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Background

Alterations in the indigenous microbiota are observed in 
patients during their permanence in a hospital, especially when 
antimicrobials have being administered. After hospital dis-
charge, a patient may carry multidrug-resistant organisms 
(MDROs), whether they are commensal, such as Staphylococcus 
epidermidis, or truly pathogenic, such as methicillin-resistant 
Staphylococcus aureus (MRSA).1

MDROs that commonly infect humans have multiple resist-
ance mechanisms and include the following microorganisms: 
Enterococcus faecium, S. aureus, Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas aeruginosa, and 
Enterobacter spp. Despite the fact that Gram-negative bacilli 

(BGN) are the most problematic drug-resistance bacteria in 
Brazil, there are no systematic data concerning its prevalence 
in colonization and/or infection in the country.2–4
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Early detection of patients colonized with MDROs allows 
preventive measures to prevent progression and/or transmis-
sion of infection, such as isolation or selective decontamina-
tion. These measures can reduce pathogen transfer, infection 
rates, morbidity, mortality, and hospital costs, especially in 
intensive care units (ICUs). Among patients admitted to 
ICUs, various risk factors favor infection occurrence, such as 
antimicrobial use over long periods, time after ICU admis-
sion, immunosuppression, medical devices, microorganism 
virulence, and loss of skin integrity.3–5

As the identification of MDROs as well as the determina-
tion of their distribution among anatomical sites in colonized 
patients and of the evolution of their population levels (i.e. 
decreasing until elimination or progressing until infection) 
may contribute to the control of healthcare-associated infec-
tions (HCAI), these have been the objectives of this study 
performed in patients in ICU.

Methods

Patients

A prospective cohort study was performed in adult ICUs of 
two different hospitals in Belo Horizonte, Brazil, between 
April 2012 and February 2013. The research was approved 
by the Ethical Committee (0386.0.203.000-11). The ICUs 
showed the following characteristics: (1) ICU (18 beds): 
located in a large teaching hospital and admitting mainly sur-
gical patients and (2) ICU (10 beds): located in a large phil-
anthropic hospital and admitting both surgical patients and 
those from medical clinics. In both ICUs, the mean length of 

stay was 15 days. The study population consists of all patients 
identified as colonized or infected during the study period. 
Patients or their next of kin were requested to give informed 
written consent prior to sampling. The follow-up was carried 
out every 15 days at the hospital and every month at com-
munity after patient discharge (Figure 1). Patients were eligi-
ble if they were over 18 years old and were colonized with 
ampicillin- or vancomycin-resistant Enterococcus spp., oxa-
cillin- or vancomycin-resistant S. aureus, imipenem- or 
third-generation cephalosporin-resistant K. pneumoniae, or 
ciprofloxacin-resistant and/or imipenem/meropenem-resist-
ant A. baumannii and P. aeruginosa.6

For each selected patient, the following data were 
retrieved from patients’ charts: age, sex, monitoring by med-
ical devices (i.e. mechanical ventilation, venous catheter, 
drains, and nasal and indwelling catheters), and Average 
Severity Index Score (ASIS). ASIS was classified into five 
levels (A–E) according to the severity range regarding the 
patients’ clinical conditions,7 antimicrobial use (i.e. class, 
previous use, use during the length of stay in the ICU, and 
time of use), and the occurrence of infection by the MDROs 
cited above. The information regarding infection occurrence 
was retrieved from patient chart review. In both ICUs, there 
was no protocol of decolonization, and antimicrobials were 
used in patient treatment only in cases of infection.

