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Abstract: Pseudomonas aeruginosa (P.A.) is a gram-negative, aerobic rod 

bacterium that mainly grows in soil and watery environments, infrequently 

being a part of microflora in healthy individuals. Since P.A. favors the 

growth in moistened areas, it can colonize in any simple aqueous solution, 

which in turn raises the risk of contamination and infection in hospital 

settings. The emergence of drug resistant bacterial species has become 

increasingly prevalent in many health care facilities worldwide. 

Pseudomonas aeruginosa is one of these pathogens that had developed 

resistance to many of the previously effective antibiotics. Hence, it is 

highly valued to know the resistance pattern of P.A. in every health care 

facility. That in turn would facilitate more accurate and effective empirical 

regimens selection when dealing with life threatening infections. The 

purpose of this study is to review antimicrobial resistance patterns of P. 

aeruginosa from different clinical specimens based on several studies made 

in different countries and to discuss the distribution of P. aeruginosa 

infection and antibiotic resistance according to the gender of the patients 

and the type of specimen. ScienceDirect, PubMed and Google scholar were 

used during search to find published articles in English language. 15 

articles from different countries about antimicrobial resistance patterns of 

P. aeruginosa were used in this article. Studies done between 2010 and 

2020 were chosen. In this study Aminoglycosides (Amikacin), 

Piperacillin/Tazobactam and Polymyxins (Polymyxin-B and Colistin) were 

found to be the most effective drugs against P. aeruginosa. On the other 

hand, the highest resistance rate was against Cefuroxime, Ceftriaxone, 

Ampicillin, Ticarcillin/Clavulanic Acid, Amoxicillin/Clavulanic Acid, Co-

Trimoxazole, Ceftazidime, Cefepime, Aztreonam. Carbapenems 

(Meropenem and Imipenem) showed inconsistent results as they were 

found to be the most effective against P. aeruginosa in some places, while 

in others; they had the highest resistance rate. 

 

Keywords: P. aeruginosa Resistance, P. aeruginosa, Antimicrobial 
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Introduction 

Pseudomonas aeruginosa is a gram-negative, aerobic 

rod bacteria (Ramos and Levesque, 2006). It is a free-

living pathogen that is commonly found in soil and 

water, infrequently being a part of microflora in healthy 

individuals (Ramos and Levesque, 2006; Fazeli et al., 

2012). It is considered as one of the most challenging 

pathogens as being responsible for a wide range of 

infections including urinary tract infections, bone and 

joint infections, respiratory system infections, soft tissue 

infections, bacteremia, dermatitis and gastrointestinal 

infections (Fazeli et al., 2012). In addition, P. 

aeruginosa have been recognized as one of the most 

common and severe causes of nosocomial infections, 

since this pathogen has a strong ability to colonize in 

the hospital environment and easily spread between 

patients, along with the possibility of having an 
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intrinsic or adapted antibiotic resistance that may lead 

to a high rate of mortality (Gellatly and Hancock, 2013; 

Lila et al., 2018).  

Laboratory diagnosis of infections with P. 

aeruginosa can be done easily by culturing a clinical 

specimen on a variety of media, then easily recognized 

by its spreading, flat colonies, serrated edges and 

metallic sheen (LaBauve and Wargo, 2012).  

P. aeruginosa infections can be treated with a single 

antibiotic (monotherapy) or a combination of 

antipseudomonal drugs. The selection of the antibiotic 

needed to treat P. aeruginosa infections depends on 

several factors. These factors include resistance 

surveillance, which plays a major role in patient 

management by providing data that influence clinical 

decision-making. Another factor is the host’s medical 

condition whether it is cardiovascular infection, 

respiratory infection, bacteremia, CNS infection, ear or 

eye infection, urinary tract infection, GI infection or skin 

and soft tissue infection etc. Also, the effectiveness of 

the antibiotic should be taken into consideration as well 

as the prevention of antibiotic resistance, which is 

another important issue for choosing combination 

therapy or monotherapy (Giamarellou and Antoniadou, 

2001; Johnson, 2015; Bassetti et al., 2018).  

