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Abstract
Pseudomonas aeruginosa (PA) is one of the most common nosocomial pathogens that occurs in the 

human population. In 2017, PA was recognised as one of the most life-threatening bacteria microorganisms. 
Infections caused by PA isolates are exceedingly difficult to treat due to intrinsic antibiotic resistance and 
an incredible capability to gain resistance to multiple groups of antimicrobial agents. The purpose of this 
study was to determine the incidence of PA isolates in inpatient and outpatient samples, to determine the 
incidence of PA isolates in different hospital wards and to analyse the sensitivity of PA isolates to the tested 
antimicrobial drugs. The study included a collection of 152 biological samples and 6 swabs of inhumane 
material inside the hospital obtained and processed in the Microbiological laboratory of the Cantonal Hos-
pital in Zenica, Bosnia and Herzegovina (BiH), over a period of 3 months from October to December 2018. 
The samples which were positive for PA were 31.58% of hospital population, and 68.42% were outpatient 
population. The largest number was taken from the surgical ward (60.42%), while urine was the most fre-
quent sample with 47.92%. PA showed susceptibility to amikacin 89.6%, imipenem 83.3%, piperacillin 
tazobactam 81.3%, ceftazidime 79.2%, cefepime 68.8%, gentamicin 62.5% and ciprofloxacin 60.4%. In 
most cases PA was isolated from outpatient samples. PA showed the highest susceptibility rate to amikacin, 
while it showed the greatest resistance to ciprofloxacin. The largest number of samples in the hospital en-
vironment originated from the surgical department.  
Keywords: Pseudomonas aeruginosa, isolates, intrahospital infections, antimicrobial resistance
Резюме

Pseudomonas aeruginosa (PA) е един от най-често срещаните нозокомиални патогени в човеш-
ката популация. От 2017 г. РА е призната за една от най-застрашаващите живота бактерии. Инфек-
циите, причинени от изолати на PA, са изключително трудни за лечение поради присъщата антиби-
отична резистентност и невероятната способност за придобиване на резистентност към множество 
групи антимикробни агенти. Целта на това проучване е да се определи разпространението на РА 
изолатите в болнични и амбулаторни проби, да се установи тяхното разпространение в различни 
болнични отделения и да се анализира чувствителността на тези изолати към проучваните антими-
кробни лекарствени средства. Проучването включва събиране на 152 биологични проби и 6 тампона 
от нехуманен материал в болницата, обработени в Микробиологичната лаборатория на Кантонална-
та болница в Зеница, Босна и Херцеговина, за период от 3 месеца - от октомври до декември 2018 г. 
Положителните проби за РА от болничната популация са 31.58%, а от извънболничната популация 
- 68.42%. Най-много са изолатите от проби, взети от хирургичното отделение (60.42%), докато при 
пробите от урина се отчита 47.92% честотата. Чувствителност към изследваните антибиотици е 



189

Introduction
Pseudomonas aeruginosa (PA) is an opportu-

nistic pathogen that exists within the body of liv-
ing creatures as a part of the normal microbiota but 
might result in mild to extreme diseases if they reach 
sterile sites of the body. Among infections caused 
by Gram-negative rods, PA has a leading position, 
mainly in immunocompromised patients. Antimi-
crobial resistance has caused an extreme restriction 
in treatment alternatives for PA infections. PA is a 
pathogen presenting a large genome that may de-
velop wide variety of factors related to antibiotic 
resistance involving almost all classes of antibiotics 
(Gale et al., 2015; Gomila et al., 2018). 

In 2017, PA was recognised as one of the 
most life-threatening bacteria microorganisms and 
indexed as priority pathogen for Research and De-
velopment of new antibiotics by the World Health 
Organization (WHO) (World Health Organization, 
2017). PA is liable for 10–15% of nosocomial infec-
tions global (Blanc et al., 1998). The WHO study 
confirmed that the highest prevalence of nosocomi-
al infections occurs in orthopaedic wards and inten-
sive care units (ICUs), that is explained via an ex-
tensively higher quantity of invasive procedures and 
a higher frequency of antibiotic use in those wards. 
PA is one of the most common pathogens that caus-
es intrahospital infections, especially in ICUs. Fac-
tors that help this pathogen to be dominant in this 
kind of sensitive department are mechanical venti-
lation, surgical interventions, and previous exposure 
to imipenem (Prasad et al., 2009).

