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Should we use closed or open infusion
containers for prevention of bloodstream
infections?
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Abstract

Background: Hospitalized patients in critical care settings are at risk for bloodstream infections (BSI). Most BSIs
originate from a central line (CL), and they increase length of stay, cost, and mortality. Open infusion containers
may increase the risk of contamination and administration-related (CLAB) because they allow the entry of air into
the system, thereby also providing an opportunity for microbial entry. Closed infusion containers were designed to
overcome this flaw. However, open infusion containers are still widely used throughout the world.
The objective of the study was to determine the effect of switching from open (glass, burettes, and semi-rigid)
infusion containers to closed, fully collapsible, plastic infusion containers (Viaflex®) on the rate and time to onset of
central line-associated bloodstream infections CLABs.

Methods: An open label, prospective cohort, active healthcare-associated infection surveillance, sequential study
was conducted in four ICUs in Mexico. Centers for Disease Control National Nosocomial Infections Surveillance
Systems definitions were used to define device-associated infections.

Results: A total of 1,096 adult patients who had a central line in place for >24 hours were enrolled. The CLAB rate
was significantly higher during the open versus the closed container period (16.1 versus 3.2 CLAB/1000 central line
days; RR = 0.20, 95% CI = 0.11-0.36, P < 0.0001). The probability of developing CLAB remained relatively constant in
the closed container period (1.4% Days 2-4 to 0.5% Days 8-10), but increased in the open container period (4.9%
Days 2-4 to 5.4% Days 8-10). The chance of acquiring a CLAB was significantly decreased (81%) in the closed
container period (Cox proportional hazard ratio 0.19, P < 0.0001). Mortality was statistically significantly lower
during the closed versus the open container period (23.4% versus 16.1%; RR = 0.69, 95% CI = 0.54-0.88, P < 0.01).

Conclusions: Closed infusion containers significantly reduced CLAB rate, the probability of acquiring CLAB, and
mortality.

Background
Patients in hospitals are at risk for bloodstream infec-
tions (BSI), mainly in critical care settings. Most BSIs
originate from a central line (CL) [1], and they increase
length of stay, cost, and mortality [2-14].
During setup, admixture preparation, and administra-

tion [15,16], there is a high risk of contamination of
intravenous (IV) fluids. When the system is vented, as is
mandatory with open infusion containers, there are
extra risks of extrinsic contamination.

Both open and closed infusion containers are used
worldwide [5,17]. Open infusion containers consist of
rigid (glass, burette) containers or semi-rigid plastic con-
tainers that must admit air (air filter or needle) to empty
the contents (Figures 1, 2, 3). Closed infusion containers
consist of fully collapsible plastic containers that do not
require or use any external vent (air filter or needle) to
empty the solution, and have self-sealing injection ports
(Figure 4).
Standard practice incorporates the use of closed sys-

tems to prevent healthcare-associated infections (e.g.,
catheter-associated urinary tract infections [CAUTI])
[18], ventilator-associated pneumonia [VAP] [19], surgi-
cal site infections [20], and central line-associated-
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bloodstream infections [CLAB]) [3,5,17]. Numerous
countries have reported outbreaks of infusion-related
CLAB traced to contamination of infusate in open infu-
sion systems [15,21-26]. Extrinsic or in-use contamina-
tion plays the most important role in bacterial
contamination of the infusion system [26-28].
In Argentina, switching from open, semi-rigid plastic

infusion containers to closed, fully collapsible plastic
infusion containers was cost effective and resulted in a
64% CLAB rate reduction [17]. However, the open con-
tainers studied were limited to semi-rigid plastic con-
tainers, and time to CLAB was not studied in Argentina.
In this study conducted in Mexico, 3 types of open

infusion containers (glass bottles, burettes, and semi-
rigid plastic) were utilized. A time-to-onset of CLAB
analysis was also included to evaluate the probability of
developing CLAB.
We report the results of a prospective, sequential

study undertaken to determine the impact of switching
from an open (glass bottles, burettes, and semi-rigid
plastic) to a closed, fully collapsible plastic infusion con-
tainer (Viaflex®) on the rate and time-to-onset of CLAB
in Mexico.