Several antibiotics cover P. aeruginosa. These 
include antipseudomonal Penicillins that involve 
Carbenicillin and Ticarcillin, Mezlocillin, Azlocillin and 
Piperacillin. The most commonly used antibiotic in this 
class is Piperacillin combined with Tazobactam. Another 
class is the antipseudomonal Cephalosporin that include 
Ceftazidime, Cefepime, Ceftazidime/Avibactam and 
Ceftolozane/Tazobactam. Furthermore, Aztreonam is the 
only available Monobactam that possesses 
antipseudomonal activity. As for Carbapenems; 
Imipenem, Doripenem and Meropenem, as well as some 
newer compounds such as Biapenem and Panipenem, 
have a wide spectrum of antimicrobial activity and can 
cover P. aeruginosa strains. Among the Fluoroquinolones 
available, Ciprofloxacin is the most active antibiotic and 
has a bactericidal effect against P. aeruginosa. Newer 
Quinolones such as Levofloxacin, Moxifloxacin and 
Gatifloxacin have low to moderate activity against 
pseudomonas infections (less active than Ciprofloxacin). 
Last class is Aminoglycosides including Gentamicin, 
Tobramycin and Amikacin, which have an important role 
in the therapy of serious P. aeruginosa infections 
(Giamarellou and Antoniadou, 2001; Bassetti et al., 2018). 

Antimicrobial resistance has become one of the most 

important problems that face clinicians. According to the 

World Health Organization (WHO), antimicrobial 

resistance has been declared as a public health threat 

(Moremi et al., 2016). Hence, the study of antibiotic 

resistance patterns of microorganisms is considered very 

crucial to guide clinicians in empirical therapy during 

life-threatening infections. Moreover, that resistance 

patterns differ from region to another and changes 

continuously over time even in the same place which 

highlights the need for local annual resistance 

surveillances (Moremi et al., 2016; El-Azizi et al., 2005).  

P. aeruginosa is one of the microorganisms that had 

developed a serious increase in resistance to many 

antipseudomonal drugs usually used in the treatment, which 

in turn has limited the availability of effective therapies for 

this infection (Ambroggio et al., 2012). This brings us to the 

big role of the annual local surveillance of P. aeruginosa 

resistance pattern in directing clinicians during antibiotic 

selection (Moremi et al., 2016).  

The purpose of this study is to review antimicrobial 

resistance patterns of P. aeruginosa from different 

clinical specimens based on several studies conducted in 

different countries and to discuss the distribution of P. 

aeruginosa infection and antibiotic resistance according 

to the gender of the patients and the type of specimen, in 

order to guide the targeted approaches to help control 

antimicrobial resistance. 

Method 

Search Strategy 

ScienceDirect, PubMed and Google scholar were 

used during search to find published articles about 

antimicrobial resistance patterns of P. aeruginosa 

between the period of 2010 and 2020. The free text 

words like “P. aeruginosa resistance,” “P. aeruginosa,” 

“antimicrobial resistance,” “antipseudomonal drugs,” 

“resistance pattern,” and “clinical isolates” were 

searched using the Boolean operators “AND” or “OR.” 

Additionally, the reference lists of the relevant studies 

were checked to see if these references include any other 

studies that might be used in this article. 

Study Selection 

We had access to many published articles about 

antimicrobial resistance patterns of P. aeruginosa. There 

was no requirement for ethical approval because we 

analyzed scientific literature already in the public 

domain. During selection, we only used studies 

published in English and we excluded any study done 

before 2010. For studies that were done in the same 

country or covered the same population as other studies, 

if they provided new information, we included them in 

the article and if not, we chose the study with better 

homogeneity when it was compared with other studies. 

The literature selection was performed independently by 

three researchers (N.H, M.J and A.P) and any 

disagreements were resolved by consensus.  

