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Abstract

Pseudomonas aeruginosa an opportunistic pathogen of clinical importance has been associated with
infections in intensive care units worldwide. This study seeks to evaluate its susceptibility pattern over a
five-year period in line with the recommended regional monitoring. Isolates were those of obtained from
patients in intensive care units. Bacteria isolation was by basic bacteriological and biochemical methods.
The VITEK 2 compact automated system (BioMerieux, Marcy L’Etoile, France) was used for ID
confirmation and antimicrobial susceptibility assay. Data was analysed and represented as percentages
as well as mean percentage ± standard error of mean (SEM). A total of 580 samples were used for the
investigation. Fifty two percent (52%) of them were from males while 48% were from females. Age
distribution data shows that P. aeruginosa infection was seen to be more associated in patients within the
age range of 51 y and above with a total incidence was 81.25%. Colistin maintained 100% sensitivity to
this bacterium throughout the duration of the study. However, for the beta lactam agents,
fluoroquinolones, aminoglycosides and tigecycline, there was a decline in sensitivity from 70.4% in 2013
to 33.1% in 2017. Consequently, there was an observed growing resistance to anti-Pseudomonal drugs,
from 14.7% in 2013 to 50.8% in 2017, representing a 3.5 fold increase that is alarming. Also, the mean
MAR index of the antibiotic susceptibility was 0.43. The obtained results point to possibility of the
isolates originating from a high risk source of contamination region where there high antibiotics use.
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Introduction
The genus Pseudomonas consists of more than 120 species
present in our environment infecting plants, animals and
humans [1]. Of these species, Pseudomonas aeruginosa has
been associated with human infections despite the fact that it
exists naturally in the environment [2,3]. Recognised as an
opportunistic pathogen and a leading cause of nosocomial
infections in immunocompromised patients [4,5], P.
aeruginosa has become of enormous clinical importance [6].
The bacterium is associated with Intensive Care Unit patients
were in some cases is the causative organism associated with
UTIs in catheterized patients in which the catheters are
reported to be the source of host entry [7]. Being the leading
cause to both nosocomial and community infections
worldwide, Pseudomonal infections have been receiving much
attention by researchers in recent years: Fatimah et al. [8] for
respiratory tract infections; Mansoor et al. [9] for otitis media;
Kim et al. [10] for wound infections Raffaele et al. [11] for
chronic wound infections, amongst a wide range of other
hospital and community acquired infections. Chronic lung

infections in cystic fibrosis patients [12], hospital acquired
pneumonia (HAP) in immunocompromised patient [13] have
all been linked to P. aeruginosa, resulting in high mortality and
morbidity rates in these patients. The European Center for
Disease Prevention and Control 2013 [14] report indicates that
9% of all healthcare associated infections was attributed to P.
aeruginosa with more researchers [15,16] reporting on this
opportunistic nosocomial pathogen.

With a rise in resistance to antimicrobials in the 21st century,
Pseudomonas aeruginosa has not been exempted from this
public health problem. According to Yadov et al. [17] advances
in medical and surgical healthcare facilities with the
introduction of antimicrobial agents having anti-Pseudomonal
activities have not been able to avert or reduce life threatening
infections caused by Pseudomonas aeruginosa nor their
complications in hospital acquired infections [18]. From the
time of Mayhall’s [19] report on the complications resulting
from hospital acquired infections due to Pseudomonas
aeruginosa, this Gram negative bacterium belonging to the
family Pseudomonadaceae has risen to become a challenging
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pathogen of global importance with reports on high resistance
to available antimicrobials [16,20]. Of a particular worrying
trend are the isolates which have been associated with ICU
infections [21]. Earlier Samporn et al. [22] stipulated that the
high antimicrobial resistance associated with ICU isolates has
resulted in high morbidity and mortality rates being attributed
to Pseudomonal infections. The ability for P. aeruginosa to be
a leading pathogen in many diverse HAI and CAI is attributed
to a number of reasons one which is it’s ubiquitous nature at
being able to survive in moist environments as well as being
able to resist antiseptics and antimicrobial [23]. There is also
the result of significant changes in the evolving microbial
genetics making P. aeruginosa multifactorial with genes
encoding porins, efflux pumps amongst others all of which
have contributed to different mechanism of resistance to
antimicrobials as reported by Ozer et al. [24]. The
impermeability of this Gram negative bacterium naturally
contributes to the ability to resist many antibiotics [25]. There
is also the ability of the bacterium to easily acquire resistance
thus creating challenging therapeutic scenarios that has led to
failure of all beta-lactam antibiotics to eradicate P. aeruginosa
strains [26,27].

