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Abstract

Antimicrobial resistance worsens the prognosis in patients with chronic diseases. Patients on hemodialysis have infection rates that exceed those reported in
other types of patients. Colonization has been suggested as a risk factor for the development of infections. However, the majority of the studies that have eva-
luated this association have methodological limitations that have called into question the validity of the results; such as the lack of use of molecular methods to
confirm that the colonizing species are the same as that which causes infection, the measurement of exposure only at the beginning of the study, the absence
of follow-up, the evaluation of bacteremia as the only important outcome and the focus only on Staphylococcus aureus, without including other resistant bacteria
of clinical importance such as multidrug-resistant Gram-negative bacteria. This lead to the need to use molecular epidemiology methods for refine the association
between colonization and infection in endemic countries like Colombia, where the high rates of antimicrobial resistance demand accurate prevention strategies
in susceptible patients.
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Colonizacién e infeccion por bacterias multirresistentes en pacientes en hemodialisis: un tema de preocupacién

Resumen

La resistencia antimicrobiana empeora el prondstico en pacientes con enfermedades crénicas. Los pacientes en hemodialisis son un grupo particularmente afecta-
do con porcentajes de infeccion bacteriana que exceden las reportadas en otro tipo de pacientes. La colonizacion ha sido sugerida como un factor de riesgo para
el desarrollo de infecciones. Sin embargo, los estudios que han evaluado esta asociacién presentan limitaciones metodoldgicas que han cuestionado la validez de
los resultados; como la falta de utilizacion de métodos moleculares que confirmen que la especie que coloniza es la misma que causa infeccion, la medicion de
la exposicion solo al inicio del estudio, la ausencia de seguimiento y la evaluacion de bacteriemia como el Unico desenlace de importancia. Asi mismo, la mayoria
de los estudios se han enfocado solo en Staphylococcus aureus sin incluir otras bacterias resistentes de importancia clinica como son los bacilos Gram negativos
multirresistentes. Lo anterior lleva a la necesidad de utilizar métodos de epidemiologia molecular que permitan refinar el anélisis de la asociacion entre coloniza-
cion e infeccion, mas aun en paises endémicos como Colombia, en el que los altos porcentajes de resistencia demandan estrategias de prevencion mas certeras
en pacientes susceptibles.
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Introduction

Patients receiving hemodialysis are highly susceptible to
healthcare-associated infections, not only because this pro-
cedure is invasive, but also because of the immunocompro-
mise caused by the uremia and the inflammation, which can
cause oxidative stress and trigger apoptosis, resulting in a
decrease in the number of T lymphocytes'. The most fre-
quent infections are bacteremia and local infection at the
place of vascular access, however other types of infections
can present, such as pneumonia, endocarditis, skin and soft
tissues infections and urinary tract infections®.

Bacteremia is the most frequent cause of morbidity and, af-
ter cardiovascular disease, the second most frequent cause
of mortality, mainly due to catheter contamination, either in
the endoluminal region as a result of manipulation or extra-
luminal contamination ocassioned by the migration of the
body’s microbiota through the fibrin skin path around the
device?. Infections also occur in about 3-10% of cases by he-
matogenous route from another point of infection or by the
contamination of infusion fluids?. The risk of bacteremia is up
to 10 times higher with catheter use compared to that of ar-
teriovenous fistula use, occurring in up to 32% of patients
treated using this device’. Likewise, patients on hemodialy-
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sis are a group at high risk of infection by resistant bacteria
due to frequent hospitalizations and the history of antibiotic
use, which considerably complicates the prognosis compa-
red to infections caused by susceptible microorganisms®.
The emergence of resistance to beta-lactams antibiotics has
been particularly notable in Gram-positive bacteria such as
Staphylococcus aureus and in Gram-negative bacilli such as
Escherichia coli and Klebsiella pneumoniae; microorganisms
that frequently affect the hemodialysis population®.

The objective of this review is to describe the importance of
infections caused by multidrug-resistant bacteria in hemo-
dialysis patients and the colonization as a risk factor associa-
ted with these outcomes.

Collection of information

The information used in this review was collected from three bi-
bliographic databases: Medline, Embase and Scielo, and articles
in Spanish or English that were preferably published between
the years 2005-2015 were selected. The descriptors used in the
search combined terms related to (i) exposures such as colo-
nization, multidrug-resistant bacteria, Staphylococcus aureus,
Gram-negative bacteria and Klebsiella pneumoniae; (ii) outco-
mes such as infections, bacteremia and bloodstream infections
and (iii) relevant population (hemodialysis patients).

The selected studies included cross-sectional, cohort, case-
control systematic reviews and meta-analyses. The selection
of articles was focused on those whose study population
consisted of hemodialysis patients. However, other studies
that provide a context for the behavior of the resistance at
the national level were included.

Multidrug-resistant bacteria in hemodialysis
patients

Staphylococcus aureus is the most frequently found bacteria in
hemodialysis patients, so the emergence of methicillin resis-
tance has had a significant impact on this population®’. Methi-
cillin-resistant S. aureus isolates (MRSA) cause more than 51%
of blood infections, which are associated with a significant
increase in costs and mortality®. About 90% of patients with
invasive MRSA infections require hospitalization and about
17% of these die during hospital stay®. When healthcare-
associated infections caused by MRSA are taken into account,
the incidence is significantly greater in dialysis patients com-
pared with other groups of patients exposed to the hospital
environment®. Community-associated MRSA isolates (CA-
MRSA) cause about 25% of infections and are the main cause
of bacteremia and skin and soft tissue infections®”.

