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Abstract
Objective: Evaluate drug resistance of bacteria isolated from equipment placed close to patients in an Intensive 
Care Unit of a hospital in Caruaru/Pernambuco, Brazil.
Methods: This is a cross-sectional study. The samples were collected with swabs moistened with Trypticase 
Soy Broth, which were then cultured in sheep blood agar and MacConkey agar. The phenotypic identification 
performed was based on the morphology of the strains and biochemical results. The drugs resistance analysis 
was based on Kirby-Bauer’s Disk Diffusion protocol.
Results: A rate of 94.4% of the analyzed equipment was contaminated. The most frequently isolated 
microorganisms were: Acinetobacter sp., Staphylococcus aureus and Pseudomonas sp. Just about 75% 
of Acinetobacter sp. was resistant to piperacillin associated to tazobactam, meropenem and levofloxacin. 
Similarly, 36.3% of S. aureus showed resistance to oxacillin and 10% of Pseudomonas sp. was resistant to 
the drugs tested.
Conclusion: Most of the microorganisms presented high levels of resistance to the drugs.

Resumo
Objetivo: Avaliar a resistência microbiana a medicamentos de bactérias isoladas de equipamentos próximos 
aos pacientes da Unidade de Terapia Intensiva.
Métodos: Trata-se de um estudo transversal. As amostras foram coletadas com swabs umedecidos em 
Trypticase Soy Broth, semeados posteriormente em Ágar Sangue de Carneiro e MacConkey. A identificação 
fenotípica ocorreu com base na morfologia das cepas e resultados bioquímicos. A análise da resistência aos 
medicamentos foi baseada no método de disco-difusão de Kirby-Bauer.
Resultados: Apresentaram-se contaminados 94,4% dos equipamentos analisados. Os microrganismos 
isolados mais frequentes foram: Acinetobacter sp., Staphylococcus aureus e Pseudomonas sp. Cerca de 
75% de Acinetobacter sp. apresentaram resistência à piperacilina associada a tazobactam, meropenem e 
levofloxacina. Da mesma forma, 36,3% de S. aureus apresentaram-se resistentes à oxacilina e 10% dos 
isolados de Pseudomonas sp. foram resistentes aos medicamentos testados.
Conclusão: A maioria dos isolados apresentaram elevadas taxas de resistência microbiana aos medicamentos.
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Introduction

Healthcare-associated Infections (HAI) are respon-
sible for thousands of deaths every year around the 
world. In Brazil, this problem increases in terms of 
numbers as well as complexity, causing economic 
and social disruption with high levels of morbidity 
and mortality.(1,2)

In Intensive Care Units (ICU), the contamina-
tion of equipment by bacteria is common, turning 
them into reservoirs of these microorganisms, en-
abling the colonization and cross infection of pa-
tients, complicating prognosis and favoring HAI 
outbreaks, mostly by microorganisms multiresistant 
to antibiotics commonly applied in therapeutics,(3) 
which implies severe limitations to the treatment of 
hospital infections, posing a great threat to public 
health.(4)

Different organisms are related to contamina-
tions in hospital environments and HAI process-
es,(5) but the main pathogens include oxacillin-resis-
tant Staphylococcus aureus (ORSA), vancomycin-re-
sistant Enterococcus sp. (VRE) and, more recently, 
extended-spectrum beta-lactamases (ESBL) and 
carbapenem-resistant Acinetobacter baumannii.(6-9)

Bacterial resistance is natural and unavoidable,(3) 
but the frequent and undistinguished use of antimi-
crobials (mainly broad-spectrum drugs) are crucial 
factors for the development and acceleration of this 
process.(3,10)

Given these facts, the purpose of this study was 
to isolate and determine the drug resistance profile 
of bacteria isolated from ICU equipment in a hos-
pital in Caruaru-PE.

Methods

This descriptive and cross-sectional study was de-
veloped in the Intensive Care Unit of a hospital lo-
cated in Caruaru, in the Northeast of Brazil, from 
January to December 2013.

Convenience sampling was applied, in which 
54 pieces of equipment (right and left side rails and 
height adjustment buttons from the beds, infusion 
pump buttons, individual light switches and cardiac 

monitor shelves) distributed among the nine beds 
present in the general ICU (Figure 1) were selected 
for collection. The inclusion criterion was samples 
from surfaces whose beds were occupied by their 
respective patients.