Methods
Setting
Three hospitals in Mexico City participated in the study:
General Hospital, Century XXI Specialties Instituto
Mexicano del Seguro Social (IMSS) Hospital, and

Mancera IMSS Hospital. In accordance with recommen-
dations [29], each has an active infection control pro-
gram, composed of a physician trained in internal
medicine and infectious diseases, and an infection con-
trol nurse. General Hospital is a public hospital, while
Century XXI Specialties IMSS Hospital and Mancera
IMSS Hospital are social security hospitals. The four
intensive care units (ICUs) in the study centers operate
at the highest level of complexity in Mexico (Level IV),
providing treatment for patients who have undergone
open-heart surgery, neurosurgery, gastrointestinal or
orthopedic surgery, as well as patients with trauma or
serious medical illnesses.
The study was conducted in accordance with the

Declaration of Helsinki. The study protocol was
approved by the ethics committee at General Hospital
and Century XXI Specialties IMSS Hospital. Approval
was not required by Mancera IMSS Hospital, as study
specific procedures did not exceed the scope of standard
medical care.
A subject informed consent letter, which detailed

information regarding adverse effects, was approved by
the ethics committee at General Hospital. However, sub-
ject informed consent was not required at either Cen-
tury XXI Specialties IMSS Hospital or Mancera IMSS
Hospital, as the study did not disclose the patient’s con-
fidentiality or privacy and did not involve any additional
risks beyond the usual medical interventions performed
in the participating ICUs.

Figure 1 Open Infusion Container - Glass container with air
filter.

Figure 2 Open Infusion Container - Semi-rigid container with
air filter.
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Data Collection
Patients who had a CL in place for >24 hours were
enrolled from each of the study ICUs. A trained nurse
prospectively recorded on case report forms the patient’s
gender, average severity-of-illness score (ASIS) on ICU
entry [30], device utilization, antibiotic exposure, and all
active infections identified while in the ICU. The deci-
sion to obtain blood cultures was made independently
by the patient’s physicians. Standard laboratory methods
were used to identify microorganisms recovered from
positive blood cultures [31].

Definitions
United States Centers for Disease Control National
Nosocomial Infections Surveillance Systems (CDC-
NNIS) program definitions were used to define device-
associated infections: CLAB (both laboratory-confirmed
infection and clinical primary nosocomial sepsis), cathe-
ter-associated urinary tract infection CAUTI, and venti-
lator-associated pneumonia VAP [32].
An open infusion container was defined as a rigid

(glass, burette) or semi-rigid plastic container that must
admit air to empty (air filter or needle). A closed infu-
sion container was defined as a fully collapsible, plastic
container that does not require or use any external vent
(air filter or needle) to empty the solution, and has
injection ports that are self-sealing.

Study Design
Active surveillance for CLAB and compliance with
infection control practices continued throughout the
study using CDC-NNIS methodologies, definitions, and
criteria [30]. The open container period lasted 6 months
(December 2002 to May 2003) at General Hospital, 5
months (February 2003 to June 2003) at Century XXI
Specialties IMSS Hospital, and 4 months (April 2003 to

July 2003) at Mancera IMSS Hospital. The closed con-
tainer period lasted 6 months (June 2003 to November
2003), 5 months (July 2003 to November 2003), and 4
months (August 2003 to November 2003), respectively.
Baxter Viaflex®, a fully collapsible plastic closed infu-

sion container, was used during the closed container
period. Commercially available open infusion containers
(glass container, semi-rigid plastic container, and burette
products) were used during the open container period.
Protocol specified target hand hygiene (HH) and CL

care compliance was set at ≥70% and ≥ 95%, respec-
tively. We assessed HH (which included the use of alco-
hol based hand rub at one hospital) compliance [33],
placement of gauze on CL insertion sites, condition of
gauze dressing (absence of blood, moisture, and gross
soilage; occlusive coverage of insertion site) [34,35], and
documentation for date of CL insertion. A research
nurse observed healthcare workers (physicians, nurses,
and paramedical staff) three times per week across all
work shifts and recorded information on a standard
form. In addition, we conducted active surveillance for
other common healthcare-acquired infections such as
VAP and CAUTI. Mortality data also were collected.

Data Analysis
Outcomes measured during the open and closed con-
tainer periods included the incidence density rate of
CLAB (number of cases/1000 CL days) and time to
CLAB. Chi-square analyses for dichotomous variables
and t-test for continuous variables were used to analyze
baseline differences between periods. Relative risk (RR)

Figure 3 Open Infusion Container - Burette with air filter.

Figure 4 Closed Infusion Container - Fully collapsible plastic
container without air filter.
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ratios, 95% confidence intervals (CIs), and P-values were
determined for all outcomes. Time to first CLAB was
analyzed using a log-rank test and is presented graphi-
cally using Kaplan-Meier curves. In addition, simple life
table conditional probabilities are presented graphically
to help explain the changing risk of infection over time
(Figure 5).