On the other hand, Gram-negative bacilli cause around 25%
of bacteremia, being approximately 9.7% resistant to third-
generation cephalosporins and 3.4% resistant to carbape-
nems®. Mortality due to these microorganisms is around
25.3%, being higher in infections caused by resistant isola-
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tes and in polymicrobial infections, which can occurin 11.9%
of cases'®. The common sources of bacteremia are: central ve-
nous catheters (16.8%), infected ulcers (14.1%), urinary tract
(10.5%), biliary tract (9.5%) and intra-abdominal infections
(9.5%), with bacteria such as Escherichia coli (49.5%), Entero-
bacter spp (13.1%), Klebsiella spp (11.1%), Proteus mirabilis
(6.1%) and Pseudomonas aeruginosa (5.1%)°.

There are few studies that have evaluated infections caused by
resistant bacteria in hemodialysis patients®; however, hemo-
dialysis has been found to be an independent risk factor for
extended-spectrum beta-lactamase-(ESBL) producing Gram
negative bacilli infections, so these patients are at higher risk
of infection by these bacteria compared to susceptible iso-
lates™. It has also been reported that isolates of K. pneumo-
nige which produce these beta-lactamases can cause up to
23.1% of the infections that occur in hemodialysis patients™.

Factors associated with infections by multidrug-
resistant bacteria

The risk factors for infection by resistant bacteria in hemo-
dialysis patients include factors specific of the individual and
factors associated with healthcare, for example contact with
the hospital environment and with the renal unit. Thus, a
greater risk of infection has been detected in patients over
50 or 60 years old (HR: 1.03, 95% CI 1.02-1.05, p <0.001), with
previous use of antibiotics (OR: 2.53, 95% Cl 1.21-5.28, p =
0.013), previous bacterial infections (OR: 2.00, 95% CI 1.47-
2.72), history of hospitalization (OR: 5.90, 95% ClI 1.91-18.24,
p=0.002) or immunosuppressive drugs (OR: 3.0 95% CI 1.0-
6.1)315, As well as the presence of diseases such as diabetes
(OR: 2.37,95% Cl 1.65-3.39), a low level of albumin (HR: 0.32,
95% C10.25-0.41, p <0.0001), and the Charlson index ( OR: 3.6,
95% Cl: 1.2-10.7, p = 0.02) have been reported as predictors
of these infections''”. Some characteristics related to the
dialysis process, such as the presence of a central venous
catheter as opposed to a fistula (RR = 3.38, 95% Cl 1.89-6.30)
and a short time on dialysis (HR: 0.70, 95% Cl 0.56-0.89; p =
0.003) have also been reported as risk factors'>®.

Colonization by multidrug-resistant bacteria as a
risk factor for infection

Previous studies have indicated that bacterial colonization is
one of the main risk factors for infection in the dialysis po-
pulation™22 (Table 1). It has even been reported that the per-
centage of colonization by at least one multidrug-resistant
bacteria in patients in the hemodialysis modality can reach
28%2. This has several implications: first because in order
to prevent infections by these bacteria, strategies should be
focused on avoiding transmission; second because coloniza-
tion is more frequent than infection and can persist for long
periods of time and third because asymptomatic carriers of
multidrug-resistant bacteria are reservoirs of these microor-
ganisms and can transmit them without being detected®.
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Table 1. Studies that have evaluated colonization as a risk factor for infection by Staphylococcus aureus in patients on hemodialysis

Author

Country, year

Sample

Study type

Expositions and outcomes

Percentage or risk of infection
in colonized patients

E ition: Nasal colonizati
L el ’\;l('g;:ltlon asal colonization by 5/29 (17.24%); HR: 4.31
ai, eta
) 306 Cohort . (95% Cl, 1.55-11.97)
Taiwan, 2011 Outcomes: Infection by MRSA and
p=0.01
death
Exposition: Nasal colonizacion by
Lu, et al MRSA
! 1687 Cross-sectional 4/12 (33.3%
Taiwan, 2008 ross-sectiona Outcome: Infeccion por MRSA and /2. )
death
- L, 1.24 bacteremias/100 months-
Exposition: Nasal colonizacién by S. .
patient (38%);
SOGI GE 208 Cross-sectional | 2" RR 2.95 (95% Cl, 2.95-5.40)
- | o , £ d .
Saudi Arabia, 2002 Outcome: Catheter- ’
. . p<0.0001
Associated Bloodstream Infections
Exposition: Colonization by S. aureus
Aktas, et al ) . .
123 Cross-sectional Outcome: Infection during 4/8 (50%)
Turkey, 2011 s
hospitalization
Yeoh, et al Exposition: Colonization by MRSA 74.1%;
o 179 Cohort Outcome: Infection during RR: 3.2 (Cl 95%, 1.41-7.09)
Singapore, 2014 e
hospitalization p < 0.01
Patel, et al Exposition: Colonization by MRSA
X 1Tl X 1zatl
United States, 103 Cross-sectional P X y 3/12 (25%)
2011 Outcome: Infection by MRSA

