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Introduction: There is a lack of data concerning hospital-acquired pneumonia (HAP) due to multidrug resistant non-fermentative 
gram-negative bacilli (MDR-NFGNB) in Somalia, and this study will aim to analyze the epidemiology of MDR-NFGNB among HAP 
patients in tertiary care hospital in Somalia.
Materials and Methods: This is a retrospective study which evaluated the presence of MDR-NFGNB among 2003 HAP patients 
between June 2017 and May 2022 in a tertiary care hospital in Somalia. NFGNB were cultured on blood agar and eosin methylene 
blue agar and were then used BBL crystal system and oxidase biochemical assays for identification. Antimicrobial sensitivity and 
resistance were assessed using Mueller–Hinton agar.
Results: A total of 160 confirmed cases of HAP due to NFGNB were examined. Among these, 114 (71%) were males compared to 
females (n = 46, 29%). The mean age was 49.49 ± 21.48. The overall prevalence rate of NFGNB among patients with HAP was 8%. It 
was more common in older patients and in patients with co-morbidities. Acinetobacter baumannii was the most common NFGNB with 
n = 93 (58%), followed by Pseudomonas aeruginosa (n = 55, 34%), and Stenotrophomonas maltophilia (n = 12, 8%). Regarding the 
antimicrobial sensitivity rate, Acinetobacter baumannii showed an overall resistance level of 82%, Stenotrophomonas maltophilia 
(81%), and Pseudomonas aeruginosa (62%). The rate of CR-NFGNB in our study was 79.4%. We found that 68.1% of NFGNB was 
multidrug resistant (MDR) pathogens. MDR patterns were more common in Acinetobacter baumannii infections (84%). MDR 
pathogens were strongly associated with ICU admissions (95% CI, 0.202–0.800, OR, 0.402, p value <0.009). Finally, the mortality 
rate of HAP caused by NFGNB in our study was 42.5%.
Conclusion: The prevalence of NFGNB in HAP patients was 8%. These infections were more prevalent among men and the elderly. 
Acinetobacter baumannii and Stenotrophomonas maltophilia exhibited the highest antibiotic resistance rate. The MDR level of these 
pathogens was 68.1%.
Keywords: hospital acquired pneumonia, non-fermentative gram negative bacilli, carbapenem resistant non-fermentative gram 
negative bacilli, multidrug resistance, Somalia

Introduction
The broad definition of hospital-acquired pneumonia (HAP) constitutes an episode of pneumonia that occurs 48 hours or 
more after hospitalization.1 Patients who are admitted to intensive care units (ICU), especially those who are receiving 
mechanical ventilation, have an increasing chance of developing a major subset of HAP defined as ventilator-associated 
pneumonia (VAP).2 HAP is thought to be the most common cause of hospital-acquired infections in Europe and the US, 
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occurring at a rate of 5 to 10 per 1000 hospital admissions and thus increasing the morbidity and mortality rates among 
hospitalized patients.3 HAP is associated with a nearly 20% mortality rate in ICU patients.4

Despite being regarded as contaminants, non-fermenting gram-negative bacilli (NFGNB) have a well-established 
pathogenic potential and are one of the major causes of hospital acquired pneumonia.5 Due to the increased antibiotic 
resistance, this particular bacterial group has become opportunistic pathogens, particularly in immunocompromised hosts, 
and their treatment is quite challenging.6

There are four major bacteria belonging to this group: Acinetobacter baumannii, Pseudomonas aeruginosa, 
Stenotrophomonas maltophilia, and Burkholderia cepacia.7 NFGNB infections were previously treated with carbape-
nems as a last option drug, but recently Carbapenem resistant NFGNB (CR-NFGNB) were reported from various parts of 
the world.8 Due to their remarkable adaptability and diverse innate and acquired resistance mechanisms, these bacteria 
are often resistant to key classes of antimicrobial drugs, leaving limited therapy choices.7 Hence, these pathogens 
constitute a grave threat to global public health since they raise patients morbidity and mortality, as well as hospital stay 
and expense.