Infections caused by PA isolates are exceed-
ingly difficult to treat due to intrinsic antibiotic resis-
tance and an incredible capability to gain resistance 
to multiple groups of antimicrobial agents (Strateva 
and Yordanov, 2009). Such infections are associated 
with excessive mortality rates, which range from 18 
to 61% (Kang et al., 2003).

Carbapenems are regarded as a drug of final 
resort and are used to treat severe infections caused 
by multidrug-resistant PA. Though, growing use of 
carbapenems has increased the prevalence of car-
bapenem-non-susceptible (CnS) PA strains. More-
over, such strains are regularly resistant against 
other drugs which include β-lactams and quinolo-
nes (Codjoe and Donkor, 2017). According to sur-
veillance from the USA and Europe, the prevalence 

of CnSPA multiplied from 4% within the 1900s to 
14–36% inside the 2000s. In China, the prevalence 
of CnSPA is > 30% (Souli et al., 2008; Shi et al., 
2019). Thus, CnSPA has induced many nosocomial 
outbreaks (Peña et al., 2003; Zavascki et al., 2005; 
Logan et al., 2017).

Earlier studies display that irrelevant anti-
microbial therapy and/or postponed introduction 
of effective antimicrobial therapy is related with a 
damaging outcome (Kang et al., 2003; Codjoe and 
Donkor, 2017).

The purpose of this study was to determine 
the incidence of PA isolates in inpatient and outpa-
tient samples in Cantonal hospital of Zenica (CHZ), 
Bosnia and Herzegovina, to determine the incidence 
of PA isolates in different hospital wards and to an-
alyse the sensitivity of PA isolates to the tested anti-
microbial drugs.
Materials and Methods
Collection of specimens

The study included a collection of 152 bio-
logical samples and 6 swabs of inhumane material 
inside the CHZ obtained and processed in the Mi-
crobiological laboratory. These specimens which 
included wound swabs, tracheostoma swabs, bron-
choalveolar lavage fluid, urine, ear swabs and other 
swabs were collected over a period of 3 months. An-
other six samples of inhumane material were taken 
during the earlier period in the surgical, physical, 
paediatric department and from the hospital phar-
macy and kitchenette of the hospital. These includ-
ed incubator water, rivanol, aspirator, distilled water 
and tap water.
Processing of specimen and preliminary 
identification of isolates

Swab samples were inoculated onto Blood 
agar and MacConkey agar. The plates were incu-
bated at 37°C for 24 – 48 hours. After incubation, 
isolated colonies undergo biochemistry tests to ex-
amine the biochemistry characteristics of the isolat-
ed strain. The morphology of the colonies on pure 
culture was used in the preliminary identification of 
PA isolates. Colony characteristics such as size, col-
our, shape, and consistency were observed, pigment 
production, the outline of the edges and haemoly-
sis on blood agar. For biochemical testing, Kligler’s 
Iron Agar Test, Indole Test, Simmons Citrate Agar, 

както следва: амикацин - 89.6%, имипенем - 83.3%, пиперацилин тазобактам – 81.3%, цефтазидим –  
79.2%, цефепим – 68.8%, гентамицин – 62.5% и ципрофлоксацин - 60.4%. В повечето случаи PA е 
изолиран от амбулаторни проби. PA показва най-висока степен на чувствителност към амикацин, а 
най-голяма резистентност - към ципрофлоксацин. Най-голям брой проби в болничната среда произ-
хождат от хирургичното отделение.
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Christensen Urease Test and Parisian Mannitol 
were used. PA was citrate positive. Nitrate reduc-
tion test and oxidase test were positive.
Oxidase test