Results
During the study, 1096 patients were enrolled, 548 dur-
ing the open container period and 548 during the closed
container period. Patients in both periods were statisti-
cally similar regarding patient demographics, underlying
illness (except for endocrine diseases, cardiac failure,
angina pectoris, chronic obstructive pulmonary disease,
hepatic failure, and presence of previous infection),
length of stay, ASIS, device utilization, and antibiotic
usage (Table 1).
No new infection control interventions, training pro-

grams, products or technologies were introduced during
the study periods and all of the investigators, key study
personnel, classifications, and diagnostics techniques
remained constant throughout the entire study. A lead-
in period of at least 3 months duration was conducted
to standardize HH and CL care compliance practice.
Compliance with HH during both periods was above

70% (81.0% and 74.7% during the open and closed con-
tainer periods, respectively; RR = 0.92; 95% CI = 0.90 -
0.95).
Presence of gauze at CL site was 99.2% and 99.0%

during the open and closed container periods, respec-
tively (RR = 1.00; 95% CI = 0.99 - 1.00). Correct condi-
tion of gauze was 98.3% and 97.9% during the open and
closed container periods, respectively (RR = 1.00; 95%
CI = 0.99 - 1.00). Presence of the date at the CL inser-
tion site/administration set was 100% during both the
open and closed container periods.

The incidence density rate and percentage of patients
with CLAB were both significantly lower in the closed
container period compared to the open container period
(Table 2). The majority of laboratory confirmed CLAB
isolates in both the open (53.3%, 16/30) and closed
(66.6%, 4/6) infusion container period were Gram-posi-
tive; Gram-negative isolates represented 43.3% (13/30)
in the open container period and 33.3% (2/6) in the
closed container period. The distribution of microorgan-
isms for both container periods is shown on Table 3.
In this study, we examined the timing of when the

first CLAB was acquired comparing the open and closed
container periods (Figure 5). The majority (62%) of
patients had a CL in place for ≤4 days. When examining
three-day intervals, the conditional probability of acquir-
ing a CLAB in the closed container period was observed
to be relatively constant (1.4% at Days 2-4 to 0.5% at
Days 8-10). In the open container period, the condi-
tional probability of acquiring a CLAB was higher in
each three-day interval compared to the corresponding
three-day interval in the closed container period. The
conditional probability of acquiring a CLAB in the open
container period ranged from 4.9% at Days 2-4 to 5.4%
at Days 8-10.
Overall, the chance of a patient acquiring a CLAB

decreased significantly-by 81%- in the closed container
period (Cox proportional hazard ratio 0.19, P < 0.0001).
There was no statistically significant difference

between the two periods with respect to incidence of
CAUTI or VAP rate (Table 2).
Mortality during the closed container period (16.1%)

was statistically significantly lower than during the open
container period (23.4%) (RR = 0.69; 95% CI = 0.54 -
0.88; P = 0.002) (Table 2).

Discussion
Critically ill patients commonly require CL access for
administration of large volumes of IV fluid, medications,
blood products, or for hemodynamic monitoring. All of
these carry a greater risk of CLAB [4,5,10,11].
Studies have shown that CLABs increase length of

stay, cost, and attributable mortality [2,3,5,36]. In 2005,
Stone conducted a meta-analysis of all the cost studies
published over a five-year period and found that the
average cost of one CLAB was $36,441 (US) [36]. Pre-
viously, Rosenthal et al in Argentina published that
CLAB resulted in an extra 12 days of hospitalization
and $4,888 (US) [3]. Similarly, Higuera et al reported
that CLAB in Mexico resulted in an extra six days of
hospitalization and $11,560 (US) [2].
Moreover, CLABs are apparently related to increased

attributable mortality: In an Australian study, CLABs
resulted in excess mortality of 12% [37], and in a study
from the United States, Pittet et al reported an

Figure 5 Cumulative probability of 1st CLAB displayed by CL
days.
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Table 1 Patient demographics, underlying illness, length of stay, device utilization and antibiotic usage during the
two study periods

Open infusion container
N = 548

Closed infusion container
N = 548

RR 95% CI P-value

% (n/N) % (n/N)