In Somalia, there is an unregulated antibiotic prescribing system, and numerous antibiotics are available on the 
market to be purchased by anybody without prescription. This, along with the country’s poorly equipped health system, 
lack of bacterial identification techniques, and lack of patient awareness of antimicrobial resistance, is thought to have 
contributed to an increase in antibiotic resistance. However, there is a dearth of data concerning HAP caused by 
multidrug resistant NFGNB, including its prevalence and mortality rates in Somalia. The rate of CR-NFGNB in 
Somalia is also yet to be determined. Our study aimed to analyze the epidemiology of multidrug resistant non- 
fermentative gram-negative bacilli among hospital acquired pneumonia patients in tertiary care hospital in Somalia.

Methods and Materials
This is a retrospective, descriptive study which evaluated the presence of multidrug resistant NFGNB among patients 
with hospital acquired pneumonia. The study was conducted between June 2017 and May 2022 in Mogadishu Somali 
Turkish Training and Research Hospital. The hospital is the largest tertiary care hospital in Somalia.9 The ethical 
approval was obtained from the ethical committee board of the Mogadishu Somali Turkish Training and Research 
Hospital (Approval No, MSTH-7070). The privacy of the patients’ personal information was maintained throughout the 
study as per the Helsinki Declarations. Codes were used in place of names and ID numbers, to safeguard the patients’ 
privacy. The ethics committee waived the necessity for informed consent since this study was retrospective in nature.

We enrolled 2003 patients who had been diagnosed with HAP and who had undergone bacterial identification and 
antibiotic sensitivity testing within the preceding five years. Examined were a total of 160 patients with confirmed HAP 
due to NFGNB. The socio-demographic data which included the patients age and gender were examined. According to 
their ages, the patients were divided into four categories, <18 years, 19–40 years, 41–60 years, and >60 years. In 
addition, co-morbidities such as diabetes, hypertension, chronic kidney disease, heart disease, asthma, and chronic 
obstructive pulmonary disease (COPD) were assessed. The microbiology culture results and antimicrobial sensitivity 
results were also assessed. The admission site (intensive care unit, inpatient department), duration of hospital stay (days), 
and the outcome were also examined. The aforementioned variables were extracted from the hospital information system 
(HIS) using dates and ICD-10 codes.

Regarding the sample collection, it was categorized into sputum and endotracheal aspiration. After collection, the 
samples were immediately sent to the microbiology unit within 30 minutes using sterile sample container. The samples 
were then cultured on blood agar and Eosin methylene blue agar (EMB). Gram staining was performed on all specimens, 
and they were read at x100 magnification with oil immersion. The samples were then incubated aerobically for 24–72 
hours at 37°C room temperature. The samples that showed growth were then put through the BBL crystal system (Becton 
Dickinson Microbiology Systems, Cockeysville, panel viewer, USA) and an oxidase biochemical tests for bacterial 
identification.

Antimicrobial sensitivity tests were performed following CLSI guidelines by using the Kirby Bauer disk diffusion 
method.10 The organisms were tested on Mueller–Hinton agar against Amoxicillin/clavulanic acid (20/10 mcg), 
Piperacillin (100mcg), Piperacillin/tazobactam (100/10 mcg), Cefoperazone/sulbactam (75/10 mcg), Cefuroxime (30 
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mcg), Ceftriaxone (30 mcg), Ceftazidime (30 mcg), Cefepime (30 mcg), Trimethoprim/sulfamethoxazole (1.25/23.75 
mcg), Ciprofloxacin (5 mcg), Levofloxacin (5 mcg), Amikacin (30 mcg), Meropenem (10 mcg), Imipenem (10 mcg), 
Colistin (10 mcg), Tigecycline (15 mcg).

The Statistical Package for the Social Sciences (SPSS) (IBM Corporation, Armonk, NY, USA version 26) was used to 
conduct statistical analyses. Means, standard deviations, and medians were used to display descriptive data. The 
proportions were presented utilizing frequency and percentage tables. Chi-square and Fisher’s tests were used to compare 
the categorical variables. The associations between variables were evaluated using bivariate correlation. A p-value less 
than 0.05 was regarded as statistically significant. The odds ratio and confidence intervals were calculated using 
binary logistic regression.

