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ARTICLE INFO  ABSTRACT 
 
 

The objective of this study was to evaluate the antibacterial activity of the Red Propolis from 
Alagoas (RPA) against Staphylococcus species isolated from air conditioner filters and surfaces of 
an intensive care unit in a tertiary-care public hospital in Maceió (Alagoas State). Sterile swabs 
were used for sample collection. Bacteria were grown in brain heart infusion (BHI) agar at 370C 
(24 hours), and presumptively identified by conventional biochemical tests. Antimicrobial 
susceptibility was determined using the disk diffusion method. Fresh propolis was macerated to 
obtain the Hydroalcoholic Extract (HAE), which was fractionated using the liquid-liquid partition 
method, resulting in the Medium Polarity (MPF) and Medium-High Polarity (MHPF) Fractions. 
The antimicrobial activity of the RPA was evaluated using the broth microdilution method. 
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were 
determined. HAE and fractions showed activity against staphylococcal strains (MIC, 64-1024 µg 
mL-1; MBC, 256-2048 µg mL-1). MPF showed lower MIC values. Our data show an antibacterial 
potential of the RPA against clinical isolates of Staphylococcus, including Methicillin-Resistant S. 

aureus (MRSA) strains. 
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INTRODUCTION 
 

Health Care-Related Infections (HAIs) represent a major 
public health concern, increasing mortality rates, affecting the 
hospitalization period of affected patients, in addition to 
increasing the costs involved in this hospitalization (Padoveze; 
Fortaleza, 2014). Air conditioners and contact surfaces of 
hospital environments are recognized as reservoirs of 
infectious microorganisms and present a great risk for the 
spread of multi-resistant pathogens (Gebel et al., 2013; Weber 
et al., 2013; Han et al., 2015). Periodic cleaning of air 
conditioner filters and disinfection of surfaces is extremely 
important for infection control in Intensive Care Units (ICUs) 
(Carling; Bartley, 2010; Santos Junior et al., 2018), as 
immunocompromised patients undergo invasive procedures 
becoming susceptible to opportunistic infections (Streit et al., 
2004; Zilahi et al., 2016; MacVane et al., 2017). In particular, 
contact surfaces must be cleaned and disinfected with highly  

 
effective antimicrobial agents (Vickery et al., 2012). Studies 
investigating cleaning interventions have shown that 
approximately 5 to 30% of surfaces remain potentially 
contaminated due to the inability of existing detergent and 
disinfectant formulations in avoiding biofilm formation 
(Ramm et al., 2015; Sattar et al., 2015), indicating the need for 
new strategies for cleaning and disinfecting. The Red Propolis 
of Alagoas (RPA) is a complex material composed of resinous 
exudate produced by bees (Apis mellifera). It is found in 
mangrove areas of the State of Alagoas, Brazil, and its main 
botanical source is Dalbergia ecastophyllum (L.) Taub. 
(Fabaceae), popularly known as "rabo-de-bugio" (Alencar et 
al., 2007; Libério et al., 2009). RPA is classified as the 13th 
type of Brazilian propolis and its biological activity differs 
from the other types due to the presence of phenolic 
compounds, such as isoflavones, chalcones, pterocarpanes, 
terpenes, polyprenylated benzophenones (guttiferones), and 
condensed tannins (Daugsch, et al., 2008; Bueno-Silva et al., 
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2013). Recent studies have highlighted its antimicrobial 
activity against several microorganisms, including Gram-
positive and Gram-negative bacteria (Regueira-Neto et al., 
2019; Nascimento et al., 2019; Miranda et al., 2019). The RPA 
also presents other pharmacological properties, including 
antioxidant (Reis et al., 2019), antifungal (Pippi et al., 2015), 
antiviral (Silva-Beltrán et al., 2019) and anti-inflammatory 
(Bueno-Silva et al., 2017) activities. Given the above, the 
objective of this study was to evaluate the antibacterial activity 
of RPA against Staphylococcus species isolated from an ICU 
in a tertiary-care public hospital in Maceió (Alagoas). 
  

