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Abstract

Background: Device-associated hospital-acquired infections {{BAs) are a major threat to patient safety; as
well as a contributing factor for increased mortyidmortality, increased cost and length of ICUyst&®Rates of
occurrence of DA-HAIs can be associated with tt@nemic status of the countries where they occur.

Aims. To assess all available DA-HAI incidence ratesrirstudies published between 2007 and 2017, and
compare them according to the economic statuseofdlintry of origin.

M ethodology: Systematic review of the published literature kst 2007 and 2017.

Results: 40 articles were included in this study. Centiak{associated blood stream infection (CLABSI),
ventilator-associated pneumonia (VAP) and catha$spciated urinary tract infection (CAUTI) incidenates
from various countries, together with data on tbantries economic status (developed vs developingje
included and correlated accordingly. The highegoried CLABSI, VAP and CAUTI rate was 72.56, 73ntla
34.2 respectively per 1000 device days, and thdéseriginated from developing economies. The highes
incidence rates for VAP and CLABSI in developedremies are demonstrably lower than those in deirgdop
economies, demonstrating a statistical significzmtrelation. Lower economic statuses tend to predate
higher rates of Ventilator-Associated Pneumonia &wahtral Line-associated Blood-stream Infectionsain
statistically significant correlation, whilst forAUTI there was no statistical difference.

Conclusions: DA-HAI are affected directly in a positive or nelyat way according to the economic status of
the originating country..

Keywords. Device Associated Infections, Central Line AssaatBlood Stream Infection, Ventilator
Associated Pneumonia, Catheter Associated Urineagt Infection, ICU.
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Introduction these search terms: ‘“ventilator associated

. . . . . neumonia”, “VAP”, “central line associated
Infections acquired in the intensive care un lood stream infection”, “CLABSI". “catheter

(ICU) are a major healthcare related problem ésssociated urinary tract infection”, “CAUTI",

they contribute to length of stay (LOS). evice associated infection” and various
prolongation, elevated costs of care as well ag

increased morbidity and mortality {;Jor_rgpinations of these terms plus “Intensive Care
(Apostolopoulowet al., 2013; Tigeret al., 2014). it

Furthermore, health-care associated infectionsclusion criteria

(HAIs), with specific reference to invasive
devices utilization in healthcare settings, whe
considered in the far more prevalent context o

ICU patients are usually referenced as devic@ublication dates ranging from 01/01/2007 to
associated HAIs (DA-HAIs) and are a31/12/2017,

complicating factor with regard to positive
patient’s outcomes. Most of the infectio
surveillance reports comparing the outcomes
DA-HAIs with those of other countries do notPublications written and published in the English
consider that the economic status of the countlgnguage,

in question can directly affect, positively orpa_a|s rates to be reported as incidence per
negatl\_/ely_. According to the WHO(WprId health1 500 device days (DD).

Organization, 2015), low economic country

status (developing) may be an additional factdpublications which studied only one of the DA-
that influences the incidence of DA-HAIs withHAIs rates were not excluded if they met the

greater prevalence than is reported in developé@mainder of the inclusion criteria. The primary
areas. outcome measures for this review were:

The inclusion criteria used during the search
ere:

Data must have been obtained from adult ICU
f'atients,

Aim Infection rates per device per 1000 device days,

The aim of the study was to investigate the DAThe number of patients,

HAI rates published in public literature betweenrr,q country and place of study,
the years 2007 and 2017 and compare rates

between developed and developing countries. Purpose and methodology of study.

Materials & Methods Study Selection

This Systematic review was gu|ded by thé\ Medline search ylelded 377 artiCIeS, PubMed
preferred reporting items for systematic reviewyielded 1074 articles, and CINAHL yielded 289
and meta-analyses (PRISMA) statemengrticles. After duplicated results and articleshwit
PRISMA is a 27-item checklist that is used t@ccess to the abstract or the ftitle only were
improve the reporting of systematic reviews antemoved, a total of 562 articles were left for
meta-ana|yses and has been endorsed by mégfeening. Of these, 367 were related to pediatric
biomedical journa|s for the publication ofand neonatal ICUs, 106 were not related to ICU
systematic reviews(Liberagt al., 2009). patients (hospital wards or home ventilated
) ] patients), 22 were not research studies, 17 had
A comprehensive search of the avallat_)lgery small sample sizes and/or durations and 10
literature was conducted by the authors, using,dies were dismissed for other reasons not
Medline, PubMed and Cumulative Index tdneeting the study design, leaving a total of 40