As the world tries to tackle the problem in the rise of resistance
to antimicrobials, the need for continuous regional monitoring
cannot be over emphasized. The present investigations looks at
a five year antibiotic susceptibility pattern exhibited by
Pseudomonas aeruginosa isolated from patients in intensive
care units in Al-Ahsa, South-eastern region of Saudi Arabia.
And also, to assess the extent of its growing resistance to
current antibiotics over same period. This is with a view of
providing an antibiotic monitoring update on this bacterium in
this region of the world.

Materials and Methods

Ethical consideration
No ethical approval was required as samples were part of
routine laboratory diagnosis for the care of patients. There was
no need for a written informed consent as all the patients were
anonymous and no personal information was not used in the
study.

Sample source, inclusive and exclusive criteria
The samples used for the study were collected from 2013 to
2017. They were isolates from both male and female patients
who were in ICUs with all samples being part of routine
laboratory diagnosis. All samples were grouped on the
following patient demographic data: age group, gender and the
source of sample collection. Only samples obtained from
intensive care units were used for the study and were
irrespective of patient’s neither age nor gender.

Microbial isolation and antibiotic susceptibility test
Collected specimen included blood, urine, endotracheal
aspirates, sputum and wound. Basic bacteriological culturing

method was used for bacteria isolation and microbial culturing.
Blood and MacConkey agars were used for the culturing of
urine samples. In addition to these two media, chocolate agar
was used in the culturing of blood, sputum and tracheal
aspirates [28]. All cultures were incubated aerobically at 37°C
for 24 h. Pure cultures of isolates were used for the
identification. Routine Biochemical methods described by
Collins et al. [29] and Forbes et al. [30] were used for the
identification of Pseudomonas aeruginosa. They were non-
lactose fermenting, oxidase positive, Gram-negative Bacilli.
The disk diffusion method was used for antimicrobial
susceptibility test by plaiting of isolates on Muller Hilton agar
using the M02-A11 of the Clinical Laboratory Standards
Institute (CLSI) [31]. The following antibiotic disks were used
for the study: amikacin (30 µg), colistin (10 µg), gentamicin
(10 µg), piperacillin/tazobactam (100/10 µg), amoxicillin/clav.
acid (20/10 µg), azithromycin (15 µg), cefipime-protec,
cefotaxime (30 µg), ceftazidime (30 µg) ceftizoxime (30 µg),
ceftriaxone (30 µg), ciprofloxacin (5 µg), imipenem (10 µg),
levofloxacin (5 µg), meropenem (10 µg), minocycline (30 µg),
rifampicin (5 µg), tetracycline (30 µg), nalidixic acid (30 µg),
nitrofurantoin (300 µg), tigecycline (15 µg), doxycline
hydrochloride (30 µg), trimeth/sulphamethoxazole (1.25/23.75
µg). Results of disc diffusion tests were interpreted using the
M100-S25 of CLSI [31]. Further identification of the isolates
was carried out using the VITEK 2 compact automated system
(BioMerieux, Marcy L’Etoile, France) using the GN Cards
according to the manufacturers’ guidelines.

Determination of multi-antibiotic resistance index
The MAR index was calculated for Pseudomonas aeruginosa
isolates that showed resistance to more than three antibiotics as
in the method described by [32-34.] This was considered as the
number of antibiotics to which the tested isolates were resistant
to, divided by the total number of antibiotics to which the
organism was tested against for sensitivity [28].