MATERIALS AND METHODS 
 
Sample Collection 
 
This study was conducted in the General ICU in a tertiary-care 
public hospital in Maceió (Alagoas State), which has 8 beds 
for young and adult patients. Monthly collections of air 
conditioner filter and surface samples (entrance door, serum 
support, patient’s bed, and sink) were carried out from 
February to April, 2018. Samples were collected in an area of 
20 cm2 of each site using sterile swabs moistened in 0.9% 
saline solution, which were seeded by radial spreading in Petri 
dishes containing Brain Heart Infusion (BHI) agar. Then, the 
plates were incubated at ± 35°C for 24 hours. After the time 
the cultures remained in the microbiological oven, the growth 
of microorganisms was detected by counting Colony Forming 
Units (CFU). Gram stain was used to classify bacteria based 
on morphotintorial characteristics. For identification of Gram-
positive cocci, biochemical tests were performed as follows: 
catalase, coagulase, DNase, 6.5% NaCl, esculin bile, and 
susceptibility to novobiocin, bacitracin and optoquine (Murray 
et al., 2017). Gram-negative and Gram-positive Bacilli isolated 
at the sampled sites were not identified, since this study 
focused on Gram-positive cocci, especially Staphylococcus 
spp., which are considered important causes of contamination 
in hospital environments. 
 
Antimicrobial Susceptibility Test (TSA): After presumptive 
identification of Staphylococcus, the most prevalent species 
were subjected to the antimicrobial susceptibility test (TSA). 
The Agar Diffusion Disc method was performed according to 
the guidelines of the Clinical Laboratory Standards Institute 
(CLSI, 2019). The following antibiotics were tested: penicillin 
(10µg), gentamicin (10µg), ciprofloxacin (5µg), vancomycin 
(50µg), sulfamethoxazole-trimethoprim (25µg), ceftriaxone 
(30µg), chloramphenicol (30µg), tetracycline (30µg), cefoxitin 
(30µg), and oxacillin (5µg). 
  
Hydroalcoholic extract and fractions of red propolis from 
Alagoas: A sample of red propolis from the apiary Ilha do 
Porto was used to obtain the hydroalcoholic extract and 
fractions. The apiary was located in a mangrove area in 
Marechal Deodoro (AL), in the Northeast Region of Brazil. 
Obtaining the hydroalcoholic extract and typified fraction was 
based on the methodology used by Alencar et al. (2007). The 
ground fresh propolis was subjected to cold extraction 
(maceration) and left to stand for 48 hours at room 
temperature, using 96 ° GL ethanol as a solvent. Three washes 
were performed with ethanol to exhaust the extraction of the 
compounds. The filtration of this solution was performed on 
filter paper, using a vacuum pump. Then, the filtrate was 
concentrated in a rotary evaporator, and after evaporation of 
the solvent, the Propolis Crude Extract (PCE) was obtained.  

At this stage, 10% of distilled water was added to obtain the 
Propolis Hydroalcoholic Extract (HAE). The extract 
fractionation was carried out using the liquid-liquid extraction 
technique, in a separating funnel, so that the HAE was 
partitioned with solvents of increasing polarity: hexane and 
ethyl acetate, after evaporation of the solvents in a rotary 
apparatus at reduced pressure what they were obtained the 
Low Polarity (LPF), Medium Polarity (MPF), Medium-High 
Polarity (MHPF) and High Polarity (HPF) fractions. For 
microbiological assays, MPF and MHPF were selected, as they 
have a higher content of flavonoids in previous 
chromatographic analysis and have demonstrated better 
antibacterial activity in preliminary tests against ATCC strains. 
The samples were solubilized in Dimethyl Sulfoxide (DMSO) 
2%, obtaining a concentration of 4096 µg mL-1. 
 

Antimicrobial activity of RPA: The selected extracts and 
fractions of RPA were tested against Staphylococcus aureus 
and Staphylococcus epidermidis isolates using the broth 
microdilution assay. Minimum Inhibitory Concentration 
(MIC) was determined according to the document M07 of the 
Clinical Laboratory Standards Institute (CLSI, 2018). The S. 
aureus strain ATCC 25923 was used as a control of the 
experiment. The Minimum Bactericidal Concentration (MBC) 
was determined based on the methodology of Santurio et al. 
(2007). From the wells in which there was no visible bacterial 
growth, in the microdilution assay, an aliquot of 10 μL was 
removed and then grown on the surface of the Mueller Hinton 
Agar (MHA) contained in Petri dishes. Subsequently, the 
plates were incubated at 35ºC and, after 24 hours, the MBC 
was defined as the lowest concentration of the extract in a 
study capable of promoting the death of the inoculum. MIC 
and MBC trials were performed in triplicate. 
 