Sampling and treatment of samples

Each colonized or infected patient was followed up with sur-
veillance culture every 15 days during the length of stay at the 
hospital as described. Three anatomical sites (nasal cavity, 

Patients admitted at ICU

Including of colonized or infected patients 
with multidrug- resistant microorganisms 

Bi-weekly follow-up with microbiologic 
culture

Excluding of patients under decolonization 
protocol 

Natural patient decolonization 

Patient discharge

Follow-up of natural decolonization at 
home 

Screening of household contact 
colonization  

Figure 1. Follow-up flowchart of natural decolonization of admitted colonized or infected patients in the ICU.
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groin, and perineum)8 in the same patient were sampled with a 
sterile swab (Haste Plástico—J. P). Each swab was immersed 
and shaken in a tube containing 1 mL of sterile saline. From 
this initial suspension, the following dilutions were performed: 
nasal cavity and groin, 10−2 and 10−4; perineum, 10−2 and 10−6. 
Then, a volume of 0.1 mL of each dilution was plated onto the 
following selective media—MacConkey agar (K. pneumoniae 
and A. baumannii), cetrimide agar (P. aeruginosa), Baird–
Parker agar, Mannitol salt agar (S. aureus), and Bile Esculin 
agar (Enterococcus spp.)—and incubated at 37°C for 48 h.

Microbiological analysis

Semi-quantitative counts of bacterial growth were performed 
using the adequate plate and the following formula: colony 
counts on Petri dishes × inverse of dilution factor × 10 = num-
ber of colony-forming units (CFU)/mL of swab initial sus-
pension. Data were expressed as log10 CFU/mL.

After counts, each different phenotype was re-isolated on 
Brain Heart Infusion (BHI) or Mannitol salt agar (S. aureus) 
and then submitted to catalase test and Gram stain. Identification 
was performed using specific cards of the VITEK 2® system 
for Gram-positive and Gram-negative bacteria (bioMérieux, 
Marcy-l’Etoile, France). The repetitive extragenic palindromic 
sequence–based polymerase chain reaction (rep-PCR) using 
DiversiLab system (bioMérieux) was used according to the 
manufacturer’s recommendations to compare strain similarity.

Antimicrobial susceptibility test was performed using 
Bauer–Kirby method with the following antimicrobials: van-
comycin (Enterococcus spp.); imipenem (P. aeruginosa, K. 
pneumoniae, and A. baumannii); third generation of cepha-
losporin, ceftazidime, cefotaxime, ceftriaxone, and aztre-
onam (K. pneumoniae); and cefoxitin (S. aureus). Agar 
dilution with vancomycin was used for S. aureus according 
to Clinical and Laboratory Standards Institute (CLSI).6

Statistical analysis

Statistical analysis was performed using Student’s t test, chi-
square test for media, and Fisher’s exact test for proportions. 
The Spearman correlation–associated Bonferroni test was 
used for the analysis of association between bacterial popula-
tion levels at anatomical sites and colonization. The Spearman 
correlation was performed regarding the variable “coloniza-
tion” treated as dichotomy and the abnormal distribution of 
bacterial population levels. The logistical regression was 
used in the analysis of variables associated with colonization 
status. A p-value less than 0.05 was considered significant, 
and 95% confidence intervals were reported. The analysis 
was performed using the STATA™ software, version 11.0.

Results

Demographic data

A total of 53 patients were colonized with MDROs. The 
patients’ average age was 55 years, and the proportions of 

male and female were quite similar (52% and 48%, respec-
tively). The most frequent levels of severity (ASIS) were C 
(81%—physiological stability, requiring nursing intensive 
care) and D (physiological instability, requiring medical and 
nursing intensive care and constant evaluation). Their pri-
mary diagnoses were in decreasing order: cardiovascular 
disease (27.0%), malignancies (20.0%), infectious diseases 
(7.0%), and external causes (5.0%). Among the 53 follow-up 
patients, 16.0% died. The mean length of stay in the ICU was 
22.3 days, and after ICU discharge, the mean time in the 
wards was 21.2 days. The majority of patients (64.0%) 
underwent surgery, and among the 53 colonized patients, 
30.0% had a pressure ulcer.