Nursing and Allied Health Literature [CINAHL], 4rticles. The flow chart below summarizes the
for articles dated from 2007 until late 2017, usingicle selection (Figure 1).
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Table 1. Developing countriesand DA-HAIsrates

Name, Country, Year CLABSI VAP CAUTI
Talaat, Egypt, 2016 (after interventi 2.€ 4.z 1.€
Empaire, Venezuela, 20 5.1 7.2 3.€
Mehta,India(INICC), 2011 5.1 9.4 2.1
Kanj, Lebanon(INICC), 201 5.2 8.1 4.1
Mehta, India(INICC), 20C 7.92 10.4¢ 1.41
Jahar-Sherafat, Iran, 20: 5.8 7.8¢ 8.9¢
El-Kholy, Egypt, 201 2.¢ 17 3.4
Peng, China(INICC), 20: 2.7 19.56: 1.t
Tigen, Turkey, 201 6.4 14.5 4.z
Kubler, Poland, 201 4.01 18.2 4.
Kumar, India, 201 7.4 11.¢ 9.7
Datta, India, 201 13.8¢ 6.04 9.0¢
Tao, China, 201 3.1 20.¢ 6.4
Ranjan, India, 201 31.7

Medeiros, Brasil, 201 9.1 20.¢ 9.€
Leblebicioglou, Turkey, 20: 11.1 21.2 7.5
Patil, India, 201 47.3]

Salgado Yepez, Ecuador, 2! 6.5 44.: 5.7
Singh, India, 201 16 32 9
Ramirez, Mexico, 20( 23.1 21.¢ 13.£
Madani, Morocco, 20( 15.7 43.2 11.7
Ider, Mongolia, 201 19.7 43.7 15.7
Bamigatti, India, 201 72.5¢ 3.9¢ 12.¢
Rasslan, Egypt, 20. 22.t 73.¢ 34.2

DA-HAIs rates per 1000 device days, *missing
rates = not available
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Table 2. Developed countriesand DA-HAIlsrates

Name, Country, Y ear CLABS VAP CAUTI
Worth, Australia, 201 1.3¢

Kaiser, Holland, 201 1.7 3.S

Watanabe, Japan, 2( 2.3¢ 1.14 2.4
Chen, Taiwan, 20: 3.4¢ 3.6 3.7
Velasquez, Italy, 20: 13.2

Malacarne, Italy, 201 1.¢ 8.¢ 4.€
Mertens, Belgium, 20: 2.2 12 5.F
Vanhems, France, 20 20.€

Dima, Greece, 20( 12.1 12.F

Gikas, Cyprus, 20: 18.¢ 6.4

lordanou, Cyprus, 20: 15.¢ 10.1 2.7
Boncagni, Italy, 201 6.€ 23.1 5.4k
Apostolopoulou, Greece, 2C 11.¢ 20 4.2

DA-HAIs rates per 1000 device days; *missing rates
= not available
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Table4: Summary of reviewed articles

1

- - | -Prospective -94498 -CLABSI: 11.1
Ventilator Associated Pneumonia- VAP
Developed economies Developing economies
Cyprus 8.25% Mongolia 43.7
France 20.€ Venezuel 7.2
Greece 16.3t Brazil 20.9
Italy 111 China 20.1¢&f
Japan 1.14 Ecuador 44.3
Holland 3.3 Egypt 31.56t
Belgium 2.3 India 24.85t
Iran 7.8¢
Lebanon 8.1
Mexico 218
Morocco 43.2
Turkey 17.8tt
P value
Mear (SD) 10.09(6.82 24.29 (13.1 0.016
Mediar (IQR) 9.62(27€-17.37) 21.35(10.-40.29 0.020
Central Line-Associated Bloodstream Infection - CLABSI
Developed economi Developing economit
Belgium 2.3 Mongolia 19.7
Cyprus 17.25t Venezuela 5.1
Greec 11.95 Brazil 9.1
Italy 4.25t China 2.9t
Japan 2.38 Ecuador 6.5
Holland 1.7 Egypt 9.33t
Australia 1.34 India 14.15%
Iran 5.84
Lebanot 5.2
Mexico 231
Morocco 15.7
Turkey 8.75t
P value
Mean (SD) 5.88(5.75) 10.44 (6.07) 0.011
Median (IQR) 2.38(1.7-11.95) 8.92 (5.36-15.31) 0,025
Catheter-Associated Urinary Tract Infection - CAUTI
Developed economi Developing economit
Belgium 5.E Mongolia 15.7
Cyprus 2.75% Venezuela 3.9
Greece 45 Brazil 9.6
Italy 5.4t China 61
Japan 2.4 Ecuador 5.7
Poland 4.8 Egypt 34.11
India 7.311
Iran 8.99
Lebanon 4.1
Mexico 13.4
Morocco 11.7
Turkey 5.9t
P value
Mean (SD 5.31(3.18 9.02 (3.66 0,13
Median (IQR) 4.65 (2.6-7) 8.94 (5.75-12.75) 0,066

