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Abstract
Respiratory-associated pneumonia refers to pneumonia 
in which the patient needs help breathing by a machine 
through a tube inserted in the windpipe. Symptoms of 
respiratory infections, such as pneumonia, are not limited 
to infection alone, but also cause respiratory failure in 
critical care settings. The concept of bronchoalveolar 
lavage (MinibAl) was developed to diagnose Ventilator-
associated pneumonia so that appropriate antibiotics can 
be prescribed.

Methods: Fifty-one MinibAl samples were collected from 
cases admitted in the Intensive Care unit at Hospitals, 
Misrata, Libya. Microbial identification was done by using 
biochemical following the common standard methods. The 
susceptibility test was performed by disk diffusion method 
as stated by Clinical and Laboratory Standards Institute.

The results: The patients were 55% men and 45% women, 
and their ages ranged from 12-99 years. Microbial growth 
was detected in 26 samples. Microbial isolates were 
Klebsiella spp (21%), Candida albicans (14%), Acintobacter 
spp (8%), Streptococcus spp (6%), Pseudomonas 
aeruginosa (8%), E. coli (6%), and Staphylococcus aureus 
(2%). According to research results, almost all bacteria 
were susceptible to common antibiotics except Klebsiella 
spp. and Acinetobacter spp. isolates were resistant to most 
of the antibiotics. Ventilator-associated pneumonia are 
common cases in Intensive Care units, and the majority 
of them are associated with multi-drug resistant strains. 
Suggesting that the critical care department in a hospital 
performs a proper diagnosis of pneumonia to determine the 
appropriate antibiotics for the treatment of patients.
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Introduction
Respiratory-associated pneumonia refers to 

pneumonia in which the patient needs help breathing 
by a machine through a tube inserted in the windpipe, 
a face mask, or other methods within 24 hours of the 
onset of the infection [1]. Infection in hospitals usually 
occurs in the intensive care unit and is the main reason 
for staying in hospitals and increasing the number of 
deaths [2]. Respiratory-associated pneumonia is also 
considered the most common type, followed by urinary 
tract infection and bloodstream infections [3].

Respiratory infections such as pneumonia are not 
limited to infection only, but can also affect the patient's 
general health by causing respiratory failure resulting 
in hospital critical care requirements [4]. Respiratory-
associated pneumonia continues to be one of the most 
common hospital-acquired infections and is associated 
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Microbial resistance to antibiotics is a global public 
health threat with a high mortality rate that will continue 
to rise in the future if there is no solution to this problem 
[12]. Management of severe acute respiratory syndrome 
requires a combination of antibiotics, nutritional 
balance, respirator support [13,14]. Many studies were 
conducted for bacterial association with respiratory 
infection. A study in Indonesia 2018 found that most of 
the isolated microbes were Pseudomonas aeruginosa 
and fungi [15], while in a study in Egypt (2021) stated 
that the most of the isolates were Acinetobacter spp 
and Klebsiella spp. Most these isolates were multi-
drug resistant to antibiotics [16]. In a study was done 
in India (2022) found the most of the isolates were 
Pseudomonas aeruginosa [17].

As there is no information available about VAP in 
our region, the current study aimed to identify the most 
common bacterial species present in miniBAL samples 
and their antibiotic susceptibility.

Materials and Methods

Study design and inclusion criteria
The study focused on patients who were admitted 

in an intensive care unit and had VAP in Misrata, Libya, 
from 1 of January, 2022 to 31 of August, 2022, which 
included 51 patients with, different sexes and ages.

Microbial identification
MiniBAL samples were inoculated onto blood, 

MacConkey and chocolate agars culture media. The 
bacteria were identified by Gram stain and morphology 
on the agar and biochemical tests [16].

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was carried out 

using the following method Bauer-Kirby Disk Diffusion. 
A bacterial suspension was prepared and adjusted at 0.5 
McFarland's. Mueller Hinton agar plate was inoculated 
and the antibiotics (Table 1) were incubated aerobically 
at 37 °C for 24 hours [18].

with a high mortality rate. Healthcare providers 
should consider the changes or clinical features such 
as a decrease in oxygen saturation, increased body 
temperature, change in sputum characteristics, and 
change in chest radiographic features as markers of 
ventilator-associated pneumonia (VAP). Initial diagnosis 
is processed by evaluating patient clinical features 
and then is confirmed by laboratory investigations 
including sample collection from the respiratory tract 
for microbial detection to support of the prescription 
suitable anti-microbial agents [5].

