
Major Article

International Nosocomial Infection Control Consortium report, data
summary of 50 countries for 2010-2015: Device-associated module

Víctor Daniel Rosenthal MD, MSc, CIC a,*, Hail M. Al-Abdely MD b,
Amani Ali El-Kholy MD c, Safa A Aziz AlKhawaja MD d, Hakan Leblebicioglu MD e,
Yatin Mehta MD f, Vineya Rai MD g, Nguyen Viet Hung MD h, Souha Sami Kanj MD i,
Mona Foda Salama MD j, Estuardo Salgado-Yepez MD k, Naheed Elahi MD l,
Rayo Morfin Otero MD m, Anucha Apisarnthanarak MD n,
Braulio Matias De Carvalho MD o, Bat Erdene Ider p, Dale Fisher MD q,
Maria Carmen S.G. Buenaflor MD r, Michael M. Petrov MD s,
Ana Marcela Quesada-Mora MD t, Farid Zand MD u, Vaidotas Gurskis MD v,
Tanja Anguseva MD w, Aamer Ikram MD x, Daisy Aguilar de Moros MD y,
Wieslawa Duszynska MD z, Nepomuceno Mejia MD aa, Florin George Horhat MD bb,
Vladislav Belskiy MD cc, Vesna Mioljevic MD dd, Gabriela Di Silvestre MD ee,
Katarina Furova MD ff, Gloria Y. Ramos-Ortiz MD gg, May Osman Gamar Elanbya MD hh,
Hindra Irawan Satari MD ii, Umesh Gupta MD jj, Tarek Dendane MD kk, Lul Raka MD ll,
Humberto Guanche-Garcell MD mm, Bijie Hu MD nn, Denis Padgett MD oo,
Kushlani Jayatilleke MD pp, Najla Ben Jaballah MD qq, Eleni Apostolopoulou MD rr,
Walter Enrique Prudencio Leon MD ss, Alejandra Sepulveda-Chavez MD tt,
Hector Miguel Telechea MD uu, Andrew Trotter MD vv, Carlos Alvarez-Moreno MD ww,
Luis Kushner-Davalos MD xx

a International Nosocomial Infection Control Consortium, Buenos Aires, Argentina
b General Directorate of Infection Prevention and Control, Ministry of Health, Saudi Arabia
c Cairo University Hospital, Cairo; Dar Al Fouad Hospital, 6th of October City, Egypt
d General Directorate of Infection Prevention and Control, Ministry of Health, Bahrain
e Ondokuz Mayis University Medical School, Samsun, Turkey
f Medanta The Medicity, New Delhi, India
g University Malaya Medical Centre, Kuala Lumpur, Malaysia
h Bach Mai Hospital, Hanoi, Vietnam
i American University of Beirut Medical Center, Beirut, Lebanon
j Mubarak Al Kabir Hospital, Kuwait City, Kuwait
k Clínica La Merced, Quito, Ecuador
l Dubai Hospital, Dubai, United Arab Emirates
m Hospital Civil de Guadalajara Fray Antonio Alcalde Infection Control Committee, Guadalajara, Mexico
n Thammasat University Hospital, Pratumthani, Thailand
o Hospital de Messejana, Fortaleza, Brazil
p Intermed Hospital, Ulaanbaatar, Mongolia
q National University Hospital Singapore, Singapore, Singapore
r Philippine Heart Center, Manila, Philippines

* Address correspondence to Victor Daniel Rosenthal, MD, MSc, CIC, International Nosocomial Infection Control Consortium, 11 de Septiembre 4567, Fl 12, Apt 1201, Buenos
Aires, 1429, Argentina.

E-mail address: victor_rosenthal@inicc.org (V.D. Rosenthal).
For a list of all members of the International Nosocomial Infection Control Consortium and all coauthors of this study, see the Appendix.
The funding for design, development, maintenance, technical support, data validation, and report generation of the Surveillance Online System, and the activities carried

out at International Nosocomial Infection Control Consortium headquarters, were provided by VDR and the Foundation to Fight against Nosocomial Infections.
All authors were involved in provision of study patients, critical revision of the manuscript for important intellectual content, and final approval of the manuscript.

VDR was responsible for study conception and design, drafting of the manuscript, software development, technical support, report generation, data validation, data assem-
bly, data interpretation, and epidemiologic and statistical analysis.

Conflicts of interest: None to report.

ARTICLE IN PRESS

0196-6553/© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ajic.2016.08.007

American Journal of Infection Control ■■ (2016) ■■-■■

Contents lists available at ScienceDirect

American Journal of Infection Control

journal homepage: www.aj ic journal .org

American Journal of 
Infection Control

mailto:victor_rosenthal@inicc.org
http://dx.doi.org/10.1016/j.ajic.2016.08.007
http://dx.doi.org/10.1016/j.ajic.2016.08.007
http://www.sciencedirect.com/science/journal/01966553
http://www.ajicjournal.org