Staphylococcus aureus (particularly MRSA) is the bacteria that
most frequently colonizes patients on hemodialysis, and has
been reported with a percentage ranging from 1.4% to 27%
of patients, of which around 17% to 35% can develop infec-
tions like bacteremia®. Colonization by this bacteria can be
persistent (over long periods of time) or intermittent (with
changing patterns over time), the former being associated
with an increased risk of infection and increased mortality™.
Transmission of MRSA can be patient to patient, through the
contaminated hands or gloves of health care workers, or from
contaminated surfaces, suggesting an exogenous source of
transmission, with an incidence of 1.2 per 100 patient-months
of risk”%24. For the assessment of MRSA colonization, it has
been reported that screening in nostrils has a sensitivity of only
84%, which makes it necessary to evaluate other sites such as
the skin and the pharynx in order to increase the sensitivity of
detection to above 90%%. Previous studies suggest that skin
colonization by bacteria such as MRSA may encourage the
presence in skin, vascular access and blood infections?'?2, Un-
like MRSA, few studies have evaluated colonization by mul-
tidrug-resistant Gram-negative bacilli in dialysis patients, so
their role in the development of infection has not yet been es-
tablished. Previous studies have reported an intestinal coloni-
zation of 16% by these bacteria, and some authors have even
suggested that this percentage may be higher compared to
colonization by MRSA>2%, In uncolonized patients, the pro-
bability of colonization during a 6-month follow-up period
can be up to 20%, either by exogenous transmission (through
patient to patient) or endogenously (through the acquisition
of mechanisms of resistance in bacteria that are part of the
microbiota, horizontally by conjugation or vertically by clonal
dissemination)”?*. Among the betalactamases that have been

described are those of the ESBL type in bacteria such as Esche-
richia coli, at a percentage of around 8.3%%.

The gastrointestinal tract is one of the most likely sites to
be colonized by multidrug-resistant bacilli (MDR-BGN), not
only because of the ease in oral-fecal transmission but also
because many antibiotics are eliminated by the intestinal
tract?'?2?7. The intestine is a center of horizontal transfer of
resistance mechanisms through genetic elements from one
bacteria to another and from there the translocation of these
microorganisms can be presented through the bloodstream
or fecal contamination of the vascular access can also oc-
cur??8, Although the intestinal microbiota is stable and simi-
lar in members of the same family, it can be altered the use
of antibiotics which can cause changes in microbial densities
that can last up to four years®.

Different studies indicate that the community could be an
important source of transmission of resistant bacteria, lea-
ding to colonization and subsequent infections in different
types of patients, including patients on hemodialysis. The
frequent use of non-prescribed antibiotics in daily life and
in environments other than human health, such as veterinary
medicine, agriculture and the food industry (where they are
used up to four times as much), has contributed to the colo-
nization and dissemination of resistant bacteria in the com-
munity3%-33. Antibiotics are some of the most frequently sold
drugs in pharmacies, often without medical formulas and for
infections of viral origin, on which they have no effect®3.
Additional factors to the consumption of antibiotics, such
as stay in places of prolonged care like nursing homes, pre-
vious contact with health care services, travels to endemic
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areas and certain eating habits such as the consumption of
pigs and poultry, have been nassociated with the acquisition
of betalactmases of the ESBL type in the community; sugges-
ting transmission through the food chain3¢-3,

Likewise, ESBL-producing strains of E. coli with the same ge-
netic profile have been found on household surfaces, in pets
and in humans, suggesting cross-transmission of this bac-
teria®®. Person-to-person transmission, even from mother to
child during of delivery, has been documented by different
authors*°41, in addition to other sources of transmission
such as money, water and domestic animals**°. Colonization
by bacteria such as ESBL-producing E. coli has been associa-
ted with community-acquired infections, mainly by CTX-M-1
carrier isolates, unlike hospital isolates commonly producing
CTX-M-14 or CTX-15373846,

In relation to contact during health care, recent hospitaliza-
tion has been described by several authors as a risk factor for
colonization by resistant bacteria (OR = 1.93, 95% Cl, 1.04-
3.58), which could be related to the acquisition of these mi-
croorganisms in the hospital environment#7484°,

Studies that have evaluated the association between coloni-
zation and the development of infections by resistant bacte-
ria in hemodialysis patients have limitations, such as the lack
of use of molecular methods to confirm that the colonizing
species is the same as that which causes infection, the mea-
surement of exposure only at the beginning of the study, the
absence of follow-up, the focus only on MRSA without in-
cluding other resistant bacteria of clinical importance such
as MDR-BGN, the evaluation of bacteremia as the only impor-
tant outcome and the lack of knowledge about the prognosis
of infections in previously colonized patients'2450-52,

Similarly, other authors have questioned the existence of
a causal association between colonization and infection in
hemodialysis patients, given that colonization may only be
a marker of other patient health conditions that may make
them more susceptible to infection, for example the presence
of different comorbidities, the consumption of antibiotics or
immunosuppressive drugs, and frequent contact with health
care®. This situation has led to the fact that prophylactic
decolonization is a controversial issue in terms of its effecti-
veness in reducing infections, despite its recommendation in
national guidelines, and it is not used by healthcare person-
nel due to the high percentages of re-infection, the develo-
pment of resistance to the antibiotics used, the selection of
appropriate site for application and lack of consensus as to
the dose and time of therapy®**4.