Abbreviation: T mean (more than one study)
Table 3: Developing vs devel oped economies DA-HAI incidence rates
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2014 (Turkey) - 63 ICUs. of Device Associated observational ICU -VAP: 21.4
from 29 Hospital Acquired cohort study Patients -CAUTI: 7.5
hospitals in 19 Infections
cities
2 Kaiser et al., 2014 -ICU -Evaluation of a Semi- -Prospective -533 -CLABSI: 1.7/1000
(The Netherlands) Department of Automated VAP and surveillance study ICU -VAP: 3.3/1000
VU CLABSI detection protocol Patients -CAUTI: Not Measured
University in the ICU
Medical
Centre
-Amsterdam
—Holland
3 Datta et al, 2014 -Two ICUs at -Evaluation of infection -Prospective -679 -CLABSI: 13.86/1000
(India) a 750-bed frequency and risk factors clinical ICU -VAP: 6.04/1000
hospital in from invasive devices in observation study Patients -CAUTI: 9.08/1000
India the ICU
4 Kanj et al, 2012 -University -Evaluation of device -Prospective -666 -CLABSI: 5.2/1000
(INICC Lebanon) hospital ICU related infection frequency observational study ICU -VAP: 8.1/1000
in Lebanon in the ICU Patients -CAUTI: 4.1/1000
5 Madani et al., 2009 -12-bed icu of -Evaluation of device -Prospective -1731 ICU  -CLABSI: 15.7/1000
(Morocco) the university related infection frequency surveillance study Patients -VAP: 43.2/1000
hospital of in the ICU. microbiological -CAUTI: 11.7/1000
Morocco profile. resistance. length of
stay and increase in
mortality
6 Chen et al., 2012 -42-bed ICU -Evaluation of device -Retrospective and -14734 -CLABSI: 3.48/1000
(Taiwan) of a university related infection frequency prospective ICU -VAP: 3.8/1000
hospital in inthe ICU observational study Patients -CAUTI: 3.7/1000
Taiwan
7 Singh et al., 2013 -10-bed ICU in -Evaluation of the total -Prospective - 293 -CLABSI: 16/1000
(India) a tertiary care frequency of DA-HAI observational study ICU -VAP: 32/1000
hospital in incidence Patients -CAUTI: 9/1000
India
8 Watanabe et al., -20 ICUs from -Evaluation of the -Prospective -1989 -CLABSI: 2.38/1000
2011 (Japan) university frequency of invasive observational study ICU -VAP: 1.14/1000
hospitals in device related infections Patients -CAUTI: 2.4/1000
Japan using a data collection
system to aggregate
information in a national
database and enhance
quality improvement
activities
9 Ranjanet al., 2014 -12-bed ICU in -Evaluation of VAP  -Prospective -105 -CLABSI: Not measured
(India) a tertiary care incidence rate. risk factors observational study ICU -VAP: 31.7/1000
hospital in and mortality Patients -CAUTI: Not measured
India
10 Velasquez et al, -21 ICUs in - Evaluation of VAP -Prospective =772 -CLABSI: Not measured
2016 (Italy) Italy incidence rate and risk observational study ICU -VAP: 13.2/1000
factors Patients -CAUTI: Not measured
11 Vanhems et al., 2011 -11 ICUs in -Evaluation of incidence -Prospective -3387 -CLABSI: Not measured
(France) France rate of early onset VAP observational study ICU -VAP: 20.6/1000
Patients -CAUTI: Not measured
12 Mehta et al.,, 2007 -12 ICUs from -Evaluation of DA-HAI s -Prospective -10835 -CLABSI: 7.92/1000
(INICC India) 7 tertiary care incidence rate. their observational study ICU -VAP: 10.46/1000
hospitals in  microbiological profile. Patients -CAUTI: 1.41/1000
India drug resistance. mortality
and length of ste
13 Patil et al., 2011 -1 ICU of a -Define incidence rate of -Prospective -54 -CLABSI: 47.31/1000
(India) public BSils related with CVCs observational study ICU -VAP: Not measured
University Patients -CAUTI: Not measured
hospital in
India
14 Apostolopoulou et -3 ICUs from -Evaluation of DA-HAI  -Prospective -294 -CLABSI: 11.8/1000
al., 2013 (Greece) 3 hospitals in incidence rate. observational study ICU -VAP: 20/1000
Greece microbiological profile. Patients -CAUTI: 4.2/1000
