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1International Nosocomial Infection Control Consortium, Buenos Aires, Argentina, 2Infection Control Professionals of Mongolia, and Intermed Hospital,
Ulaanbaatar, Mongolia, 3BM Birla Heart Research Centre, and The Calcutta Medical Research Institute, Calcutta, India, 4An Najah National University
Hospital, Nablus, Palestine, 5Deenanath Mangeshkar Hospital, Pune, India, 6Anesthesiology and Critical Care Research Center, Nemazee Hospital, Shiraz
University of Medical Sciences, Shiraz, Iran, 7Department of Anaesthesiology, Critical Care and Pain, Tata Memorial Hospital, Homi Bhabha National
Institute, Mumbai, India, 8King Hussein Cancer Center, Amman, Jordan, 9Hammoud Hospital University Medical Center, Saida, Lebanon, 10G Kuppusamy
Naidu Memorial Hospital, Coimbatore, India, 11General Directorate of Infection Prevention and Control, Ministry of Health, Kingdom of Saudi Arabia,
12Dar Al Fouad Hospital, 6th of October City, and Cairo University Hospital, Cairo, Egypt, 13General Directorate of Infection Prevention and Control,
Ministry of Health, Bahrain, 14Ankara Training and Research Hospital, Ankara, Turkey, 15Medanta, The Medicity, New Delhi, India, 16University Malaya
Medical Centre, Kuala Lumpur, Malaysia, 17Bach Mai Hospital, Hanoi, Vietnam, 18Farwaniya Hospital, Kuwait City, Kuwait, 19Clínica La Merced, Quito,
Ecuador, 20Dubai Hospital, Dubai, United Arab Emirates, 21Hospital Civil de Guadalajara Fray Antonio Alcalde Infection Control Committee, Guadalajara,
Mexico, 22Phyathai 1 Hospital, Pratumthani, Thailand, 23Hospital de Messejana, Fortaleza, Brazil, 24Cardinal Santos Medical Center, San Juan of
Philippines, Philippines, 25Queen Giovanna Isul, Sofia, Bulgaria, 26Hospital Clínica Bíblica, San Jose, Costa Rica, 27Special Hospital for Surgical Diseases
Filip Vtori, Skopje, Macedonia, 28Armed Forces Institute of Pathology, Rawalpindi, Pakistan, 29Hospital del Niño de Panama, Panama City, Panama,
30Department of Anesthesiology and Intensive Therapy, Wroclaw Medical University, Wroclaw, Poland, 31Hospital General de La Plaza de La Salud, Santo
Domingo, Dominican Republic, 32University of Medicine and Pharmacy Victor Babes Timisoara Emergency County Clinical Hospital, Timisoara, Romania,
33Privolzhskiy District Medical Center, Nizhniy Novgorod, Russia, 34Clinical Center of Serbia, Belgrade, Serbia, 35Hospital de Clínicas Caracas, Caracas,
Venezuela, 36Catholic University in Ruzomberok Faculty of Health Central Military Hospital Ruzomberok, Ruzomberok, Slovakia, 37Royal Care International
Hospital, Khartoum, Sudan, 38Port Moresby General Hospital, Port Moresby, Papua, New Guinea, 39Ibn Sina Hospital of Morocco, Rabat, Morocco,
40National Institute for Public Health of Kosovo and Medical School, Prishtina University, and University Clinical Center of Kosovo, Prishtina, Kosovo,
41Dong E Peoples Hospital, Shandong, People’s Republic of China, 42Sri Jayewardenepura General Hospital, Nugegoda, Sri Lanka, 43Children Hospital
Bechir Hamza of Tunis, Tunis, Tunisia, 44Clínica Ricardo Palma, Lima, Peru, 45Grande International Hospital, Kathmandu, Nepal, 46Pontificia Universidad
Javeriana Hospital Universitario San Ignacio, Bogotá, Colombia, 47Ondokuz Mayis University Medical School, Samsun, Turkey, 48Joaquin Albarran, Havana,
Cuba and 49Hospital Nacional de Niños Benjamin Bloom, San Salvador, El Salvador

Author for correspondence: Victor D. Rosenthal, MD, MSc, CIC, E-mail: victor_rosenthal@inicc.org.
aFor a list of the remaining coauthors of this study, see the Appendix.
Cite this article: Rosenthal VD, et al. (2020). Six-year multicenter study on short-term peripheral venous catheters-related bloodstream infection rates in 727 intensive care units of 268

hospitals in 141 cities of 42 countries of Africa, the Americas, Eastern Mediterranean, Europe, South East Asia, and Western Pacific Regions: International Nosocomial Infection Control
Consortium (INICC) findings. Infection Control & Hospital Epidemiology, 41: 553–563, https://doi.org/10.1017/ice.2020.20

© 2020 by The Society for Healthcare Epidemiology of America. All rights reserved.