Data Abstraction 

Three researchers (N.H, M.J and A.P) independently 

extracted the following information: Year of publication, 
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countries, gender, sample sizes, sample types, 

distribution of MDR strains and most and least 

effective drugs observed in each study. If no consensus 

can be reached on the disagreement, another reviewer 

would participate in the decision-making. We used 

standardized data extraction sheets made by Microsoft 

Excel 2019 for data extraction. 

Results Analysis 

The electronic searches identified 19 articles, 15 were 

used in data abstraction and four articles were used to 

support the discussion. Antibiotic sensitivity and 

resistance results in all studies reviewed were interpreted 

in accordance to the Clinical and Laboratory Standards 

Institute (CLSI). The results were divided into 5 

subtitles, which were least effective antibiotic, most 

effective antibiotic, gender distribution, distribution of 

MDR strains and distribution in accordance to the type 

of specimen. The data of each subtitle was collected 

from different articles, then compared and discussed to 

give an explanation for the diversity of results in various 

countries and years regarding P. aeruginosa resistance 

pattern against commonly used antibiotics. 

Results  

A total of fifteen articles published in English, 

between the period of 2010 and 2020 were identified and 

reviewed, nine articles were prospective studies 

(Siddiqua et al., 2018; Farooq et al., 2019; Ahmadi et al., 

2016; Rustini et al., 2017; Senthamarai, 2014; Farhan et al., 

2019; Ahmed et al., 2019; Al-Marzoqi and Al Taee, 

2013; Khan and Faiz, 2016), four were descriptive cross 

sectional studies (Pokharel et al., 2019; Karami et al., 

2020; Mahfoud et al., 2015; Alhusseini et al., 2019), one 

systemic review and meta-analysis study (Acar et al., 2019) 

and one retrospective study (Al-Tawfiq et al., 2020).  

Antibiotic Susceptibility Pattern 

Table 1 shows the percentage of susceptibility pattern 
of pseudomonas aeruginosa against different antibiotics. 
It shows how PA have a variation in sensitivity and 
resistance pattern for different antibiotics in different 
regions. For example, meropenem have high sensitivity 
to PA in most countries while in Saudi Arabia have 30% 
resistance to meropenem (Khan and Faiz, 2016). There 
are some articles were done in the same country but in 
different periods and they showed different resistance 
pattern rate that were in Iran (Ahmadi et al., 2016; 
Karami et al., 2020), Iraq (Al-Marzoqi and Al Taee, 
2013; Alhusseini et al., 2019) and Saudi Arabia (Khan and 
Faiz, 2016; Al-Tawfiq et al., 2020).  

Distribution of Isolates in Accordance to Type of 

Specimen 

Thirteen out of fifteen articles showed the 
distribution of isolates in accordance to type of specimen 
as in Table 2. In general, the distribution showed that the 
most occurring source of P. aeruginosa isolates were 
sputum, wound, urine and tracheal aspirate.  

 
Table 1: Percentage of susceptibility pattern of Pseudomonas aeruginosa against different antibiotics  

Country  Year   Antibiotic Resistance rate  Antibiotic Sensitivity rate  

Bangladesh (Siddiqua et al.,  January 2015-October 2016 Cefuroxime 96% Cotrimoxazole 91% Meropenem, Ciprofloxacin, Amikacin 
2018)   and Imipenem (76 to 87%) 

Indonesia (Rustini et al., 2017  Ceftriaxone 44.21%, Cefotaxime Amikacin 89.47% 
2017)  41.05%, Cefoperazone 37.89%  

Pakistan (Farooq et al., 2019) October 2017-April 2018 Imipenem 81.6%, Ciprofloxacin Colisitin 100% 

  80.4%, Ceftazidime 78%  
Iran (Ahmadi et al., 2016) June 2014- October 2015 Ampicillin 93% Meropenem 97.7% 

Iran (Karami et al., 2020) January 2017- December 2017 Ticarcillin/Clavulanic  Colisitn 100% 