s St George University Hospital, Plovdiv, Bulgaria
t Hospital Clínica Bíblica, San Jose, Costa Rica
u Nemazee Hospital Shiraz University of Medical Sciences, Shiraz, Iran
v Hospital of Lithuanian University of Health Sciences Kauno Klinikos, Kaunas, Lithuania
w Special Hospital for Surgical Diseases Filip Vtori, Skopje, Macedonia
x Armed Forces Institute of Pathology, Rawalpindi, Pakistan
y Hospital del Niño de Panama, Panama
z Wroclaw University Hospital, Wroclaw, Poland
aa Hospital General de La Plaza de La Salud, Santo Domingo, Dominican Republic
bb University of Medicine and Pharmacy Victor Babes Timisoara Emergency County Clinical Hospital, Timisoara, Romania
cc Privolzhskiy District Medical Center, Nizhniy Novgorod, Russia
dd Clinical Center of Serbia, Belgrade, Serbia
ee Hospital de Clínicas Caracas, Caracas, Venezuela
ff Catholic University in Ruzomberok Faculty Of Health Central Military Hospital Ruzomberok, Ruzomberok, Slovakia
gg Hospital Episcopal San Lucas, Guayama, Puerto Rico
hh Bahry Teaching Hospital, Khartoum, Sudan
ii Ciptomangunkusumo, Jakarta, Indonesia
jj Port Moresby General Hospital, Port Moresby, Papua New Guinea
kk Ibn Sina Hospital of Morocco, Rabat, Morocco
ll National Institute for Public Health of Kosovo and Medical School, Prishtina University, Prishtina, Kosovo
mm Joaquin Albarran, La Habana, Cuba
nn Zhongshan Hospital, Fudan University, Shanghai, China
oo Hospital De Especialidades Del Instituto Hondureno De Seguridad Social, Tegucigalpa, Honduras
pp Sri Jayewardenepura General Hospital, Nugegoda, Sri Lanka
qq Children Hospital Bechir Hamza of Tunis, Tunis, Tunisia
rr General and Oncological Hospital of Kiffissia, Athens, Greece
ss Hospital Central De La Fuerza Aerea Del Peru, Lima, Peru
tt Clínica Sanatorio Alemán, Concepcion, Chile
uu Centro Hospitalario Pereira Rossell, Montevideo, Uruguay
vv Grande International Hospital, Kathmandu, Nepal
ww Pontificia Universidad Javeriana Hospital Universitario San Ignacio, Bogotá, Colombia
xx Caja de Salud De La Banca, La Paz, Bolivia

Key Words:
Hospital infection
Health care-associated infection
Antibiotic resistance
Ventilator-associated pneumonia
Catheter-associated urinary tract infection
Central line-associated bloodstream
infections

Bloodstream infection
Urinary tract infection
Developing countries
Limited resources countries

Background: We report the results of International Nosocomial Infection Control Consortium (INICC) sur-
veillance study from January 2010-December 2015 in 703 intensive care units (ICUs) in Latin America,
Europe, Eastern Mediterranean, Southeast Asia, and Western Pacific.
Methods: During the 6-year study period, using Centers for Disease Control and Prevention National Health-
care Safety Network (CDC-NHSN) definitions for device-associated health care-associated infection (DA-
HAI), we collected prospective data from 861,284 patients hospitalized in INICC hospital ICUs for an aggregate
of 3,506,562 days.
Results: Although device use in INICC ICUs was similar to that reported from CDC-NHSN ICUs, DA-HAI
rates were higher in the INICC ICUs: in the INICC medical-surgical ICUs, the pooled rate of central line-
associated bloodstream infection, 4.1 per 1,000 central line-days, was nearly 5-fold higher than the 0.8
per 1,000 central line-days reported from comparable US ICUs, the overall rate of ventilator-associated
pneumonia was also higher, 13.1 versus 0.9 per 1,000 ventilator-days, as was the rate of catheter-
associated urinary tract infection, 5.07 versus 1.7 per 1,000 catheter-days. From blood cultures samples,
frequencies of resistance of Pseudomonas isolates to amikacin (29.87% vs 10%) and to imipenem (44.3%
vs 26.1%), and of Klebsiella pneumoniae isolates to ceftazidime (73.2% vs 28.8%) and to imipenem (43.27%
vs 12.8%) were also higher in the INICC ICUs compared with CDC-NHSN ICUs.
Conclusions: Although DA-HAIs in INICC ICU patients continue to be higher than the rates reported in
CDC-NSHN ICUs representing the developed world, we have observed a significant trend toward the re-
duction of DA-HAI rates in INICC ICUs as shown in each international report. It is INICC’s main goal to
continue facilitating education, training, and basic and cost-effective tools and resources, such as stan-
dardized forms and an online platform, to tackle this problem effectively and systematically.
© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier

Inc. All rights reserved.

The first report of health care-associated infection (HAI) rates
was published by the Centers for Disease Control and Prevention
(CDC) 40 years ago, and has been published uninterruptedly until
the present,1,2 using standardized methods and definitions3,4 that
serve as the basis and inspiration for the International Nosoco-
mial Infection Control Consortium (INICC).5,6

This INICC report is a summary of device-associated (DA) module
data collected by hospitals participating in the INICC for events re-
ported to INICC occurring from January 1, 2010-December 31, 2015.
This report updates previously published DAmodule data from INICC
and provides contemporary, comparative rates.7-11

Founded in Argentina in 1998, the INICC was the first multina-
tional research network established tomeasure, prevent, and control

HAIs at an international level through the analysis of validated data
collected prospectively using standardized forms provided by INICC
(on a voluntary basis) by a pool of hospitals worldwide.5,6 Since 2003,
INICC has been publishing HAI rates and consequences per indi-
vidual country,12-14 and since 2006 as international reports.7-11

The goals of INICC include the development of a dynamic global
hospital network that applies standardized systematic prospec-
tive, active surveillance of HAIs, using a form provided by INICC, with
standardized definitions and methodologies of the CDC National
Healthcare Safety Network (NHSN) to promote evidence-based in-
fection control practices and to conduct applied infection control
research to reduce the incidence of HAIs and associated mortality,
excess length of stay (LOS), costs, and bacterial resistance.5,6
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To measure HAI rates accurately, INICC has an online platform
with standardized forms: The INICC Surveillance Online System. The
methods of the INICC include CDC-NSHN surveillancemethodology3,4

and the collection of other data essential to increase infection
preventionist’s sensitivity to detect HAIs and avoid underreporting.5,6

According to standard CDC-NSHNmethods,3,4 numerators are the
number of each type of HAI, and denominators are device-days col-
lected from all patients as pooled data; that is, without determining
the number of device-days related to a particular patient, and
without collecting characteristics per specific patient. This differs
from the INICC method in that the design of the INICC surveil-
lance system also includes specific data per patient from all patients
(those with and those without HAI) and collects risk factors of
HAIs, such as invasive devices, and surrogates of HAIs, which include,
but are not limited to, high temperature, low blood pressure, results
of cultures, antibiotic therapy, LOS, and mortality. By collecting
data on all patients in an intensive care unit (ICU), it is possible to
match patients with and without HAI by several characteristics to
estimate extra LOS, mortality, cost, and cost-effectiveness of
interventions.5,6

The goal of this report is to provide updated data on HAI rates,
device use (DU), bacterial resistance, LOS, and mortality of pa-
tients with and without HAI.