Infection Control & Hospital Epidemiology (2020), 41, 553–563

doi:10.1017/ice.2020.20

https://doi.org/10.1017/ice.2020.20 Published online by Cambridge University Press

mailto:victor_rosenthal@inicc.org
https://doi.org/10.1017/ice.2020.20
https://doi.org/10.1017/ice.2020.20
https://doi.org/10.1017/ice.2020.20


Abstract

Background: Short-term peripheral venous catheter–related bloodstream infection (PVCR-BSI) rates have not been systematically studied in
resource-limited countries, and data on their incidence by number of device days are not available.

Methods: Prospective, surveillance study on PVCR-BSI conducted from September 1, 2013, to May 31, 2019, in 727 intensive care units
(ICUs), by members of the International Nosocomial Infection Control Consortium (INICC), from 268 hospitals in 141 cities of 42 countries
of Africa, the Americas, EasternMediterranean, Europe, South East Asia, andWestern Pacific regions. For this research, we applied definition
and criteria of the CDC NHSN, methodology of the INICC, and software named INICC Surveillance Online System.

Results: We followed 149,609 ICU patients for 731,135 bed days and 743,508 short-term peripheral venous catheter (PVC) days.We identified
1,789 PVCR-BSIs for an overall rate of 2.41 per 1,000 PVC days. Mortality in patients with PVC but without PVCR-BSI was 6.67%, and
mortality was 18% in patients with PVC and PVCR-BSI. The length of stay of patients with PVC but without PVCR-BSI was 4.83 days,
and the length of stay was 9.85 days in patients with PVC and PVCR-BSI. Among these infections, the microorganism profile showed
58% gram-negative bacteria: Escherichia coli (16%), Klebsiella spp (11%), Pseudomonas aeruginosa (6%), Enterobacter spp (4%), and others
(20%) including Serratia marcescens. Staphylococcus aureus were the predominant gram-positive bacteria (12%).

Conclusions: PVCR-BSI rates in INICC ICUs were much higher than rates published from industrialized countries. Infection prevention
programs must be implemented to reduce the incidence of PVCR-BSIs in resource-limited countries.

(Received 15 August 2019; accepted 13 January 2020; electronically published 18 March 2020)

Short-term peripheral venous catheters (PVCs) are among the most
commonly used invasive devices in healthcare settings worldwide.1-3

As reported in a recent systematic review, ~200 million PVCs are
being inserted each year in the United States.3 According to
point-prevalence studies, PVCs accounted for 80%, 90%, and 95%
of all intravascular devices placed in hospitalized patients in
France, in Scotland, and Spain, respectively.3

The high prevalence of PVC insertion results in considerable
morbidity, excess length of stay (LOS) and hospital costs, pro-
longed antibiotics treatments, and bloodstream infections (BSIs).4

In addition, the overall PVC failure rate ranges from 35% to
50%,1,2,5 with such failures being responsible for PVC-related
adverse events such as phlebitis, occlusion or mechanical failure,
infiltration, dislodgment, and BSIs.1,2,5-10

Because PVCs have rarely been associated with BSIs, as stated
in the 2011 CDC guidelines for the prevention of intravascular
catheter-related BSIs,3,11,12 most studies have been focused on
central-line–associated BSIs rather than PVC-related BSIs
(PVCR-BSIs), which to date have not been thoroughly analyzed.4

PVCR-BSIs are confirmed by the presence of positive blood cul-
tures related by clinical data to PVCs in patients who did not have a
central line in place.1 According to the 2016 Infusion Nurses
Society standards of practice13 and the 2017 International
Nosocomial Infection Control Consortium (INICC) bundle for
the prevention of central- and peripheral-line–related BSIs, there
no time limit is recommended for PVC removal.14 In studies from
healthcare settings in industrialized countries, the incidence of
PVCR-BSI in ICU patients has been reported to be 0.5 per
1,000 PVCs days in ICUs in Australia, Italy, and the United
States,12 and a rate of 0.67 PVCR-BSIs per 1,000 PVCs days has
been reported in pediatric and neonatal ICUs in Australia.15 The
incidence of PVCR-BSI has not been well documented, and com-
prehensive data are not available in resource-limited countries nor
in resource-rich areas. Although the mentioned percentages
reported in high-income countries may seem small, the burden
of PVCR-BSI is not a minimal issue in public health. Thus, with
this study, we have begun to fill this gap in the literature to con-
tribute to the introduction of strategies targeting the prevention
and control of PVCR-BSI.

