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Abstract: Nosocomial infections have been common in health services in Brazil. Among them, pneumonia is very highlighted due to 

the comorbidity that usually affects intensive treatment unit (ITU) patients, and due to the need for endotracheal intubation. The aim of 

this study was to determine the resistance profile of bacteria isolated from ITU patients with pneumonia in a public hospital in São Luis, 

an important city in the Brazilian pre-Amazon region. Bacteria strains were obtained from tracheal aspiration and collected for 

diagnosis as well for phenotypic characterization. Standards culture media, such as blood and MacConkey agar, were used to isolate 

clinical strains. Automatized Vitek 2 method was used to identify strains and disc diffusion method (Kirby-Bauer) was performed to 

determine the antimicrobial susceptibility profile. During study, eighty-eight patients were diagnosed with pneumonia, caused by more 

than 20 different bacteria. Among them, P. aeruginosa (28%), Acinetobacter baumannii (20%), Coagulase-negative Staphylococci 

(19%), Staphylococcus aureus (8%) and Klebsiella pneumoniae (7%) were the most prevalent microorganisms. Regarding to the 

resistance, antimicrobial susceptibility test showed that majority of Gram-negative bacteria presented resistance to ampicillin. In 

Gram-positive bacteria there was a high resistance to ampicillin, penicillin, ciprofloxacin, clindamycin and erythromycin. This study 

showed a high prevalence of bacteria resistance in ITU patients in a public hospital. Although P. aeruginosa was the most frequent 

pathogen, it was possible to find other pathogens that were not recurrent, such as Enterobacter spp., Proteus mirabilis and Providencia 

stuartii. Regarding antimicrobials, the results showed a high resistance to several antimicrobials. 
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1. Introduction

 

Respiratory diseases are important worldwide 

causes of illness. According to the World Health 

Organization (WHO), 14% of all deaths in the world 

have this origin. In 2012, World Health Statistics listed 

the main potential causes of death in the world, 

highlighting lower respiratory tract infections, such as 

pneumonia [1]. 

Pneumonia is an acute or chronic inflammatory 

process of the lung parenchyma produced primarily by 

microorganisms, especially bacteria. After the 

infection of the pulmonary parenchyma, the 
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bronchioles and alveoli are filled with inflammatory 

exudate, hampering hematosis and leading to the 

classic respiratory insufficiency [2, 3]. 

In general, the most isolated microorganisms from 

patients with pneumonia are: Staphylococcus aureus, 

Pseudomonas aeruginosa, Acinetobacter baumannii 

and Klebsiella pneumoniae [4, 5]. Among the factors 

that lead to infection, hospitalization for long periods, 

chronic disease, immunodeficiency, contact with 

contaminated hospital materials and exposure to 

antibiotics for a long period are the most common [6]. 

The risk group is formed by children, elderly (aged 65 

and older and hospitalized), pregnant women, 

immunocompromised, health professionals and 

patients hospitalized in an Intensive Treatment Unit 

D 
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(ITU) [7]. 

Even with advances in diagnosis and treatment, 

about 450 million people are still affected every year in 

the world. In Latin America, up to 1.5 million children 

under the age of five are infected, leading to the death 

of approximately 4 million annually [8-10]. Brazil is 

one of the countries with the highest number of cases 

[8]. According to the Brazilian information system of 

the Unified Health System (SUS/DATASUS), between 

1996 and 2012, pneumonia was responsible for 37% of 

deaths related to the respiratory system [11]. 

Intravenous endotracheal intubation and mechanical 

ventilation (MV) have revolutionized the treatment of 

respiratory failure, however, they can generate 

negative effects due to the reduction of local defenses 

against the presence of the endotracheal tube [12, 13]. 

A survey showed that the incidence of the disease in 

patients taking MV is up to 21 times higher than in 

other patients, and that about 20% of those who use the 

technique for more than 48 hours will develop the 

infection [14]. 

According to the guidelines of the American 

Thoracic Society, Hospital acquired pneumonia (HAP) 

and ventilator-associated pneumonia (VAP) remain 

important causes of morbidity and mortality despite 

advances in antimicrobial therapy, better supportive 

care modalities, and the use of a wide-range of 

preventive measures [15]. HAP is diagnosed after 

hospitalization and it is estimated that up to 1.1% of all 

inpatients develop it, in addition has a low incidence 

and mortality of up to 50% [16].  