RESULTS AND DISCUSSION 
 
Bacteria isolated from the ICU: Quantitative analysis of 
colonies isolated from air conditioner filters and surfaces 
showed 190 Colony Forming Units (CFU) during the three 
collections. The air conditioner with 94 (49.5%) CFU, 
followed by the surface of the ICU entrance door with 45 CFU 
(23.7%) corresponded to the main sources of contamination, as 
shown in Table 1. The air conditioner is recognized as a source 
of propagation of pathogens (Quadros et al., 2009; Silva et al., 
2013; Eslami et al., 2016; Libert et al., 2019), through the 
production of aerosols, by the transmission of particles from 
the contaminated filters, due to the low rate of renewal and 
exhaustion of the air or even the condensation trays, where 
biofilms are often formed which are capable of promoting the 
growth of microorganisms (Nunes, 2005; Mobin; Salmito, 
2006). According to Quadros et al. (2009), air quality in air-
conditioned environments has a direct and significant 
influence on the speed of recovery of patients and the 
occurrence of infections. 

  
Table 1. Total CFU distribution of bacteria isolated from air 
conditioner filters and ICU surfaces at a tertiary-care public 

hospital in Maceió (Alagoas State) 
 

SAMPLES CFU % 

Surfaces Patient’s bed 27 14.2 
Serum support 4 2.1 
Sink 20 10.5 
Entrance door 45 23.7 

Equipment Air conditioner 94 49.5 
TOTAL 190 100.0 
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Table 2. Distribution of CFU according to the microorganism 
isolated in the ICU of a tertiary-care public hospital in Maceió 

(Alagoas State) 
 

MICROORGANISMS CFU % 

Staphylococcus aureus 123 64,7 
Staphylococcus epidermidis 49 25,7 
Staphylococcus saprophyticus 2 1,1 
Enterococcus spp. 1 0,5 
Gram-negative bacilli 10 5,3 
Gram-positive bacilli 3 1,6 
Unidentified 2 1,1 
TOTAL 190 100,0 

 

 
 

Figure 1. Antimicrobial susceptibility profile of S. aureus (n=13) 
and S. epidermidis (n=10) isolated from the ICU of a tertiary-care 
public hospital in Maceió (Alagoas State). PEN = Penicillin; GEN 
= Gentamycin; CIP = Ciprofloxacin; VAN = Vancomycin; SUT = 

Sulfamethoxazole-Trimethoprim; CRO = Ceftriaxone; CLO = 
Chloramphenicol; TET = Tetracycline and CFO = Cefoxitin. 

 
A considerable percentage of microbial contamination was 
also found in the ICU entrance door (45 CFU / 23.7%) and in a 
patient's bed (27 CFU / 14.2%), which can serve as a vehicle 
for contamination among professionals, visitors, and patients 
(Andrade et al., 2006). In this sense, the cross-transmission of 
microorganisms from surfaces can play a significant role in 
colonization and infections acquired in the ICU. 
Contamination can result from the hands of healthcare 
professionals or direct spillage of bacteria by patients, capable 
of surviving for several months on dry surfaces (Russotto et 
al., 2015). In this way, the importance of frequent disinfection 
of surfaces is emphasized. Besides, the correct use of gloves 
by professionals is essential, as well as adequate hygiene of the 
patient and the hands of family members and visitors, to 
minimize the appearance of HAIs (Oliveira; Damasceno, 
2010). Among the 190 CFUs isolated, 175 (92.1%) were 
identified as Gram-positive cocci, 10 (5.3%) as Gram-negative 
bacilli and 3 (1.6%) as Gram-positive bacilli. Among Gram-
positive cocci, 123 (64.7%) were found to be Staphylococcus 
aureus, 49 (25.7%) Staphylococcus epidermidis, 2 
Staphylococcus saprophyticus (1.1%) and 1 Enterococcus spp. 
(0.5%), as shown in Table 2. Gram-positive bacteria, 
especially cocci, are microorganisms commonly isolated on 
hospital surfaces (Kramer et al., 2006; Gomes et al., 2016), 
corroborating the findings of this study. This fact is related to 
the colonization of these microorganisms, both in the skin or 
mucous membranes of humans and animals and in an 
environment where there is nature and/or inanimate objects, 
being able to survive for months on surfaces (Murray et al., 
2017). Staphylococci, especially Staphylococcus aureus, are 
important bacteria associated with HAIs. S. aureus is 