This prospective surveillance was conducted during 6 years in
141 cities in 42 countries, of Africa, the Americas, Eastern
Mediterranean, Europe, South East Asia, and Western Pacific
regions between September 1, 2013, and May 31, 2019, in 204
ICUs in 268 hospitals that participate in the INICC.7-9,16 It is
the first comprehensive study to analyze the incidence rate,
bacterial resistance, LOS, and mortality attributable to PVCR-BSI.

Methods

Background of the INICC

The INICC is comprised of a group of hospitals in 210 cities in
54 countries in 6 World Health Organization (WHO) regions:
Africa, the Americas, Eastern Mediterranean, Europe, South East
Asia, and Western Pacific. The INICC has become the oldest
and largest source of aggregate standardized international data
on the epidemiology of healthcare-associated infections (HAIs)
worldwide.7,17 The INICC focuses on the surveillance and preven-
tion ofHAIs in adult, pediatric, and neonatal ICUs, step-down units,
and inpatient wards, and on the surveillance and prevention of sur-
gical site infections in surgical procedures hospital-wide.

Study design

This prospective, cohort surveillance study was conducted using an
online platform called INICC Surveillance Online System (ISOS).
Through ISOS, PVCR-BSI was validated by infection control
professionals (ICPs), and the recorded signs and symptoms of
infection and the results of cultures, laboratory and radiographic
studies, as well as other tests, were scrutinized to assure that the
last US Centers for Disease Control and pRevention (CDC)/
National Health Safety Network (NHSN) criteria for PVCR-BSIs
were met, in accordance with the definition presented below.17,18

INICC methods

The ISOS includes the implementation of the CDC-NSHN
methodology, but it adds the collection of other data essential
to increase the sensitivity of ICPs to detect PVCR-BSIs and to
avoid underreporting.17 According to standard CDC-NSHN
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methods, numerators are the number of healthcare-acquired
infections related to a specific feature and denominators are
device days collected from all patients as pooled data, that is,
without determining the number of device days related to a par-
ticular patient and without collecting features or characteristics of
specific patients.

This aspect differs from the ISOS because the design of the cohort
study through the ISOS also includes the collection by ICPs of
specific data per patient from all patients, both with and without
PVCR-BSI. Such data include invasive device utilization, date of
admission, date of discharge, LOS, microorganism profile of the
HAI, bacterial resistance, and mortality, among several others.

Outcome surveillance data collection and validation

In this study, we investigated the outcome surveillance of PVCR-
BSIs in the ICU using the ISOS, which follows the INICC protocol
and allows the classification of prospective, active, cohort data into
specific module protocols.

The site-specific criteria included reporting instructions and
full explanations integral to their adequate application.

ICPs collected daily data on PVCR-BSIs and denominator data
such as specific device days in the ICUs, patient days, microorgan-
ism profile, and bacterial resistance. All patients with a central line
were excluded; only patients with a short-term PVC were included
in this study. Midline catheters were not included in the PVC
category.

Validation is an essential feature of the ISOS that maximizes the
sensitivity and accuracy of surveillance data. Each PVCR-BSI
reported by an ICP is validated, that is, scrutinized to be certain that
all criteria are satisfied to justify its recording as a PVCR-BSI. The
validation process also includes data reported for putatively unin-
fected patients to permit the detection of unreported but true
PVCR-BSIs. To do so, the ISOS shows an online message to the
ICPs, asking them to check the criteria for that putative PVCR-BSI.17

Training

The INICC team trained and provided ICPs withmanuals, training
tools, and tutorial movies that describe in detail how to perform
surveillance and upload surveillance data through the ISOS. In
addition, investigators attended webinars and had continuous
access to a support team at the INICC headquarters in Buenos
Aires, Argentina. On a routine basis through the ISOS online
platform, the INICC support team ensured that ICPs performed
surveillance correctly. The team sent e-mails and online messages
to ICPs asking them to check and review surveillance data and
specific criteria.