METHODS

The INICC Surveillance Online System has 15 modules. One of
them is for surveillance of DA-HAI in adult and pediatric ICUs and
neonatal ICUs (NICUs).5,6

The data are collected using standardized INICC online forms,
following CDC-NHSN methods for calculation of HAI rates and DU
ratios, and HAI definitions of the CDC-NSHN that include labora-
tory and clinical criteria.3,4 Definitions of HAI used during surveillance
were those published by CDC in 2008,3 and their subsequent updates
published in 201315 and then in 2015.16 At present, INICC applies
the definitions of HAIs published in 2016, but these were not used
in this report.17

This report includes ventilator-associated pneumonia (VAP) rates
for adult, pediatric, and neonatal units because during the period
2010-2015 the adult INICC units did not yet apply the definition of
ventilator-associated event.

The module must be used for a minimum of 1 calendar month.5,6

Collected data address HAI rates, LOS, mortality, microbiologic profile,

and bacterial resistance. Corresponding denominator data, patient
days, and specific device days are collected and validated. De-
tailed data by patient and aggregated data were used to calculate
DA-HAI rates and DU ratio. Only detailed data by patient were used
to calculate mortality and LOS.

In addition, INICC methodology includes a process for adjudi-
cation of and validation of reported HAIs, through which daily data
collection of invasive devices are checked for denominators and the
fulfillment of CDC-NHSN criteria of HAI in each case of HAI is checked
for numerators.5,6

Infection preventionists (IPs) collect data on central line-
associated primary bloodstream infections (CLABSIs), catheter-
associated urinary tract infections (CAUTIs), and VAPs occurring in
patients hospitalized in ICUs. ICUs are stratified according to patient
population: different types of adult ICUs, pediatric ICUs, or NICUs.

All NICUs are level III or level II-III units, and IPs collect data on
CLABSIs and umbilical catheter-associated primary bloodstream
infections or VAPs for each of 5 birthweight categories (<750 g,
750-1,000 g, 1,001-1,500 g, 1,501-2,500 g, and >2,500 g).

Data of adult and pediatric ICUs were stratified by ICU type. Data
for NICUs were stratified by weight categories.

Data analysis

SPSS 16.0 (IBM-SPSS Inc, Chicago, IL), INICC Surveillance Online
System version 2 (Buenos Aires, Argentina),6 and EpiInfo version
6.04b (CDC, Atlanta, GA) were used for data analysis. Relative risk
ratios, 95% confidence intervals (CIs), and P values were deter-
mined for primary and secondary outcomes. Comparisons of the
percentile distribution were made if there were at least 20 loca-
tions contributing to the strata. Data for ICUs were not stratified by
type or size of hospital.

RESULTS

From January 1, 2010-December 31, 2015 we conducted a cohort
prospective multicenter surveillance study of DA-HAI in 703 ICUs
in 50 countries from Latin America, Europe, Eastern Mediterra-
nean, Southeast Asia, andWestern PacificWorld Health Organization
regions currently participating in INICC. Out of all hospitals, 62%were
public or academic, and the remaining 38% were private. The iden-
tity of all INICC patients, hospitals, cities, and countries is confidential,
in accordance with the INICC charter.

Table 1
International Nosocomial Infection Control Consortium facilities contributing data used in this report, by World Health Organization region

Latin America Europe Eastern Mediterranean Southeast Asia Western Pacific Pooled

ICU type
Surgical cardiothoracic 3 9 4 11 1 28
Medical cardiac 17 3 6 18 8 52
Medical 12 12 29 37 11 101
Medical/surgical 98 44 43 65 27 277
Neurosurgical 5 8 3 9 6 31
Neurologic 1 3 0 3 2 9
Pediatric 27 15 10 17 7 76
Respiratory 3 6 1 1 2 13
Surgical 6 14 11 22 8 61
Trauma 1 0 2 4 0 7
Neonatal 18 3 15 11 1 48

Total ICUs 191 (27.1) 117 (16.6) 124 (17.6) 198 (28.1) 73 (10.3) 703 (100)
Hospitals
Academic teaching 13 (13.5) 34 (81.0) 15 (26.3) 8 (14.3) 10 (35.7) 80 (28.7)
Public 38 (39.6) 6 (14.3) 34 (59.6) 2 (3.6) 13 (46.4) 93 (33.3)
Private community 44 (45.8) 2 (4.8) 7 (12.3) 45 (80.4) 5 (17.9) 103 (36.9)

Total hospitals 96 42 57 56 28 279

NOTE. Values are presented as n or n (%).
ICU, intensive care unit.
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The length of participation of hospitals in the INICC Program
ranged from 1-72 months (mean, 12 ± 18.2 months).

Of 703 intensive care units, 436 ICUs (62%) contributed de-
tailed data by patient, and the remaining 267 ICUs (38%) contributed
aggregated data to INICC.

Characteristics of the 703 ICUs that contributed data for this
report are shown in Table 1.

Table 2 shows DA-HAI rates by infection type of adult and pe-
diatric patients with CLABSI, CAUTI, and VAP, and patients in NICUs
with CLABSI or VAP.