The oxidase test is a test used to identify bac-
teria that can secrete the enzyme cytochrome ox-
idase. When a bacterium has cytochrome oxidase 
as an integral part of its respiratory chain, we say 
that the bacterium is oxidase positive. To be able to 
record this property, it is necessary to use a reagent 
that will change colour depending on the presence 
of enzymes. The filter paper is soaked in tetrame-
thyl-p-phenylenediamine dihydrochloride reagent, 
and several colonies of the test culture are applied 
to it and wait 10-30 seconds for the finding to be in-
terpreted. If the inoculated area of the paper chang-
es colour to purple, the test is said to be positive. In 
the case of PA there is a change in colour to dark 
purple.
Antimicrobial susceptibility testing of PA isolates

The modified disc-diffusion method of Bauer 
and Kirby was used to determine susceptibility of 
PA isolates according to EUCAST (The European 
Committee on Antimicrobial Susceptibility Testing) 
standards to the following antibiotics: cefepime 30 
μg, ceftazidime 10 μg, imipenem 10 μg, ciproflox-
acin 5 μg, amikacin, gentamicin 10 μg, piperacil-
lin-tazobactam 30/6 μg. Mueller-Hinton agar was 
used to examine the antimicrobial sensitivity of PA.
Statistical analysis

The results were processed using standard 
statistical methods using the SPSS Statistical Pack-
age for Social Sciences version 13.0 (Chicago, IL, 
USA). Kolmogorov-Smyron test, or Shapiro-Wilk 
test, was used to assess the normality of the distri-
bution of continuous variables. The results for inde-
pendent continuous variables are expressed as me-
dian Me (X) and interquartile interval (Iq), and as 
absolute N and percentual values (%). The signifi-
cance of the difference for independent continuous 
variables that did not follow the normal distribution 

was used in the Mann-Whitney-U test. In the anal-
ysis of the differences between the observed groups 
for categorical variables, Hi-square, or Fisher’s ex-
act test, was used. The value of p<0.05 was taken as 
statistically significant.
Results

All of PA isolates showed a positive oxi-
dative test. Out of a total of 152 samples, 48 of 
them (31.58%) were inpatient, while the other 104 
(68.42%) were outpatient samples (Table 1). Out of 
a total of 48 hospital patients in whom PA was iso-
lated, 26 (54.17%) were male, while the remaining 
22 (45.83%) were female. Out of a total of 104 out-
patients in whom PA was isolated, 54 (51.92%) were 
male, while the remaining 50 (48.08%) were female. 
The mean age of a hospital examinees in whom PA 
were detected was 64 years (35.75-74.0), while in 
non-hospital examinees it was 57 years (28.0-71.0).

The frequency of the age group from 0 to 10 
years inpatients was 6 (12.5%), the age group from 
11 to 60 years the frequency was 14 (29.17%), while 
the age group over 60 years was 28 (58.33%). The 
frequency of the age group from 0 to 10 years in out-
patients was 23 (22.12%), the age group from 11 to 
60 years the frequency was 38 (36.54%), while the 
age group over 60 years was 43 (41.35%). A statisti-
cally significant difference was found in the frequen-
cy of occurrence of different age groups of inpatients 
and outpatients from whose samples PA was isolated 
(p <0.001) (Table 1).

Out of a total of 48 hospital patients in whom 
PA was isolated, 29 (60.42%) were from the surgical 
ward, 13 (27.08%) were from the internal medicine 
ward, while the other 6 (12.5%) were from the 
paediatric ward. The difference in the distribution 
of PA isolates in relation to the hospital ward was 
statistically significant (p <0.001) (Fig. 1).

The largest number of hospital samples in 
which PA was isolated was obtained from the surgi-
cal ward and its frequency in the age group of 11 to 
60 years was 12 (25%), and in the age group over 60 
years it was 17 (35.42%) (Fig. 2). 