Definitions

We used the US CDC-NHSN definitions for BSI from its 2013
publication and amendments until its latest publication in
2019.19-22 These definitions do not include the surveillance defini-
tion of PVCR-BSI.19-22 We applied the CDC-NHSN definition for
patients who met all the criteria for BSI but who never had central
lines or peripherally inserted central catheters, and who only had
short-term PVCs before or after the acquisition of a BSI.

Calculation

Data uploaded to ISOS were used to calculate PVCR-BSI rates per
1,000 device days, mortality, and LOS, according to formulas that
used device days consisting of the total number of PVC days. Crude

excess mortality of PVCR-BSI equaled crude mortality of ICU
patients with PVCR-BSI minus crude mortality of patients without
PVCR-BSI. Crude excess LOS of PVCR-BSI equaled crude LOS
of ICU patients with PVCR-BSI minus crude LOS of patients
without PVCR-BSI. The device utilization ratio (DUR) equaled
the total number of PVCR days divided by the total number of
bed days. To calculate extra LOS and extra mortality, all
central-line–associated BSIs were excluded, and only patients with
PVCs, with and without BSIs, were included.

Statistical analysis

We used ISOS version 2.0 software (INICC, Buenos Aires,
Argentina) to calculate PVCR-BSI rates, DURs, LOS, and mortal-
ity. We used EpiInfo version 6.04b software (CDC, Atlanta, GA)
and SPSS version 16.0 software (SPSS, IBM, Chicago, IL) for other
calculations and analyses. The 95% confidence intervals (CIs) and
P values were determined for all outcomes.

Setting

The study was conducted in 727 ICUs from 268 hospitals in 141
cities of the following 42 countries of 6 WHO regions: Argentina,
Bahrain, Brazil, Bulgaria, Colombia, Costa Rica, Cuba,
Dominican Republic, Ecuador, Egypt, El Salvador, India, Iran,
Jordan, Kingdom of Saudi Arabia, Kosovo, Kuwait, Lebanon,
Macedonia, Malaysia, Mexico, Mongolia, Morocco, Nepal, New
Guinea, Pakistan, Palestine, Panama, People’s Republic of
China, Peru, Philippines, Poland, Romania, Russia, Serbia,
Slovakia, Sri Lanka, Sudan, Thailand, Tunisia, Turkey, United
Arab Emirates, Venezuela, and Vietnam.

Institutional review boards agreed to the study protocol, and
patient confidentiality was protected by coding the recorded infor-
mation, making it identifiable only to the infection control team.
All patients admitted to the ICUs during the study period were
enrolled in the study with the approval of each hospital’s research
ethics committee. In accordance with the INICC charter, the iden-
tity of all INICC hospitals and cities remain confidential.17

Results

During the 6-year study period from September 1, 2013, toMay 31,
2019, the mean length of participation of the ICUs was 20 months
(SD, 27.3 months; range, 1–149 months).

Table 1 shows ICU type and type of ownership for each hospi-
tal. Medical-surgical ICUs comprised 38.0% of the total; other ICU
types were medical (17.3%), pediatric (9.1%), surgical (8.2%), burn
(0.7%), and oncology (0.7%), among others.

Table 2 presents PVCR-BSI rates and DURs by ICU type. Overall,
the PVCR-BSI rate was 2.41 per 1,000 PVC days. The PVCR-BSI rate
including only burn and oncology ICUs was 99.45 (ie, 92 PVCR-BSI
per 925 PVC days × 1,000). The PVCR-BSI rate without including
burn and oncology ICUs was 2.29 (ie, 1,697 PVCR-BSIs per 42,583
PVC days × 1,000).

Table 3 provides data on crude ICUmortality and crude LOS in
patients with and without PVCR-BSI. Mortality without PVCR-
BSI was 6.67%, and with PVCR-BSI it was 17.94%. LOS without
PVCR-BSI was 4.83 days, and with PVCR-BSI it was 9.85 days.

Figure 1 showsmicroorganism profile. Overall, 58%were gram-
negative bacteria and 42% were gram-positive bacteria.