Table 3 shows DU ratios from adult, pediatric, and NICUs.
The pooled rate of CLABSI per 1,000 central line-days in

the medical surgical ICU was 4.11 (95% CI, 4.0-4.2), and 16.37
(95% CI, 15.2-17.6) in the NICUs. The pooled rate of VAP per 1,000

Table 2
Pooled means, 95% confidence intervals (CIs), and key percentiles of the distribution of central line-associated bloodstream infection (BSI) rates and ventilator-associated
pneumonia (PNEU) rates by type of location, in adult, pediatric, and neonatal intensive care units (ICUs), and of urinary catheter-associated urinary tract infection (UTI)
rates, by type of location, in adult and pediatric ICUs, device-associated module, 2010-2015

Central line-associated BSI rate Percentile

Type of ICU
No. of
ICUs

No of
patients

No. of central
line-associated

BSIs
Central
line-days

Pooled
mean 95% CI 10% 25%

50%
(median) 75% 90%

Surgical cardiothoracic 28 28,431 149 103,458 1.44 1.2-1.7 0.00 0.00 0.50 2.80 5.80
Medical cardiac 52 55,960 366 96,035 3.81 3.4-4.2 0.00 0.00 0.50 4.40 9.90
Medical 101 70,965 712 191,106 3.73 3.5-4.0 0.00 0.00 2.70 8.30 16.20
Medical/surgical 274 587,580 5,365 1,306,151 4.11 4.0-4.2 0.00 1.00 3.70 8.20 18.70
Neurosurgical 31 15,270 168 42,710 3.93 3.4-4.6 0.00 0.00 1.90 5.80 9.50
Neurologic 9 2,072 52 5,130 10.14 7.6-13.3 0.00 0.00 0.00 18.10 -
Pediatric 76 29,197 979 115,715 8.46 7.9-9.0 0.00 0.00 4.00 10.30 25.00
Respiratory 13 2,960 39 13,986 2.79 2.0-3.8 0.00 0.40 3.60 5.20 7.70
Surgical 61 46.182 508 114,498 4.44 4.1-4.8 0.00 0.00 2.00 8.20 17.90
Trauma 7 8,496 90 22,617 3.98 3.2-4.9 0.00 3.80 5.00 8.80 -
Pooled (adult and pediatric ICUs) 652 847,113 8,428 2,011,406 4.19 4.1-4.3 0.00 0.00 2.90 7.5 16.3
Neonatal ICU: Birth-weight category (kg)
< 750 g 26 1,410 90 4,306 20.90 16.8-25.7 0.00 0.00 0.00 16.00 57.90
751-1,000 g 37 3,076 73 8,351 8.74 6.9-11.0 0.00 0.00 10.20 21.90 134.50
1,001-1,500 g 40 1,888 177 8,987 19.70 16.9-22.8 0.00 0.00 1.70 13.90 37.90
1,501-2,500 g 39 3,603 322 15,435 20.86 18.6-23.3 0.00 0.00 5.50 13.60 31.50
> 2,500 g 43 4,194 99 9,400 10.53 8.6-12.8 0.00 0.00 0.00 15.30 36.80

Pooled (neonatal ICUs) 48 14,171 761 46,479 16.37 15.2-17.6 0.00 0.00 4.00 15.8 39.5

Ventilator-associated PNEU rate Percentile

Type of ICU
No. of
ICUs

No of
patients

No. of
VAPs

Ventilator-
days

Pooled
mean 95% CI 10% 25%

50%
(median) 75% 90%

Surgical cardiothoracic 28 28,431 269 43,615 6.2 5.5-7.0 0.00 0.00 2.30 10.12 25.40
Medical cardiac 52 55,960 595 43,277 13.7 12.7-14.9 0.00 0.00 5.90 16.10 31.00
Medical 101 70,965 1.838 163,931 11.2 10.7-11.7 0.00 0.00 7.20 20.50 48.10
Medical/surgical 274 58,580 9.919 756,478 13.1 12.9-13.4 0.00 3.80 11.20 22.20 37.50
Neurosurgical 31 15,270 416 28,749 14.5 13.1-15.9 0.00 1.10 11.70 23.70 38.60

Neurologic 9 2,072 97 5,046 19.2 15.6-23.5 0.00 0.00 16.60 39.00 -
Pediatric 76 29,197 812 98,853 8.2 7.7-8.8 0.00 0.00 5.50 11.70 28.90
Respiratory 13 2,960 196 14,246 13.8 11.9-15.8 0.00 4.60 11.30 19.90 76.70
Surgical 61 46,182 773 63,135 12.2 11.4-13.1 0.00 0.00 9.50 26.30 82.40
Trauma 7 8,496 258 29,125 8.9 7.8-10.0 0.00 0.00 8.50 42.50 -
Pooled (adult and pediatric ICUs) 652 847,113 15.173 1,246,455 12.2 12.0-12.4 0.00 0.97 8.70 20.4 37.9
Neonatal ICU: Birthweight category (kg)
< 0.750 26 1,410 4.189 20 4.77 2.9-7.4 0.00 0.00 0.00 7.80 17.20
0.750-1.000 37 3,076 7.755 46 5.93 4.3-7.9 0.00 0.00 0.00 4.40 66.40
1.001-1.500 40 1,888 5.727 29 5.06 3.4-7.3 0.00 0.00 0.00 4.30 28.70
1.501-2.500 39 3,603 9.855 142 14.41 12.1-17.0 0.00 0.00 0.00 4.40 21.40
> 2.500 43 4,194 7.631 80 10.48 0.00 0.00 0.00 1.80 10.40