Inpatient Outpatient

P. aeruginosa isolates, n (%) 48 (31.58) 104 (68.42)
Male, n (%) 26 (54.17) 54 (51.92)
Mean age 64 (35.75-74) 57 (28-71)
The age group from 0 to 10 y, n (%) 6 (12.5) 23 822.12)
The age group from 11 to 60 y, n (%) 14 (29.17) 38 (36.54)
The age group over 60 y, n (%) 28 (58.3) 43 (41.35)

Results are shown as absolute numbers N and percentage values (%); p – probability

Table 1. Frequency of PA isolates in relation to sex, age and sample origin
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Fig. 1. Distribution of PA isolates in relation to the 
hospital ward. Results are shown as absolute num-
bers N and percentage values (%) p – probability

Fig. 2. Frequency of age groups in hospital patients 
in whom PA was isolated in relation to the hospital 
ward from which the samples were taken. Results 
are shown as absolute numbers N and percentage 
values (%). p – probability

The frequency of hospital samples in which 
PA was isolated from internal medicine wards in the 
group from 11 to 60 years was 2 (4.17%), and in the

Fig. 3. Distribution of different types of PA samples 
in hospital patients

age group over 60 years 11 (22.92%). The differ-
ence in the representation of age groups in hospital 
samples in which PA was isolated in relation to the 
hospital ward from which the samples were taken 
was statistically significant (p <0.001). 

Out of a total of 48 hospital patients in whom 
PA was isolated, 23 (47.92%) had bacteria detect-
ed in urine, 10 (28.83%) in bronchoalveolar lavage 
fluid, and 6 (12.5%) from the smear of the trache-
ostoma and in the other 9 (18.75%) from the wound 
swab (Fig. 3). Out of a total of 104 outpatients in 
whom PA was isolated, 43 (41.35%) had bacteria 
detected in urine, 38 (36.54%) from wound swabs, 
and 15 (14.42%) from ear swabs, and in the other 8 
(7.69%) from other swabs). 

In our study, PA showed the highest antimi-
crobial sensitivity to the aminoglycoside drugs, 
amikacin with 89.6%, followed by the carbapenem 
drug, imipenem with 83.3%, piperacillin/tazobac-
tam with 81.3% and ceftazidime, as a third-gen-
eration cephalosporin with 79.2% (Table 2). Sus-
ceptibility to cefepime as a fourth-generation 
cephalosporin was 68.8%, to gentamicin from the 
aminoglycoside group 62.5% and to ciprofloxacin, 

Table 2. The sensitivity of PA isolates to the tested antimicrobial drugs
Antimicrobial drug
n (%)

Hospital patients Outpatiants Statistical 
significance
(p<0.05)

Resistant
n (%)

Sensitive
n (%)

Resistant
n (%)

Sensitive
n (%)

Imipenem 8 (16.7) 40 (83.3) 10 (9.6) 94 (90.4) p = 0.163
Ceftazidime 10 (20.8) 38 (79.2) 15 (14.4) 89 (85.6) p = 0.233
Cefepime 15 (31.3) 33 (68.8) 20 (19.2) 84 (80.0) p = 0.078
Amikacin 5 (10.4) 43 (89.6) 9 (8.7) 95 (91.3) p = 0.469
Gentamicin 18 (37.5) 30 (62.5) 43 (41.3) 61 (58.7) p = 0.395
Ciprofloxacin 19 (39.6) 29 (60.4) 42 (40.4) 62 (59.6) p = 0.535
Piperacillin+
Tazobactam 9 (18.8) 39 (81.3) 10 (9.6) 94 (90.4) p = 0.096
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a member of the fluoroquinolone group 60.4%. The 
highest resistance in our study was shown by cipro-
floxacin with 39.6%, followed by gentamicin with 
37.5% and cefepime with 31.3%.
Discussion

PA is in second place in the critical group of 
bacteria, which is an alarm to find new antibiot-
ics for this pathogen (World Health Organization, 
2017). This pathogen is the cause of many nosoco-
mial infections, especially in ICUs, where in 2012, 
23% of patients during hospitalization acquired an 
infection associated with nosocomial infections. 
The most common infections are: ventilator-associ-
ated pneumonia, skin infections, and bacteremia, all 
of which are difficult to cure because most patients 
are either immunocompromised or have a state of 
reduced immunity response (Hoang et al., 2018).