Prevention of infections in hemodialysis patients
The recommendations given by the CDC (Centers for Disease
Control and Prevention) to prevent the transmission of resis-

tant bacteria are general and not specific to multidrug-resis-
tant bacteria in hemodialysis patients®. These recommenda-
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tions are mainly based on avoiding transmission mainly by
the use of gloves and gowns by care personnel, the cleaning
of equipment and surfaces, the preparation of medicines in
clean areas, the optimization of antibiotics and the education
of patients and personnel®>. However, given the complexi-
ty of the problem of antimicrobial resistance, it is necessary
to implement other strategies that achieve a more effective
control of the problem?.

Some of these strategies consist of the de-escalation of anti-
biotics such as vancomycin (used inappropriately as a targe-
ted treatment in more than 10% of cases), the use of fistulas
instead of catheters where possible, contact precautions in
colonized or infected patients and decolonization>*. The use
of this last strategy is controversial because, despite eviden-
ce indicating the reduction of invasive infections by S. aureus,
it may increase the risk of developing resistance®. Additio-
nally, knowledge about antibiotics and the duration and fre-
quency of treatment is limited>®. Despite these strategies of
prevention, the percentages of infection by resistant bacteria
in hemodialysis patients continues in increasing, which leads
to the need to identify other risk factors that can be interve-
ned to prevent the transmission of these microorganisms®’.

Molecular biology offers a set of typing techniques that allow
more precise knowledge of the transmission patterns of re-
sistant bacteria in a specific place, such as pulsed-field gel
electrophoresis, multi-locus sequence typing and whole ge-
nome sequencing®. These offer advantages over other epi-
demiological tools in that they can shed light on how these
microorganisms are transmitted®’.

The integration of molecular biology techniques with tra-
ditional epidemiology has given rise to a branch of epide-
miology called “molecular epidemiology”, which aims to de-
fine the distribution of diseases and identify risk factors in
populations®®*. Molecular epidemiology has emerged as a
useful tool for the evaluation of the transmission of resistant
bacteria in healthcare institutions because it allows a more
accurate evaluation of the behavior of infectious diseases
and refines the analysis of the associations with a greater
causal inference® 8. This is done through the identification
of genotypes of clinical importance, the knowledge of their
distribution in time, person and place and the comparison of
the genetic profiles of the bacterial isolates that colonize and
cause infection, thus defining if the colonizing bacteria is the
same clone as that which causes the infection®"%¢.

Among the molecular biology methods applied in molecular
epidemiology are pulsed-field gel electrophoresis (PFGE) and
multi-locus sequence typing (MLST), both of which are used
in studies of local and global epidemiology, respectively.

The PFGE continues to be the “gold standard” for studies of
local epidemiology, for hospital outbreaks and to evaluate
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transmission between hospital institutions®. It is one of the
typing methods with the highest discrimination power since
it allows the detection of small variations in the genome such
as deletions, insertions, loss, or the acquisition of plasmids
that accumulate rapidly over time®®. On the other hand, the
MLST analyzes the sequences of seven constitutive genes,
which have a low rate of genetic variability over time®. Once
the genes are sequenced, each sequence is entered into da-
tabases available on the internet in order to generate an alle-
lic profile called a sequence type, or ST®. The relationship
between STs can be determined by algorithms such as the
eBURST, which allows the inference of evolutionary patterns
of descent through a model of clonal expansion and diversi-
fication by assigning clonal complexes (CC)®°.

Due to the availability of databases on the internet for the
analysis of sequences, the MLST has facilitated a worldwide
exchange and reproducibility of information®. Because of the
low variability of the amplified genes, this technique is used
for studies of global epidemiology in order to detect changes
that are generated over long periods of time®’.

Colonization and infections by multidrug-resistant
bacteria in the local context

Colombia has one of the highest percentages of beta-lactam
resistant bacteria, mainly Gram-negative bacilli, in Latin Ame-
rica®"®2, The resistance to carbapenems is particularly worri-
some, given that since 2006 a significant increase in this resis-
tance has been observed in bacteria such as K. pneumoniae®.
This year, the first two cases of K. pneumoniae producers of
KPC-2 carbapenemase in South America were reported in a
high-complexity level institution in Medellin®. In 2007, the
world's first report of this same carbapenemase was made in
an isolation of P. aeruginosa that originated from the same
institution®'. In the following years, the situation worsened
when an outbreak in 84 patients from an Intensive Care Unit
(ICU) occurred in 2008, representing the first report of KPC-3
in Colombia®. Studies of the behavior of carbapenem-resis-
tant Gram-negative bacilli in hospitals in Medellin have re-
ported the successful international dissemination of clones,
in addition to the emergence of genetically diverse clones
with the capacity to harbor different mechanisms of resistan-
ce as a result of the high antibiotic pressure and the horizon-
tal transfer capacity of mobile genetic elements®'626570,

On the other hand, S. aureus continues to be one of the main
bacteria isolated both in intensive care units and in other
hospitalization rooms™. Previous studies conducted by our
research group have shown that the strains of MRSA as-
sociated with the community have a greater capacity for
virulence and dissemination than those associated with
health care, and that they circulate predominantly in hospi-
tals, displacing the clones hospital characteristics®-%°.