  Acid 75.8%, Aztreonam 72.4%  
Nepal (Pokharel et al., 2019)  February 2018-May 2018 Co-Trimoxazole 80.4%  Polymyxin-B 100%, Colistin 100% 

India (Senthamarai, 2014) February 2012-January 2013 Ceftazidime 65.38%, Ciprofloxacin Imipenem 80.77% 

  61.53%, Piperacillin 59.61%  
Egypt (Farhan et al., 2019) October 2016-February 2018 Ceftazidime 60%, Tobramycin Imipenem and Meropenem 

  less than 60%, Aztreonam 57%  
Qatar (Ahmed et al., 2019) October 2014-September 2015 Cefepime 96.6%, Ciprofloxacin 91%, Colisitn 96.6% 

  Piperacillin/Tazobactam 90.7%  

Syria (Mahfoud et al., 2015) September 2011- Amoxicillin/Clavulanic acid 97.7%, Colistin 89.1% 

 September 2012 Nitrofurantoin 96.8%, 

  Clarithromycin 96.2% 

Iraq (Al-Marzoqi and September 2012- Penicillin Erythromycin Norfloxacin, Amikacin, Erythromycin Penicillin 
Al Taee, 2013) February 2013 Amoxicillin + Clavulanic acid  

  Azithromycin Piperacillin  

Iraq (Alhusseini et al., 2019) 2019 Amoxicillin + Clavulanic acid 90.74% Imipenem and Meropenem 68.5% 
Turkey (Acar et al., 2019) 2007-2016 Aztreonam 57.5% - 

Saudi Arabia (Khan and August 2013- January 2014 Meropenem 30.6% Piperacillin/Tazobactam 95.1% 

Faiz, 2016) 
Saudi Arabia 2017-2018 Ciprofloxacin 26%, Amikacin 91%- 94% 

(Al-Tawfiq et al., 2020)  Meropenem and Imipenem 25%  
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Table 2: Distribution of the P. aeruginosa isolates according to the specimen type 

   Distribution of isolates according to the type of specimen 

  # of ------------------------------------------------------------------------------------------------------------------------------------------------------------- 

  sample wound        Ear Burn  Pleural Catheter 

Country Year isolates sample Pus Urine Sputum Swab Blood Stool Tracheal  swab swab  CSF fluid tip 

Bangladesh January 2015- 138 64.49% 13.04% 12.31% - - - - - - - - - - 

(Siddiqua et al., 2018) october 2016  

Indonesia 2017 95 - 24.2% 10.5% 36.8% 23.15% 3.15% 2.1% - - - - - - 

(Rustini et al., 2017) 

Pakistan October 2017- 167 - 34% 18.6% - 2.1% - - 20.6% - - - - - 

(Farooq et al., 2019) April 2018  

Iran (Ahmadi et al., June 2014- 172 - - - - - - - - - 66.6% - - - 

2016; Karami et al., October 2015  

2020) January 2017- 78 22.41% - 41.38% - - 20.69% - - - - 15.52% - - 

 December 2017  

Nepal (Pokharel et al., February- 46 13.04% - 15.21% 39.13% - 8.69% - 10.88% - - - 2.17% 10.88% 

2019) May 2018  

India (Senthamarai, February 2012- 104 - 47.11% 12.5% 36.53% - 3.84% - - - - - - - 

2014) Jan 2013  

Egypt (Farhan et al., October 2016- 150 43.33% - 4% 5.33% - - 5.33% - 26% 3.33% - - - 

2019) February 2018  

Qatar (Ahmed et al., October 2014- 205 26.3% - 23.4% - - 2.4% - 44.9% - - - - - 

2019) September 2015  

Syria (Mahfoud et al., September 2011- 177 - - 22% - - - - 78% lower - - - - - 

2015) September 2012         respiratoy   

          tract 

Iraq (Al-Marzoqi and September 2012- 285 22.46% - 22.11% - 18.6% - - 15.09% - - - - - 