VAP, which develops after 48-72 h of endotracheal 

intubation, is considered the second most common 

nosocomial infection and the main cause of death in 

critically ill patients due to the invasive nature of 

mechanical ventilation procedures [17, 18]. It differs 

from HAP due to its development occurring 48 hours 

after orotracheal intubation [19, 20]. The diagnosis of 

pneumonia is made through clinical, laboratory and 

imaging tests, such as radiology. Radiography reveals 

the presence of persistent or recent progressive 

infiltrates, pulmonary cavitation or consolidation. The 

laboratory and clinical exams reveal aspects such as: 

leukopenia or leukocytosis, fever, purulent secretion 

with its change or gradual increase [21]. In addition, 

the microbial identification tests improve the diagnosis 

and generate relevant information about the resistance 

profile [21, 22]. 

The emergence of the theme led the World Health 

Organization (WHO) to recognize Antimicrobial 

Resistance as a serious problem faced by global public 

health [23]. Therefore, control of antimicrobial use 

during treatment is essential to prevent outbreaks. The 

aim of this study was to evaluate the antimicrobial 

resistance profile of microorganisms from patients with 

pneumonia in a public hospital in Brazil. 

2. Material and Methods 

2.1 Bacterial Strains 

Samples of tracheal secretion were obtained for 

convenience from patients attended at a public health 

hospital with diagnosis of pneumonia, this study is a 

retrospective analysis which was conducted with 

authorization of the Laboratory of Microbiology. The 

results were obtained from a data bank, as well as 

approved by the Research Ethics Committee, in a 

period of four months, in São Luis, Brazil. After 

collection, conventional culture media were used for 

sowing of samples, such as blood agar, MacConkey 

agar and Thioglycolate broth. All isolates were 

identified using conventional techniques [24] and the 

Vitek 2 system, an automated assay (BioMérieux®, 

Marcy l’Etoile, France). 

2.2 Antimicrobial Susceptibility Tests 

Susceptibility testing was performed and interpreted 

via Kirby-Bauer method, as recommended by the 

Clinical and Laboratory Standards Institute (CLSI), 

and the Vitek 2 system. 

The following antimicrobials were used for the test: 

amikacin, amoxicillin/clavulanate, ampicillin, 

ampicillin/sulbactam, amphotericin, aztreonam, 
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cefazolin, cefepime, cefotaxime, cefoxitin, ceftazidime, 

ceftriaxone, cefuroxime, ciprofloxacin, clindamycin, 

chloramphenicol, cotrimoxazole, erythromycin, 

ertapenem, fluconazole, gentamycin, imipenem, 

levofloxacin, linezolid, meropenem, nitrofurantoin, 

norfloxacin, oxacillin, penicillin, polymyxin B, 

teicoplanin, tetracycline, ticarcillin/clavulanate, 

tobramycin, vancomycin, minocycline, gentamicin, 

streptomycin, rifampicin, tigecycline, colistin, 

cefuroxime, ofloxacin. 

3. Results 

In this study, a total of eighty-eight patients were 

diagnosed with pneumonia, of which 51 were male 

(57.95%) and 37 (42.04%) were female. The majority 

of patients were elderly (aged 60 or over) (n = 47), 

followed by adult (n = 41). After the microbiological 

tests, it was possible to identify twenty different 

species of bacteria involved in cases of pneumonia 

(Table 1). The most frequent were P. aeruginosa (n = 

29), A. baumannii (n = 21), S. aureus (n = 8) and K. 

pneumoniae (n = 7), as shown in Table 1. The 

antimicrobial susceptibility test showed that the most 

of the Gram-negative bacteria presented resistance to 

ampicillin, ampicillin/sulbactam. Some isolates 

showed resistance to cephalosporins, gentamicin, 

levofloxacin, imipenem and meropenem (Table 2). 

Gram-positive bacteria presented a high resistance to 

ampicillin, ciprofloxacin, clindamycin, erythromycin 

and oxacillin (Table 3). 

4. Discussion 

Bacterial resistance to antimicrobials has been 

widely discussed as an important problem in ITU 

worldwide. The main factor that leads to colonization 

and/or infection caused by resistant microorganisms is 

the inadequate use of antimicrobials. 