Results
Of the total of 2003 patients that were enrolled in this study, 160 cases of confirmed HAP due to NFGNB were identified 
and examined. The prevalence rate of NFGNB among patients with HAP was 8%. The mean age of our patients was 
49.49 ± 21.48. The maximum age was 94 years old, while the minimum age was 11 months old. Regarding the age 
group, NFGNB were more common in patients aged more than 60 years (n = 52, 32.5%) followed by 19–40 years old 
(n = 51, 31.9%), 41–60 years old (n = 49, 30.6%), and <18 years old (n = 8, 5%), respectively. A male predominance was 
noted among our patients with n = 114 (71%) compared to females (n = 46, 29%). More than two-third of the patients 
with NFGNB infection were males (Table 1).

The co-morbidities of the patients were assessed; the most common co-morbidity was chronic renal disease (n = 60, 
37.5%), followed by hypertension (n = 19, 11.9%) and COPD (n = 14, 8.8%). The least common of co-morbidities in our 
patients was cerebrovascular diseases (n = 6, 3.8%).

Acinetobacter baumannii was the most common NFGNB causing hospital-acquired pneumonia in our study with n = 
93 (58%), followed by Pseudomonas aeruginosa with n = 55 (34%), and Stenotrophomonas maltophilia with n = 12 
(8%). NFGNB were mostly isolated from endotracheal aspirations; Acinetobacter baumannii (77.4%), Pseudomonas 
aeruginosa (56%), Stenotrophomonas maltophilia (58%) (Table 2). Acinetobacter baumannii was more common in 
patients admitted to ICU (67%), while (56%) of Pseudomonas aeruginosa and (64%) of Stenotrophomonas maltophilia 
were isolated from the inpatient department. Patients with co-morbidities have shown higher rates of NFGNB infection 
compared to patients without any known co-morbidities.

In this study, we evaluated the antimicrobial sensitivity rate of 16 different antibiotics towards NFGNB. 
Acinetobacter baumannii showed an overall resistance level of 82% to all antibiotics tested against while 
Stenotrophomonas maltophilia and Pseudomonas aeruginosa showed a resistance rate of 81%, 62%, respectively. 
Acinetobacter baumannii and Pseudomonas aeruginosa exhibited a 100% resistance rate to five different antibiotics. 
Acinetobacter baumannii was 100% resistant to Co-trimoxazole, 96% resistant to penicillin-derived antibiotics, 97% 
resistant to cephalosporins, and 96% resistant to fluoroquinolones. Pseudomonas aeruginosa, on the other hand, was 
100% resistant to Co-trimoxazole, 72% resistant to penicillin-derived antibiotics, 66% resistant to cephalosporins, and 
fluoroquinolones (53%). Stenotrophomonas maltophilia was 9% resistant to Co-trimoxazole, 97% resistant to penicillin- 
derived antibiotics, 98% resistant to cephalosporins, and fluoroquinolones (18%). Stenotrophomonas maltophilia also 
showed a higher resistance rate to individual antibiotics, including 100% resistance rate to Amoxicillin/clavulanic acid, 
Piperacillin, Ceftriaxone, Cefuroxime, cefepime, and ceftazidime and 92% resistant rate to imipenem and meropenem. 
Furthermore, it showed a 91% resistance rate to Colistin, Tigecycline, Cefoperazone/sulbactam, and Piperacillin/ 
tazobactam. We also found that Amoxicillin/clavulanic acid, Piperacillin, Ceftriaxone, and Cefuroxime showed the 
highest resistance rates in all NFGNB (90–100%). Furthermore, Tigecycline is facing a growing resistance rate among 
individual NFGNB (65%) and this could increase the morbidity and mortality of patients with NFGNB infections. 
Colistin and Amikacin were shown to have the greatest overall sensitivity rates in all NFGNB infections (68%) and 
(50.4%), respectively (Table 3).

We also analyzed the rate of CR-NFGNB in our patients. The rate of CR-NFGNB in our patients was 79.4%. 
Acinetobacter baumannii had an overall resistance rate of 93% against carbapenem drugs. It had 94% resistant rate to 
meropenem and 92.4% to imipenem. Pseudomonas aeruginosa was 60% resistant to meropenem and 71% resistant to 
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Table 2 Frequency of Non-Fermentative Gram Negative Bacilli Among Hospital Acquired 
Pneumonia

Non-Fermenters Gram Negative 
Bacilli

Sputum 
n (%)

Endotracheal Aspiration 
n (%)

Total

Acinetobacter baumannii 21 (22.5%) 72 (77.4%) 93 (58%)

Pseudomonas aeruginosa 24 (44%) 31 (56%) 55 (34%)

Stenotrophomonas maltophilia 5 (42%) 7 (58%) 12 (8%)

Total 50 (31.3%) 110 (68.7%) 160 (100%)

Abbreviation: N, number of patients.