Statistical analysis
Data obtained are represented as percentages and also as mean
percentage ± standard error of mean (SEM). T-test was used to
determine significant difference between isolates from
different sources and degree of resistance using GraphPad
Prism software. P-values were then calculate and statistical
significance was considered at p<0.05.

Results

Demography and source of P. aeruginosa isolates
A total of 580 samples were used for the investigation. Fifty
two percent (52%) of them were from males while the
remaining 48% were from females. The age range of the
patients from whom samples had been collected is shown in
Figure 1. The youngest patients were within the age range of
11-20 y and they made up 3.75% of all the samples. The oldest
patients were 91 y and above with a percentage of 2.5.
Majority (38.75%) of the samples were from patients between
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the ages of 90 to 81 years. While those of the following age
groups 80-71, 70-61, 60-51 were 17.5%, 16.25% and 6.25%
respectively as shown in Figure 1. The distribution of these
isolates as regards the source of specimen isolation is shown in
Table 1. Forty six percent (46.5%) of the total isolates were
from sputum, while those from wound, urine, blood and ENT
represented 27.9%, 11.6%, 2.4% and 11.6% respectively. The
table also shows the mean percentage resistance exhibited by
the isolates against the tested antibiotics for the period of 2013
to 2017, calculated as mean ± SEM. Isolates from sputum were
more resistant (36.5%) significantly (p<0.05†) for the 5 y
period compared to samples from ENT and blood sources.
While isolates from blood specimens which were the least in
number, also had least mean percentage resistance for the same
period under review.

Figure 1. Age distribution of ICU patients.

Table 1. Distribution of P. aeruginosa isolates based on sampling
source.

Isolate
source

Total number of
isolates

Percentage
(%)

Mean percentage
resistance (± SEM)

P-value

Sputum 270 46.5 36.5± 9.77 0.001†

ENT 67 11.6 13.8± 3.68 0.00218*

Wounds 162 27.9 23.7± 6.33 0.072

Urine 67 11.6 23.7± 6.35 0.072

Blood 14 2.4 11.5± 3.09 0.0134*

†Comparing sputum isolates with group of other sources (p<0.05); *Comparing
sputum isolates with individual sources (p<0.05)

Table 2. Showing percentage (%) resistance variations by P.
aeruginosa from different sources of isolation.

Antibiotics Sources of isolates

Blood Urine Sputum Wound ENT

Amikacin 0 0 10 8 0

Colistin 0 0 0 0 0

Gentamicin 0 19.4 0 8.6 0

Piperacillin/tazobactam 0 19.4 37.4 16.7 19.4

Cefipime-protec 0 29.9 32.6 12.3 10.4

Cefotaxime 0 19.4 52.6 45.7 40.2

Ceftazidime 100 40.2 40 45.7 40.2

Ceftizoxime 0 50.7 70 50 29.9

Ceftriaxone 0 40.2 40 50 19.4

Ciprofloxacin 0 19.4 37.4 12.3 19.4

Imipenem 0 0 40 16.7 0

Levofloxacin 0 10.4 50 21 0

Meropenem 0 40.2 37.4 12.3 0

Tigecycline 50 19.4 37.4 16.7 0

Antimicrobial susceptibility
A five year observation on the antimicrobial susceptibility by
P. aeruginosa against the tested antibiotics is presented in
Figure 2. Colistin maintained a complete (100%) sensitivity
throughout the period of observation. However, for the beta
lactam agents, fluoroquinolones, aminoglycosides and
tigecycline, there was a decline in sensitivity from 2013 to
2017. Resistance is seen to have increased to these
antimicrobials over the five-year period of this study.
Antibiotics such as amikacin and gentamicin exhibited the least
resistant with about 11.1% each after 5 years. However, P.
aeruginosa isolates became completely (100%) resistant to
ceftazidime and tigecycline by the year 2017 while the
Fluoroquinolones were seen to have had a better antimicrobial
susceptibility profile against the isolates than that exhibited to
the carbapenems.

Figure 2. Comparison of five years overall resistance to current
antibiotics by clinical isolates of P. aeruginosa.