Table 4 provides data on bacterial resistance of pathogens iso-
lated from patients with PVCR-BSI in adult and pediatric ICUs
compared with pathogens from patients with CLAB, as was
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reported in the last international INICC report of 45 countries.23

Pseudomonas aeruginosa related to PVCR-BSI were resistant to
fluoroquinolones in 26.93% of these patients versus 20.0% of
patients with CLAB. Pseudomonas aeruginosa were resistant to
amikacin in 25.00% of patients with PVCR-BSI versus 21.4% of
patients with PVCR-BSI and were resistant to imipenem (IPM)
or meropenem (MEM) in 25.93% of patients with PVCR-BSI ver-
sus 43.48% of patients with CLAB. Resistance of Acinetobacter
baumannii to IPM or MEM was 63.15% in patients with PVCR-
BSI versus 73.44% in patients with CLAB. The resistance of
Klebsiella pneumonia to ceftriaxone or ceftazidime was 75.00%
in patients with PVCR-BSI versus 67.54% in patients with
CLAB, and resistance to IPM or MEM or ertapenem was
40.35% in patients with PVCR-BSI versus 36.1% in patients with
CLAB. The resistance of Escherichia coli to ceftriaxone (CRO) or
ceftazidime (CAZ) was 56.99% in patients with PVCR-BSI versus
52.94% in patients with CLAB. Staphylococcus aureuswas resistant
to oxacillin in 53.66% of patients with PVCR-BSI, which was
similar to the resistance in CLAB cases (50.7%).

Discussion

No comprehensive or representative studies of PVCR-BSI rates
at the national level have been conducted in resource-limited
countries in any of the 6 WHO regions.

Our study, conducted over 6 years in 727 ICUs of 268 hospitals
in 141 cities of 42 countries in the 6 WHO regions with 149,609
patients, is the first comprehensive study in which PVCR-BSI rates

per 1,000 device days have been calculated.6 The overall PVCR-BSI
rate was 2.41 per 1,000 PVC days. The incidence of PVCR-BSI has
been presented using the number of PVC days in only 2 studies
from industrialized countries to our knowledge: (1) in a systematic
review published in 2006, including data from the United States,
Australia, and Italy, in which the rate was 0.5 PVCR-BSI per
1,000 PVC days12 and (2) in a study published in 2018, including
data of pediatric and neonatal ICUs from Australia, in which the
rate was 0.67 PVCR-BSIs per 1, 000 PVC days.15

Although a systematic review was published in 2019 by the
Alliance for Vascular Access Teaching and Research (AVATAR)
group on PVCR-BSI rates, the studies included did not report
PVC days as denominators of PVCR-BSIs rates, and for that reason
such data were not comparable with our study.24 This systematic
review by AVATAR included studies in which PVCR-BSI rates
were presented as follows24: Australia (0.39 PVCR-BSI per
10,000 occupied bed days),25 Germany (3.04 PVCR-BSI per
1,000 patient days),26 Spain (1.17 PIVC-BSI per 10,000 patient
days27 and 0.05 PIVC per 1,000 patient days28), and the United
States (0.0150 PVCR-BSI per 100 patient days29 and 0.57
PIVCR-BSI per 1,000 patient days30). In different studies, the risk
of acquiring BSI was not as high if PVCs were used instead of
central lines.31-33

In our ICUs, the pooled mean of the distribution of crude mor-
tality amounted to 18% of PVCR-BSIs cases, compared with 6.67%
mortality of with PVC patients that were not infected. In recent
studies from Spain and Japan, the mortality rates attributable to
PVCR-BSI were 13.2% and 12.9%, respectively.27,34

The excess LOS of patients with PVCR-BSI in our study was
51% higher than in patients without PVCR-BSI; in the previously
cited study from Japan, patients who had acquired PVCR-BSI
required a longer duration of antibiotic treatment than patients
without PVCR-BSI (33.5 vs 15.8 days; P = .004).34

The microorganism profile of PVCR-BSI in our ICUs showed a
predominance of gram-negative bacteria (58%): Escherichia coli
(16%), Klebsiella spp (11%), Pseudomonas aeruginosa (6%),
Enterobacter spp (4%), and others (20%) including Serratia mar-
cescens. Within the 42% of gram-positive bacteria, the predomi-
nant species were coagulase-negative staphylococci (CoNS) and
Staphylococcus aureus (12%).

This finding contrasts starkly with those from industrialized
countries, in which gram-positive pathogens were the predomi-
nant cause of PVCR-BSI.35 In a recent study conducted in
Japan, the causative pathogens were gram positive in 58% of cases
and gram negative in 35.8%.34 The higher percentages of gram-
positive pathogens in our ICUs may indicate that lack of adequate
catheter and hub care, inadequate hand hygiene technique, or lack
of compliance with hand hygiene in resource-limited settings.