Sex (Male) 43.8% (240/548) 48.0% (263/548) 1.10 0.96 - 1.25 0.16

Sex (Female) 56.2% (308/548) 52.0% (285/548) 0.93 0.83 - 1.03 -

Endocrine Disease 21.0% (45/214) 30.3% (154/508) 1.44 1.08 - 1.93 0.01

Cardiac Failure 27.1% (58/214) 42.5% (216/508) 1.57 1.23 - 2.00 <0.01

Angina Pectoris 2.8% (6/214) 10.0% (51/508) 3.58 1.56 - 8.22 <0.01

Cardiac Surgery 0.0% (0/214) 0.4% (2/508) - - 0.36

COPD 0.0% (0/214) 15.0% (76/508) - - <0.01

Cancer 4.2% (23/548) 4.2% (23/548) 1.00 0.57 - 1.76 1.0

Renal Impairment 4.7% (10/214) 7.5% (38/508) 1.60 0.81 - 3.15 0.17

Hepatic Failure 0.9% (2/214) 3.9% (20/508) 4.21 0.99 - 17.86 0.03

Abdominal Surgery 23.4% (128/548) 22.1% (121/548) 0.95 0.76 - 1.18 0.61

Thoracic Surgery 0.0% (0/214) 0.8% (4/508) - - 0.19

Trauma 0.0% (0/214) 1.2% (6/508) - - 0.11

Previous Infection 0.0% (0/214) 21.5% (109/508) - - <0.01

Stroke 0.0% (0/214) 1.0% (5/508) - - 0.15

Immunodeficiency 0.9% (2/214) 1.6% (8/507) 1.69 0.36 - 7.89 0.50

Urinary catheter 91.2% (500/548) 94.0% (515/548) 1.03 1.00 - 1.07 0.08

Mechanical ventilator 66.4% (364/548) 68.2% (374/548) 1.03 0.95 - 1.12 0.52

Mean ± SD Mean ± SD

ICU stay (days) 6.5 ± 6.56 7.1 ± 6.69 - - 0.13

Age (yrs) 54.1 ± 18.29 54.4 ± 18.58 - - 0.78

Severity-of-illness score 3.7 ± 0.90 3.8 ± 0.82 - - 0.45

CL utilization per patient (days) 6.7 + 7.35 7.4 + 7.54 - - 0.11

Mechanical ventilator utilization per patient (days) 4.3 ± 6.10 4.7 ± 6.61 - - 0.24

Urinary catheter utilization per patient (days) 6.0 ± 6.64 6.6 ± 6.65 - - 0.18

Defined daily dose Defined daily dose

Antibiotic use per 1000 days 1485 1540 - - 0.056

n, number of subjects with the characteristic present at baseline; N, total number of subjects with the with available (non-missing) results for the characteristic at
baseline.

Table 2 Incidence of CLAB, CAUTI, VAP, and mortality during the two study periods

Open infusion container
N = 548

Closed infusion container
N = 548

RR 95% CI P-value

CL days no. 3661 4055 - - -

CLAB no. 59 13 - - -

CLAB per 1000 CL days 16.1 3.2 0.20 0.11 - 0.36 <0.01

Percentage of patients with CLAB 10.8 2.4 0.22 0.12 - 0.40 <0.01

Urinary catheter days no. 3302 3590 - - -

CAUTI no. 30 36 - - -

CAUTI per 1000 catheter days 9.1 10.0 1.10 0.68 - 1.79 0.69

Mechanical ventilator days no. 2344 2592 - - -

VAP no. 66 71 - - -

VAP per 1000 mechanical ventilator days 28.2 27.4 0.97 0.70 - 1.35 0.87

Deaths no. 128 88 - - -

Percentage of patients who died 23.4 16.1 0.69 0.54 - 0.88 <0.01

no., number; CL, central line; CLAB, central line-associated bloodstream infection; CAUTI, catheter-associated urinary tract infection; VAP, ventilator-associated
pneumonia
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attributable mortality of 25% [38,39]. Rosenthal et al
likewise published an attributable mortality of 25% in a
study of CLABs in medical/surgical ICUs in Argentina
[12], and Higuera et al recently reported an attributable
mortality of 20% in a study of ICUs in Mexico [2].
CLAB can be easily prevented [40]. The efficacy of

simple interventions has been repeatedly documented in
randomized trials. These interventions include, but are
not limited to, mandating use of maximal barrier
[41,42], HH, skin antisepsis, catheter site dressing regi-
mens, catheter securement devices, and implementation
of outcome and process surveillance plus education and
performance feedback [34,35].
Contamination of infusate or catheter hubs have

resulted in epidemics of infusion-related CLAB [43]. It
is very rare in the United States to have intrinsic con-
tamination of parenteral fluids (microorganisms intro-
duced during manufacture) [43]. In addition, the risk of
extrinsic contamination of infusate during administra-
tion in the hospital has been reduced with widespread
use of closed infusion systems. However, open infusion
systems are still widely used throughout the world. A
high rate of CLAB was associated with use of open infu-
sion containers in this study, whereas there was a signif-
icant reduction in CLAB rate with use of a closed
infusion container. However, to date no regulations in
Mexico require the use of closed infusion systems.
Open infusion containers may increase the risk of

contamination and administration-related CLAB because
they allow the entry of air into the system, thereby also
providing an opportunity for microbial entry. The closed

infusion container that was investigated (a fully collapsi-
ble, plastic container not requiring or using any external
vent [air or needle] to empty and having self-sealing
ports) was designed to overcome this flaw. When infus-
ing intravenous solutions, it is important that the resi-
dual solution in the container after the infusion not
exceed 5% of the nominal volume in order to deliver
the correct dosage. Containers leaving more than this
amount, even if non-vented and theoretically closed,
may nevertheless be vented in practice by healthcare
workers who spike the container with a needle to ensure
delivery of the solution to the patient, thus introducing
an opportunity for contamination. Similarly, when
choosing a closed system for parenteral infusion, it is
important that the container enables a consistent and
even infusion rate throughout the administration pro-
cess without the assistance of a mechanical device like
an infusion pump, and that it maintains its integrity
during extreme usage conditions.
The probability of developing a CLAB was assessed in