Bronchoalveolar lavage (Minibal) sample is a 
technology that has been developed to diagnose VAP to 
identify appropriate antibiotics for patient treatments. 
Based on the Centers for Disease Control and prevention 
recommendations, pneumonia should be identified 
by performing semi- quantitative or non-quantitative 
sputum cultures obtained by deep coughing, induction, 
aspiration or bronchoalveolar washing [6]. The 
procedure for obtaining appropriate sputum samples 
from the airways is essential. Commensal cantonments 
can make it difficult to identify the causative organism, 
resulting in incorrect antibiotic prescriptions. It was 
suggested that the usage of fibrous bronchoscopy for 
sample collection is complex and needs expertise. In this 
case, a MinibAl sample will be suggested since it is not 
difficult or time-consuming [7]. Approximately 50-80% 
of patients with pneumonia die as a result of respiratory 
failure requiring mechanical ventilation. The mortality 
rate can be dramatically reduced when antibiotics are 
prescribed early and accurately [8].

In recent years, miniBAL samples have become 
increasingly common, especially for diagnosing VAP. 
MiniBAL was used for the first time successfully in 1989 
to diagnose hospital-acquired pneumonia [9,10]. The 
global prevalence of healthcare-associated infection 
was estimated between 7-12% according to the World 
Health Organization. Patients admitted to the intensive 
care unit are at risk of contracting nosocomial infections 
by multidrug resistance [11].

Table 1: Antibiotics used (oxoid).
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Results
The patients were 45% women and 55% men. The 

age groups were between 12 to 99-years-old. Most of 
the patients in the age group 56-75 years (18 cases) and 
76-100 years (16 cases) as can be seen in Table 2.

Microbial growth was detected in 65% (33/51) of 
collected samples. The majority of microbial isolates 
(78.9%, 26/33) were bacteria; while the other isolates 
were belonging to Candida spp. (21.2%). Six bacterial 
genera were detected and the most common was 
Klebsiella spp. (42.3%, 11/26), followed by Acinetobacter 
spp (15.4%, 4/26) and Pseudomonas aeruginosa (15.4%, 
4/26), and both Streptococcus spp and E. coli were 
(11.5%, 3/26), and Staphylococcus aureus (3.9%, 1/26) 
as shown in Figure 1.

From the obtained results from the sensitivity testing 
for the isolated bacteria to antibiotics, Staphylococcus 

         

Figure 1: The prevalence of microorganisms isolated from VAP.

         

Figure 2: Antibiotic sensitivity.

Table 2: Age groups of patients.

aureus was sensitive to CN, CIP, AK (80%), AMC, CXM, 
IMP, MRP (70%) and CTX, CRO, CST (60%).

While Streptococcus spp (coagulase negative) 
isolates were resistant to antibiotics AK, CTX, CRO, IMP, 
while 50% of the isolates were susceptible to CXM CIP, 
CN, AMC, and 80% of MRP, CST Klebsiella spp E. coli 
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associated pneumonia: A discrete choice experiment. 
Antimicrobial Stewardship Healthcare Epidemiol 2: e120.

6.	 Kalanuria AA, Zai W, Mirski M (2014) Ventilator-associated 
pneumonia in the ICU. Crit Care 18: 1-8.

7.	 Gurlevik A, Urkmez S, Utku T, Dikmen Y (2017) 
Comparison of bronchoalveolar lavage and protected 
minibronchoalveolar lavage in diagnosis of pneumonia in 
intensive care unit. J Anesth Crit Care Open Access 7: 1-6.

8.	 Rano A, Agusti C, Jimenez P, Angrill J, Benito N, et al. (2001) 
Pulmonary infiltrates in non-HIV immunocompromised 
patients: A diagnostic approach using non- invasive and 
bronchoscopic procedures. Thorax 56: 379-387.

9.	 Wu CL, Yang DI, Wang NY, Kuo HT, Chen PZ (2002) 
Quantitative culture of endotracheal aspirates in the 
diagnosis of ventilator-associated pneumonia in patients 
with treatment failure. Chest 122: 662-668.