Al Taee, 2013; February 2013  

Alhusseini et al., 2019) 2019 54 18.51% - 5.55% - - 3.7% - - 3.7% - - - 3.7% 

Saudi Arabia August 2013- 121 - - 10.74% - - 3.36% - 43.8% 2.48% 1.65% - - - 

(Khan and Faiz, 2016) January 2014  

 
Table 3: Distribution of the P. aeruginosa isolates according to the gender 

   Distribution of isolates according to Gender Ratio 
  # of sample ---------------------------------------------------- Male to 
Country Year isolates Male (%) Female (%) female  

Bangladesh January 2015-october 2016 138 75.36 24.64 3:1  
(Siddiqua et al., 2018) 

Iran (Ahmadi et al., June 2014-October 2015 172 35.8 64.2 1:1.7  

2016; Karami et al., 2020) January 2017-December 2017 78 58.6 41.4 1.4:1 
India (Senthamarai, 2014) February 2012 to January 2013 104 55.76 44.23 1.2:1 

Qatar (Ahmed et al., 2019) October 2014 and September 2015 205 74.6 25.4 3:1  
Iraq Al-Marzoqi and September 2012-February 2013 285 74.04 25.96 3:1  

Al Taee, 2013) 

 

Distribution of Isolates in Accordance to Gender 

In this article, five countries studied the distribution of 

isolates in accordance to gender. Table 3 describes the 

percentage of distribution of isolates in males and females, 

it also showed that Iran (Ahmadi et al., 2016; Karami et al., 

2020) conducted two studies in different periods and had 

different percentage distribution in accordance to gender. 

MDRPA 

Multi-drug resistant P. aeruginosa was defined, 

according to the studies included in this report, as the 

bacteria that were resistant to at least three antibiotics. 

MDRPA prevalence was reported in seven of the 

collected articles. The distribution of MDRPA among the 

specimens was found to be as follows: Pakistan, (55%) 

(Farooq et al., 2019); Indonesia, (36%) (Rustini et al., 

2017); India (41.35%) (Senthamarai, 2014); Egypt 

(66.6%) (Farhan et al., 2019); Qatar (8.1%) (Ahmed et al., 

2019); Saudi Arabia (10.7%) (Khan and Faiz, 2016). In 

Nepal MDRPA prevalence was reported according to the 

type of specimen where it found to be the highest in 

tracheal aspirate specimens (100%) and the lowest in 

pleural fluid samples (0%) (Pokharel et al., 2019). 

Female to male ratio for MDRPA prevalence was 

reported in two of the included articles as it was (1.17:1) 

in Pakistan (Farooq et al., 2019) and (1:3) in Qatar 

(Ahmed et al., 2019). Further information was reported 

in Pakistan regarding distribution of MDRPA according 

to medical ward as it was the highest in surgical ward 

(27.1%) and the lowest in the gynecology ward (4.1%) 

(Farooq et al., 2019). 

Discussion 

Periodic surveillance and monitoring of antimicrobial 

resistance of P. aeruginosa is very important in order to 

provide an updated information about the current activity 

of commonly used antipseudomonal drugs in the studied 

region. Reviewing the surveillances that were done in 

different countries allows the identification of trends in 

P. aeruginosa resistance at the national and global levels 

and assists the development of targeted approaches to 

help control antimicrobial resistance.  

This study focused mainly on the resistance pattern of 

P. aeruginosa against different drugs in different 



Hosniyeh E. Ladadweh et al. / American Journal of Pharmacology and Toxicology 2021, Volume 16: 1.8 

DOI: 10.3844/ajptsp.2021.1.8 

 