drug resistance and
morbidity
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15 Bammigatti et al, -1 ICU in a -Evaluation of risk factors -Prospective -341 -CLABSI: 72.56/1000
2017 (India) university and microbial resistance in observational study ICU -VAP: 3.98/1000
hospital in  DA-HAIs Patients -CAUTI: 12.4/1000
India
16 Boncagni et al., 2015 -12 bed ICU of -Evaluation of DA-HAl -Prospective -1382 -CLABSI: 6.6/1000
(Italy) a tertiary care incidence rate observational study ICU -VAP: 23.1/1000
hospital in Patients -CAUTI: 5.45/1000
Italy
17 Gikas et al, 2010 -4 ICUs in 4 -Evaluation of DA-HAI -Prospective -2692 ICU -CLABSI: 18.6/1000
(Cyprus) major incidence rate and observational study Patients -VAP: 6.4/1000
hospitals  of identification of areas of -CAUTI: Not measured
Cyprus improvement
18 Dima et al, 2007 -8 ICUs in -Evaluation of DA-HAI -Prospective -1739 ICU -CLABSI: 12.1/1000
(Greece) Greece incidence rate observational study Patients -VAP: 12.5/1000
-CAUTI: Not measured
19 lordanou et al., 2017 -8 bed ICU in -Evaluation of DA-HAI -Prospective cohort -198 -CLABSI: 15.9/1000
(Cyprus) a major incidence rate for one year and active ICU -VAP: 10.1/1000
general surveillance study Patients -CAUTI: 2.7/1000
hospital in
Cyprus
20 Jahani-Sherafatetal.,, -6 ICUs of -Evaluation of DA-HAI -Prospective cohort -2584 -CLABSI: 5.84/1000
2015 (Iran) university incidence rate and active ICU -VAP: 7.88/1000
hospitals  in surveillance study Patients -CAUTI: 8.99/1000
Tehran-Iran
21 Rasslan et al.,, 2012 -3 ICUs of 3 -Evaluation of DA-HAI -Prospective cohort -473 -CLABSI: 22.5/1000
(Egypt) hospitals in 2 incidence rate and active ICU -VAP: 73.4/1000
towns in Egyg surveillance stuc Patient -CAUTI: 34.2/100!
22 Salgado Yepez et al., -2 ICUs of 3 -Evaluation of DA-HAI -Prospective cohort -776 -CLABSI: 6.5/1000
2017 (Ecuador) hospitals  in incidence rate and active ICU -VAP: 44.3/1000
Ecuador surveillance study Patients -CAUTI: 5.7/1000
23 Tigen. et al.,, 2014 -16 bed ICU of -Evaluation of DA-HAI -Prospective cohort -1798 -CLABSI: 6.4/1000
(Turkey) a university incidence rate and active ICU -VAP: 14.3/1000
hospital in surveillance study Patients -CAUTI: 4.3/1000
Turkey
24 Medeiros et al., 2015 - 4 ICUs of 3 -Evaluation of DA-HAI -Prospective cohort -1031 -CLABSI: 9.1/1000
(Brazil) hospitals in 3 incidence rate and active ICU -VAP: 20.9/1000
towns in Brazil surveillance study Patients -CAUTI: 9.6/1000
25 Ramirez et al.,, 2007 -5 ICUs of 4 -Evaluation of DA-HAI -Prospective cohort -1055 -CLABSI: 23.1/1000
(Mexico) hospitals  in incidence rate study ICU -VAP: 21.8/1000
Mexico Patients -CAUTI: 13.4/1000
26 El-Kholy et al., 2012 -3 ICUs of 3 -Evaluation of DA-HAI -Prospective -1101 -CLABSI 2.9/1.000
(Egypt) hospitals in incidence rate observational study ICU -VAP 17/1.000
Egypt Patients -CAUTI 3.4/1.000
27 Tao et al, 2011 -398 ICUs of -Evaluation of DA-HAI -Multicentered -391527 -CLABSI 3.1/1.000
(China) 70 hospitals in incidence rate prospective cohort ICU -VAP 20.8/1.000
China study Patients -CAUTI 6.4/1000
28 Empaire et al.2017 -2 ICUs of 2 -Evaluation of DA-HAI -Multicentered -1014 -CLABSI 5.1/1.000
(Venezuela) hospitals  in incidence rate prospective ICU -VAP 7.2/1.000
Venezuela microbiological resistance observational study Patients -CAUTI 3.9/1000
of identified
microorganisms
29 Kumar et al., 2017 -ICU of a -Evaluation of DA-HAI -Prospective -343 -CLABSI 7.4/1.000
(India) tertiary care incidence rate observational study ICU -VAP 11.8/1.000
hospital in Patients -CAUTI 9.7/1000
India
30 Rosenthal et al, -7031CUs of -Evaluation of DA-HAI -Prospective -861284 -CLABSI 4.1/1.000
2016 50 countries incidence rate observational study ICU -VAP 13.1/1.000
from Latin Patients -CAUTI 5.7/1000
America.
Eastern