The predominance of gram-positive pathogens causing PVCR-
BSI in industrialized countries has been reported in a wide range of
studies. Staphylococcus aureus PVCR-BSI has been identified in
industrialized countries as a serious condition that can influence
prognosis.27,34,36 No data showing microorganisms profile for
PVCR-BSI from representative studies from other resource-
limited countries are available.

The most prevalent PVCR-BSI pathogens identified
(Escherichia coli, Klebsiella spp, and Staphylococcus aureus)
presented considerable resistance rates. The resistance of
Pseudomonas aeruginosa to fluoroquinolones (ie, ciprofloxacin,
levofloxacin, moxifloxacin, or ofloxacin) was 26.93%; resistance
to amikacin was 25.00%; and resistance to IPM or MEM was
25.93%. All of these rates were <43.48%, the resistance found in

Table 1. Type of Intensive Care Unit (ICU) and Hospital Ownership

ICU Type No. of ICUs %

Burn 5 .7

Cardiothoracic 21 2.9

Coronary 57 7.8

Medical 126 17.3

Medical/Surgical 277 38.0

Neuro Surgical 34 4.7

Neurologic 16 2.2

Oncology 5 .7

Pediatric 66 9.1

Pediatric Oncology 6 .8

Respiratory 15 2.1

Surgical 60 8.2

Trauma 17 2.3

Othera 22 3.0

Total 727 100

Hospitals

Academic teaching 43 16

Public 27 10

Private community 198 74

Total hospitals 268 100

Note. ICU, intensive care unit.
aIncludes the following ICU types: cardiac, cardiac surgery, cardiovascular, neurotrauma,
post-anesthesia, surgical cardiothoracic, and transplant.
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Table 2. Pooled Means, 95% Confidence Intervals of the Distribution of Short-Term Peripheral Venous Catheter-Related Bloodstream Infections Rates by Type of
Location, in Adult and Pediatric Intensive Care Units

Type of ICU ICU, No. Patients, No. PVCR-BSIs, No. PVC Days, No. Pooled PVCR-BSI Rate

Device Utilization Ratio

Mean 95% CI SD

Burn 5 191 14 2,168 6.46 1.141 .936 1.345 1.433

Cardiothoracic 21 1,185 1 4,043 0.25 1.109 1.078 1.140 .545

Coronary 57 14,060 42 62,288 0.67 1.159 1.143 1.174 .939

Medical 126 19,127 163 97,880 1.67 1.166 1.146 1.185 1.383

Medical/Surgical 277 88,542 1,305 435,185 3.00 1.113 1.102 1.124 1.666

Neuro surgical 34 3,921 9 18,093 0.50 1.110 1.026 1.194 2.673

Neurologic 16 837 19 4,086 4.65 .990 .967 1.012 .329

Oncology 5 1,037 78 7,027 11.10 .548 .536 .560 .201

Pediatric 66 10,144 100 62,688 1.60 1.117 1.059 1.175 2.967

Pediatric oncology 6 357 1 1,307 0.77 1.320 1.194 1.446 1.211

Respiratory 15 204 0 1,113 0.00 1.107 .850 1.363 1.858

Surgical 60 7,018 41 35,995 1.14 1.146 1.087 1.205 2.513

Trauma 17 2,500 10 9,571 1.04 1.139 1.075 1.203 1.631

Other 22 486 6 2,064 2.91 1.145 1.074 1.216 .796

Pooled (adult and pediatric ICUs) 727 149,609 1,789 743,508 2.41 1.122 1.113 1.131 1.765

Note. ICU, intensive care unit; PVCR-BSI, short-term peripheral venous catheter-related bloodstream infections; PVC, short-term peripheral venous catheter; DU, device utilization; CI, confidence
interval; SD, standard deviation.