5 

countries. It was observed that the highest resistance rate 

was against Cefuroxime in Bangladesh (Siddiqua et al., 

2018), Ceftriaxone in Indonesia (Rustini et al., 2017), 

Imipenem in Pakistan (Farooq et al., 2019), Ampicillin 

(Ahmadi et al., 2016) and Ticarcillin/Clavulanic Acid 

(Karami et al., 2020) in Iran, Co-Trimoxazole in Nepal 

(Pokharel et al., 2019), Ceftazidime in India and Egypt 

(Senthamarai, 2014; Farhan et al., 2019), Cefepime in 

Qatar (Ahmed et al., 2019), Amoxicillin/Clavulanic 

Acid in Syria (Mahfoud et al., 2015), Penicillin and 

Amoxicillin/Clavulanic Acid in Iraq (Alhusseini et al., 

2019), Aztreonam in Turkey (Acar et al., 2019) and 

Meropenem (Khan and Faiz, 2016), Ciprofloxacin 

followed by Meropenem and Imipenem (Al-Tawfiq et al., 

2020) then both Carbapenems (Al-Tawfiq et al., 2020) 

in Saudi Arabia. 

A notable finding was the high resistance rate against 

Imipenem (81.6%) in Pakistan (Farooq et al., 2019). It is 

evident that MDR strains of pseudomonas are 

accelerating in Pakistan (Farooq et al., 2019). This might 

be due to the fact that several drugs including Imipenem 

are widely prescribed in secondary and tertiary care 

hospitals, since there is a causal relationship between 

antimicrobials use and development of resistance 

(Farooq et al., 2019). Moreover, in Saudi Arabia, the 

highest resistance rate in 2013-2014 was against 

Meropenem (30.6%) (Khan and Faiz, 2016). In 2017-

2018, Ciprofloxacin showed (26%) resistance to PA, 

whereas Meropenem and Imipenem there’s resistance 

rate was dropped to (25%) (Al-Tawfiq et al., 2020). The 

study done in Saudi Arabia is very similar to Pakistan as 

the results shown. Although the resistance pattern of P. 

aeruginosa did not change significantly over time in 

Saudi Arabia (Khan and Faiz, 2016; Al-Tawfiq et al., 

2020), there still was a high resistance rate against 

Carbapenems, which should not be used as a first line 

treatment for P. aeruginosa infections. This resistance 

indicates probable overuse of broad-spectrum antibiotics 

like Carbapenems, an issue that needs to be addressed by 

each institution with regard to regulations on use of 

broad-spectrum antibiotics. 

Ceftazidime is a third generation Cephalosporin that 

is the most active Cephalosporin available against P. 

aeruginosa (Richards and Brogden, 1985), however, 

India (Senthamarai, 2014) and Egypt (Farhan et al., 

2019) had the highest resistance rates against it which 

are (65.38%) and (60%) respectively. This represents a 

challenge for antimicrobial therapy patients and might be 

caused by the indiscriminate use of third generation 

Cephalosporin as broad spectrum empirical therapy and 

the secretion of Extended Spectrum Beta-Lactamases 

enzymes )ESBL( mediate the resistance by hydrolysis of 

β-lactam ring of β-lactam antibiotics (Richards and 

Brogden, 1985). Cefepime is a fourth generation 

Cephalosporin that has an antipseudomonal activity and 

was found to be the least effective drug against P. 

aeruginosa in Qatar with a resistance rate of (96.6%), 

which might be due to higher consumption of this drug 

compared to others (Ahmed et al., 2019). 

Aztreonam is the only available Monobactam that has 

intermediate activity against P. aeruginosa and can be a 

useful alternative to Aminoglycosides or third generation 

Cephalosporin in patients with serious Gram-negative 

infections (Richards and Brogden, 1985). Studies done 

in Turkey (Acar et al., 2019) showed that the highest 

resistance rates of P. aeruginosa were against 

Aztreonam (57.5%) and they conclude that the rates of 

antibiotic resistance in pathogenic P. aeruginosa strains 

are substantially high in Turkey and continue to increase 

compared with previous years. 