three-day intervals during each period to evaluate the
effect of CLAB over time. It is useful to display and
assess the distribution of time of CL use across patients
in order to avoid being misled by a cross study compari-
son when comparing results of CLABs between studies.
A study with a preponderance of 2-4 CL days per
patient compared to a study with a preponderance of
10-12 CL days per patient would have vastly different
observed CLAB rates when a hazard function is not
constant - even when all other factors are identical (e.g.,
equal number of total CL days, similar patient popula-
tion, and identical study design and methodology).
We also examined the timing of when the first CLAB

was acquired comparing open versus closed infusion
containers. Prior investigation published in 2004 did not
include this additional analysis [17]. From this additional
analysis, we demonstrated that when using an open
infusion container, the risk of acquiring CLAB increases
over time. However, if the patient receives infusate via a
closed infusion container, the probability of acquiring a
CLAB remains relatively constant. The patient also
acquires a CLAB significantly later, suggesting that
closed infusion containers reduce risk of CLAB acquisi-
tion over time. Subsequently, the use of a closed infu-
sion containers could especially benefit those patients
with more severe illness who may require CLs for longer
periods of time. The delayed onset of CLAB may also
benefit patients with CLs early during the course of
treatment when their underlying illness might be most
severe.
Blinding the treatment assignment was not practical in

this study; however, this might have avoided the possible
selection bias that could occur in an open label, rando-
mized study. In an effort to minimize protocol

Table 3 Microbial profile of CLAB during the two study
periods

Microorganism Open infusion
container

Closed infusion
container

CULTURE DOCUMENTED
BSIs

30 6

Gram-positive bacteria, n (%) 16 (53.3%) 4 (66.6%)

Staphylococcus aureus 6 1

Coagulase-negative
staphylococci

9 3

Enterococci species 1 0

Gram-negative bacteria, n
(%)

13 (43.3%) 2 (33.3%)

Alcaligenes species 1 0

Enterobacter species 5 0

Klebsiella species 1 1

Proteus species 1 0

Acinetobacter species 2 0

Serratia species 1 1

Pseudomonas species 2 0

Yeasts, n (%) 1 (3.3%) 0

Candida species 1 0
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violations, concurrent randomization of patients to the
two infusion systems was also not implemented. Logisti-
cally it was easier to assure that patients received IV
fluids in the appropriate infusion containers when only
those containers were present in the ICUs during the
specified open or closed container period of the study.
Subsequently, a time series, sequential design was imple-
mented. In order to minimize the effects of confounding
factors no new infection control interventions, training
programs, products or technologies were introduced
during the study periods and all of the investigators, key
study personnel, classifications and diagnostic techni-
ques remained constant throughout the study. In addi-
tion, HH and CL care compliance practices were
standardized during the lead-in period.
Another study limitation was that the study design did

not allow for determination of the epidemiologic
mechanisms responsible for the striking differences in
outcome (e.g., reduced contamination of infusate). In
spite of a reduction in HH compliance during the closed
infusion system phase, the CLAB rate improved.
In a separate study by Munoz et al (1997), infusions

were cultured at a second-level general teaching hospital
in Mexico wherein a 29.6% contamination rate was
found during the baseline period [23]. A 2% contamina-
tion rate was reported by Macias et al (1999) in a multi-
center cross-sectional study in Mexico; lapses in aseptic
technique, and breaks in the infusion system while
injecting IV medications were risk factors for in-use
contamination [15].
The CDC Healthcare Infection Control Practices

Advisory Committee (HICPAC) offers direction for the
prevention of CLAB by limiting manipulations of and
entry into running infusions. In addition, persons hand-
ling or entering an infusion should only do so after
implementing appropriate infection control measures
and with strict adherence to aseptic technique [42].

Conclusions
This study has demonstrated that the use of closed infu-
sion containers prevents CLAB and reduces mortality.
Hospitals that continue to use burettes and/or open
rigid or semi-rigid fluid containers (which must be
vented to allow ambient air entry and fluid egress)
should evaluate switching to closed, non-vented, fully
collapsible bags to reduce CLAB rates.

Acknowledgements
Baxter Mexico sponsored this study and provided Baxter Viaflex® products,
ranging in package size from 50 mL to 1000 mL, for use during the closed
container period of the study. Baxter also provided financial support to Drs.
Rangel-Frausto, Higuera-Ramirez, and Martinez-Soto to serve as principal
investigators and to Dr. Rosenthal to serve as the Infection Control
Coordinator for this study.