However, most of these studies have focused on infections
caused by multidrug-resistant bacteria in hospitalized patients,
but very few have explored the behavior of colonization and
such infections in patients on hemodialysis. A study conducted
in Bogota with hospitalized hemodialysis patients reported a
percentage of colonization by S. aureus of 45.5%, with 13.3%
being resistant to methicillin (MRSA)™. This leads to the need
to conduct studies that provide a more complete picture of
the current situation of antibiotic resistance in the hemodialysis
population, patients who circulate frequently in the community
and hospital institutions and who present not only an increased
risk of infection, but also a greater potential for the dissemina-
tion of these resistant microorganisms inside and outside the
renal unit, due to the high percentages of colonization.

Conclusion

Patients on hemodialysis are at a high risk of infection by
beta-lactam antibiotics resistant bacteria and coloniza-
tion could be an important risk factor for the development
of such infections. It is important to know the problem of
resistance in patients with a high risk of infection, not only
to avoid contact of patients with these microorganisms, but
to justify the need to evaluate prophylactic therapies such as
decolonization.

Similarly, it is important to know the potential of dissemi-
nation of these microorganisms inside and outside of re-
nal units, in order to establish and strengthen preventive
measures to control the transmission of infections in patients
on hemodialysis; a population little studied in the local area
in which different risk factors converge. This knowledge
will allow a first approximation of the dynamics of the
transmission of these microorganisms in this population and
in a country endemic to the circulation of resistant bacteria.

Ethical disclosures

Protection of human and animal subjects. This research do
not used animal nor human material.

Confidentiality of data. Not applicable
Right to privacy and informed consent. No applicable

Funding. Comité para el Desarrollo de la Investigacion
-CODI - Universidad de Antioquia. Convocatoria Progra-
matica Proyecto cédigo 2017-15526

Conflict of Interest. The authors declare that the research
was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Author Contributions. All authors participated in selection
of topic, search for information, article writing, tables infor-
mation. All authors read and approved the final manuscript.

209



210

J.M. Vanegas Munera, et al

REVISTA INFECTIO

References

20.

21.

22.

Albuquerque SE, Cavalcante ReS, Ponce D, Fortaleza CM. Epidemiology of
healthcare-associated infections among patients from a hemodialysis unit
in southeastern Brazil. Braz J Infect Dis. 2014;18(3):327-30.

Farifias MC, Garcia-Palomo JD, Gutiérrez-Cuadra M. [Infection associated
with hemodialysis and peritoneal dialysis catheters]. Enferm Infecc
Microbiol Clin. 2008;26(8):518-26.

Eleftheriadis T, Liakopoulos V, Leivaditis K, Antoniadi G, Stefanidis I.
Infections in hemodialysis: a concise review - Part 1: bacteremia and
respiratory infections. Hippokratia. 2011;15(1):12-7.

Ciavarella D, Lavallo E, Reiss RF. Coagulation factor activity in platelet
concentrates stored up to 7 days: an in vitro and in vivo study. Clin Lab
Haematol. 1986;8(3):233-42.

Calfee DP. Multidrug-resistant organisms in dialysis patients. Semin Dial.
2013;26(4):447-56.

Chua K, Laurent F, Coombs G, Grayson ML, Howden BP. Antimicrobial
resistance: Not community-associated methicillin-resistant
Staphylococcus aureus (CA-MRSA)! A clinician’s guide to community
MRSA - its evolving antimicrobial resistance and implications for therapy.
Clin Infect Dis. 2011;52(1):99-114.

Snyder GM, D’Agata EM. Novel antimicrobial-resistant bacteria among
patients requiring chronic hemodialysis. Curr Opin Nephrol Hypertens.
2012;21(2):211-5.

Klevens RM, Morrison MA, Nadle J, Petit S, Gershman K, Ray S, et al.
Invasive methicillin-resistant Staphylococcus aureus infections in the
United States. JAMA. 2007;298(15):1763-71.

Klevens RM, Edwards JR, Andrus ML, Peterson KD, Dudeck MA, Horan
TC, et al. Dialysis Surveillance Report: National Healthcare Safety Network
(NHSN)-data summary for 2006. Semin Dial. 2008;21(1):24-8.

Murray EC, Marek A, Thomson PC, Coia JE. Gram-negative bacteraemia in
haemodialysis. Nephrol Dial Transplant. 2015;30(7):1202-8.

Saely S, Kaye KS, Fairfax MR, Chopra T, Pogue JM. Investigating the impact
of the definition of previous antibiotic exposure related to isolation of
extended spectrum f-lactamase-producing Klebsiella pneumoniae. Am J
Infect Control. 2011;39(5):390-5.

Lee HL, Whang DH, Park DW, Lee YJ, Kim YH, Chin HJ, et al. Higher
Prevalence of Klebsiella pneumoniae Extended-Spectrum B-Lactamase
in Patients on Renal Replacement Therapy. J Korean Med Sci.
2013;28(8):1187-93.