Table 1 Demographic and Clinical Characteristic of the Patients

Age (Years) Frequency(n) Percentage (%)

<18 8 5

19–40 51 31.9

41–60 49 30.6

>60 52 32.5

Gender

Male 114 71

Female 46 29

Co-morbidities

Hypertension 19 11.9

Diabetes mellitus 13 8.1

Chronic renal failure 60 37.5

Cerebro-vascular diseases 6 3.8

Heart disease 11 6.9

Asthma 9 5.6

Chronic obstructive pulmonary disease 14 8.8

Sample Type

Sputum 50 31.3

Endotracheal aspiration 110 68.7

Admission site

Inpatient department 69 43.1

Intensive care unit 91 56.9

Outcome

Improved 92 57.5

Death 68 42.5

Abbreviation: N, number of patients.
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imipenem. Stenotrophomonas maltophilia was observed to have overall 92% resistance rate against carbapenem drugs 
specially meropenem and imipenem (Table 4).

Regarding the distribution of multidrug resistance (MDR), ie, organisms exhibiting resistance to at least three or more 
antibiotic classes, NFGNB among HAP, the prevalence of MDR showing NFGNB in our study was 68.1%. The MDR 
patterns were more common in Acinetobacter baumannii related cases (84%). Stenotrophomonas maltophilia and 
Pseudomonas aeruginosa had MDR patterns of 83% and 38%, respectively. The prevalence of MDR pathogens was 

Table 3 Antimicrobial Resistance Rate Among Non-Fermentative Gram Negative 
Bacilli

Antibiotics Resistance Rate of Non-Fermenter Gram Negative 
Bacilli (%)

Acinetobacter 
baumannii

Pseudomonas 
aeruginosa

Stenotrophomonas 
maltophilia

Amoxicillin/clavulanic acid 100 100 100

Cefoperazone/sulbactam 87 29 91

Piperacillin 100 100 100

Piperacillin/tazobactam 88 15 91

Cefuroxime 100 98 100

Ceftriaxone 100 100 100

Ceftazidime 99 53 100

Cefepime 99 51 100

Trimethoprim/ 

sulfamethoxazole

100 100 9

Ciprofloxacin 98 62 9

Levofloxacin 93.5 43 27

Amikacin 59 9 81

Imipenem 92 70 92

Meropenem 93% 60 92

Colistin 2.1 4 91

Tigecycline 4 100 91

Table 4 The Rate of Carbapenem-Resistant Non-Fermentative Gram Negative Bacilli Among 
Hospital Acquired Pneumonia Patients

Non-Fermenter Gram Negative Bacilli Resistance Rate Against Carbepenems (%)

Meropenem Imipenem

Acinetobacter baumannii 94 92.4

Pseudomonas aeruginosa 60 71

Stenotrophomonas maltophilia 92 92
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strongly associated with ICU admissions (95% CI, 0.202–0.800, OR, 0.402, p value <0.009). MDR exhibiting NFGNB 
was also found to be more common in males (69%) and patients who have co-morbidities (77%), but these numbers were 
not enough to represent statistically significant associations between gender and MDR (95% CI, 0.634–3.168, OR, 1.418, 
p value <0.395) and between comorbidities and MDR (95% CI, 0.601–3.089, OR, 1.363, p value <0.458) (Table 5).

The mean duration of the hospital stay in our study was 19.54 ± 16.99. Regarding the outcome of the patients, 57.5% 
improved and were discharged in good condition. The mortality rate in our study was 42.5%. Death was more common in 
males, patients over the age of 65, those with MDR, those admitted to ICU, and those with co-morbidities (Figure 1). 
Death was strongly associated with ICU admissions (95% CI, 24.70–579.55, OR, 119.64, p value <0.0005). Patients 
admitted to the ICU were 119 times more likely to die than patients in inpatient units.