Mediterranean.
Southeast Asia
and the West
Pacific
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31 Talaat et al.,, 2016 -91 ICUs of 28 -Evaluation of DA-HAI -Prospective -59318 Results following
(Egypt) hospitals  in incidence rate and the observational study ICU intervention
Egypt effectiveness of a reduction before and after Patients -CLABSI 2.6/1.000
program intervention -VAP 4.3/1.000
-CAUTI 1.9/1000
32 Ider et al, 2016 -3 ICUs of 3 -Evaluation of DA-HAI -Prospective -467 -CLABSI 19.7/1.000
(Mongolia) hospitals  in incidence rate observational/surv  ICU -VAP 43.7/1.000
Mongolia eillance study Patients -CAUTI 15.7/1000
33 Mehta et al., 2016 -Hospitals -Evaluation of DA-HAI -Prospective -236.700 -CLABSI 5.1/1.000
(INICC India) from 20 cities incidence rate observational study ICU -VAP 9.4/1.000
in India Patients -CAUTI 2.1/1000
34 Hui-Peng et al., 2015 -26 bed ICU of -Evaluation of DA-HAI -Prospective -4013 -CLABSI 2.7/1.000
(INICC China) a tertiary care incidence rate observational study ICU -VAP 19.561/1.000
hospital in Patients -CAUTI 1.5/1000
China
35 Worth et al.,, 2015 -ICUs of 29 -Describe time-trends in -Prospective -No Data -CLABSI 1.34/1.000
(Australia) hospitals  in CLABSI rates. Infections observational study -VAP Not measured
Australia by ICU peer-groups. -CAUTI Not measured
Etiology. and antimicrobial
susceptibility of pathogens
36 Rosenthal et al, -503 ICUs -Evaluation of DA-HAI -Prospective -605310 -CLABSI 4.9/1.000
2014 (International from 43 incidence rate observational study ICU -VAP 16.8/1.000
Nosocomial Infectio  countries  in Patients -CAUTI 5.5/1000
n Control Latin America.
Consortium (INICC) Asia. Europe
report. data summary and Africa
of 43 countries for
2007-2012. Device-
associate module.
37 Mertens et al.,, 2013 -ICUs of 18 -Evaluation of DA-HAI -Prospective -6478 -CLABSI 2.3/1.000
(Belgium) hospitals in incidence rate (VAP & observational study ICU -VAP 12/1.000
Belgium CLABSI) and the Patients -CAUTI 5.5/1000
surveillance procedu
38 Rosenthal et al., -422ICUs -Evaluation of DA-HAI -Prospective cohort -313008 -CLABSI 6.8/1.000
2012 (International from 36 incidence rate study ICU -VAP 15.8/1.000
Nosocomial Infectio  countries  in Patients -CAUTI 6.3/1000
n Control Latin America.
Consortium (INICC) Asia and
report. data summary Europe
of 36 countries. for
2004-2009)
39 Kubler et al., 2012 -15bed ICU of - Evaluation of DA-HAI -Prospective -847 -CLABSI 4.01/1.000
(Poland) a university incidence rate surveillance study ICU -VAP 18.2/1.000
hospital in Patients -CAUTI 4.8/1000
Poland
40 Malacarne et al, -125 ICUs in - Evaluation of DA-HAI -Prospective -34472 -CLABSI 1.9/1.000
2010 (ltaly) Italy incidence rate epidimiological ICU -VAP 8.9/1.000
study Patients -CAUTI 4.8/1000
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Medline articles PubMed articles CINAHL articles
n=377 n=1074 n=289