Fram D, Okuno MF, Taminato M, Ponzio V, Manfredi SR, Grothe C,
et al. Risk factors for bloodstream infection in patients at a Brazilian
hemodialysis center: a case-control study. BMC Infect Dis. 2015;15:158.
Fysaraki M, Samonis G, Valachis A, Daphnis E, Karageorgopoulos DE,
Falagas ME, et al. Incidence, clinical, microbiological features and outcome
of bloodstream infections in patients undergoing hemodialysis. Int J Med
Sci. 2013;10(12):1632-8.

Schmid H, Romanos A, Schiffl H, Lederer SR. Persistent nasal methicillin-
resistant staphylococcus aureus carriage in hemodialysis outpatients: a
predictor of worse outcome. BMC Nephrol. 2013;14:93.

Skov Dalgaard L, Ngrgaard M, Jespersen B, Jensen-Fangel S, @stergaard
LJ, Schenheyder HC, et al. Risk and Prognosis of Bloodstream Infections
among Patients on Chronic Hemodialysis: A Population-Based Cohort
Study. PLoS One. 2015;10(4):e0124547.

Wang IK, Chang YC, Liang CC, Chuang FR, Chang CT, Lin HH, et al.
Bacteremia in hemodialysis and peritoneal dialysis patients. Intern Med.
2012;51(9):1015-21.

Collins AJ, Foley RN, Chavers B, Gilbertson D, Herzog C, Johansen K, et
al. 'United States Renal Data System 2011 Annual Data Report: Atlas of
chronic kidney disease & end-stage renal disease in the United States. Am
J Kidney Dis. 2012;59(1 Suppl 1):A7, e1-420.

Lu PL, Tsai JC, Chiu YW, Chang FY, Chen YW, Hsiao CF, et al. Methicillin-
resistant Staphylococcus aureus carriage, infection and transmission in
dialysis patients, healthcare workers and their family members. Nephrol
Dial Transplant. 2008;23(5):1659-65.

Safdar N, Bradley EA. The risk of infection after nasal colonization with
Staphylococcus aureus. Am J Med. 2008;121(4):310-5.

Uhlemann AC, Knox J, Miller M, Hafer C, Vasquez G, Ryan M, et al. The
environment as an unrecognized reservoir for community-associated
methicillin resistant Staphylococcus aureus USA300: a case-control study.
PLoS One. 2011;6(7):e22407.

Cluzet VC, Gerber JS, Nachamkin I, Metlay JP, Zaoutis TE, Davis MF, et
al. Risk factors for recurrent colonization with methicillin-resistant
Staphylococcus aureus in community-dwelling adults and children. Infect
Control Hosp Epidemiol. 2015;36(7):786-93.

ASOCIACION COLOMBIANA DE INFECTOLOGIA |

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Pop-Vicas A, Strom J, Stanley K, D'Agata EM. Multidrug-resistant gram-
negative bacteria among patients who require chronic hemodialysis. Clin
J Am Soc Nephrol. 2008;3(3):752-8.

Patel G, Jenkins SG, Mediavilla JR, Kreiswirth BN, Radbill B, Salgado
CD, et al. Clinical and molecular epidemiology of methicillin-resistant
Staphylococcus aureus among patients in an ambulatory hemodialysis
center. Infect Control Hosp Epidemiol. 2011;32(9):881-8.

Lautenbach E, Nachamkin |, Hu B, Fishman NO, Tolomeo P, Prasad P, et al.
Surveillance cultures for detection of methicillin-resistant Staphylococcus
aureus: diagnostic yield of anatomic sites and comparison of provider- and
patient-collected samples. Infect Control Hosp Epidemiol. 2009;30(4):380-
2.

Correia S, Pacheco R, Radhouani H, Diniz JC, Ponce P, Jones-Dias D, et
al. High prevalence of ESBL-producing Escherichia coli isolates among
hemodialysis patients in Portugal: appearance of ST410 with the
bla(CTX-M-14) gene. Diagn Microbiol Infect Dis. 2012;74(4):423-5.
Tuddenham S, Sears CL. The intestinal microbiome and health. Curr Opin
Infect Dis. 2015;28(5):464-70.

Carlet J. The gut is the epicentre of antibiotic resistance. Antimicrob Resist
Infect Control. 2012;1(1):39.

Jakobsson HE, Jernberg C, Andersson AF, Sjélund-Karlsson M, Jansson
JK, Engstrand L. Short-term antibiotic treatment has differing long-
term impacts on the human throat and gut microbiome. PLoS One.
2010;5(3):e9836.

Fair RJ, Tor Y. Antibiotics and bacterial resistance in the 21st century.
Perspect Medicin Chem. 2014;6:25-64.

Lépez M, Tenorio C, Torres C. Study of vancomycin resistance in faecal
enterococci from healthy humans and dogs in Spain a decade after the
avoparcin ban in Europe. Zoonoses Public Health. 2013;60(2):160-7.
Meek RW, Vyas H, Piddock LJ. Nonmedical Uses of Antibiotics: Time to
Restrict Their Use? PLoS Biol. 2015;13(10):e1002266.

Antibiotic Resistance Threats in the United States, 2013. Centers for
Disease Control and Prevention. [Fecha de acceso: 20 de abril de 2015].
Disponible en: http://www.cdc.gov/drugresistance/threat-report-2013/.
Palop Larrea V, Melchor Penella A, Martinez Mir 1. [Reflections on the use
of antibiotics in primary care]. Aten Primaria. 2003;32(1):42-7.

