addition, these patients comprised 68 (55.7%) males
and 54 (44.3%) females, with an overall ratio of male to female 1:1. There was no significant difference in the
isolation of A baumannii and P. aeruginosa according to p patient’s gender (P > 0.05). The ages of patients
ranged from 1 month to 93 years, with the mean of age 42.4 + 0.5 years. According to age groups, the results
showed that the prevalence of the tested isolates was significantly higher in the oldest age groups (51-70) and
(71-90) years old; the number of patients in these age groups was 47 (38.5%) and 27 (22.13%) respectively for
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both pathogens. The duration of hospital stay ranged from 1 day to 471 days with the mean of days 42.9 5
days. Patients during the study were diagnosed clinically with immunocompromised conditions such as diabetes
mellitus (39.3%), kidney disease (22 %), Cardiovascular (20.5%), and Malignancy (13.9%). The overall
mortality rate of the study population was considerably high, 61 (50%). Table 1 demonstrated the clinical
distribution of A. baumannii and P. aerugionsa isolates.

Table 1: Distribution of A. baumannii and P. aerugionsa isolates according to gender, age, and clinical diagnose of
the patients.

Demographic Characteristics A. baumannii P. aeruginosa Total P-value
n % n % n %
Gender Males 42 57.5 26 53.1 68 55.7 P=0.63
Females 31 42.5 23 46.9 54 44.3
<10 1 1.4 12 24.5 13 10.7
11-30 7 9.6 5 10.2 12 9.8
31-50 16 21.9 7 14.3 23 18.9
Age (years) 51-70 31 425 15 306 a6 | 377 | 0002
71-90 18 24.7 9 18.4 27 22.1
>91 0 0.0 1 2.0 1 0.8
Cancer 8 8.1 9 15.0 17 13.9
Heart disease 19 19.2 6 10.0 25 20.5
Kidney disease 18 18.2 9 15.0 27 22.1
Pulmonary disease 6 6.1 6 10.0 12 9.8
Underlying Diseases Liver diseases 2 2.0 0 0.0 2 1.6 P=0.38
Diabetes mellitus 29 29.3 19 31.7 48 39.3
Sepsis and meningitis 11 11.1 10 16.7 21 17.2
HIV infection 1 1.0 0 0.0 1 0.8
Neurological conditions 5 5.1 1 1.7 6 49
Number of Deaths 40 54.8 21 42.8 61 50

Out of 156 isolates were collected from various clinical samples from different units at KAUH, 86
isolates (55.13%) were identified as A. baumannii. Most of these isolates, thirty-eight (44.19%), were recovered
from tracheal aspirate, followed by twelve (13.95%) from wound swab. The highest number of A. baumannii
37(43.02 %) isolates were collected from patients in Medical Intensive Care Unit (MICU) and 21 (24.41%)
from Male Medical (MM).

Among the 156 isolates, 70 isolates (44.8%) were P. aeruginosa. 25 (35.71%) of these isolates were
obtained from the tracheal aspirate, followed by ten isolates (14.28%) from each sputum and wound. Like A.
baumannii, most P. aeruginosa isolates were 13 isolates (18.5%) from MICU, 10 isolates (14.28%) from each
of the emergency room and Pediatric Medical unit (PMU). The distribution of A. baumannii and P. aerugionsa
isolates according to the hospital ward and specimens type were illustrated in Table 2.

Table 2: Distribution of A. baumannii and P. aerugionsa isolates according to specimen type and Hospital Units.