l l l

Removal of duplicates, title only and abstract only
articles

n=562

l

Screened articles Excluded articles
N=562 n=522

)

Full Text
n=40

A 4

Figure 1: Flow diagram for article selection, as per Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) and CINAHL recommendations
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Number of studies found per country (n=37)
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Australia

i

Venezuela

N

Mexio

A

Equador

w

Iran

NN

Poland

‘H
N

France

‘H
w

Japan

Morocco

Nl

India

I
oo

Turkey

o
H‘
N

N
w

4 5 6 7 8 9
Study No

Figure 2: Number of studies per country

Characteristics of Studies review as their multinational nature was not a

Table 4 summarizes the characteristics of the ZiSStr'Ctlon in article selection.

studies used in this review. Although highlyDeveloped & developing countries

develpped co_untrie_s aré. pioneers in. infeCtiOJPhe International Monetary Fund (IMF) (IMF
surveillance, in this review no studies Wer<=2017) classifies national economies by their degree

included from the USA, UK, Canada or . o
T ' — . f development and publishes this list yearly. Of
Scandinavia. A search for older articles yielde e participating countries in this review, the

numerous texts frqm these count_ries but they WELZonomies of Brazil, China, Ecuador Egypt, India
not relevant to this study nor did they meet thferan Lebanon M,exico ’Mon oliai Mor'occo '
study inclusion criteria (spicifically age<10 years ' ’ ’ golia, j

so their results were not included but their cohtelgg\llaérllgp’)in;urg:%l eanS \\I/vﬁir?gz‘,:ﬁ(laa eaéroen olrlﬁitgg ;S

supported the conclusion that DAI rates were Rustralia Belgium, Cyprus, France, Greece
popgle_lr resear_ch .tOp'C for  advanced hea‘Itholland, Italy, Japan and Taiwan are listed as
provision countries in the past decades, but are éﬁvanced (table 2). Poland however, is listed by

longer as relevant. Despite the absence e United Nations (UN)United Nations

Countries, many ofher ounties have studies 3¢ “e1oPMent Programme, 2016) among the lst of
’ y untries with a high human development index

were conducted during the last decade and w I§IDI) along with all of the countries on the

relevant to the subject. Most of the article dvanced economies list and is the only country in

(92.68%) came from 22 countries (Figure 2), . . .
whilst the remaining 7.32% articles came fro )fhéznrgr\gs\?ilsihat does not appear in the developed

multinational studies conducted on behalf of thé
International Nosocomial Infection ControlOverall, the most represented country in terms of
Consortium (INICC) and were included in thisreviewed articles was India with eight

www.inter nationaljournal ofcaringsciences.org
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articles(Mehtaet al., 2007, 2016; H. Patigt al., more specifically 422 ICUs from 36 countries in
2011; Singkhet al., 2013; Dattaet al., 2014; Ranjan Latin America, Asia and Europe(Rosentletlal.,

et al., 2014; Bammigattéet al., 2017; Kumaet al., 2012), 503 ICUs from 43 countries in Latin
2017) (20%), followed by Egypt(El-Kholgt al., America, Asia, Europe and Africa(Rosentkigdl .,
2012; Rasslaset al., 2012; Talaatt al., 2016) and 2014) and 703 ICUs from 50 countries from Latin
Italy (Malacarneet al., 2010a; Boncagniet al., America, Eastern Mediterranean, Southeast Asia
2015; Velasquezt al., 2016) with 3 studies eachand the West Pacific(Rosentlahil., 2016).

(7.5% each or 15% of the total), whilst China(Ta
etal., 2011; Pengt al., 2015), Greece(Dimet al.,
2007; Apostolopoulowet al., 2013), Cyprus(Gikas,

M. Roumbelakigt al., 2010; lordanout al., 2017) report from 703 ICUs in 50 countries(Rosentétal

and Turkey(Leblebicioglet al., 2014; Tigeret al., .
2014) are represented with 2 studies each (5% eeg%potzh(zelre)llelvgl(q: Sfelp’)i?t‘l Ii(;US%age?ésl,J ;Oli?gvn?d fg

or 20% of the total). Australia (Wort al., 2015), : . .