Table 5 Relationship Between Multidrug Resistance Pattern and Patient-Related Factors

Age (Years) MDR Odd Ratio 95% CI p value

Yes No

<18 5 3 0.973 0.648–1.461 <0.895

19–40 34 17

41–60 36 13

>60 34 18

Sex

Male 75 39 1.418 0.634–3.168 <0.395

Female 34 12

Co-morbidities

With co-morbidities 84 35 1.363 0.601–3.089 <0.458

Without co-morbidities 25 16

Admission site

ICU 70 21 0.402 0.202–0.800 <0.009

Non-ICU 39 30

Note: Variables with Bold numbers indicate statistical significance. 
Abbreviations: CI, Confidence interval; ICU, intensive care unit; MDR, Multidrug resistance.

Figure 1 Mortality rate and its distribution to patient factors.
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Discussion
Non-fermentative Gram-negative bacteria (NFGNB) are a heterogeneous group of Proteobacteria that are incapable of 
fermenting sugars to produce energy for their essential cellular functions.11 NFGNB constitutes nearly 15% of all gram 
negative bacterial infections and can cause severe nosocomial infections in immunocompromised patients, such as the 
elderly, intensive care patients, and patients with co-morbidities.12,13 The increasing resistance of these bacterial group to 
multiple antibiotic classes, which ultimately leads to MDR strains, poses a therapeutic challenge for many healthcare 
systems around the globe.14 The rate of HAP caused by NFGNB, the level of antimicrobial resistance of individual 
bacteria of NFGNB, the rate of MDR pathogens among NFGNB, and the rate of CR-NFGNB in Somalia have yet to be 
determined despite the growing threat of highly infectious and incurable diseases due to NFGNB. Our study is therefore 
the first to describe the epidemiology of multidrug-resistant NFGNB in HAP in Somalia.

In the presenting study, we studied 160 patients with confirmed HAP caused by NFGNB in a 5-year period. The 
overall prevalence of NFGNB among HAP patients in our study was 8%. We demonstrated a male predominance in 
NFGNB infections in our study with 71%, while females constitute (28.8%). The prevalence of NFGNB was more 
common in patients older than 65 years (32.5%), patients with co-morbidities (74.4%), and patients admitted to ICU 
(56.9%). We noted that the risk of infection with NFGNB increases with age. In 2013, a study from India by Chawla et al 
found a prevalence of NFGNB in respiratory samples at (16.4%).15 Another study in 2014 by Sharma et al on nosocomial 
infections due to NFGNB revealed (25.6%) of occurrence.5 Furthermore, another study from 2010 by Sidhu et al about 
prevalence of NFGNB infection in seriously ill patients. They noted a (45.9%) of NFGNB infection among these 
patients.16 Regarding to this finding, Somalia has less prevalence rate of NFGNB in respiratory specimens. Gajdács et al 
worked on the resistance level and epidemiology of NFGNB in patients with urinary tract infection in 2019. They 
reported a NFGNB rate of 6.43%.14

The most common NFGNB organism in HAP patients in our study was Acinetobacter baumannii in 58% of cases, 
followed by Pseudomonas aeruginosa in 34%, and Stenotrophomonas maltophilia with 7%. We did not find any other 
type of less frequent NFGNB in HAP patients in our study. Acinetobacter baumannii was the most frequently identified 
pathogen from endotracheal tube samples (77.4%), ICU patients (67%) and patients over the age of 60 (58.5%). In 
consistency to our study, a recent study involving 6216 clinical specimens from Nepal by Yadav et al demonstrated 
Acinetobacter baumannii as the most common pathogen isolated in 44% followed by Pseudomonas aeruginosa in 40%.12 

Our study is also in agreement with findings of the study by Gul et al which reported that Acinetobacter baumannii was 
the most predominant NFGNB despite being equal to the isolated numbers of Burkholderia cepacia complex.17 We did 
not find any HAP cases related to Burkholderia cepacia in our study. In contrary to our finding, a study in 2010 by 
Rahbar et al demonstrated Pseudomonas aeruginosa (42%) as the most common isolated NFGNB followed by 
Acinetobacter baumannii in 32%.18 This could indicate that Acinetobacter baumannii infections increased over the 
past decade and may now account for the majority of NFGNB infections.