Penicillin, Ampicillin, Amoxicillin, Cefuroxime and 

Ceftriaxone are all β-lactams that do not cover P. 

aeruginosa and has no effect against infections caused 

by it because they are all inactivated by beta-lactamases, 

which are produced by P. aeruginosa or due to the 

overexpression of efflux pumps. According to the studies 

done, these drugs were the least effective in Iraq, Iran, 

Syria, Bangladesh and Indonesia respectively. In 

addition, Co-Trimoxazole is a folate antagonist that is 

also not active against P. aeruginosa, which was found 

to have the highest resistance rate (80.4%) in Nepal 

(Pokharel et al., 2019). The misuse of these antibiotics 

can be a key factor contributing to the emergence of 

antibiotic resistance. On the other hand, Ticarcillin is an 

Extended-Spectrum Penicillin that is more resistant to 

cleavage by gram-negative beta-lactamases than other 

Penicillins and can cover P. aeruginosa (Richards and 

Brogden, 1985). In 2017, in Iran, it was found to have 

the highest resistance rate (75.8%). This is due to the 

biofilm formation of P. aeruginosa, which leads to loss 

of antibacterial susceptibility (Karami et al., 2020).  

Healthcare providers need annual surveillances for 

antipseudomonal drug resistance patterns as they have 

a very essential role in identifying the most effective 

antipseudomonal drugs. In this study Carbapenems 

(Meropenem and Imipenim), Aminoglycosides 

(Amikacin), Piparacillin/Tazobactam and Polymyxins 

(Polymyxin-B and Colistin) were found to be the most 

effective drugs against P. aeruginosa regarding the 

included studies. 

In Bangladesh, Iran, India, Egypt and Iraq, 

Carbapenems were found to be the most effective drugs 

against P. aeruginosa. Meropenem showed the highest 

susceptibility rate (97.7%) in Iran during the period of 

June 2014 and October 2015 (Ahmadi et al., 2016), 

while another study was conducted in Iran from 

January 2017 to December 2017 showed a significant 

decrease in the susceptibility rate to Meropenem 

(48.2%) (Karami et al., 2020). In India Imipenem 

(80.77%) was detected to be the most effective 
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antipseudomonal drug (Senthamarai, 2014). Not to 

mention that Meropenem and Imipenem both were 

equally observed with the highest susceptibility rate in 

Egypt with more than 90% (Farhan et al., 2019), 

followed by Bangladesh with a rate of (76-87%) 

(Siddiqua et al., 2018) and Iraq during 2019 was with 

the lowest susceptibility rate of (68.52%) (Alhusseini et al., 

2019). Susceptibility rates differences among the 

different countries and periods are mainly related to the 

prescription habits and drug use in each country. 

Among the several studies included in this study, 

Aminoglycosides, especially (Amikacin), showed a 

significant high susceptibility rate in some countries. In 

Saudi Arabia, Amikacin had the highest susceptibility rate 

(94%) (Al-Tawfiq et al., 2020), followed by Indonesia 

with a susceptibility rate of (89.47%) (Rustini et al., 

2017), while Bangladesh with susceptibility range of (76-

87%) (Siddiqua et al., 2018) and Nepal despite being 

colistin the most effective antibiotic, it showed (71.7%) 

susceptibility to Amikacin (Pokharel et al., 2019). This 

difference in susceptibility rates and that some countries 

were observed with less susceptibility rate to amikacin 

earlier than the others may be due to the overuse of 

Amikacin, which will increase the risk of P. aeruginosa 

resistance to this drug in the future. This will, in turn, 

limit the drug choices that can be used to treat P. 

aeruginosa infections in some countries. Moreover 

Amikacin was detected to be the most effective drug in 

Iraq during the period (Al-Marzoqi and Al Taee, 2013).  

Piperacillin/Tazobactam was found to be the most 

effective drug against P. aeruginosa infections in 

Makkah and Jeddah with susceptibility rate of (95.1%) 

(Khan and Faiz, 2016). This finding was unexpected 

since Piperacillin/Tazobactam is considered one of the 

first line and the most commonly used drugs against P. 

aeruginosa infections worldwide, while, on the other 

hand, Meropenem and Imipenem, which are two of the 

last line drugs used against P. aeruginosa were observed 

to be the least effective. These unexpected results were 

mainly due to different antibiotics prescriptions habits 

in different countries (Khan and Faiz, 2016). On the 

other hand, Piperacillin/Tazobactam was one of the 

most effective drugs in Nepal with a rate of (76%) 

(Pokharel et al., 2019). 