We acknowledge the many healthcare professionals at these three hospitals
who helped make this study possible, especially Guillermo Franco Guevara
Santillan, MD, Pablo Duarte-Molina, MD, Javier Ruiz Perez, MD, and Jorge
Alberto Castañon, MD, who served as study investigators, and Natividad
Tabal-Galan, RN, who functioned as the study infection control nurse. We
also thank Kerry Barker, PhD, Baxter Healthcare, for the time to CLAB analysis.

Author details
1Century XXI Specialties IMSS Hospital, Mexico City, Mexico. 2General
Hospital, Mexico City, Mexico. 3Gabriel Mancera IMSS Hospital, Mexico City,
Mexico. 4Medical College of Buenos Aires, Argentina.

Authors’ contributions
VDR provided the study concept and design, served as the study
coordinator, analyzed the data, and drafted/revised the study manuscript.
MSRF, FHR, and JMS each acquired study data as principal investigators at
their respective hospitals, and provided critical review of the content of the
manuscript. All authors read and approved the final manuscript.

Competing interests
VDR serves as a consultant to Baxter. Baxter is providing the article-
processing charge for this manuscript.

Received: 30 September 2009
Accepted: 2 February 2010 Published: 2 February 2010

References
1. Crnich CJ, Maki DG: The Role of Intravascular Devices in Sepsis. Curr Infect

Dis Rep 2001, 3(6):496-506.
2. Higuera F, Rangel-Frausto MS, Rosenthal VD, Soto JM, Castanon J, Franco G,

Tabal-Galan N, Ruiz J, Duarte P, Graves N: Attributable cost and length of
stay for patients with central venous catheter-associated bloodstream
infection in Mexico City intensive care units: a prospective, matched
analysis. Infect Control Hosp Epidemiol 2007, 28(1):31-35.

3. Rosenthal VD, Guzman S, Migone O, Crnich CJ: The attributable cost,
length of hospital stay, and mortality of central line-associated
bloodstream infection in intensive care departments in Argentina: A
prospective, matched analysis. Am J Infect Control 2003, 31(8):475-480.

4. Ramirez Barba EJ, Rosenthal VD, Higuera F, Oropeza MS, Hernandez HT,
Lopez MS, Lona EL, Duarte P, Ruiz J, Hernandez RR, et al: Device-associated
nosocomial infection rates in intensive care units in four Mexican public
hospitals. Am J Infect Control 2006, 34(4):244-247.

5. Rosenthal VD, Maki DG, Salomao R, Moreno CA, Mehta Y, Higuera F,
Cuellar LE, Arikan OA, Abouqal R, Leblebicioglu H: Device-associated
nosocomial infections in 55 intensive care units of 8 developing
countries. Ann Intern Med 2006, 145(8):582-591.

6. Rosenthal VD, Maki DG, Mehta A, Alvarez-Moreno C, Leblebicioglu H,
Higuera F, Cuellar LE, Madani N, Mitrev Z, Duenas L, et al: International
Nosocomial Infection Control Consortium report, data summary for
2002-2007, issued January 2008. Am J Infect Control 2008, 36(9):627-637.

7. Lynch P, Rosenthal VD, Borg MA, Eremin SR: Infection Control: A Global
View. Bennett and Brachman’s Hospital Infections, San Francisco, California,
Lippincott, Williams, and WilkinsJarvis WR 2008, 255-271.

8. Mehta A, Rosenthal VD, Mehta Y, Chakravarthy M, Todi SK, Sen N, Sahu S,
Gopinath R, Rodrigues C, Kapoor P, et al: Device-associated nosocomial
infection rates in intensive care units of seven Indian cities. Findings of
the International Nosocomial Infection Control Consortium (INICC). J
Hosp Infect 2007, 67(2):168-174.

9. Leblebicioglu H, Rosenthal VD, Arikan OA, Ozgultekin A, Yalcin AN, Koksal I,
Usluer G, Sardan YC, Ulusoy S: Device-associated hospital-acquired
infection rates in Turkish intensive care units. Findings of the
International Nosocomial Infection Control Consortium (INICC). J Hosp
Infect 2007, 65(3):251-257.

10. Moreno CA, Rosenthal VD, Olarte N, Gomez WV, Sussmann O, Agudelo JG,
Rojas C, Osorio L, Linares C, Valderrama A, et al: Device-associated
infection rate and mortality in intensive care units of 9 Colombian
hospitals: findings of the International Nosocomial Infection Control
Consortium. Infect Control Hosp Epidemiol 2006, 27(4):349-356.

11. Rosenthal VD, Guzman S, Crnich C: Device-associated nosocomial
infection rates in intensive care units of Argentina. Infect Control Hosp
Epidemiol 2004, 25(3):251-255.