A comparison on the mean susceptibility pattern in terms of
decreasing sensitivity and increasing resistance for the period
of 2013 to 2017 showed that the buffer zone representing the
intermediate susceptibility of P. aeruginosa did not change
significant between 2013 and 2014, indicating that transition to
resistance was minimal as is shown in Figure 3. However, from
2015 to 2017 this transition to resistance increased and at the
same time, the sensitivity of P. aeruginosa decreased as shown
in the figure. Thus pointing to an overall gradual development
of resistance to antibiotics over the five years period of study.

The overall mean of the five years observation is presented as
the characteristic susceptibility of P. aeruginosa from 2013 to
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2017. This has been represented by the mean percentage of
sensitivity and resistance to current antibiotics as shown in
figure 4. Amikacin, gentamicin and piperacillin/tazobactam
showed a better sensitivity profile and hence less percentage
resistance as compared to all the other antibiotics. The
antimicrobial sensitivity pattern for these drugs was 82.3, 80.7
and 76.1% respectively over the years of study. However, the
isolates were less sensitive to ceftizoxime, ceftriaxone and
ceftazidime with a percentage resistance of 61, 40.9 and 43.4%
respectively as is shown in Figure 4. Indicating that these
antibiotics became less effective over time in the treatment of
P. aeruginosa infections.

Figure 3. Susceptibility pattern in terms of resistance development
and sensitivity of P. aeruginosa to current medication over a 5 y
period.

Table 3. A five year multi-antibiotic resistance index (MAR) for P.
aeruginosa.

MAR index Number of isolates encountered

0 0

0.1 3

0.2 49

0.3 203

0.4 136

0.5 50

0.6 54

0.7 37

0.8 31

0.9 7

1 10

There was a noticeable variation as regards antimicrobial
susceptibility and the specimen source of P. aeruginosa
isolation. In Table 2, the isolates from different specimens
displayed varied resistant pattern to the antibiotics used in their
treatment. The table shows sputum isolates to be more resistant
to the cephalosporins than to the aminoglycosides. On the other
hand, isolates from blood, urine wound and ENT were more
susceptible to imipenem than to the other beta lactam

antibiotics against which they were tested with the exception of
colistin.

The results on the MAR index for the P. aeruginosa isolates
are shown in Table 3. For majority (91%) of the isolates, the
MAR index was above an index of 0.2 with a mean of 0.434.

Figure 4. Five-year antimicrobial susceptibility showing both
sensitivity and resistance pattern by Clinical isolates of P.
aeruginosa.