All antibiotics in some way promote selection and 

resistance, not only by molecular mechanisms, but 

mainly by elimination of the sensitive microbiota and 

its substitution by resistant microorganisms [25]. The 

cause of emergence and spread of multidrug-resistant 

bacteria in hospitals is multifactorial and includes 

mainly the abuse of antimicrobials. Infections 

associated with virulent pathogens have become 

increasingly difficult to administer and often require 

higher doses, favoring increased resistance [26].  

The results found in this study showed a high 

microbial resistance to the most antibiotics tested, and 

presented quite similarity when compared to the data 

reported by Ju et al. [27], Varon-Vega et al. [28] and 

Seibert  [29], since  the most  prevalent  gender  was the 
 

Table 1  Microorganisms isolated from patients diagnosed with pneumonia in a public hospital in São Luís, Brazil. 

Microorganism No. % 

Pseudomonas aeruginosa 29 28.1 

Acinetobacter baumannii 21 20.4 

Coagulase-negativa Staphylococcus  20 19.4 

Staphylococcus aureus 8 7.8 

Klebsiella pneumoniae 7 6.8 

Enterobacter spp. 4 3.8 

Enterococcus spp. 4 3.9 

Serratia marcescens 2 1.9 

Stenotrophomonas maltophilia 2 1.9 

Achromobacter xylosoxidans 1 1.0 

Elizabethkingia meningoseptica 1 1.0 

Morganella morganii 1 1.0 

Proteus mirabilis 1 1.0 

Providencia stuartii 1 1.0 

Streptococcus pneumoniae 1 1.0 

Total 103 100 
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Table 2  Resistance profile of the main Gram-negative bacteria isolated from patients diagnosed with pneumonia in a public 

hospital in São Luís, Brazil. 

Gram-negative bacteria /Antimicrobial Resistance (%) 

Serratia marcescens  

Ampicillin, ampicillin /sulbactam 100% 

Cefoxitin 50% 

Pseudomonas aerugiosa  

Imipenem 48.20% 

Meropenem 27.50% 

Ciprofloxacin 17.20% 

Cefepime, levofloxacin 10.30% 

Ceftazidime 6.90% 

Gentamicin 3.40% 

Proteus mirabilis  

Ampicillin, ampicillin/sulbactam, cefotaxime, cefoxitin, ceftazidime, ceftriaxone 100% 

Acinetobacter baumanii  

Cefepime 81% 

Meropenem 76.19% 

Ciprofloxacin, imipenem 76.20%  

Cefriaxone 61.90% 

Cefotaxime 57.10% 

Ampicillin/sulbactam, ceftazidime 47.60% 

Levofloxacin 42.90% 

Gentamicin 33.30% 

Ampicillin 28.60% 

Cefoxitin 14.30% 

Klebsiella pneumonia  

Ampicillin 100% 

Ampicillin/sulbactam, cefepime, cefotaxime, ciprofloxacin, imipenem 14.30% 
 

masculine. On the other hand, in a study conducted by 

Bezerra et al. [14] that followed 74 patients, the 

majority of them was women. 

The main microorganisms found here were P. 

aeruginosa, corroborating with the findings of Pires et 

al. [30], that conducted a retrospective study based on 

microbiological data obtained from the record book at 

Laboratory of Bacteriology, Hospital das Clínicas, 

Pernambuco, Brazil. Regarding the use of 

antimicrobials, there was a divergence, since here 

ciprofloxacin and imipenem were more effective in 

relation to P. aeruginosa. On the other hand, in a 

retrospective study conducted at Zhongshan Hospital 

of Fudan University in Shanghai, HAP was caused 

mainly by A. baumannii [27]. Among the 

antimicrobials tested, cefotaxime and meropenem 

presented similar results with our study, since A. 

baumannii was also resistant to these drugs. Among the 

Enterobacteriaceae family, K. pneumoniae was the 

most frequent, presenting a total resistance against 

ampicillin. This same pathogen was the most prevalent 

among the bacteria in a descriptive study carried out by 

Seibert [29]. Similar to this study carried out in São 

Luís, Barnes et al. [31] analyzed 226 patients with 

nosocomial pneumonia and numerous types of bacteria 

were found, among them: A. baumannii, K. 

pneumoniae, S. marcescens, P. mirabilis, among 

others. 