Figure 1. Equipment collected (arrows) in each bed

The collected data were typed, validated and 
processed in the software Excel 2010 (Microsoft 
Office®). Descriptive analysis was applied to obtain 
the percentage of samples.

The samples were collected six hours after the 
last time the hospital beds had been cleaned (corre-
sponding to two hours after the end of the visiting 
period), so as not to interfere in the routine activi-
ties on site. Sterile swabs were used moistened with 
Trypticase Soy Broth (TSB) medium. Immediate-
ly after the collection, when the swabs were spun 
around their axis over the previously selected equip-
ment, they were again stored in the medium and 
incubated at 36 ± 0.5ºC during 24 hours.

After the growth in TSB, the samples were seed-
ed in sheep blood agar and MacConkey agar and 
also incubated at 36 ± 0.5ºC during 24 hours.
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Gram staining was performed, followed by 
the identification of the genera and/or species of 
the bacteria, according to macro and microscopic 
characteristics of the colonies and biochemical test 
results. For the identification of bacteria from the 
family Enterobacteriaceae, the carbohydrate fermen-
tation test was used in Triple Sugar Iron (TSI), as 
well as biochemical tests using the Sulfide Indole 
Motility (SIM), Simmons’ citrate and Christensen’s 
Urea Agar growth mediums. Tests based on Oxidase 
and Polymyxin B were used for the identification 
of glucose-non-fermenting Gram-negative bacte-
ria. The identification of Staphylococcus sp. was per-
formed through catalase, DNase and Novobiocin 
tests. Streptococcus sp. were identified through the 
characteristics of hemolytic activity, the use of Bile 
esculin agar, Brain Heart infusion (BHI) + NaCl 
6.5% and optochin tests.

The drugs resistance analysis was based on Kir-
by-Bauer’s Disk Diffusion protocol in Müeller-Hin-
ton agar, as proposed by the Clinical and Laborato-
ry Standard Institute (CLSI) 2013.(11)

Results

It was observed that 94.4% of the analyzed equip-
ment was contaminated by one or more bacterial 
species. The most numerous isolated bacteria were 
Acinetobacter sp., Staphylococcus aureus, Coagu-
lase-negative Staphylococci (CoNS), Staphylococcus 
saprophyticus, Enterococcus sp., Klebsiella pneumo-
niae and Streptococcus viridans, as presented in ta-
ble 1. Gram-positive bacilli were found in 33.3% 
of the beds.

Among the Acinetobacter sp. isolated, 75% were 
resistant to imipenem, levofloxacin and piperacillin 
associated with tazobactam. 37.5% of the isolated 
microorganisms from this genus were resistant to 
ticarcillin, 31.2% to amikacin, 18.7% to ciproflox-
acin, tetracycline and ceftazidime and 12.5% to 
gentamicin. 6.25% of the isolated microorganisms 
were found to have an intermediate level of resis-
tance to ceftazidime and 12.5% to tobramycin.

With regard to the isolated Staphylococcus au-
reus, 72.7% were resistant to erythromycin, 63.6% 
to penicillin, 54.5% to clindamycin and ciprofloxa-
cin and 18.8% to gentamicin. None of the isolated 
Staphylococcus aureus turned out to be resistant to 
cefoxitin.  9% of them had an intermediate level of 
resistance to oxacillin, clindamycin, erythromycin 
and ciprofloxacin. 36.3% were resistant to oxacillin 
(ORSA).

Among the Coagulase-negative Staphylococci 
strains, 71.4% and 54.1% were resistant to eryth-
romycin and clindamycin, respectively. All these 
strains were susceptible to gentamicin, with 14.2% 
of them having the intermediate resistance pheno-
type to clindamycin.  42.8% were resistant to peni-
cillin and 14.2% to tetracycline and cefoxitin.

The biggest number of cases of resistance to ox-
acillin is this study occurred in the isolated strains 
of Staphylococcus saprophyticus, which reached re-
sistance levels in 85.7% of the samples, followed 
by 71.4% of resistance to erythromycin and clin-
damycin, 42.8% resistant to ciprofloxacin, 42.6% 
to cefoxitin, 28.5% to tetracycline and 14.2% to 
penicillin. 