frequently inoculated during invasive procedures or 
transmitted by the health team, and this situation is aggravated 
by the emergence of endemic multidrug-resistant strains in the 
hospital environment, especially in the ICU (Renner; 
Carvalho, 2013). Staphylococci constitute the skin microbiota, 
and can also cause opportunistic infections, due to the patient's 
immune deficiency, intracellular destruction, as in the case of 
burns, surgical wounds, presence of long-term catheters, suture 
threads, surgical prostheses, chronic-degenerative diseases, or 
even in cases of the prolonged use of antimicrobial agents 
(Siboo et al., 2001; Procop et al., 2018). To assess the 
susceptibility profile to antimicrobials, a total of 13 different 
strains of S. aureus and 10 of S. epidermidis were 
characterized. All isolates were vancomycin susceptible 
(100%). Nevertheless, only 5 (38.5%) isolates of S. aureus and 
4 (40.0%) strains of S. epidermidis were susceptible to 
penicillin, in all collected sites. Four MRSA (Methicillin-
resistant Staphylococcus aureus) strains were also identified. 
One of them was isolated from the air conditioner, 1 from the 
patient's bed, 1 from the serum support and 1 from the sink 
(Figure 1).  
 
In Brazil, resistance to penicillin in S. aureus and S. 
epidermidis have been found in more than 80% of the isolates 
in both healthcare and community, and the use of this 
antimicrobial agent is no longer recommended for the 
treatment of staphylococcal infections (Boretti et al., 2014). 
Penicillin resistance occurs due to the production of beta-
lactamases, which are widely spread among Staphylococcus 
species (Deng et al., 2015). In addition, these microorganisms 
have shown a high percentage of resistance to methicillin in 
hospitals in Brazil (Bride et al., 2019). ICU’s are considered 
epicenters of bacterial resistance, becoming the main source of 
outbreaks of multidrug-resistant bacteria responsible for HAIs 
(Oliveira; Silva, 2008). In a study conducted by Renner e 
Carvalho (2013), aiming to evaluate the presence of 
microorganisms on surfaces of the adult ICU of a hospital in 
Vale do Rio Pardo - RS, Brazil, the resistance to penicillin was 
found in 93% of coagulase-negative Staphylococcus and 80% 
of strains of S. aureus. Regarding MRSA, epidemiological 
studies have shown that this microorganism is endemic in most 
hospitals in the world, raising the significant level of morbidity 
and mortality, especially in ICU patients (Ferreira et al., 2011; 
Cabrera et al., 2020; Chen et al., 2020; Mehta et al., 2020). 
MRSA contagion in internal patients occurs through the hands 
of health professionals and, although measures that improve 
adherence to hand hygiene are being implemented, cross-
contamination is still a frequent problem (Alvarez et al. 2010). 
The methicillin resistance in S. aureus is related to the 
alteration of the penicillin-binding protein (PBP) PBP2a or 
PBP2´, which has low affinity for methicillin and other beta-
lactams, thus preventing the arrival of antibiotics, generating a 
resistance pattern (Chambers; Deleo, 2009; Kumar et al., 
2014). PBP2a is encoded by the mecA gene, which is carried 
by a mobile genetic element called Staphylococcal 
Chromosomal Cassette (SCCmec) (Kondo et al., 2001; Kondo 
et al., 2009; Chambers; Deleo, 2009; Ortíz-Gil et al., 2020). 
 