Distribution of colonization by MDRO

A total of 74.0% (39/53) of the patients were colonized by 
more than one MDRO, including Gram-negative and Gram-
positive bacteria. Among the patients colonized with only 
one MDRO (14/53), Gram-negative bacteria (9/14) and van-
comycin-resistant E. faecalis (VRE) (5/14) were identified 
during the follow-up. The bacteria identified in colonized 
patients were, in decreasing order of frequency, as follows: 
imipenem-resistant A. baumannii (50.9%), VRE (43.4%), 
extended-spectrum beta-lactamase (ESBL)–producing K. 
pneumoniae (37.7%), imipenem-resistant P. aeruginosa 
(32.1%), oxacillin-resistant S. aureus (ORSA; 7.5%), and 
imipenem-resistant K. pneumoniae (5.7%) (Table 1).

Nasal cavity (Spearman correlation: ρ = 0.7; p < 0.05) and 
groin (ρ = 0.6; p < 0.05) were important sites for imipenem-
resistant A. baumannii as well as for imipenem-resistant P. 
aeruginosa (nasal cavity: ρ = 0.8; p < 0.05 and groin: ρ = 0.7; 
p < 0.05), whereas groin was an important site for K. pneu-
moniae ESBL (ρ = 0.7; p < 0.05) and perineum for VRE 
(ρ = 0.6; p < 0.05). ORSA was recovered mainly from the 
nasal cavity (p < 0.05) (Table 1).

The main characteristics related to colonization with 
MDROs were the use of medical devices and antimicrobials 
during the length of stay in the ICU. In a bivariate analysis, 
the use of drains and glycopeptides was associated with VRE 
colonization, fluoroquinolone use with imipenem-resistant 
K. pneumoniae or K. pneumoniae ESBL colonization, and 
presence of pressure ulcers and carbapenem use with imi-
penem-resistant A. baumannii colonization. For imipenem-
resistant P. aeruginosa, some variables were highlighted in 
the final logistic regression model, such as use of mechanical 
ventilation and fluoroquinolones (Table 1).

Distribution of infection by MDRO

Among the 26 infection cases observed in this study, pheno-
typical identification of the pathogenic agent indicated bacte-
rial species similar to those identified in previous colonization 
of anatomical sites showing the following decreasing distribu-
tion: imipenem-resistant A. baumannii (35.0%), K. pneumo-
niae ESBL (27.0%), VRE (19.0%), imipenem-resistant  
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P. aeruginosa (11.0%), and imipenem-resistant K. pneumo-
niae (8.0%). There was no registry of infection by ORSA 
(Table 1).

Overall, there was a correlation between high population 
levels of colonization by MDRO at anatomical sites and a 
subsequent infection. This was particularly observed for 
infections with K. pneumoniae ESBL or imipenem-resistant 
K. pneumoniae (6.0 log10 CFU/mL for colonization followed 
by infection and 3.0 log10 CFU/mL in patients who remained 
only colonized), VRE (6.3 log10 CFU/mL and 5.2 log10 CFU/
mL, respectively), and imipenem-resistant P. aeruginosa 
(5.0 log10 CFU/mL and 4.3 log10 CFU/mL, respectively) 
(Table 2). This correlation was not observed for imipenem-
resistant A. baumannii. The main sites of infection were the 
respiratory tract (16 cases), bloodstream (10 cases), and uri-
nary tract (5 cases).

The evolution of population levels in each anatomical site 
was recorded by bacterial counts at four time points with bi-
weekly sampling intervals. Figure 2 shows that population 
levels decreased until disappearance by day 45 for all the 
MDROs and all the anatomical sites. These decreased kinet-
ics were quite similar between most of the MDROs, except 
for VRE which presented a slower elimination profile.