As regards the mechanism of inducible resis-
tance to clindamycin, 12% of the Staphylococcus 

Tabela 1. Distribution of bacteria isolated on equipment

Microorganism
S1 S2 S3 S4 S5 S6 Total

n(%) n(%) n(%) n(%) n(%) n(%) n(%)

Acinetobacter sp. 03(18.7) 04(25) 03(18.7) 01(6.25) 01(6.25) 04(25) 16(28.57)

S. aureus 04(36.3) 02(18.1) 01(9) 01(9) 02(18.1) 01(9) 11(19.64)

Pseudomonas sp. 01(10) 01(10) 02(20) 01(10) 01(10) 04(40) 10(17.85)

S. coagulase negativa 0(0) 0(0) 01 (14.2) 03(42.8) 02(28.5) 01(14.2) 07(12.5)

S. saprophyticus 0(0) 02(28.5) 03(42.8) 0(0) 01(14.2) 01(14.2) 07(12.5)

Enterococcus sp. 0(0) 0(0) 0(0) 01(33.3) 01(33.3) 01(33.3) 03(5.35)

Klebsiella pneumoniae 0(0) 0(0) 0(0) 0(0) 0(0) 01(100) 01(1.78)

S. viridans 0(0) 0(0) 0(0) 0(0) 0(0) 01(100) 01(1.78)

Total isolated 08(14.2) 09(16) 10(17.8) 07(12.5) 08(14.2) 14(25) 56(100)

S1 - right rail; S2 - left rail; S3 - height adjustment buttons from the beds; S4 - infusion pump buttons; S5 - individual illumination switches; S6 - cardiac monitors’ shelf; n - number of isolated bacteria; % - percentage of 
isolated bacteria
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sp. had the positive phenotype. This was detected 
through the disk approximation test with erythro-
mycin and clindamycin (Figure 2), in which 66.6% 
corresponded to Coagulase-negative S. and 33.3% 
to S. aureus.

ative result was obtained for Extended-Spectrum 
Beta-Lactamase (ESBL) production.

Discussion

Part of the results reported in this study (be it the 
occurrence of genera and/or species of bacteria  or 
their antimicrobial resistance profiles) corroborate 
what is described in the scientific literature, although 
comparisons sometimes tend to be inaccurate, since 
the sampling and microbial detection methods vary 
considerably among different studies.(2)

The high number of Acinetobacter sp. isolated 
may have been due to its high level of nutritional 
and metabolic versatility, which allows this genus 
to use a large variety of substrates as carbon sources, 
remaining active for days or weeks in hospital en-
vironments,(12,13) which highlights the importance 
of their detection in such places, as this microor-
ganism is directly involved in various ICU-related 
clinical complications,(2) and also in mechanisms 
of acquired resistance to carbapenem antibiotics.(4) 
Despite the existence of studies(2,4,6,13) on the genus 
Acinetobacter as an HAI agent from clinical sam-
ples, there is a lack of statistical data on the prev-
alence of this bacterium on hospital equipment. 
Besides that, the occurrence(4,13,14) of Acinetobacter 
sp. with multiresistant profiles is also considerable, 
which shows the need for more complex studies to 
determine the behavior of these strains in this kind 
of environment.

As regards the resistance profile of S. aureus 
strains to oxacillin (ORSA), a low number of 
cases was detected compared to the number of 
Gram-positives, although the result turned out 
to be superior when compared to a similar study, 
in which only 11.8% of the isolated strains had 
this resistance profile.(15) When the resistance of 
S. aureus strains to cefoxitin is analyzed, the re-
sults described in this study were similar to those 
of a study performed with biological materials, in 
which no strains with this resistance profile were 
reported.(16)

As for the Coagulase-negative Staphylococci 
strains, no studies on their resistance profile in ICU 

Figure 2. Inducible clindamycin resistance phenotype in S. 
aureus. E - erythromycin; C - clindamycin

Only 5.35% of the isolated strains correspond-
ed to Enterococcus sp., 33.3% of which had inter-
mediate levels of resistance to penicillin and ampi-
cillin. None of the isolated strains were resistant to 
vancomycin.