Pooled (neonatal ICUs) 48 14,171 35,157 317 9.02 0.00 0.00 0.00 4.3 19.6

Percentile

Type of ICU
No. of
ICUs

No. of
patients

No. of
CAUTIs

Urinary
catheter-days

Pooled
mean 95% CI 10% 25%

50%
(median) 75% 90%

Surgical cardiothoracic 28 28,431 144 86,933 1.66 1.4-2.0 0.00 0.00 0.35 2.60 4.90
Medical cardiac 52 55,960 425 94,747 4.49 4.1-4.9 0.00 0.00 1.10 4.30 11.40
Medical 101 70,965 1,147 293,066 3.91 3.7-4.1 0.00 0.00 2.10 6.50 16.80
Medical/surgical 274 587,580 7,152 1,411,980 5.07 4.9-5.2 0.00 0.88 3.00 7.30 14.50
Neurosurgical 31 15,270 428 68,657 6.23 5.7-6.9 0.00 0.50 3.40 9.40 15.70
Neurologic 9 2,072 286 16,653 17.17 15.2-19.3 0.00 0.00 0.00 16.60 –
Pediatric 76 29,197 438 79,696 5.50 5.0-6.0 0.00 0.00 0.00 7.20 20.40
Respiratory 13 2,960 144 20,006 7.20 6.1-8.5 0.00 0.00 4.30 16.20 24.10
Surgical 61 46,182 574 147,697 3.89 3.6-4.2 0.00 0.00 2.00 7.10 14.60
Trauma 7 8,496 130 34,894 3.73 3.1-4.4 0.00 0.00 3.70 6.70 –
Pooled (adult and pediatric ICUs) 652 847,113 10,868 2,254,329 4.82 4.7-4.9 0.00 0.00 2.40 6.8 14.7

CL, central line; VAP, ventilator-associated pneumonia.
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mechanical ventilator-days was 13.1 (95% CI, 12.9-13.4) in the
medical surgical ICUs and 9.02 (95% CI, 8.1-10.1) in the NICUs. The
overall CAUTI rate per 1,000 catheter-days was 5.07 (95% CI, 4.9-
5.2) in medical surgical ICUs.

Table 4 provides data on crude ICU mortality and crude LOS in
patients hospitalized in each type of unit during the surveillance
period, with and without DA-HAI, of adult and pediatric patients
with CLABSI, CAUTI, and VAP, and infants in NICUs with CLABSI or
VAP.

Table 5 provides data on bacterial resistance of pathogens iso-
lated from patients with DA-HAI in adult and pediatric ICUs and
NICUs, and compares these rates with the ICUs of CDC-NHSN
hospitals.

Table 6 compares pooled rates of CLABSI, CAUTI, and VAP in the
INICC and the CDC-NHSN ICUs.

For CLABSI rates and CAUTI rates in adult and pediatric ICUs, we
compared INICC rates with those from the CDC-NHSN report with
data from 2013.18 For VAP rates in pediatric ICUs and NICUs, we also

Table 3
Pooled means, 95% confidence intervals (CIs), and key percentiles of the distribution of central line use ratios, and ventilator use ratios by type of location, in adult,
pediatric, and neonatal intensive care units (ICUs), and of urinary catheter use ratios, by type of location, in adult and pediatric ICUs, device-associated module,
2010-2015

Central line use ratio Percentile

Type of ICU
No. of
ICUs Patient-days

Central
line-days

Pooled
mean 95% CI 10% 25%

50%
(median) 75% 90%

Surgical cardiothoracic 28 101,237 103,458 1.02 1.01-1.03 0.36 0.72 0.85 1.12 1.47
Medical cardiac 52 218,345 96,035 0.44 0.44-0.44 0.07 0.31 0.48 0.71 1.11
Medical 101 427,927 191,106 0.45 0.45-0.45 0.11 0.23 0.45 0.66 0.78
Medical/surgical 274 2,052,214 1,306,151 0.64 0.64-0.64 0.18 0.36 0.57 0.78 0.98
Neurosurgical 31 88,374 42,710 0.48 0.48-0.49 0.03 0.23 0.48 0.62 0.86
Neurologic 9 18,012 5,130 0.28 0.28-0.29 0.03 0.17 0.50 0.71 –
Pediatric 76 195,104 115,715 0.59 0.59-0.60 0.14 0.26 0.44 0.73 0.88
Respiratory 13 33,292 13,986 0.42 0.41-0.43 0.15 0.27 0.68 0.95 1.60
Surgical 61 194,795 114,498 0.59 0.59-0.59 0.12 0.29 0.52 0.77 1.01
Trauma 7 44,447 22,617 0.51 0.50-0.51 0.01 0.12 0.41 0.56 –
Pooled (adult and pediatric ICUs) 652 3,373,747 2,011,406 0.60 0.60-0.60 0.15 0.32 0.53 0.76 0.97
Neonatal ICU: Birthweight category (kg) Percentile
< 750 g 26 8,752 4,306 0.49 0.48-0.51 0,10 0.23 0.60 0.80 1.00
751-1,000 g 37 28,973 8,351 0.29 0.28-0.29 0,03 0.17 0.50 0.72 0.94
1,001-1,500 g 40 18,618 8,987 0.48 0.47-0.49 0,02 0.13 0.37 0.60 0.68
1,501-2,500 g 39 37,576 15,435 0.41 0.40-0.42 0,02 0.10 0.28 0.53 0.84
> 2,500 g 43 38,896 9,400 0.24 0.24-0.25 0,03 0.23 0.44 0.80 1.00
Pooled (neonatal ICUs) 48 132,815 46,479 0.35 0.35-0.35 0,04 0.17 0.42 0.64 0.94