Smith DL, Dushoff J, Perencevich EN, Harris AD, Levin SA. Persistent
colonization and the spread of antibiotic resistance in nosocomial
pathogens: resistance is a regional problem. Proc Natl Acad Sci U S A.
2004;101(10):3709-14.

Stuart RL, Kotsanas D, Webb B, Vandergraaf S, Gillespie EE, Hogg GG, et al.
Prevalence of antimicrobial-resistant organisms in residential aged care
facilities. Med J Aust. 2011;195(9):530-3.

Harris PN. Clinical management of infections caused by Enterobacteriaceae
that express extended-spectrum B-lactamase and AmpC enzymes. Semin
Respir Crit Care Med. 2015;36(1):56-73.

Leistner R, Meyer E, Gastmeier P, Pfeifer Y, Eller C, Dem P, et al. Risk factors
associated with the community-acquired colonization of extended-
spectrum beta-lactamase (ESBL) positive Escherichia Coli. an exploratory
case-control study. PLoS One. 2013;8(9):e74323.

Martins LR, Pina SM, Sim&es RL, de Matos AJ, Rodrigues P, da Costa PM.
Common phenotypic and genotypic antimicrobial resistance patterns
found in a case study of multiresistant E. coli from cohabitant pets,
humans, and household surfaces. J Environ Health. 2013;75(6):74-81.
Owens RC, Johnson JR, Stogsdill P, Yarmus L, Lolans K, Quinn J. Community
transmission in the United States of a CTX-M-15-producing sequence
type ST131 Escherichia coli strain resulting in death. J Clin Microbiol.
2011;49(9):3406-8.

Dubois V, De Barbeyrac B, Rogues AM, Arpin C, Coulange L, Andre C, et al.
CTX-M-producing Escherichia coli in a maternity ward: a likely community
importation and evidence of mother-to-neonate transmission. J
Antimicrob Chemother. 2010;65(7):1368-71.

Gedik H, Voss TA, Voss A. Money and transmission of bacteria. Antimicrob
Resist Infect Control. 2013;2(1):22.

Eisenberg JN, Goldstick J, Cevallos W, Trueba G, Levy K, Scott J, et al.
In-roads to the spread of antibiotic resistance: regional patterns of
microbial transmission in northern coastal Ecuador. J R Soc Interface.
2012;9(70):1029-39.

Zurfluh K, Nuesch-Inderbinen MT, Poirel L, Nordmann P, Hachler H,
Stephan R. Emergence of Escherichia coli producing OXA-48 B-lactamase
in the community in Switzerland. Antimicrob Resist Infect Control.
2015;4:9.

Moore JE, Watabe M, Millar BC, Loughrey A, McCalmont M, Goldsmith CE,
et al. Screening of clinical, food, water and animal isolates of Escherichia
coli for the presence of blaCTX-M extended spectrum beta-lactamase
(ESBL) antibiotic resistance gene loci. Ulster Med J. 2010;79(2):85-8.



Colonization and infections by multidrug-resistant bacteria in hemodialysis patients: a topic of concern

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Denholm JT, Huysmans M, Spelman D. Community acquisition of ESBL-
producing Escherichia coli: a growing concern. Med J Aust. 2009;190(1):45-
6.

Karanika S, Zervou FN, Zacharioudakis IM, Paudel S, Mylonakis E. Risk
factors for meticillin-resistant Staphylococcus aureus colonization in
dialysis patients: a meta-analysis. J Hosp Infect. 2015;91(3):257-63.
Morrill HJ, Pogue JM, Kaye KS, LaPlante KL. Treatment Options for
Carbapenem-Resistant Enterobacteriaceae Infections. Open Forum Infect
Dis. 2015;2(2):0fv050.

Gould IM, Reilly J, Bunyan D, Walker A. Costs of healthcare-associated
methicillin-resistant Staphylococcus aureus and its control. Clin Microbiol
Infect. 2010;16(12):1721-8.

Saxena AK, Panhotra BR, Venkateshappa CK, Sundaram DS, Naguib M,
Uzzaman W, et al. The impact of nasal carriage of methicillin-resistant
and methicillin-susceptible Staphylococcus a ureus (MRSA & MSSA) on
vascular access-related septicemia among patients with type-Il diabetes
on dialysis. Ren Fail. 2002;24(6):763-77.

Yeoh LY, Tan FL, Willis GC, Ooi ST. Methicillin-resistant Staphylococcus
aureus carriage in hospitalized chronic hemodialysis patients and its
predisposing factors. Hemodial Int. 2014;18(1):142-7.

Lai CF, Liao CH, Pai MF, Chu FY, Hsu SP, Chen HY, et al. Nasal carriage
of methicillin-resistant Staphylococcus aureus is associated with higher
all-cause mortality in hemodialysis patients. Clin J Am Soc Nephrol.
2011;6(1):167-74.

Narasimha Krishna V, Allon M. What is the significance of Staphylococcus
aureus colonization in hemodialysis patients? Nephron. 2015;129(2):75-8.
Guia para el manejo de la enfermedad renal cronica y Modelo de
prevencion y control de la enfermedad renal crénica. Componente
de un modelo de salud renal. Ministerio de la Proteccién Social -MPS.
Programa de Apoyo a la Reforma de Salud -PARS. Fundacién para la
Investigacion y Desarrollo de la Salud y la Seguridad Social. Bogota,
Colombia, Mayo 2007.