10.	Rouby JJ, Rossignon MD, Nicolas MH, Martin de Lassale 
E, Cristin S, et al. (1989) A prospective study of protected 
bronchoalveolar lavage in the diagnosis of nosocomial 
pneumonia. Anesthesiol 71: 679-685.

11.	Kumar N, Wasi S, Daga MK, Mawari G, Sharma U, et al. 
(2022) Current pattern and clinico-bacteriological profile of 
healthcare associated infections in an ICU setting: A study 
from a tertiary care centre in Delhi. J Adv Res Med 9: 1-10.

12.	Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Aguilar 
GR, et al. (2022) Global burden of bacterial antimicrobial 
resistance in 2019: A systematic analysis. The Lancet 399: 
629-655.

13.	Klinker KP, Hidayat LK, DeRyke CA, DePestel DD, Motyl M, 
et al. (2021) Antimicrobial stewardship and antibiograms: 
Importance of moving beyond traditional antibiograms. 
Ther Adv Infect Dis 8: 20499361211011373.

14.	Kemenkes RI (2011) Pedoman umum penggunaan 
antibiotik. Jakarta: Kementrian Kesehatan Republik 
Indonesia.

15.	Singh G, Wulansari SG (2018) Pattern of bacterial and 
fungal pathogen in patients with high risk for invasive 
fungal disease in an indonesian tertiary care hospital: An 
observational study. Pan Afr Med J 29: 60.

16.	Maebed AZM, Gaber Y, Bakeer W, Dishisha T (2021) 
Microbial etiologies of ventilator-associated pneumonia 
(VAP) in intensive care unit of Beni-Suef University’s 
Hospital. Beni-Suef Univ J Basic Appl Sci 10: 40.

17.	Malpekar K, Sabne S, Kusulkar M, Redkar N (2022) A 
clinico-etiolgical and antibiotic sensitvity profile of micu 
infections, at a suburban tertiary care Hospital, Western 
India. Int J Acad Med Pharm 4: 421-425.

18.	Wayne PA (2013) Performance standards for antimicrobial 
susceptibility testing. CLSI approved standard M100-S23. 
Clin Lab Stand Inst 33: 118-156.

19.	Singh G, Fauzi NB, Masse SF, Aditianingsih D, Sugiarto 
A, et al. (2022) Microbial pattern and antibiotic resistance 
of severe pneumonia in a national referral hospital in 
Indonesia.

20.	Ben Lakhal H, M’Rad A, Naas T, Brahmi N (2021) 
Antimicrobial susceptibility among pathogens Isolated in 
early-versus late-onset ventilator-associated pneumonia. 
Infect Dis Rep 13: 401-410.

isolates were resistant to most antibiotics, especially 
AK, AMC, CTX, CRO, CXM and CIP, and 60% of them 
were sensitive to CST, CN, IMP, MRP. Pseudomonas 
aeruginosa and Acinetobacter spp were resistant to 
most of the antibiotics, especially AMC, CTX, CRO, CIP 
while 55% of the isolates were susceptible to CST, MRP 
and AK, as Figure 2.

Discussion
In this study, the proportion of men to women was 

similar, whereas in another study, it was significantly 
higher [19]. A study in Indonesia found similar results, 
with most cases over 56 years of age [19], which is 
possibly due to declining immunity with age. Detected 
microorganisms in this study were similar to those seen 
in an Indonesian study where most isolates were fungi 
or Klebsiella species [15], while in an Indian study, most 
of the isolates were Pseudomonas aeruginosa [17]. 
According to the present study, most of the Gram-
negative bacteria isolates were multi-drug resistant 
(MDR) and this was in agreement with two studies 
conducted in France and Indonesia [19,20].

Conclusion
In the current study, it was concluded that Gram-

positive bacterial isolates were more susceptible to 
the most common antibiotics than Gram-negative 
bacterial isolates, while most Gram-negative isolates 
were resistant to the antibiotics, especially isolates 
from Acinetobacter spp and Pseudomonas aeruginosa. 
To prevent infection in hospitals, It is essential that the 
critical care department in a hospital performs a proper 
diagnosis of pneumonia to determine the appropriate 
antibiotics for the treatment of patients.
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