Table 3. Pooled Means of the Distribution of Crude Mortality and Length of Stay of Intensive Care Unit Patients With Short-Term Peripheral Venous Catheter-Related
Bloodstream Infections in Adult and Pediatric Intensive Care Units Combined

Patient Type No. of Deaths No. of Patients

Pooled Crude Mortality Hospital LOS Pooled Mean LOS

% Mean SD 95% CI Total Days Mean Days SD 95% CI

Adult and Pediatric patients,
without PVCR-BSI

9,854 147,820 6.67 0.7 0.24 0.7–0.7 713,519 4.83 3.97 4.82–4.84

Adult and Pediatric patients,
with PVCR-BSI

321 1,789 17.94 0.18 0.38 0.16–0.20 17,616 9.85 14.26 9.64–10.06

Note. PVCR-BSI, short-term peripheral venous catheter-related bloodstream infections; LOS, length of stay; SD, standard deviation; CI, confidence interval.

Candida spp, 48, 4%

Coagulase-
negative 

Staphylococci 
spp, 195, 15% Enterobacter spp, 51,

4%

Escherichia coli, 211,
16%

Klebsiella
pneumoniae, 118,

9%Klebsiella spp, 40, 3%
Other fungi, 2, 0%

Other gram negative
bacteria, 250, 19%

Other gram positive
bacteria, 79, 6%

Pseudomonas
aeruginosa, 70, 6%

Serratia marcescens,
16, 1%

Staphylococcus
aureus, 159, 12%

Streptococcus spp,
69, 5%

Fig. 1. Microorganisms profile of short-term peripheral
venous catheter-related bloodstream infections.
*Other gram-negative bacteria include the following micro-
organisms that individually accounted for <1%:
Achromobacter spp, Acinetobacter baumannii, Acinetobacter
sp, Aeromonas sp, Bacteroides fragilis, Bartonella taylorii,
Burkholderia cepacia, Citrobacter spp, Coxiella burnetii,
Elizabethkingia meningoseptica, Enterobacteriaciae, Haemo-
philus influenzae, Kluyvera Intermedia, Legionella pneumo-
phila, Megamonas, Morganella morganii, Negativicutes,
Neisseria meningitidis, Proteus spp, Providencia spp,
Pseudomonas spp, Salmonella spp, Shewanella sp, Shigella
sp, Sphingomonas, Stenotrophomonas maltophilia,
Stenotrophomonas sp, Zymophilus.
**Other gram-positive bacteria include the following micro-
organisms that individually accounted for <1%: Aerococcus
spp, Bacillus spp, Clostridium difficile, Corynebacterium spp,
Corynebacterum jeikeium, Enterococcus spp, Listeria monocy-
togenes, methicillin-resistant Staphlococcus aureus,
Micrococcus spp, Rothia spp, and S. epidermidis.
***Two other fungi accounted for<1%: Cryptococcus lauren-
tii; Gardnerella vaginalis.
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patients with CLAB in the last international INICC report of 45
countries.23 Also in this previous report, the resistance of
Acinetobacter baumannii to IPM or MEM was 63.15% in patients
with PVCR-BSI versus 73.44% in patients with CLAB. The resis-
tance of Klebsiella pneumonia to ceftriaxone or ceftazidime was
75.00% in patients with PVCR-BSI versus 67.54% in patients with
CLAB, and the resistance to IPM or MEM or ertapenem was
40.35% in patients with PVCR-BSI versus 36.1% in patients with
CLAB. The resistance of Escherichia coli to CRO or CAZ was
56.99% in patients with PVCR-BSI versus 52.94% in patients with
CLAB.23

Regarding gram-positive bacteria, in our study, resistance of
Staphylococcus aureus to oxacillin was 53.66%, which is similar
to the 49% resistance reported in another study in India37 and
to resistance rates found in patients with CLAB in the last
international INICC Report.23 Enterococcus faecalis was 100% sen-
sitive to vancomycin, which is also similar to the findings of a study
conducted in India in which PVCR-BSI Enterococcus spp were
100% sensitive to vancomycin.37

The implementation of PVC insertion and maintenance bun-
dles to decrease PVCR-BSI rates is common in industrialized
countries.24,27 To reduce the hospitalized patient’s risk of infection,
PVCR-BSI surveillance by number of device days is essential
because it effectively characterizes the threatening situation created
by PVCR-BSIs. This method must be followed by the implemen-
tation of multifaceted and surveillance programs aimed at

PVCR-BSI prevention and control. Likewise, it is important to
address the burden of antimicrobial resistance and to report sus-
ceptibility to antimicrobials of PVCR-BSI-associated pathogens in
order to take effective measures to prevent resistant strains from
being transmitted.24,27

In this study, the INICC focused on ICU data; that is, the
healthcare setting in which patient safety is most seriously threat-
ened due to their critical condition and exposure to invasive devi-
ces.38 Throughout the past 19 years, INICC has undertaken a global
effort in the 6WHO regions to respond to the burden of HAIs, and
the INICC has achieved extremely successful results by increasing
hand hygiene compliance and by improving compliance with
infection control bundles and interventions, as described in several
INICC publications.39-45 The primary application of these data is to
serve as a guide for the implementation of prevention strategies
and other quality improvement efforts for the reduction of
PVCR-BSI rates and their related adverse events to the minimum
possible level.