Using the DiversiLab technique, different patterns of 
relatedness were revealed between the strains isolated from 
colonization cases, as well as between bacteria isolated from 

colonization and those from infection. In a comparison of the 
similarity among isolates of imipenem-resistant K. pneumo-
niae, three distinct patterns were noted (Figure 3). High sim-
ilarity (>90%) was observed between the isolates Kp7 and 
Kp19. These bacteria were isolated from two distinct patients 
in the same ICU (ICU II). Another similarity (80%) was 
observed between isolate Kp4 (resistant to imipenem) iso-
lated from a patient of ICU II and Kp30 (ESBL) from a 
patient of ICU I. Concerning imipenem-resistant A. bauman-
nii from ICU II, only one pattern was observed, showing 
95% of similarity between the isolates.

Discussion

In temporal evaluation of microbiota in a healthy population, 
the nasal cavity and groin were generally among the most 
important sites in terms of composition and structure.9 In the 
microbial community of these anatomical sites, MDROs are 
frequently found. Among the patients who were evaluated in 
this study, the groin represented an important and unique site 
of colonization for K. pneumoniae ESBL and imipenem-
resistant K. pneumoniae. In a cross-sectional study involving 
a long-term treatment facility in Chicago, correlation analy-
sis between bacterial colonization and anatomical sites 
showed that rectum and groin were the most important sites 
where K. pneumoniae–producing carbapenemase has been 

Table 1. Frequencies of colonized and infected patients with MDRO in ICU, main colonization sites, and factors associated with 
colonization.

MDRO Number of patients 
colonized by each 
MDRO/total 
number (%)

Main anatomical 
sites of 
colonization

Factors associated 
with colonization

Infection (% in 
relation to total 
number of infected 
patients—26)

Imipenem-resistant Acinetobacter 
baumannii

27/53 (50.9) Nasal cavity; groin Pressure ulcer; 
carbapenem

35

Vancomycin-resistant Enterococcus 23/53 (43.4) Perineum Drain; glycopeptide 19
Klebsiella pneumoniae ESBL 20/53 (37.7) Groin Fluoroquinolone 27
Imipenem-resistant Pseudomonas 
aeruginosa

17/53 (32.1) Nasal cavity; groin Fluoroquinolone; 
mechanical ventilation

11

Oxacillin-resistant Staphylococcus 
aureus

4/53 (7.5) Nasal cavity No factor associated 0

Imipenem-resistant K. pneumoniae 3/53 (5.7) Groin Fluoroquinolone 8

MDRO: multidrug-resistant organism; ICU: intensive care unit; ESBL: extended-spectrum beta-lactamase.

Table 2. Mean population levels (log CFU/mL) of colonized patients who evolved to infection with MDRO or not.

MDRO Colonization levels in patients 
who evolved to infection (26)

Colonization levels in patients who 
did not evolve to infection (27)

Imipenem-resistant Acinetobacter baumannii 6.0 6.5
Vancomycin-resistant Enterococcus 6.3 5.2
Klebsiellae pneumoniae 6.0 3.0
Imipenem-resistant Pseudomonas aeruginosa 5.0 4.3

MDRO: multidrug-resistant organism; CFU: colony-forming units.
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Figure 2. Evolution of population levels (log CFU/mL) in the 
nasal cavity (♦), perineum (), and groin () of MDRO from 
patient in ICU after 1 (1), 15 (2), 30 (3), and 45 (4) days. (a) 
Imipenem-resistant Acinetobacter baumannii, (b) imipenem-
resistant or ESBL Klebsiellae pneumoniae, (c) vancomycin-resistant 
Enterococcus, (d) imipenem-resistant Pseudomonas aeruginosa, and 
(e) oxacillin-resistant Staphylococcus aureus.

detected.10 For ORSA, the main site of colonization was the 
nasal cavity, and this was also observed in this study. As 
expected, perineum was the main site in which VRE was 
identified. Enterococcus spp. are components of gut micro-
biota, and under the selective pressure of antimicrobials, 
resistant populations can be selected. Generally, microbio-
logical evaluation for VRE detection is performed by rectal 
or peri-anal swabs.11–14

In equilibrated microbial ecosystems with a well-established 
and rich variety of bacterial species, the colonization resistance 
offered by this microbiota provides protection against pathogen 
invasion. However, environmental alterations due to antimicro-
bial use or presence of mechanical devices can stress the com-
position and function of the microbial ecosystem, allowing an 
initial colonization by potential pathogenic microorganisms 
which can be followed by infection.15 In this study, factors such 
as antimicrobial use (glycopeptide, carbapenem, and fluoroqui-
nolone) and presence of mechanical devices (drain and mechan-
ical ventilation) were associated with colonization for most of 
the MDROs. However, factors associated with colonization by 
ORSA were not identified here, probably due to the low number 
of colonization by this bacterium.