Antimicrobial activity of RPA: Table 3 shows the MIC and 
MBC values using the hydroalcoholic extract and RPA 
fractions in the Staphylococcus species. MIC ranged from 64 
to 1024 µg mL-1, with the lowest value observed for the MPF 
against a MRSA strain. MBC ranged from 256 to 2048 µg mL-

1 and, as for MIC, an MPF showed strong inhibition on an 
MRSA strain (256 µg mL-1).  
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Several studies have demonstrated action of propolis on 
bacteria, especially Gram-positive bacteria (Lopez et al., 2015; 
Dantas Silva et al., 2017; Rufatto et al., 2018; Silva et al., 
2019; Regueira-Neto et al., 2019), since Gram-negative 
bacteria have a chemically more complex cell wall and a 
higher lipid content, which in some way hinders the action of 
the active components of propolis (Lustosa et al., 2008). 
Despite the differences in the composition of propolis, studies 
at different times and in different regions have demonstrated 
its antimicrobial activity (Monzote et al., 2012; Machado et 
al., 2016; Devequi-Nunes et al., 2018), which is attributed to 
substances derived from plants collected for its production.  
 
Therefore, although it is a product of animal origin, some 
chemical compounds of propolis are derived from the 
botanical source used by bees, especially those with biological 
action (Pereira et al., 2015). In research by Nina et al. (2015), 
methanolic extracts from 19 samples of propolis produced in 
the Maule Region, in Chile, were tested for the antimicrobial 
effect against bacteria of clinical importance, with inhibitions 
of S. aureus being observed in samples ranging from 62.5 to 
1000 µg mL -1. Regarding MRSA, propolis from two regions 
(San Clemente 4 and San Javier 5) showed a MIC of 62.5 µg 
mL -1, a result similar to the present study, in which an MPF 
presented a MIC of 64 µg mL -1, demonstrating potential as an 
antimicrobial agent. 
 
Bueno-Silva et al. (2017) verified the effect of climatic 
seasons on the chemical composition and antimicrobial 
activity of Brazilian red propolis and, through one-year 
analysis, observed variation of MIC from 31.2 - 62.5 to 125 - 
250 µg mL -1 and MBC from 62.5 - 125 to 125 - 250 µg mL -1 
for S. aureus and MIC variation from 62.5 - 125 to 125 - 250 
µg mL -1 and MBC from 250 - 500 to 500 - 1000 µg mL -1 for 
Streptococcus mutans. A similar study conducted by 
Nascimento et al. (2019) determined an antimicrobial activity 
of ethanolic extracts of red propolis from different apiaries in 
the state of Alagoas, from March 2011 to February 2012 and 
verified the inhibition of growth of S. aureus (MIC between 
118 to 500 µg mL -1) in most of the months studied, except for 
a few months that coincided with the decrease in 
flavonoids/isoflavonoids and guttiferones present in red 
propolis. In a study by Regueira-Neto et al. (2017) in order to 
determine the antibacterial activity of Brazilian red propolis 
against clinical isolates of human origin, MIC values ranging 
from 53 µg mL -1 to 512 µg mL -1 were found against strains of 
S. aureus, and from 384 µg mL - 1 to ≥ 1024 µg mL -1 against 
Escherichia coli. Other studies have also demonstrated in vitro 
antibacterial activity of propolis against S. aureus, with MICs 
of 56.75 µg mL -1 (Rufatto et al., 2018) and 62.5-1000 µg mL-1 
(Dantas Silva et al., 2017). Recent studies have indicated the 
components Isoliquiritigenin, vestitol, neovestitol, medicarpin 
and synergism of phenolic compounds are responsible for the 
antimicrobial properties of red propolis (Inui et al., 2014; 
Bueno-Silva et al., 2017).  

 
 
 
 
 
 
 
 
 
 
However, the mechanism of propolis antimicrobial activity is 
still complex and can be attributed to the presence of several 
bioactive compounds, particularly isoflavonoids and a 
combination of them. Thus causing damage to the cytoplasmic 
membrane (promoted by low fluidity of the membrane), 
inhibition of chemical synthesis (inhibition of topoisomerase), 
inhibition of energy metabolism (triggered by NADH 
cytochrome inhibited by C reductase) or inhibition of the 
indication and formation of biofilms, as previously reported 
(Xie et al., 2015). Regarding the chemical composition of 
Brazilian red propolis, Inui et al. (2014) identified the phenolic 
compounds and evaluated the antimicrobial activity of (3S)-
vestitol, (3S)-novestitol, isoliquiritigenin, (6aS,11aS)-
medicarpin on bacterial isolates. These constituents exhibited 
antibacterial activity against S. aureus, Bacillus subtilis and 
Pseudomonas aeruginosa, with low MIC values (64 mg mL -