Source of bacterial isolates A. baumannii P. aeruginosa Total P-value
n % n % n %
Blood 8 9.30 3 429 11 7.05
Wound Swab 12 13.95 10 14.29 22 14.10
Body fluid 4 4.65 1 143 5 321
Bronchial Washing 1 1.16 0 0 1 0.64
Ear Swab 1 1.16 2 2.86 3 1.92
specimen type Nasopharyngeal 0 0 3 429 3 1.92 P=0.36
Nostril 0 0 1 1.43 1 0.64
Pus 1 1.16 1 1.43 2 1.28
Sputum 8 9.30 10 14.29 18 11.54
Tissue 4 4.65 7 10 11 7.05
Tracheal Aspirate 38 44.19 25 35.71 63 40.38
Urine catheter 9 10.47 7 10 16 10.26
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Hospital Units

ER 7 8.14 10 14.29 17 10.90
FS 1 1.16 4.29 2.56
ICU 3 3.49 2.86 321
1ISO 1 1.16 0 0.64
MICU 37 43.02 13 18.57 50 32.05
MM 21 24.42 11.43 29 18.59
MS 9 10.47 7.14 14 8.97
PICU 1 1.16 11.43 9 5.77
PDE 0 0 10 14.29 10 6.41
PS 0 0 1.43 1 0.64
SIC 4 4.65 8.57 10 6.41
Other Units 2 2.33 571 6 3.85

P=0.04

E.R: Emergency Room; FS: Female Surgical; ICU: Intensive Care Unit; ISO: Isolation Unit; MICU: Medical ICU; MM: Male
Medical; MS: Male Surgical; PDE: Pediatric Medical; PICU: Pediatric ICU; PS: Pediatric Surgical; SIC: Surgical ICU.

All of A. baumannii isolates were resistant against ceftazidime, cefotaxime, ciprofloxacin, cefepime,

and piperacillin/ tazobactam. Also, 98.8% of the isolates were highly resistant to carbapenems (imipenem and
meropenem),and amikacin. Approximately, 67.4% of isolates were non-sensitive to gentamicin, respectively.
More than 90% of the isolates wereresistant totrimethoprim/sulfamethoxazole. 69.76% of the tested isolates
were sensitive tigecycline and 23.25% of isolates were intermediately resistantto this antimicrobial agent.
Colistin was effective against the tested isolates; only two isolates 2.32% were resistant to colistin. Table 3
illustrates the susceptibility profiles of A. baumannii isolates for each antimicrobial agent.

Table 3:Antibiotic susceptibility profiles for A. baumannii isolates.

Antimicrobial agent

AK CAZ CFM CIP CO FEP
n % n % n % n % n % n %
Resistance 85 98.8 86 100 86 100 86 100 2 2.32 86 100
Intermediate - - - - - - - - - - - -
Sensitive 1 1.16 - - - - - - 84 97.6 - -
Antimicrobial agent
GEN IMP MEM TAZ TGC TRI
n % n % n % n % n % n %
Resistance 58 67.4 85 98.8 85 98.8 86 100 6 6.97 78 90.69
Intermediate - - - - - - - - 20 23.25 - -
Sensitive 32 37.2 1 1.16 1 1.16 - - 60 69.76 8 9.30

AK: Amikacin; CAZ: Ceftazidime; CFM: Cefotaxime; CIP: Ciprofloxacin; CO: Colistin; FEP: Cefepime; GEN: Gentamicin; IMP:
Imipenem; MEM: Meropenem; TAZ: Piperacillin/ Tazobactam; TGC: Tigecycline; TRI: Trimethoprim/ Sulfamethoxazole.

All P. aeruginosa isolates showed full resistance to cefotaxime, tigecycline, and trimethoprim/
sulfamethoxazole. The resistance rates for carbapenems ranged from 98.5% for imipenem to 95.7% for
meropenem. The percentage of resistance P. aeruginosa isolates was 75.7% for cefotaxime, and
piperacillin/tazobactam, and about 65% for ceftazidime, and 51% for ciprofloxacin. The highest susceptibility
rates were observed for gentamicin (72%) and amikacin (52%) while all P. aeruginosa isolates were sensitive to
colistin.  The results in Table 4 showed the susceptibility profiles of P. aeruginosa isolates for each
antimicrobial agent.
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Table 4: Antibiotic susceptibility profiles for P. aeruginosa isolates