Rangel-Frausto et al. Annals of Clinical Microbiology and Antimicrobials 2010, 9:6
http://www.ann-clinmicrob.com/content/9/1/6

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/11722805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17315338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17315338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17315338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17315338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14647110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14647110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14647110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14647110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16679185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16679185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16679185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17043340?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17043340?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17043340?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18834725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18834725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18834725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17905477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17905477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17905477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17257710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17257710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17257710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16622811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16622811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16622811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16622811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15061418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15061418?dopt=Abstract


12. Rosenthal VD, Guzman S, Orellano PW: Nosocomial infections in medical-
surgical intensive care units in Argentina: attributable mortality and
length of stay. Am J Infect Control 2003, 31(5):291-295.

13. Cuellar LE, Fernandez-Maldonado E, Rosenthal VD, Castaneda-Sabogal A,
Rosales R, Mayorga-Espichan MJ, Camacho-Cosavalente LA, Castillo-Bravo LI:
Device-associated infection rates and mortality in intensive care units of
Peruvian hospitals: findings of the International Nosocomial Infection
Control Consortium. Rev Panam Salud Publica 2008, 24(1):16-24.

14. Salomao R, Rosenthal VD, Grimberg G, Nouer S, Blecher S, Buchner-
Ferreira S, Vianna R, Maretti-da-Silva MA: Device-associated infection rates
in intensive care units of Brazilian hospitals: findings of the International
Nosocomial Infection Control Consortium. Rev Panam Salud Publica 2008,
24(3):195-202.

15. Macias AE, Munoz JM, Bruckner DA, Galvan A, Rodriguez AB, Guerrero FJ,
Medina H, Gallaga JC, Cortes G: Parenteral infusions bacterial
contamination in a multi-institutional survey in Mexico: considerations
for nosocomial mortality. Am J Infect Control 1999, 27(3):285-290.

16. Maki DG, Anderson RL, Shulman JA: In-use contamination of intravenous
infusion fluid. Appl Microbiol 1974, 28(5):778-784.

17. Rosenthal VD, Maki DG: Prospective study of the impact of open and
closed infusion systems on rates of central venous catheter-associated
bacteremia. Am J Infect Control 2004, 32(3):135-141.

18. Epstein SE: Cost-effective application of the Centers for Disease Control
Guideline for Prevention of Catheter-associated Urinary Tract Infections.
Am J Infect Control 1985, 13(6):272-275.

19. Tablan OC, Anderson LJ, Besser R, Bridges C, Hajjeh R: Guidelines for
preventing health-care–associated pneumonia, 2003: recommendations
of CDC and the Healthcare Infection Control Practices Advisory
Committee. MMWR Recomm Rep 2004, 53(RR-3):1-36.

20. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR: Guideline for
Prevention of Surgical Site Infection, 1999. Centers for Disease Control
and Prevention (CDC) Hospital Infection Control Practices Advisory
Committee. Am J Infect Control 1999, 27(2):97-132, quiz 133-134; discussion
196.

21. Maki DG, Rhame FS, Mackel DC, Bennett JV: Nationwide epidemic of
septicemia caused by contaminated intravenous products. I.
Epidemiologic and clinical features. Am J Med 1976, 60(4):471-485.

22. Goldmann DA, Dixon RE, Fulkerson CC, Maki DG, Martin SM, Bennett JV:
The role of nationwide nosocomial infection surveillance in detecting
epidemic bacteremia due to contaminated intravenous fluids. Am J
Epidemiol 1978, 108(3):207-213.

23. Munoz JM, Macias AE, Guerrero FJ, Hernandez I, Medina H, Vargas E:
[Control of pediatric nosocomial bacteremia by a program based on
culturing of parenteral solutions in use]. Salud Publica Mex 1999, 41(Suppl
1):S32-37.

24. Clinical sepsis and death in a newborn nursery associated with
contaminated parenteral medications–Brazil, 1996. MMWR Morb Mortal
Wkly Rep 1998, 47(29):610-612.

25. Matsaniotis NS, Syriopoulou VP, Theodoridou MC, Tzanetou KG, Mostrou GI:
Enterobacter sepsis in infants and children due to contaminated
intravenous fluids. Infect Control 1984, 5(10):471-477.

26. Macias AE, de Leon SP, Huertas M, Maravilla E, Romero C, Montoya TG,
Munoz JM, Lopez-Vidal Y: Endemic infusate contamination and related
bacteremia. Am J Infect Control 2008, 36(1):48-53.

27. Kilian J, Hosch A, Ahnefeld FW, Schmitz JE, Vanek E: [Bacterial
contamination as a complication of intravenous therapy in intensive
care (author’s transl)]. Anaesthesist 1980, 29(10):559-566.

28. McAllister JC, Buchanan EC, Skolaut MW: A comparison of the safety and
efficiency of three intermittent intravenous therapy systems–the
minibottle, the minibag and the inline burette. Am J Hosp Pharm 1974,
31(10):961-967.