Ventilator use ratio Percentile

Type of ICU
No. of
ICUs Patient-days Ventilator-days

Pooled
mean 95% CI 10% 25%

50%
(median) 75% 90%

Surgical cardiothoracic 28 101,237 43,615 0.43 0.43-0.43 0.05 0.20 0.33 0.42 0.65
Medical cardiac 52 218,345 43,277 0.20 0.20-0.20 0.06 0.07 0.16 0.29 0.46
Medical 101 427,927 163,931 0.38 0.38-0.38 0.07 0.15 0.35 0.49 0.68
Medical/surgical 274 2,052,214 756,478 0.37 0.37-0.37 0.11 0.23 0.39 0.60 0.74
Neurosurgical 31 88,374 28,749 0.33 0.32-0.33 0.11 0.24 0.32 0.51 0.83
Neurologic 9 18,012 5,046 0.28 0.27-0.29 0.09 0.16 0.26 0.40 –
Pediatric 76 195,104 98,853 0.51 0.50-0.51 0.15 0.32 0.45 0.55 0.67
Respiratory 13 33,292 14,246 0.43 0.42-0.43 0.18 0.34 0.68 0.79 0.92
Surgical 61 194,795 63,135 0.32 0.32-0.33 0.03 0.08 0.25 0.52 0.68
Trauma 7 44,447 29,125 0.66 0.65-0.66 0.06 0.08 0.25 0.57 –
Pooled (adult and pediatric ICUs) 652 3,373,747 1,246,455 0.37 0.37-0.37 0.07 0.18 0.36 0.53 0.70
Neonatal ICU: Birthweight category (kg)
< 0.750 26 8,752 4,189 0.48 0.46-0.49 0.00 0.19 0.50 0.78 1.00
0.750-1.000 37 28,973 7,755 0.27 0.26-0.27 0.01 0.15 0.30 0.49 0.78
1.001-1.500 40 18,618 5,727 0.31 0.30-0.32 0.01 0.08 0.19 0.41 0.64
1.501-2.500 39 37,576 9,855 0.26 0.26-0.27 0.05 0.11 0.21 0.36 0.49
> 2.500 43 38,896 7,631 0.20 0.19-0.20 0.00 0.13 0.28 0.46 0.62

Pooled (neontal ICUs) 48 132,815 35,157 0.26 0.26-0.27 0.01 0.12 0.27 0.47 0.71

Urinary catheter use ratio Percentile

Type of ICU
No. of
ICUs Patient-days

Urinary
catheter-days

Pooled
mean 95% CI 10% 25%

50%
(median) 75% 90%

Surgical cardiothoracic 28 101,237 86,933 0.86 0.86-0.86 0.39 0.55 0.76 0.96 1.00
Medical cardiac 52 21,345 94,747 0.43 0.43-0.44 0.20 0.35 0.49 0.62 0.82
Medical 101 427,927 293,066 0.68 0.68-0.69 0.27 0.45 0.62 0.82 0.93
Medical/surgical 274 2,052,214 1,411,980 0.69 0.69-0.69 0.32 0.53 0.72 0.89 0.97
Neurosurgical 31 88,374 68,657 0.78 0.77-0.78 0.51 0.63 0.83 0.96 0.99
Neurologic 9 18,012 16,653 0.92 0.92-0.93 0.50 0.60 0.87 0.96 –
Pediatric 76 195,104 79,696 0.41 0.41-0.41 0.11 0.19 0.34 0.47 0.59
Respiratory 13 33,292 20,006 0.60 0.60-0.61 0.21 0.53 0.92 0.96 0.97
Surgical 61 194,795 147,697 0.76 0.76-0.76 0.15 0.59 0.75 0.91 0.95
Trauma 7 44,447 34,894 0.79 0.78-0.79 0.07 0.26 0.52 0.80 –
Pooled (adult and pediatric ICUs) 652 3,373,747 2,254,329 0.67 0.67-0.67 0.22 0.44 0.66 0.86 0.96

ARTICLE IN PRESS

5V.D. Rosenthal et al. / American Journal of Infection Control ■■ (2016) ■■-■■



Table 4
Pooled means of the distribution of crude mortality and length of stay (LOS) of intensive care unit patients with device-associated health care-associated infections (DA-
HAIs), adult, pediatric intensive care units combined, and infants in neonatal intensive care units, device associated module, 2010-2015

No. of
deaths

No. of
patients

Pooled crude
mortality % (95% CI)

LOS
(total d)

Pooled average LOS
d (95% CI)

Adult and pediatric patients without DA-HAI 13,792 93,675 14.7 (14.5-15.0) 663,008 7.08 (7.06-7.10)
Infants at level III neonatal intensive care units without DA-HAI 586 3,090 19.0 (18.6-20.4) 53,950 17.46 (17.30-17.60)
Adult and pediatric patients with CLABSI 668 1,738 38.4 (36.1-40.8) 30,169 17.36 (17.16-17.55)
Infants at level III neonatal intensive care units with CLABS 78 263 29.7 (24.2-35.6) 9,946 37.82 (37.10-38.60)
Adult and pediatric patients with VAP 1,121 3,119 35.9 (34.2-37.6) 52,949 16.98 (16.83-17.12)
Infants at level III neonatal intensive care units with VAP 21 74 28.4 (18.5-40.0) 2,676 36.16 (34.80-37.60)
Adult and pediatric patients with CAUTI 340 1,337 25.4 (23.1-27.9) 23,228 10.30 (10.09-10.53)

CAUTI, catheter-associated urinary tract infection; CI, confidence interval; CLABSI, central line-associated bloodstream infection; RR, relative risk; VAP, ventilator-associated
pneumonia.

Table 5
Antimicrobial resistance rates in the intensive care units of International Nosocomial Infection Control Consortium (INICC) hospitals, and comparison of antimicrobial
resistance rates in the intensive care units (ICUs) of INICC hospitals and Centers for Disease Control and Prevention National Healthcare Safety Network (NHSN) hospitals

No. of pathogenic
isolated tested at
INICC ICUs, pooled

Resistance
percentage at
INICC ICUs

No. of pathogenic
isolated tested at
INICC ICUs, pooled

Resistance
percentage
at INICC

No. of pathogenic
isolated tested at
INICC ICUs, pooled

Resistance
percentage
at INICC ICUs

Resistance
percentage at
NSHN ICUs

Pathogen, antimicrobial VAP VAP CAUTI CAUTI CLABSI CLABSI CLABSI
Staphylococcus aureus
OXA 357 44.8 14 57.1 191 65.4 54.6