Antimicrobial agent

AK CAZ CFM CIP CcO FEP
n % n % n % n % n % n %
Resistance 33 47.14 46 65.7 70 100 36 514 - - 53 75.7
Intermediate - - 2 2.8 - - -
Sensitive 37 52.8 22 31.4 - - 34 48.5 70 100 17 24.2

Antimicrobial agent

GEN IMP MEM TAZ TGC TRI
n % n % n % n % n % n %
Resistance 18 25.7 69 98.5 67 95.7 53 75.7 70 100 70 100
Intermediate 1 1.42 - - - - -
Sensitive 51 72.8 1 1.42 3 4.28 17 24.2

AK: Amikacin; CAZ: Ceftazidime; CFM: Cefotaxime; CIP: Ciprofloxacin; CO: Colistin; FEP: Cefepime; GEN: Gentamicin; IMP:
Imipenem; MEM: Meropenem; TAZ: Piperacillin/ Tazobactam; TGC: Tigecycline; TRI: Trimethoprim/ Sulfamethoxazole.

According to the US Centers for Disease Control and Prevention (CDC) and the European Centre for
Disease Prevention and Control (ECDC) MDROs definition, bacteria are classified as MDR if they have
acquired non-susceptibility to at least one agent in each of three or more antibiotic categories (Magiorakos et al.,
2012), in this study, the antibiotic susceptibility results revealed that among 156 bacterial isolates all A.
baumannii isolates were classified as MDR strains (55.1%), while (26.3%) of isolates were multidrug-resistant
P. aeruginosastrains and (12.2%) of themwere carbapenem-resistant P. aeruginosa (CARP). (Figurel)
demonstrates the prevalence of bacterial isolates according to their susceptibility patterns.

® MDR A. baumannii = MDR P. cerugionsa

CAR P. aerugionsa = FSP. aerugionsa

Figurel:The prevalence of the studied multidrug resistant A. baumannii and P. aeruginosa bacterial isolates,
obtained from KAUH Hospital

IV.  Discussion:

This study investigates the prevalence and distribution of A. baumannii and P. aeruginosa and their
resistance patterns in a large tertiary care hospital in the Western region of Saudi Arabia. According to our
results, the prevalence of A baumannii was reported (55.13%) while the prevalence of P. aeruginosa was
(44.8%). These observations agreed with the reported findings in a previous study conducted at King Abdullah
Hospital (Ibrahim, 2018). In this study (Ibrahim, 2018), the A. baumannii was the most secluded pathogen with
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a prevalence of 27.2% followed by P. aeruginosa (23.8%) and K. pneumoniae (18.6%) while WHO (2017)
report pointed to the rapid spread of MDR A. baumannii and P. aeruginosa in hospitals around the world.

Although the results have not shown a significant difference in the isolation of A. baumannii and P.
aeruginosa according to patient’s gender or the specimen type, the infections caused by these pathogens are
more frequent in males than females. This pattern of infections is similar to previousstudies conducted to
investigate the associations between the pathogen types and patients’ gender (Limoli et al., 2016; Al-Gethamy et
al., 2017; Yuan et al., 2018). For the two types of bacteria under study, A baumannii and P. aeruginosa, most
isolates were recovered from the respiratory specimens compared with other specimens’type. Thishigh number
of respiratory specimens was probably because the bacterial isolates were collected from patients during the
COVID-19 pandemic, as it was required to test all patients for COVID-19. Also, A. baumannii and P.
aeruginosa are opportunistic pathogens that can be associated with viral respiratory tract infections in
hospitalized patients (Sharifipour et al., 2020; Rangel et al., 2021; Pasero et al., 2021).