29. Scheckler WE, Brimhall D, Buck AS, Farr BM, Friedman C, Garibaldi RA,
Gross PA, Harris JA, Hierholzer WJ Jr, Martone WJ, et al: Requirements for
infrastructure and essential activities of infection control and
epidemiology in hospitals: a consensus panel report. Society for
Healthcare Epidemiology of America. Infect Control Hosp Epidemiol 1998,
19(2):114-124.

30. Emori TG, Culver DH, Horan TC, Jarvis WR, White JW, Olson DR, Banerjee S,
Edwards JR, Martone WJ, Gaynes RP, et al: National nosocomial infections
surveillance system (NNIS): description of surveillance methods. Am J
Infect Control 1991, 19(1):19-35.

31. Balows A, Hausler W, Shadomy H: Manual of Clinical Microbiology
Washington DC, American Society of Microbiology, 5 1991.

32. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM: CDC definitions for
nosocomial infections, 1988. Am J Infect Control 1988, 16(3):128-140.

33. Rosenthal VD, McCormick RD, Guzman S, Villamayor C, Orellano PW: Effect
of education and performance feedback on handwashing: the benefit of
administrative support in Argentinean hospitals. Am J Infect Control 2003,
31(2):85-92.

34. Rosenthal VD, Guzman S, Pezzotto SM, Crnich CJ: Effect of an infection
control program using education and performance feedback on rates of
intravascular device-associated bloodstream infections in intensive care
units in Argentina. Am J Infect Control 2003, 31(7):405-409.

35. Higuera F, Rosenthal VD, Duarte P, Ruiz J, Franco G, Safdar N: The effect of
process control on the incidence of central venous catheter-associated
bloodstream infections and mortality in intensive care units in Mexico.
Crit Care Med 2005, 33(9):2022-2027.

36. Stone PW, Braccia D, Larson E: Systematic review of economic analyses of
health care-associated infections. Am J Infect Control 2005, 33(9):501-509.

37. Collignon PJ: Intravascular catheter associated sepsis: a common
problem. The Australian Study on Intravascular Catheter Associated
Sepsis. Med J Aust 1994, 161(6):374-378.

38. Pittet D, Tarara D, Wenzel RP: Nosocomial bloodstream infection in
critically ill patients. Excess length of stay, extra costs, and attributable
mortality. JAMA 1994, 271(20):1598-1601.

39. Heiselman D: Nosocomial bloodstream infections in the critically ill. JAMA
1994, 272(23):1819-1820.

40. Jarvis WR: The evolving world of healthcare-associated bloodstream
infection surveillance and prevention: is your system as good as you
think?. Infect Control Hosp Epidemiol 2002, 23(5):236-238.

41. Raad II, Hohn DC, Gilbreath BJ, Suleiman N, Hill LA, Bruso PA, Marts K,
Mansfield PF, Bodey GP: Prevention of central venous catheter-related
infections by using maximal sterile barrier precautions during insertion.
Infect Control Hosp Epidemiol 1994, 15(4 Pt 1):231-238.

42. O’Grady NP, Alexander M, Dellinger EP, Gerberding JL, Heard SO, Maki DG,
Masur H, McCormick RD, Mermel LA, Pearson ML, et al: Guidelines for the
prevention of intravascular catheter-related infections. Centers for
Disease Control and Prevention. MMWR Recomm Rep 2002, 51(RR-10):1-29.

43. Maki D, Mermel L, Bennett JV: Infections due to infusion therapy. Hospital
Infections Philadelphia: Lippincott-RavenBrachman PS , Fourth 1998.

doi:10.1186/1476-0711-9-6
Cite this article as: Rangel-Frausto et al.: Should we use closed or open
infusion containers for prevention of bloodstream infections?. Annals of
Clinical Microbiology and Antimicrobials 2010 9:6.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Rangel-Frausto et al. Annals of Clinical Microbiology and Antimicrobials 2010, 9:6
http://www.ann-clinmicrob.com/content/9/1/6

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/12888765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12888765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12888765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18764990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18764990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18764990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19115547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19115547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19115547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10358234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10358234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10358234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4613269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4613269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15153924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15153924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15153924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3002212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3002212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15048056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15048056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15048056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15048056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10196487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10196487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10196487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10196487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1274981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1274981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1274981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/707489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/707489?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10608175?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10608175?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6567611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6567611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18241736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18241736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7004262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7004262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7004262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4216266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4216266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4216266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9510112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9510112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9510112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9510112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1850582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1850582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2841893?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2841893?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12665741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12665741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12665741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14639436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14639436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14639436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14639436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16148475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16148475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16148475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16260325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16260325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8090116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8090116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8090116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8182812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8182812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8182812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7990208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12026146?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12026146?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12026146?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8207189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8207189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12233868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12233868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12233868?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Setting
	Data Collection
	Definitions
	Study Design
	Data Analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