. countries with a sample of 605,310 ICU patients
Belgl_um(Mertens, Morales and Catry, 2013)(Rosenthalat al., 2014) and the third largest study
Brazil(Medeiros et al., 2015), Ecuador(SaIgadoiS the Chinese(Tae al., 2011) one with a sample
Eiﬁ:ﬁ?(zléisi?gl"l Fr;gfi)(\/ﬁgz?ﬁgﬁ’i_é%legfatsize of 391,527 patients, from 398 ICUs of 70
e al., 2015) Ja.,an(Wat’anabet al. 2011) hospitals. On the other hand, the smallest sarsple i

N j P " '_ found in one of the studies from India (H. Patil

Lebanon(Ss Kangt al., 2012), Mexico(Ramirez al., 2011) with 54 ICU patients, followed by

Barbaet al., 2007), Mongolia(idert al., 2016), another study from the same country (Rargzad.,

xOroggi(zhfad?gﬁaﬁ(bﬁgr?;)' alPoIag%l(l};i;blzn;]t d 2014) with 105 patients, whilst the third smallest
N ' " sample is found in one of the studies from the

Venezuela(Empairet al., 2017) were represented ; .
by one étud)F/) each (2.50/2) each por 37_5&epubllc of Cyprus(lordanoet al., 2017) with 198

combined). 80% of studies (32/40) studied all threc ¥ Patients:

DAls (CLABSI, VAP and CAUTI) while a smaller Statistical analysis
number (3/40 or 7.5%) studied two out of the thr
DA-HAIs, specifically CLABSI and VAP. The

%he sample sizes among studies vary greatly. The
largest sample of ICU patients is seen in the INICC
studies, and more specifically in Rosenthal’s et al

%€ or statistical analysis, median and interquartile
. ! ! range (IQR) values, the mean and standard
remaining five articles looked at only one of th eviation (SD) values of the DA-HAIs were used
three DA-HAIs (5/40, 12.5%). Interestingly, no ; :

to describe the constant variables. T-test was used

researchers chose to study CAUTI with eith ;
CLABSI or VAP and none of the researchers th?trg examine the means between developed and

. ) developing countries and the Wilcoxon rank-sum
chose to study a single type of DA-HAI in the ICL ! ;
chose to focus on CAUTI, unlike VAP with 3/4OteSt was used for comparing the medians.
(7.5%) articles or CLABSI with 2/40 (5%) articles.M ethodological Quality

On the other hand, CAUTI is highly researchegy yq 40 reviewed articles, 32.5% (13/40) were
W'.th regard_to hon-ICU patients and many of thesngucted in single ICUs. The remaining 27
rejected artlcleshfocussed on hCAUTI (;)_#tsme tEricles are multicentered, while the three of2fe
ICU. Urinary catheter care in the ICU differs Very\cc articles were not only multicentered but
litle from urinary catheter care elsewhere in,.qucted in multiple countries on multiple
healthcare setting and since subject is heavijhinents. Also, a great variation in sample &ze

studied outside the ICU, this may explain thegieq  The results cannot be used to extract
apparent lack of interest among ICU researchers.Conclusions about all the ICUs of a country and,

Less than a third of the articles (12/40, 30%) werven though there may be many studies in a
conducted in a single ICU, while the remainingountry, the results are not necessarily indicative
70% (28/40) of articles study data gathered fro@ll the ICUs in that country as these individual
more than one ICU. Furthermore, three articleghits may vary greatly from the infection
published by the INICC combine data from ICUstandpoint norm. India is the most represented
in different countries and even different contirsentamong the 40 studies. While results may not

www.inter nationalj our nal ofcaringsciences.org



International Journal of Caring Sciences September-December 2018 Volume 11 | Issue 3| Page1924

considered necessarily representative for an ent{e5/1000DD)(Penget al., 2015) and third from
country, this does not mean they are not useflitgypt (1.9/1000DD)(Talaat al., 2016).

Potentially, comparison among ICUs can heIIilhe results of this particular Egyptian study(Talaa
researchers and infection control staff to develo& al., 2016) are reportedly after intervention
better infection prevention practices. noting that the results prior the intervention aoé
DA-HAI Incidencerates disclosed.

Both the first and second highest identifiedverall, the highest reported DA-HAI rate was
CLABSIs rates were found in India(H. Patilal., reported by Rasslan(Rasslahal., 2012) whose
2011; Bammigattet al., 2017) with a frequency of VAP infection rate was at 73.4 per 1000 ventilator
72.56 and 47.31 incidents per 1000 device dagsys, followed closely behind by Bammigatti et
respectively. The third highest infection rate waal.’'s(Bammigattiet al., 2017) who reported 72.56
found in the Mexican study (23.1)(Ramirez Barb&LABSI incidents per 1000 central line
et al., 2007). The lowest rates were found in thdays(Bammigattéet al., 2017). The lowest reported
Australian study(Worthet al., 2015) with a DAl rate was 1.14(Watanabet al., 2011)
reported incidence rate of 1.34 infections per 10Qtheumonias associated with mechanical ventilation
device days. The Australian study reports onlger 1000 device days.