A rate of 17.85% of the isolated strains corre-
sponded to Pseudomonas sp., none of which turned 
out to have a significant level of resistance to the 
tested antibiotics (gentamicin, levofloxacin, aztreo-
nam, ceftazidime, tobramycin, amikacin, ciproflox-
acin, meropenem, chloramphenicol, cefoxitin and 
ticarcillin + clavulanic acid), while 10% of them 
were resistant and 20% presented intermediate lev-
els of resistance to piperacillin + tazobactam; and 
10% also had intermediate levels of resistance to ti-
carcillin + clavulanic acid and aztreonam.

Only one specimen of bacteria from the En-
terobacteriaceae family (Klebsiella pneumoniae) was 
isolated in the study performed. Resistance was 
detected to ciprofloxacin, tetracycline, ampicillin, 
chloramphenicol and gentamicin, intermediate re-
sistance to piperacillin + tazobactam and suscepti-
bility to meropenem and tobramycin, and a neg-
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equipment were found, but a study from 2006(17) 
reported lower resistance levels to erythromycin and 
clindamycin in biological samples: 68.7% and 63% 
respectively.

The occurrence of S. saprophyticus described in 
this study was superior when compared to stud-
ies from Libya, performed in 2014, in which only 
3.3% of the analyzed pieces of hospital equipment 
were contaminated with this bacterial species.(18) Al-
though the authors did not publish data on the an-
timicrobial resistance profile of S. saprophyticus, the 
levels for the genus Staphylococcus corresponded to 
71.4% and 38.1% for erythromycin and ciproflox-
acin, respectively,(18) corroborating the importance 
of their detection.

Despite the small number of Staphylococcus 
sp. strains with positive phenotype to induced re-
sistance to clindamycin, this finding ought to be 
considered with special attention since the environ-
ment in question is one in which the patients are 
immunocompromised. Thus, the small number of 
occurrences must not be underestimated, as these 
bacteria have a great potential to cause hospital in-
fections.(2,3,5)

The low occurrence of vancomycin-resistant 
Enterococcus sp. strains differs from a study per-
formed in the US using biological samples,(19) 
in which the estimated rate of resistance to this 
drug in ICU was of 17.7%. In Brazil, the first re-
port of this phenotype dates back to 1998 and, in 
Latin America, the rise in the number of cases of 
this kind of resistance happened in countries like 
Chile, Uruguay and Argentina.(20,21)

The presence of Pseudomonas sp. strains as 
reported in this study corroborates what is re-
ported in similar studies,(22-24) based on the anal-
ysis of equipment from different hospital envi-
ronments, including ICU. In a hospital envi-
ronment, the biggest sources of contamination 
from this microorganism are breathing equip-
ment, hemodialysis systems, sinks and cleaning 
apparatus. The relevance of Pseudomonas sp. as 
a potential hospital pathogen depends on the 
bacterial species and is associated to its relative 
resistance to the drugs, as well as to its reduced 
susceptibility to the antiseptics and disinfectants 

used in these environments.(25,26) The drugs resis-
tance profile of Pseudomonas sp. here described 
corroborates previous studies performed with 
biological material,(27) in which the major part 
of the antibiotics tested on Pseudomonas aerugi-
nosa turned out to be effective against most of 
the isolated strains. The presence of these strains 
with mutually similar drug resistance profiles 
suggests the dissemination of a clone in the hos-
pital environment; a fact that is probably related 
to cross-contamination mechanisms, although 
more extensive studies would be needed to con-
firm its dispersion in the ICU environment.

With regard to the percentage of isolated 
strains belonging to the Enterobacteriaceae fam-
ily, the results obtained in this study differ from 
what is reported in studies performed in equip-
ment from hospital environments,(28) where 
30.3% were found to be contaminated by strains 
of this family. On the other hand, the antimi-
crobial resistance analysis of these strains in this 
study corroborates what is reported in the scien-
tific literature: the massive presence of resistance 
to aminoglycosides and third-generation cepha-
losporins.(7,29)

When ESBL-production is considered, the re-
sults described in this study differ from those re-
ported by Weber et al.(30) and Judge et al.,(28) in 
which a total of 22.2% of Enterobacteriaceae strains 
isolated on equipment from ICUs beds were ES-
BL-producing.

Conclusion

Most of the isolated strains had high rates of an-
timicrobial resistance to the drugs, which poses a 
great threat to public health.
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