1). In particular, the compound medicarpin exhibited better 
activity against S. aureus, B. subtilis and P. aeruginosa, with 
MIC values of 16, 32 and 32 mg mL -1, respectively. Other 
components of propolis have also been tested, but have shown 
no antibacterial activity, or confirm these four compounds as 
determinants for antimicrobial action. In a study by Gaur et al. 
(2016), to explore the combined in vitro and in vivo effect of 
liquiritigenin and isolated with β-lactam antibiotics against 
MRSA strains, it was possible to observe what these 
components exhibited anti-MRSA activity (50-100 µg mL -1), 
besides, isoliquiritigenin was able to significantly reduce the 
MIC of β-lactam antibiotics by up to 16 times, while 
liquiritigenin reduced by up to 8 times. Based on the results 
presented, it is also evident that the solvent used to obtain the 
extract may infer in the antimicrobial activity of red propolis. 
In a study proposed by Cabral et al. (2009), it was found that 
the ethanolic extract of propolis had a chemical profile similar 
to its chloroform fraction, however, very distinct from the 
hexanic fraction, to which the latter presented only a single 
peak and apolar nature, although not identified, according to 
chromatographic analysis. Analysis of phenolic compounds in 
this same study indicated that the ethanolic extract contained a 
phenolic compound content of 257 mg (AG/g), compared to 
154 mg (AG/g) of the hexanic fraction and 249.75 mg (AG/g) 
of the chloroformic fraction. Despite this, the best results of 
MIC and MBC observed for S. aureus were for the chloroform 
fraction and its subfractions with mean values of 26.4 - 52.2 
µg mL -1 and 57.4 - 114.6 µg mL -1, respectively. 
 
Similar results were observed in a study by Bispo Junior et al. 
(2012), in which the chloroform fraction inhibited 92% of the 
species used in the study against 77% of the hexanic fraction. 
This suggests that the ideal solvent for testing propolis samples 
of this type will drag as many active constituents as possible 
responsible for its antimicrobial activity. On the other hand, 
the use of low polarity solvents can lead to constituents of no 
pharmacological interest, such as waxes, which are long chain 
organic compounds. Despite its great chemical variability, it is 
suggested that the antibacterial effect of propolis is related to 

Table 3. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of hydroalcoholic extracts and 
fractions of red propolis from Alagoas against Staphylococcus spp. isolates 

 

Species (samples) Extract and Fractions (MIC1/MBC2) 
 HAE* MPF* MHPF* 
S. aureus (n=9) 512 1024 128 512 256 1024 
S. epidermidis (n=10) 256 1024 128 512 512 1024 
S. saprophyticus (n=2) 1024 NO 256 1024 512 2048 
MRSA (n=4) 1024 NO 64 256 256 2048 
S. aureus (ATCC 25923) 256 2048 128 512 256 1024 

1,2 in µg mL -1.*The values presented correspond to the best results obtained from MIC and MBC for the strains evaluated.NO = Not observed. 
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some classes of phenolic compounds of various polarities, 
present in different fractions of the extract and not by the 
synergistic effect of the fraction obtained by the raw extract 
(Alencar et al., 2007; Cabral et al., 2009). 
 
Conclusion 
 
A high incidence of environmental contamination by S. aureus 
was observed in the ICU, mainly in the filters of the air 
conditioner and on the surface of the entrance door. It 
represents a risk for the health of patients, highlighting the 
need for preventive interventions and programs for re-
education and encouragement of good practices within the 
hospital unit. The results also indicated that MRSA strains can 
remain viable within the ICU environment being a source of 
contamination for patients. It is important to note that 
microbiological samples of air conditioners and surfaces can 
be useful in the investigation of important microorganisms 
related to HAIs. The hydroalcoholic extract, as well as the 
medium and medium-high polarity fractions were effective 
against staphylococcal strains. The fraction of medium polarity 
had low MIC values, most likely due to the greater amount of 
bioactive compounds dragged by this fraction responsible for 
the antimicrobial activity. Thus, products based on red propolis 
can be an efficient alternative for the control of pathogenic 
microorganisms of clinical interest. 
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