In our study, PA is more prevalent in outpa-
tient samples. In a study conducted in India, out of 
229 samples 70% samples were of inpatient (Dash 
et al., 2014). A study in Saudi Arabia had similar 
results in favor of inpatient samples (Al-Tawfiq, 
2007). Since it was not possible to find out the di-
agnosis of patients in whom PA was isolated, the 
probability that these patients were hospitalized 
earlier, or that they were in the hospital environ-
ment in the previous weeks is high. Another pos-
sibility is that the patients became positive for PA 
when they went to their Health Centers where they 
underwent medical interventions (such as dressing 
wounds, placing urinary catheters). The third possi-
bility is that there is PA in the waters consumed by 
the population, which causes various infections in 
people with weakened immunity.

In our study, the mean age of the hospital 
patients was 64 years. The age of outpatients did 
not differ significantly and was 57 years. A similar 
study was conducted in Serbia in 2015, where the 
mean value of inpatients was 65 years, while in out-
patients it was 50 years (Milojković et al., 2020).

When it comes to different age groups of hos-
pital patients, the largest representation was the age 
group of patients older than 60 years (58.33%). The 
age group from 11 to 60 years had a representa-
tion of 29.17%, and the third age group up to 10 
years had a representation of 12.5%. The results 
of a study conducted at a hospital in Iraq showed 
different results where the highest percentage of 
prevalence was in the age group of 11 to 60 years 
and amounted to 74.7%. The prevalence of PA in 
the age group over 60 years was 14.6%, and the 
age group up to 10 years had the lowest PA prev-
alence and it amounted to 10.7% (Hussein et al., 

2018). A study conducted in Turkey from January 
2008 to July 2011 showed that 58.3% of PA infect-
ed are in the age group older than 60 years, corre-
sponding with our study (Sonmezer et al., 2016). 
Also, a study conducted by a hospital in Kathman-
du, Nepal, showed that the percentage of PA prev-
alence was high in the age group over 60 years and 
it amounted to 31% (Shahid, 2013).

The age groups of outpatients are similar to 
the age groups of inpatients, except for the category 
from 0 to 10 years. The prevalence of PA within the 
age group from 11 to 60 years amounted to 36.54%, 
and in the age group of patients older than 60 years, 
the prevalence was 41.35%.

The different prevalence of PA within differ-
ent age groups can be explained by the weaker im-
munity that has not yet been sufficiently developed 
in children and immunity that declines over time in 
the elderly who eventually become more suscep-
tible to different types of infections (Simon et al., 
2015).

In our study, the largest number of samples 
in the group of hospital patients in whom PA was 
isolated was taken from the surgery department, 
while the second in frequency was internal medi-
cine. The third most frequent was the department of 
pediatrics with a frequency of 12.05%. In a study 
conducted in Egypt between May 2009 and July 
2011, the greatest number of inpatients positive 
to PA, 47.2%,  was from the surgery department 
while there were no positive samples in the inter-
nal medicine and pediatric department (Mahmoud 
et al., 2013). The results of a research conducted 
between December 2012 and June 2013 in Turkey 
corresponds with our survey, with the greatest num-
ber of PA inpatients  within the surgical department 
(54.9%), then, the post-internal medicine depart-
ment and pediatric department (6.7 %) (Nazli et al., 
2014).

In our research, the largest number of PA 
isolates among inpatients was from urine culture 
with 47.92%, followed by bronchoalveolar lav-
age, wound swabs, while the last was tracheostomy 
swab. In a study conducted in Nigeria, urine culture 
accounted for 51.1% of all samples, followed by 
swab wounds with a prevalence of 41.3% (Olay-
inka et al., 2004). In the research in Serbia, urine 
culture accounted for 21% of the samples, while 
the wound swab had a higher percentage (Milojk-
ović et al., 2020). In a research conducted in India, 
a high percentage of cases were derived from spu-
tum, while urine culture accounted for 20.45% of 
the cases (Shaikh et al., 2015).
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PA is a dominant pathogen that is often iso-
lated from bronchopulmonary specimens in ICUs, 
where patients are connected to mechanical ventila-
tion (Vincent, 1995). This pathogen is a significant 
cause of nosocomial urinary tract infections (UTIs), 
especially those associated with the use of urinary 
catheters. About 40% of all nosocomial infections 
are UTIs, which are a common source of bactere-
mia (Warren, 1997). PA plays a major role in skin 
and subcutaneous tissue infections, whether surgi-
cal wound infections or burnt skin infections, and 
this pathogen is often isolated from wound swabs 
(Masaadeh and Jaran, 2009). 