Discussion
Pseudomonas aeruginosa is listed among the Gram negative
bacteria that are multidrug resistant and of major public health
concern in the 21st century [35]. The ubiquitous characteristic
of this opportunistic pathogen [36], its presences in healthcare
settings and the complexity by which the chromosomal
encoded mechanisms are regulated or co-regulated has made
this bacterium one of the greatest therapeutic challenges in this
era [35]. That the isolates used in the present investigation
were from patients in intensive care units (ICUs) points to the
possibility that they had been of nosocomial in origin due to
the resulting antimicrobial susceptibility pattern exhibited by
the isolates. This resultant antimicrobial susceptibility pattern
could be attributed to a number of varying reasons. Yusuf et al.
[16] reported on the emergence of MDR P. aeruginosa isolates
in ICU patients and this they stipulated was based on the
duration of antibiotic exposure in the ICUs. Although all the
isolates in the present investigation were form patients in the
ICUs, the length of patient’s exposure to these antibiotics was
not ascertained. A wide range of anti-Pseudomonal drugs is
seen as having been been used in the treatment of these ICU
infections. The obtained results on the susceptibility of the
isolates against antibiotics such as the β-lactams,
fluoroquinolones, aminoglycosides and tigecycline showed a
decline in the sensitivity from 2013 to 2017 as shown in Figure
2. This probably points to the fact that although the bacterium
had been sensitive to the antibiotics at the start of the research,
there had been a gradual drift over the years towards
resistance, further highlighting to need for regular regional
monitoring. Philip et al. [35] reported a high rate of β-lactam
resistance in ICU patients with P. aeruginosa infection as
compared with those of general hospitalised patients. Also
reports by Juayang et al. [28] indicated that P. aeruginosa
isolates in their study were most resistant to the
fluoroquinolone levofloxacin while showing lower resistance
to the aminoglycosides. These variations could be explained as
differences in the regions of bacteria isolation. It is also worth
noting that while majority of the isolates in Juayang et al. [28]
study fell within an MAR index of less than 0.2, majority
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(91%) of those in the present investigation fell in MAR index
that was greater than 0.2 with a mean of 0.43. This therefore
means that with the bacteria isolates in this study having MAR
index ≥ 0.2, as stipulated by Davies et al. [29], they were
originating from a high risk source of contamination where
several antibiotics are used. Earlier reports [37] had attributed
the overuse or misuse of antibiotics to be one of the reasons of
growing resistance among bacteria isolates. The region of the
present study had been reported [38] to be a region of high use
of non-prescription antibiotics and this could explain the
reason for the obtained MAR index result among the isolates in
this study. However, the view expressed by Yusuf et al. [16] is
that resistance to antibiotics as seen in ICU cases in their study
was linked to the duration of patient treatment with antibiotics.
They indicated that a less than 4 d of treatment was not
associated with the emergency of resistance while 15 d of
treatment with antibiotic did result in anti-Pseudomonal drug
resistance but with the exception of amikacin. In this study, an
average high sensitivity rate was seen among the isolates to
amikacin (82%), gentamicin (81%) and piperacillin/tazobactam
(76%). These findings have been reported [28] and this
phenomenon was explained to be due to clonal spread of P.
aeruginosa. While noting amikacin to be the most effective
drug in their study, Juayang et al. [28] did draw attention to the
adverse effects of this antibiotic as had earlier been pointed out
[32]. Thus piperacillin/tazobactam and gentamicin remain the
drugs of choice also a view of other researchers [16,39,40]. As
regards the carbapenems, this study shows a five year mean
percentage resistance for both imipenem and meropenem to be
32.3% and 34.9% respectively. This is a disturbing
development considering the fact that the carbapenems are last
line antibiotic used in the treatment of Gram negative bacteria.
Resistance to the carbapenems by P. aeruginosa has been
reported by researchers [16,28] in other regions of the world.
This is an alarming development needing urgent attention as
had been pointed out [28]. However, Yusuf et al. [16] were of
the view that P. aeruginosa resistance to the carbapenems
would only evolve if patient treatment is for 4 days or more, a
view that had been expressed by Lodise et al. [41]. This might
explain the reason for the carbapenem resistance shown by the
isolates in the present investigation. This generally highlights
the need for the careful monitoring of extended use of
antibiotics even in intensive care units. The question as regards
treatment based on the source of the specimen is answered by
the results in the Table 2. There is a noticeable variability
between the source of specimen and susceptibility to
antibiotics. Although Juayang et al. [28] were of the view that
antibiotics are effective irrespective of the anatomical structure
of isolation, this is not the case seen in the present investigation
as there seemed to be a clear exhibition of resistance to
antimicrobials based on the source of specimens. There will be
for further and more detailed investigation on this aspect as no
conclusions can be drawn on this.

In terms of age, majority (81.25%) of the patients were elderly
pointing to a decrease in immunity as a result of age and that
most (46.5%) of the isolates had been from sputum could mean
they were from patients with pneumonia. Similar findings had

been reported in a recent study by Juayang et al. [28]. They
observed from a 5 year study that P. aeruginosa infection was
prevalent among older patients and explained this to be as a
result of age-associated reduced immunity. This is a view that
had earlier been expressed by other researchers [42,43].

Conclusion
Generally, the present study has shown that P. aeruginosa can
still be treated with anti-Pseudomonal drugs. There is however
a growing resistance trend that needs to be watched. Also the
resistance to antimicrobials as seen by the isolates from this
region of study could be attributed to the fact that they are from
a region of high antibiotic use. There is need for a continuous
monitoring.
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