The bacterial species reported in our study are 

recurrent in several studies, however, in the study by 

Patil et al. [32], K. pneumoniae was more prevalent. In 

addition, with regard to its antimicrobials, meropenem 

was successfully used in the treatment Acinetobacter 

spp. and Pseudomonas spp. This shows that knowledge  
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Table 3  Resistance profile of the main Gram-positive bacteria isolated from patients diagnosed with pneumonia in a public 

hospital in São Luís, Brazil. 

Gram-positive bacteria/antimicrobial Resistance (%) 

Staphylococcus aureus  

Ampicillin, erythromycin, penicillin 75% 

Ciprofloxacin, clindamycin, oxacillin 50% 

Levofloxacin 37.50% 

Cephalothin 25% 

Gentamicin 12% 

Staphylococcus epidermidis  

Ampicillin, ciprofloxacin, clindamycin, erythromycin, oxacillin, penicillin 100% 

Cephalothin, levofloxacin 50% 

Staphylococcus haemolyticus  

Ampicillin, ciprofloxacin, clindamycin, erythromycin, oxacillin, penicillin 100% 

Streptococcus pneumoniae  

Ciprofloxacin, tetracycline 100% 

Ampicillin, erythromycin 50% 

Staphylococcus coagulase negativa  

Ampicillin, penicillin 100% 

Erythromycin 88.20% 

Ciprofloxacin, oxacillin 70.50% 

Clindamycin, levofloxacin 64.70% 

Cephalothin 58.80% 

Tetracycline 29.40% 

Rifampicin 23.60% 

Gentamicin 17.60% 

Enterococcus spp.  

Ciprofloxacin, oxacillin, rifampicin, tetracycline 25% 
 

of the susceptibility pattern of local pathogens will 

define the strategy in the use of antimicrobials. In the 

present study, it was also possible to observe that the 

most frequent Gram-positive bacteria was 

Staphylococcus spp., mainly S. aureus. These data 

corroborated with the study by Walter et al. [4]. 

Besides that, this microorganism presented a high 

resistance to erythromycin followed by oxacillin, 

corroborating a study reported in Korea by Lee and 

colleagues [33] with patients who had pneumonia. 

Among the Enterobacteriaceae family, K. 

pneumoniae was the main isolated. Its resistance is 

associated with the production of β-lactamases, among 

other mechanisms. Here it was possible to observe a 

high resistance to beta-lactams, followed by 

carbapenems, as well as a study conducted by 

Montufar-Andrade et al. [34]. P. aeruginosa and A. 

baumannii were the main microorganisms found in this 

study. Regarding the use of antimicrobials, 

carbapenems had a high rate of resistance in these 

bacteria, therefore a high consumption of 

imipenem/meropenem may play an important role in 

the selective pressure exerted by antibiotics in these 

strains. Moreira et al. [35] also observed high rates of 

resistance to carbapenems. 

In this way, to avoid the respiratory infection, 

Almeida et al. [36] after conducting a study at 

university hospital in the city of Recife, Brazil, listed 

some preventive measures to prevention. These include: 

30-45° head elevation, discontinuation of sedation, oral 

hygiene of the patient and cuff pressure. Together, 

these actions can culminate in improving the patient’s 

health status. It is important to note that most of the 

reviews and studies presented as the most recurrent 

microorganisms the same ones that were identified in 

this research, as well as the resistance profile despite 



Antimicrobial Resistance of Microorganisms Causing Pneumonia in Patients of  
a Public Hospital in Brazilian Pre-Amazon Region 

  

20 

small variations. These studies have in common the 

high rates of bacterial resistance. 

5. Conclusions 

Pneumonia is one of the infectious diseases that kill 

the most in the world and Brazil is among the countries 

with the highest incidence of this disease, which is even 

more serious among patients who use mechanical 

ventilation. Although P. aeruginosa was the most 

isolated pathogen in this work, the presence of other 

pathogens, such as A. baumannii and Staphylococcus 

spp. were frequent. Regarding antimicrobials, the 

results showed that microorganisms presented a high 

resistance, a matter of concern, mainly due to the high 

morbimortality associated with these phenomena. 
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