This study has several limitations. The purpose of this study was
to obtain updated data on PVCR-BSI, device utilization, bacterial
resistance, LOS, and mortality of patients with and without
PVCR-BSI in adult and pediatric ICUs, but it does not provide
insights regarding the impact of INICC interventions, such as
the implementation of the INICC multidimensional approach
and ISOS.17,46 The impact of the adoption of such resources is
to be published in prospective, interventional studies at hospitals

Table 4. Antimicrobial Resistance Rates in Intensive Care Units Comparing PVCR-BSI with CLAB

PVCR-BSI CLAB

Pathogen, Antimicrobial
No. of Pathogenic Isolated

Tested at INICC ICUs, Pooled No. Resistance, %
No. of Pathogenic Isolated

Tested at INICC ICUs, Pooled No.a Resistance, %

Pseudomonas aeruginosa

FQs 26 26.93 (7) 110 20.0

PIP or TZP 3 33.33 (1) 91 33.0

AMK 28 25.00 (7) 112 21.4

IPM or MEM 27 25.93 (7) 92 43.48

Klebsiella pneumonia

CRO or CAZ 48 75.00 (36) 191 67.54

IPM, MEM or ETP 57 40.35 (23) 205 36.1

Acinetobacter baumannii

IPM or MEM 19 63.15 (12) 128 73.44

FQs 20 80.00 (16) : : : : : :

Escherichia coli

CRO or CAZ 93 56.99 (53) 85 52.94

IPM, MEM or ETP 93 7.53 (7) 81 8.64

FQs 84 57.14 (48) 81 49.38

Staphylococcus aureus

OXA 41 53.66 (22) 64.7 50.7

Enterococcus faecalis

VAN 6 0.0 (0) 18.5 9.8

Note. PVC, short-term peripheral venous catheter; PVCR-BSI, PVC-related bloodstream infections; infection; CLAB, central line-associated bloodstream infection;
FQs, fluoroquinolones (ciprofloxacin, levofloxacin, moxifloxacin, or ofloxacin); OXA, oxacillin; PIP, piperacillin; TZP, piperacillin-tazobactam; AMK, amikacin; VAN,
vancomycin; IPM, imipenem; MEM, mer openem; CRO, ceftriaxone; CAZ, ceftazidime; ETP, ertapenem.
aInternational Nosocomial Infection Control Consortium (INICC) report, data summary of 45 countries for 2012–2017: device-associated module.
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that have participated in the INICC over a considerable
period.41,44,45,47-61,40,62,43 Second, our study was limited by the fact
that benchmarking with CDC-NSHN, or other institutions, was
not possible because PVCR-BSI rates are not reported to such insti-
tutions nor are they determined by PVC days.63,64 Third, due to the
low economic resources of our ICUs, culture orders and processing
may have been less than ideal, which likely influenced the rates of
PVCR-BSI, and the number of patients for whom blood cultures
should have been performed but were not is unknown because
these data were not registered. Fourth, we did not obtain data
on the illness severity score at patient admission to the ICU, which
is likely associated with crude mortality. Finally, we have not
presented data on trends over time for this 6-year study.

In conclusion, we have presented the only available comprehen-
sive data from limited-resource countries showing PVCR-BSIs per
1,000 PVC days, and benchmarking of our findings was limited to
comparison with the results of 2 studies from industrialized coun-
tries: a systematic review with data from the United States,
Australia, and Italy published in 200612 and a prospective study
from Australia.15 Our PVCR-BSI rates were much higher than
those derived from the data available from the mentioned indus-
trialized countries. Therefore, it is evident that PVCR-BSIs in ICUs
from resource-limited countries represent a challenge to patient
safety. PVCR-BSI systematic surveillance and prevention pro-
grams, including antibiotic resistance reports, should be widely
implemented to reduce the incidence of PVCR-BSI and its
adverse-related events worldwide.
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