Polymyxins (Polymyxin-B and Colistin) are usually 

used as a last line in cases of contraindications and if the 

first line antibiotics are ineffective. It was noted that 

Colistin was (100%) effective against P. aeruginosa in 

Pakistan (Farooq et al., 2019), Iran (Karami et al., 2020) 

and Nepal (Pokharel et al., 2019). In contrast, Colistin 

was observed to be effective with a susceptibility rate of 

(96.6%) in Qatar (Ahmed et al., 2019) and with a 

susceptibility rate of (89.1%) in Syria (Mahfoud et al., 

2015). Decreased susceptibility to Colistin in Syria is 

due to the overuse of this antibiotic, so this will increase 

the risk that this drug will not be available in the future, 

despite the fact that it has considered a broad spectrum 

antibiotic and usually used as last line in therapy. 

Some of the reviewed studies have shown that males 

were more susceptible to be infected by P. aeruginosa 

than females. This was obvious when the distribution of 

P. aeruginosa clinical isolates was compared according 

to gender and gave two trends in the ratio of infection 

when looking gender wise. In Bangladesh (Siddiqua et al., 

2018), Iraq (Alhusseini et al., 2019) and Qatar     

(Ahmed et al., 2019) the ratio of P. aeruginosa infection 

(male to female) was found to be (3:1). While in Iran 

(Karami et al., 2020) and India (Senthamarai, 2014) the 

ratio of P. aeruginosa infection (male to female) was 

found to be approximately (1.4:1). Both trends show 

male preponderance in being infected by P. aeruginosa, 

which can be explained by the fact that males are more 

exposed to outside environment than females, as their 

activity and nature of work can be associated with higher 

exposure to soil, water, or any moistened environments 

in where this bacterium favors to grow (Siddiqua et al., 

2018; Senthamarai, 2014; Ahmed et al., 2019). 

Two studies that were done in Pakistan and Qatar 

have compared the frequency of MDR P. aeruginosa 

according to the gender. In Pakistan MDR P. aeruginosa 

was predominant in females as compared to males 

(Farooq et al., 2019), while in Qatar MDR P. aeruginosa 

was predominant in males as compared to females (Khan 

and Faiz, 2016). These contrasting results regarding the 

distribution of MDR P. aeruginosa between males and 

females can be explained by the difference in gender 

prevalence with geographical variation and study period 

(Farooq et al., 2019). 

The general, distribution rank of P. aeruginosa clinical 

isolates according to the type of specimens collected in 

different countries revealed that respiratory tract specimens 

was the most occurring source of P. aeruginosa isolates, 

followed by wound swab and urine, which is generally 

similar to the described rank that was established based on 

isolates obtained in the Global SENTRY Antimicrobial 

Surveillance Program (Gales et al., 2001). Infection with 

P. aeruginosa can develop in many anatomical sites, but 

as P. aeruginosa is ubiquitous and favors moist 

environments, its most common infections occur in 

hospitalized patients by colonizing in the moist area of 

the skin and the upper respiratory tract and this is due to 

its ability to grow in simple aqueous solutions resulting 

in contamination of respiratory therapy and anesthesia 

equipment, intravenous fluid and even distilled water 

(Bush and Perez, 2020).  

Conclusion 

 Pseudomonas aeruginosa is a gram-negative, 

aerobic rod bacterium and it is one of the most 

commonly isolated pathogens from clinical specimens. 
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Periodic surveillance of P. aeruginosa resistance 

patterns is essential in order to provide updated 

information about the effectiveness of antipseudomonal 

drugs that are commonly used in the studied country. 

The high resistance rate that had been observed through 

this literature review against antipseudomonal drugs 

indicates the need to develop targeted approaches to help 

control antimicrobial resistance. 
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