This study demonstrated a higher antimicrobial resistance rate of Acinetobacter baumannii and Stenotrophomonas 
maltophilia to all antibiotic therapies tested against, 82% and 81%, respectively. Pseudomonas aeruginosa had showed 
a resistance rate of 62%. We also found a highly resistant Stenotrophomonas maltophilia strains to Tigecycline in our 
study (91%). Zhao et al concluded in a study from China that due to increased resistant rate of Tigecycline, it should be 
used with caution to prevent MDR strains of Stenotrophomonas maltophilia.19 This high level of antibiotic resistance in 
our study could be explained by the indiscriminate use of several antibiotics in the general population. The use of 
unprescribed antibiotics is at an all-time high in Somalia as the country has yet to develop a system that supervises the 
use of antibiotics among the population.

Carbapenem-resistant Acinetobacter baumannii (CRAB) and Carbapenem-resistant Pseudomonas aeruginosa 
(CRPA) are on the World Health Organization’s (WHO) list of antibiotic-resistant “priority pathogens” that pose the 
greatest risk to humankind.20 According to the National Healthcare Safety Network (NHSN) in the United States, 
carbapenem resistance among Acinetobacter species increased from 33% in 2006 to 2007 to more than 60% in 2009 to 
2010.21 Over the past decade, the prevalence of CR-NFGNB has increased significantly worldwide.22 In the presenting 
study, we demonstrated the rate of CR-NFGNB to be (79.4%). CRAB was noted at 93% and CRPA was at 66%. We also 
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found that Stenotrophomonas maltophilia was 92% resistant to carbapenem drugs specially meropenem and imipenem. 
Agarwal et al worked on the emergence of CR-NFGNB in ICU patients.23 They stated that Acinetobacter baumannii was 
90.5% resistant to imipenem and 95.2% to meropenem. They also found that Pseudomonas aeruginosa was 52% resistant 
to imipenem and 56% resistant to meropenem, while Stenotrophomonas maltophilia was 100% resistant to carbapenems. 
In contrast to this finding, we found a higher rate of CRAB and CRPA.

In May 2016, the British Government anticipated that by 2050 approximately 10 million people worldwide would die 
annually as a result of antimicrobial resistance (AMR), more than currently die from cancer.24 Our analysis revealed the 
prevalence of MDR exhibiting NFGNB in HAP in Somalia to be 68.1%. Acinetobacter baumannii exhibited MDR 
patterns in 84% of cases, Stenotrophomonas maltophilia had MDR patterns of and 83%, and Pseudomonas aeruginosa 
showed MDR patterns in 38% of cases. This is very unpleasant reality as the country’s health system is not well equipped 
and unprepared to face the challenges poses by these MDR pathogens. We observed that MDR cases were more prevalent 
in intensive care unit (ICU) patients due to reduced immunity, male gender, and patients with chronic conditions such as 
diabetes, hypertension, heart disease, and COPD. Patients in ICU were more likely to have MDR strains of NFGNB 
compared to patients admitted to inpatient units. The mortality rate of HAP caused by NFGNB in our study was 42.5%. 
Mortality was very high in older patients, ICU patients, patients infected with MDR pathogens, and patients with co- 
morbidities.

Before evaluating the findings of this study, its limitations must be taken into account. First, the study is 
a retrospective study and only focused in single tertiary care hospital. Second, the study includes a limited number of 
antibiotics, which may not accurately represent the antimicrobial resistance level of NFGNB in Somalia. Colistin 
resistance was measured by disk diffusion method due to limited medical resources in our country, and the true resistance 
level against Colistin may be misrepresented. On the other hand, it should be noted as a strength that our study represents 
the first reported data regarding the antimicrobial susceptibility rate of NFGNB infections in Somalia. In addition, 
information regarding these pathogens in sub-Saharan Africa is scarce, and this study will fill the gap in the literature.

Conclusion
In this study, a higher incidence of multidrug-resistant (MDR) NFGNB infections was seen in HAP patients. These 
infections are more prevalent among men and the elderly. In our analysis, Acinetobacter baumannii was the most 
frequently isolated NFGNB. Acinetobacter baumannii and Stenotrophomonas maltophilia exhibited the highest antibiotic 
resistance rate. There is also an increased incidence of CR-NFGNB in HAP patients. Hospital infection control 
measurements should be enhanced in order to decrease the mounting danger posed by these pathogens. The Somali 
Health Ministry should also immediately implement measures to combat the growing antibiotic resistance in the country.
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