Enterococcus faecalis
VAN 25 12.00 73 1.37 93 8.6 9.5

Pseudomonas aeruginosa
FQs 1.444 32.1 190 43.7 247 32.0 30.5
PIP or TZP 1.240 35.2 156 40.4 205 36.1 17.4
AMK 1.353 21.7 184 25.5 228 29.8 10.0
IPM or MEM 1.341 43.5 189 41.8 234 44.4 26.1
FEP 1.024 38.8 144 41.7 160 46.3 26.1

Klebsiella pneumonia
CRO or CAZ 1.041 66.6 305 77.4 422 73.2 28.8
IPM, MEM, or ETP 1.067 35.7 359 33.7 454 43.2 12.8

Acinetobacter baumannii
IPM or MEM 1.395 90.1 111 85.6 287 90.2 62.6

Escherichia coli
CRO or CAZ 347 70.3 545 63.5 282 66.0 19.0
IPM, MEM, or ETP 334 11.7 579 6.6 288 12.8 1.9
FQs 363 62.8 555 61.3 266 62.0 41.8

AMK, amikacin; CAUTI, catheter-associated urinary tract infection; CAZ, ceftazidime; CLABSI, central line-associated bloodstream infection; CRO, ceftriaxone; ETP, ertapenem;
FEP, cefepime; FQs, fluoroquinolones (ciprofloxacin, levofloxacin, moxifloxacin, or ofloxacin); IPM, imipenem; MEM, meropenem; OXA, oxacillin; PIP, piperacillin; TZP, piperacillin-
tazobactam; VAN, vancomycin; VAP, ventilator-associated pneumonia.

Table 6
Comparison of device-associated healthcare-associated infection rates, per 1,000 device-days in the intensive care units (ICU) of the International Nosocomial Infection Control
Consortium (INICC) (2010-2015) and the US National Healthcare Safety Network (NHSN) (2012)

ICU type

CLABSI rate VAP rate CAUTI rate

INICC NHSN INICC NHSN INICC NHSN
2010-2015 2013 2010-2015 2012*/2013† 2010-2015 2013

Surgical cardiothoracic 1.44 (1.2-1.7) 0.8 (0.8-0.9) 6.2 (5.5-7.0) 1.7 (1.5-1.9) 1.66 (1.4-2.0) 1.8 (1.7-1.9)
Medical cardiac 3.81 (3.4-4.2) 1.0 (0.9-1.1) 13.7 (12.7-14.9) 1.0 (0.8-1.1) 4.49 (4.1-4.9) 2.3 (2.2-2.4)
Medical 3.73 (3.5-4.0) 1.1 (1.0-1.2) 11.2 (10.7-11.7) 0.9 (0.8-1.1) 3.91 (3.7-4.1) 2.0 (1.9-2.1)
Medical/surgical 4.11 (4.0-4.2) 0.8 (0.8-0.9) 13.1 (12.9-13.4) 0.9 (0.8-1.0) 5.07 (4.9-5.2) 1.7 (1.6-1.8)
Neurosurgical 3.93 (3.4-4.6) 0.9 (0.8-1.1) 14.5 (13.1-15.9) 2.1 (1.9-2.5) 6.23 (5.7-6.9) 5.3 (5.1-5.5)
Neurologic 10.14 (7.6-13.3) 1.1 (0.9-1.4) 19.2 (15.6-23.5) 3.0 (2.3-3.8) 17.17 (15.2-19.3) 4.5 (4.1-4.9)
Pediatric 8.46 (7.9-9.0) 1.2 (1.1-1.3) 8.2 (7.7-8.8) 0.7 (0.6-0.8) 5.50 (5.0-6.0) 2.5 (2.2-2.7)
Respiratory 2.79 (2.0-3.8) 1.0 (0.5-1.9) 13.8 (11.9-15.8) 0.7 (0.2-1.7) 7.20 (6.1-8.5) 2.1 (1.5-3.0)
Surgical 4.44 (4.1-4.8) 0.9 (0.8-1.0) 12.2 (11.4-13.1) 2.0 (1.7-2.3) 3.89 (3.6-4.2) 2.0 (1.9-2.2)
Trauma 3.98 (3.2-4.9) 1.4 (1.3-1.6) 8.9 (7.8-10.0) 3.6 (3.3-3.9) 3.73 (3.1-4.4) 4.3 (4.1-4.5)
Neonatal ICU: Birthweight category (kg)
< 750 g 20.90 (16.8-25.7) 2.1 (1.9-2.3) 4.77 (2.9-7.4) 1.0 (0.8-1.3) – –
751-1,000 g 8.74 (6.9-11.0) 1.3 (1.2-1.5) 5.93 (4.3-7.9) 1.1 (0.8-1.6) – –
1,001-1,500 g 19.70 (16.9-22.8) 0.8 (0.7-0.9) 5.06 (3.4-7.3) 0.7 (0.3-1.2) – –
1,501-2,500 g 20.86 (18.6-23.3) 0.6 (0.5-0.7) 14.41 (12.1-17.0) 0.5 (0.2-1.1) – –
> 2,500 g 10.53 (8.6-12.8) 0.7 (0.6-0.9) 10.48 (8.3-13.0) 0.1 (0.0-0.4) – –

NOTE. Values are presented as pooled mean (95% confidence interval).
CAUTI, catheter-associated urinary tract infection; CLABSI, central line-associated bloodstream infection; ICU, intensive care unit; VAP, ventilator-associated pneumonia.
*To compare VAP rates for adult ICUs we used an NSHN report with data from 2012.
†To compare VAP rates for pediatric ICU and NICU we used an NSHN report with data from 2013.
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compared INICC rates with those from the CDC-NHSN report with
data from 2013.18

But, only for VAP rates in adult ICUs, we compared rates with
CDC-NHSN report data from 2012,2 because during the period 2010-
2015 we did not use ventilator-associated event definition criteria.