In our research, PA showed the highest an-
timicrobial sensitivity to the drug from the group 
of aminoglycosides, amikacin with 89.6%, then to 
the drug from the group of carbapenems, imipenem 
with 83.3%, to piperacillin tazobactam with 81.3% 
and ceftazidime, as third-generation cephalospo-
rins with 79.2%. According to a study conducted 
in USA in 2015, amikacin showed a sensitivity of 
96.4%, piperacillin / tazobactam 82.5% and cef-
tazidime 85.8% (Sader et al., 2017). Similar results 
of PA antimicrobial sensitivity have been reported 
in studies conducted in Canada and Malaysia (Fa-
zlul et al., 2011; Walkty et al., 2017).

We have shown that the highest resistance 
was shown by ciprofloxacin with 39.6%, followed 
by gentamicin with 37.5% and cefepime with 
31.3%. In a study in India, 40% of the samples 
showed resistance to gentamicin, while resistance 
to ciprofloxacin was 39% (Ramana and Chaudhury, 
2012).

Ceftazidime had a resistance percentage of 
20.8%, piperacillin tazobactam 18.8%, followed by 
imipenem with 16.7% resistant samples and finally 
amikacin, as the most effective antimicrobial drug, 
with a percentage of resistance of 10.4%.

When we talk about statistically signifi-
cant differences between inpatient and outpatient 
PA-positive samples, all drugs except gentamicin 
and ciprofloxacin, showed greater resistance in the 
hospital setting compared to the outpatient, which is 
not statistically significant. Also, we presented that 
gentamicin and ciprofloxacin were even more re-
sistant in an outpatient setting. In the outpatient set-
ting gentamicin shows resistance of 41.3%, while 
in the inpatient setting it is 37.5%. In the outpatient 
setting ciprofloxacin shows resistance of 40.4%, 
while in the inpatient setting it is slightly lower and 
amounts to 39.6%. The reason for such data may 
be that these two antibiotics are used irrationally in 
everyday practice.

In order to reduce the resistance of bacteria 
to antibiotics, it is necessary to follow certain mea-
sures in prescribing antibiotics in everyday prac-
tice, from increasing the rational use of antibiotics, 
rotation and cyclic prescribing of antimicrobial 
drugs. It is also necessary to educate and raise the 
awareness of the entire population that antibiotics 
should not be used without a justifiable reason. 
Unfortunately, today, more than ever, doctors are 
under pressure from their patients to constantly pre-
scribe antibiotics, guided by the slogan that if they 
do not receive an antibiotic, they are not provided 
with quality medical care. In the prevention of in-
trahospital infections, it is necessary for all health 
workers to participate and take different measures 
for the prevention of such infections, which include 
the implementation of sanitary and hygienic pro-
cedures during work, hand and skin hygiene, dis-
infection of medical devices and the environment 
as well as sterilization of equipment and supplies, 
monitoring of antibiotic consumption, formation 
of a reserve group of antibiotics and regular moni-
toring of resistance to the most common causes of 
nosocomial infections.
Conclusion

Considering the danger of increasing inci-
dence of intrahospital infections with multidrug-re-
sistant PA, it is necessary to implement measures to 
prevent such infections. That prevention includes 
the implementation of sanitary and hygienic proce-
dures during the work, hand and skin hygiene, dis-
infection of medical devices and the environment 
and sterilization equipment and accessories. Also, it 
is necessary to monitor the consumption of antibi-
otics as well as regular monitoring of resistance to 
the most common causes of nosocomial infections. 
In every local environment it is necessary contin-
uous monitoring of nosocomial infections, which 
might enable timely prevention and treatment.
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