Furthermore, ourresults showed that the prevalence of the tested isolates was significantly higher
(48.7%) in the oldest age group, above 61years, for both pathogens. This increase can be explained by the
higherrisk associated with the elderly patients for antimicrobial resistance due to the lower efficiency of their
immune system. This finding agrees with a recent study by Bandy and Almaeen, 2020,as this study showed that
older patients are more likely to be affected by MDR bacteria. The study revealed a highly significant resultof
32.7% of the isolated strains collected from patients in a medical intensive care unit. Severalstudies conducted
in different regions of Saudi Arabia confirmed similar observation. For instance, a study carried out in King
Abdulaziz Medical City, in Riyadh found that the mostisolated Gram-negative bacteria in intensive care units
was A. baumannii (Amer et al., 2017).Another study by Abdalhamid et al., 2016) examined the prevalence of
carbapenem-resistant P. aeruginosa colonization in ICU patients in two hospitals in Dammam and Khobar.

Another interesting finding observed inthis study isthe highest resistance of A. baumannii isolates
against ceftazidime, cefotaxime, ciprofloxacin, cefepime, and piperacillin/ tazobactam. Approximately, 98. % of
isolates were resistant to imipenem, meropenem, and amikacin. Tigecycline reported a lower resistance (6.97%)
compared with other antimicrobial agents. only two isolates 2.32% were resistant to colistin. All A. baumannii
isolates were assigned as MDR strains. These results are consistent with the findings of several studies to
determine the antimicrobial resistance pattern of A. baumannii (Shah et al., 2019; Tafreshi et al., 2019; Breijyeh
et al.,, 2020; Thatrimontrichai and Apisarnthanarak., 2020; Said et al., 2021).

P. aeruginosa isolates were highly resistant against cefotaxime, tigecycline, and trimethoprim/
sulfamethoxazole. About 98 % of isolates were resistant to imipenem, and 95% for meropenem. The frequency
of the cefotaxime, and piperacillin/tazobactam resistance by P. aeruginosa isolates were (75.7%). The lowest
resistance rates were observed for gentamicin and amikacin. No resistance was observed against colistin. As a
result of antibiotic susceptibility profiles, (26.3%) of P. aeruginosa isolates were categorized multidrug-resistant
strains and (12.2%) of the isolates were carbapenem-resistant (CARP). Over the recent years, various studies
reported the high level of intrinsic resistance of P. aeruginosa isolates to different antibiotics classes used for
treatment in Saudi Arabia (Al-Agamy et al., 2017; Akbar Ali 2018; Ahmad et al., 2020; Bosaeed et al., 2020).

The continuously increasing resistance of A. baumannii and P. aeruginosa strains presents a
complicated situation for antimicrobial therapy. This resistance to several antimicrobial agents is often caused
by one or a combination of various resistance mechanisms, including aminoglycoside modifying enzymes,
topoisomerase mutations, alterations of outer membrane proteins, the activities of efflux pumps, but the most
common mechanism of resistance is enzymatic degradation of antimicrobial agents (Leite et al., 2016;
Vrancianu et al.,2020).

V.  Conclusion:

Reports on the emergence and rapid spread of multidrug-resistant A. baumannii and P. aeruginosa
strains are increasing worldwide.As shown in this study, the prevalence of isolation of MDR A baumannii and
MDR P. aeruginosa from clinical specimens were (55.1%), (26.3%), respectively. Antimicrobial susceptibility
testing revealed high resistance rates among A baumannii isolates (90-100%) to nearly all major antibiotics
classes including broad-spectrum penicillins, cephalosporins, carbapenems, fluoroquinolones, chloramphenicol,
and carbapenems. Multidrug resistance was also observed among P. aeruginosa isolates which have the
highestresistance to cefotaxime, tigecycline, and trimethoprim/ sulfamethoxazole. Hence, there is a need to
improve infection control measures in healthcare settings by identifying the epidemiology, phenotypic, and
molecular characteristics of clinical MDR A. baumannii, and P. aeruginosa.
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