Table 7 compares the results of the different 6 biennial INICC
reports published from 2006-2016.7-11

DISCUSSION

From 1975-2004 the CDC’s former National Nosocomial Infec-
tions Surveillance system,1 and thereafter, the NHSN,2 have provided
benchmarking US ICU data on DA-HAIs, which are invaluable for
researchers and served as an inspiration and foundation to the INICC
program, which started its prospective standardized surveillance in
1998.5,6

Our findings show that although the DU ratio in INICC ICUs is
analogous or even lower to the DU ratio reported of US ICUs by the
CDC-NHSN system, DA-HAI rates identified in INICC ICUs are higher
than the published US rates (Table 6).

Likewise, the antimicrobial resistance rates found in INICC ICUs
in blood samples for isolates of Klebsiella pneumoniae, Pseudomo-
nas, Escherichia coli, and Acinetobacter baumannii were higher than
CDC-NHSN rates. Nonetheless, the rates found in the INICC ICUs for
Staphylococcus aureus and Enterococcus faecalis resistancewere similar
to CDC-NHSN ICU rates.19,20

Such higher DA-HAI rates, in comparison with the CDC-NHSN
report, may reflect the situation in other countries,21 and several
reasons have been exposed to explain this fact.22,23 Among the
primary plausible causes, in some countries, is that adherence to
and compliance with the guidelines can be irregular. It is especial-
ly risky in cases with extremely low nurse-to-patient staffing ratios
(which are highly connected to high HAI rates), hospital overcrowd-
ing, lack of medical supplies, and an insufficient number of
experienced nurses or trained health care workers.21-23

The relation between the rates of HAI and their association to
the type of hospital (ie, public, academic, or private), and the re-
lation between HAI rates and the country’s socioeconomic level has
been analyzed and published by INICC.24,25 Such studies’ findings
show that a higher country socioeconomic level is correlated with
a lower infection risk.24,25

Comparing CDC-NHSN hospital rates with those of hospitals from
North America, Western Europe, Oceania, and some countries in Asia
is considered valid, due to their similar socioeconomic conditions.
In contrast, the comparison between CDC-NHSN hospital rates and
those of hospitals with limited resources—or with sufficient avail-
able resources, but without enough experience in the field of
infection control—may not be adequate. Within this context, INICC
emerged 20 years ago as a complementary benchmarking tool for
HAI rates in hospitals worldwide due to their shared socioeconom-
ic hospital backgrounds.9-11

Although DA-HAIs in our ICU patients continue to be higher than
the rates reported in CDC- NSHN reports representing the devel-

oped world, we have observed a significant trend toward the
reduction of DA-HAI rates in INICC ICUs, based on comparing INICC
reports from 2006, 2008, 2010, 2012, and 2014 with this report, as
shown in Table 7.7-11

On one hand, these data should be analyzed considering that in
each of our 6 reports we had a different number of ICUs, and some
of those units did not participate during the entire period. Thus, we
should consider the HAI rates shown in Table 7 as 6 point-prevalence
studies of HAI rates from a setting with limited resources, rather
than the result of a particular targeted intervention.

On the other hand, as shown in unbiased prospective studies con-
ducted by INICC, inmany ICUs that participated in the INICC network
during several years, their high incidenceof DA-HAI has been reduced
by adopting the INICC Multidimensional Approach and the INICC
Surveillance Online System,26-31 which include a bundle of infec-
tion control interventions; education; outcomesurveillanceof CLABSI,
VAP, CAUTI, and surgical site infections; process surveillance for hand
hygiene, central line, ventilator, urinary catheter, and surgical site
care; feedback on HAI rates; and performance feedback.5,6

It is INICC’s main goal to continue facilitating education, train-
ing, and basic and cost-effective tools and resources, such as
standardized forms and an online platform, to tackle this problem
effectively and systematically.

Study limitations

The reduction in HAI rates shown in Table 7, when compared
with the 5 previous biannual reports, may not reflect a true HAI rate
reduction at all the participating hospitals because, on one hand,
the mean participation was 1 year and reported HAI rates may have
been influenced by the fact that some hospitals may have inter-
rupted their reporting or may have participated only sporadically,
and on the other hand, seasonal diseases, such as complications of
flu admissions, may have affected HAI rates. Thus, we consider the
HAI rates shown in Table 7 as 6 point-prevalence studies of HAI rates
from a setting with limited resources rather than as the result of a
particular targeted intervention.7-11 However, to see the unbiased
influence of INICC resources, such as the INICC Multidimensional
Approach and INICC Surveillance Online System,5,6 we also pub-
lished prospective interventional studies conducted at hospitals that
remained in INICC during several years.26-31 Second, our study was
limited by the fact that we did not apply the definition of ventilator-
associated event because it became available in 2013 and this report
includes prospectively collected data from 2010.
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Comparison of pooled device-associated health care-associated infection rates, per 1,000 device-days in the intensive care units (ICUs) of International Nosocomial
Infection Control Consortium (INICC) hospitals, based on reports published in 2006, 2008, 2010, 2012, 2014, and 2016

INICC Report
2002-2005

INICC Report
2002-2007

INICC Report
2003-2008

INICC Report
2004-2009

INICC Report
2007-2012

INICC Report
2010-2015

Countries 8 18 25 36 43 50
ICUs 55 98 173 422 503 703
CLABSI 12.5 (11.7-13.3) 9.2 (8.8-9.7) 7.6 (7.4-7.9) 6.8 (6.7-7.0) 4.8 (4.7-4.9) 4.19 (4.1-4.3)
CAUTI 8.9 (8.3-9.5) 6.5 (6.1-6.9) 6.3 (6.0-6.5) 6.3 (6.2-6.5) 5.3 (5.2-5.4) 4.82 (4.7-4.9)
VAP 24.1 (22.8-25.5) 19.5 (18.7-20.3) 13.6 (13.3-14.0) 15.8 (15.5-16.1) 14.7 (14.5-14.9) 12.2 (12.0-12.4)

NOTE. Values are presented as n or pooled mean (95% confidence interval).
CAUTI, catheter-associated urinary tract infection; CLABSI, central line-associated bloodstream infection; VAP, ventilator-associated pneumonia.
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