Few studies evaluate the role and correlation between 
population levels in colonization with MDRO and a subse-
quent infection, and most of them are focused on ORSA. In 
these analyses of colonization by ORSA, higher bacterial 
populations are associated with a dominant tissue tropism 
and can constitute risk factors for infection.16,17 In this study, 
infection episodes by most of the MDROs were associated 
with higher population levels previously detected in various 
anatomical sites 1–10 days before the infection when com-
pared to population levels of patients who did not evolve to 
infection. However, K. pneumoniae ESBL was the only 
MDRO whose previous colonization levels were statistically 
associated with the occurrence of posterior infection. This 
observation highlights the importance of such type of deter-
mination to evaluate the risk of both MDRO transmission 
and evolution to infection. However, more analyses are 
required concerning the role of the population levels in colo-
nization and infection.16,17

Figure 3. Patterns of similarity among isolates of Klebsiella 
pneumoniae associated with patient colonization in ICU.
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Variation in population levels of MDROs in the various 
anatomical sites sampled was verified in colonized patient, 
and this evolution was marked by a progressive decrease 
throughout the course of patient evaluation with an elimina-
tion by day 45 observed at the fourth time point. This appar-
ently natural decolonization could be associated with the 
reestablishment of the composition and protective function of 
the local indigenous microbiota. However, the bacterial popu-
lation decrease at anatomical sites may have also been influ-
enced by antimicrobial use in cases of infection. As an 
example, the use of polimyxin E in the therapeutic regimen 
during infection could be correlated with the decrease in imi-
penem-resistant P. aeruginosa and K. pneumoniae ESBL. 
Anyway, microbial population determination and its variation 
below detectable levels contribute to an evaluation of the time 
required for the maintenance of precautionary measures, such 
as isolation. High microbial populations are probably associ-
ated with longer periods of colonization and an increased risk 
of infection.16,17 This point is still unclear in the literature, and 
there are no defined recommendations. In some studies, the 
possibility of decolonization is assumed when the bacterium is 
absent in three consecutive evaluations.9,11,14

In this study, three different patterns of similarity among 
the isolated strains were identified for K. pneumoniae 
ESBL and imipenem-resistant K. pneumoniae, ranging 
from 80% to 90%. The greatest similarity was verified 
between two strains isolated from the case of patient colo-
nization in ICU II. However, a significant percent (80%) 
similarity was also registered between strains recovered 
from a case of patient colonization in ICU I and one in ICU 
II, which may be due to the possibility of patient readmis-
sion after discharge from the other hospital. The patterns 
identified for imipenem-resistant A. baumannii isolates 
showed high similarity, but they were restricted to ICU II 
and exhibited temporal variation.

In this study, the results suggest a correlation between 
infection occurrence and high bacterial population during 
the colonization period as well as a spontaneous decrease in 
colonization status. However, some limitations for these 
conclusions must be highlighted such as the possibility of 
low population levels has not been detected in microbiologi-
cal culture medium, the relatively short period of follow-up, 
and the sample size of colonization/infection cases. Anyway, 
a prophylactic measure to reduce the microbial load related 
to MDROs in anatomical sites may be important in clinical 
practice regarding the possibility of decreasing bacterial 
spread and infection occurrence. This aspect in clinical prac-
tice could imply a possible decrease in mean time of perma-
nence under strict isolation after identification of colonization 
with MDROs.
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