Centers for Disease Control and Prevention: Recommendations
for  preventing transmission of infections among  chronic
hemodialysis patients. MMWR Recomm Rep 50:1-43, 2001.

Kallen AJ, Jernigan JA, Patel PR. Decolonization to prevent infections with
Staphylococcus aureus in patients undergoing hemodialysis: a review of
current evidence. Semin Dial. 2011;24(5):533-9.

Ranjbar R, Karami A, Farshad S, Giammanco GM, Mammina C. Typing
methods used in the molecular epidemiology of microbial pathogens: a
how-to guide. New Microbiol. 2014;37(1):1-15.

Field N, Cohen T, Struelens MJ, Palm D, Cookson B, Glynn JR, et al.
Strengthening the Reporting of Molecular Epidemiology for Infectious
Diseases (STROME-ID): an extension of the STROBE statement. Lancet
Infect Dis. 2014;14(4):341-52.

Traub RJ, Monis PT, Robertson ID. Molecular epidemiology: a
multidisciplinary approach to understanding parasitic zoonoses. Int J
Parasitol. 2005;35(11-12):1295-307.

Pérez-Losada M, Cabezas P, Castro-Nallar E, Crandall KA. Pathogen typing
in the genomics era: MLST and the future of molecular epidemiology.
Infect Genet Evol. 2013;16:38-53.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Villegas MV, Lolans K, Correa A, Kattan JN, Lopez JA, Quinn JP. First
identification of Pseudomonas aeruginosa isolates producing a KPC-type
carbapenem-hydrolyzing beta-lactamase. Antimicrob Agents Chemother.
2007;51(4):1553-5.

Hernandez C, Blanco V, Motoa G, Correa A, Maya JJ, de la Cadena E, et al.
Evolucion de la resistencia antimicrobiana de bacilos Gram negativos en
unidades de cuidados intensivos en Colombia. Biomédica. 2014;34(Supl.
1):91-100.

Villegas MV, Lolans K, Correa A, Suarez CJ, Lopez JA, Vallejo M, et al. First
detection of the plasmid-mediated class A carbapenemase KPC-2 in
clinical isolates of Klebsiella pneumoniae from South America. Antimicrob
Agents Chemother. 2006;50(8):2880-2.

Lopez JA, Correa A, Navon-Venezia S, Correa AL, Torres JA, Briceno DF, et
al. Intercontinental spread from Israel to Colombia of a KPC-3-producing
Klebsiella pneumoniae strain. Clin Microbiol Infect. 2011;17(1):52-6.
Vanegas JM, Cienfuegos AV, Ocampo AM, Loépez L, del Corral H,
Roncancio G, et al. Similar frequencies of Pseudomonas aeruginosa
isolates producing KPC and VIM carbapenemases in diverse genetic
clones at tertiary-care hospitals in Medellin, Colombia. J Clin Microbiol.
2014;52(11):3978-86.

Vanegas JM, Higuita LF, Vargas C, Cienfuegos AV, E.A. R, Roncancio GE, et
al. Carbapenem resistant Acinetobacter baumannii causing osteomyelitis
and skin and soft tissue infections in hospitals in Medellin, Colombia.
Biomedica. 2015;35(4).

Jimenez JN, Ocampo AM, Vanegas JM, Rodriguez EA, Garces CG, Patino
LA, et al. Characterisation of virulence genes in methicillin susceptible
and resistant Staphylococcus aureus isolates from a paediatric population
in a university hospital of Medellin, Colombia. Mem Inst Oswaldo Cruz.
2011;106(8):980-5.

Jiménez JN, Ocampo AM, Vanegas JM, Rodriguez EA, Mediavilla JR, Chen
L, et al. CC8 MRSA strains harboring SCCmec type IVc are predominant in
Colombian hospitals. PLoS One. 2012;7(6):e38576.

Jiménez JN, Ocampo AM, Vanegas JM, Rodriguez EA, Mediavilla JR, Chen
L, et al. A comparison of methicillin-resistant and methicillin-susceptible
Staphylococcus aureus reveals no clinical and epidemiological but
molecular differences. Int J Med Microbiol. 2013;303(2):76-83.

Jimenez JN, Velez LA, Mediavilla JR, Ocampo AM, Vanegas JM, Rodriguez
EA, et al. Livestock-associated methicillin-susceptible Staphylococcus
aureus ST398 infection in woman, Colombia. Emerg Infect Dis.
2011;17(10):1970-1.

Maldonado NA, Mdnera M, Lopez JA, Sierra P, Robledo C, Robledo J,
et al. [Trends in antibiotic resistance in Medellin and municipalities of
the Metropolitan Area between 2007 and 2012: Results of six years of
surveillance]. Biomedica. 2014;34(3):433-46.

Hidalgo M, Carvajal LP, Rincén S, Faccini-Martinez A, Tres Palacios
AA, Mercado M, et al. Methicillin-Resistant Staphylococcus aureus
USA300 Latin American Variant in Patients Undergoing Hemodialysis
and HIV Infected in a Hospital in Bogota, Colombia. PLoS One.
2015;10(10):e0140748.

211