CLABSI rates, so there is no data available f
VAP and CAUTI. The study with the secon
lowest CLABSI rate was from the Netherlanddn developing economies, VAP incidence rates per
(Kaiseret al., 2014) with 1.7 cases per 1000 devicd000 device days are reported by several studies
days and the third best result was fronncluded in the present review. These reports
Italy(Malacarneet al., 2010). originate from twelve geographical locations,
ecifically Mongolia (43.7/1000), Venezuela
2/1000), Brazil (20.9/1000), China (20.18
mean]), Ecuador (44.3/1000), Egypt (31.56/1000
mean]), India  (24.85/1000[mean]), Iran
I(7.88/1000), Lebanon  (8.1/1000), Mexico

et al., 2016). The lowest reported VAP rates com 21.8/1000),  Morocco  (43.2/1000) and Turkey

from a Japanese study (1.14/1000DD)(Watarmshbe 7.85/1000 [”.‘ea”])- Mean and median va!ues
. . computed using data from all developing
al., 2011), with the second lowest pelng reported 0" onomies gives VAP rates of 24.29 (SD, 13.1)
the Netherlands (3.3/1000DD)(Kaisgtral., 2014) and 21.35 (IQR, 10.5-40.29) respectively’ Also
and the third in Taiwan (3.8/1000DD)(Chetnal ., ' . ' ' '

2012). Ventilator associated pneumonia wa\%:l‘ABSI rates were found for 12 developing

eveloping economies DA-HAI Incidencerates

The highest VAP rates are reported in an Egyptia'(S
study (73.4/1000DD)(Rasslat al., 2012), second
highest in an Ecuadorian study%
(44.3/2000DD)(Salgado Yepea al., 2017) and
the third in a Mongolian study (43.7/1000DD)(Ide

researched in 38 of the 40 reviewed studies and conomies, specifically Mongolia (19.7/1000),

L . nezuela (5.1/1000), Brazil (9.1/1000), China
i(/),;el;l sum of the 38 studies is 672161 instances PlelOOO[mean]), Ecuador (6.5/1000). Egypt

(9.33/1000[mean]), India (14.15/1000[mean]), Iran
CAUTIs appear to be the third and least5.84), Lebanon (5.2/1000), Mexico (23.1/1000),
encountered type of all DA-HAI, where rates oMorocco (15.7/1000) and Turkey (8.75/1000).
infection are much lower than VAP and CLABSIsMiean developing economies CLABSI rate is
in most studies. Higher CAUTI rates were found i10.44/1000 (SD, 6.07) and median 8.92 (IQR,
an Egyptian study (34.2/1000DD)(Rassletnal., 5.36-15.31).

2012), second highest in a Mongolian stud
(15.7/2000DD)(Ideret al., 2016) and third in a
Mexican and Mongolian study
(13.4/1000DD)(Ramirez Barbet al., 2007; Ideret
al., 2016) with exactly the same incidence rate p
1000 DD. The lowest CAUTI incidence rate
comes from India (1.41/1000DD)(Mehtat al.,
2007), the second Ilowest from Chin

CAUTI rates are reported in public literature f@ 1
developing economies, Mongolia (15.7/1000),
Venezuela (3.9/1000), Brazil (9.6/1000), China
6/1000[mean]), Ecuador (5.7/1000), Egypt
%é4.1/1000[mean]), India (7.31/1000[mean]), Iran
8.99/1000), Lebanon (4.1/1000), Mexico
a(13'4/1000)’ Morocco (11.7/1000) and Turkey
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(5.9/1000). Developing economies mean an8b(Rosenthalet al., 2012), 43(Rosenthadt al.,
median value is 9.2 (SD: 3.66) and 8.94 (IQR2014) and 50(Rosenthat al., 2016) countries
5.75-12.75) (Table 3). respectively, so these studies cannot be classified
based on the economic status of a specific

Developed Economies DA-HALI Incidence R
originating country.

Examining DA-HAIs found in publicly available .
. i he highest DAI rates come from Egypt (Rasslan
literature over the last ten years (2007-2017). VAE al.. 2012), India (Bammigatiét al., 2017) and

incidence rates for developed economies incluﬁ . .
ongolia (Ideret al., 2016) while the lowest come
data from for Cyprus (8.25/1000[mean]), Franc om Japan (Watanabet al., 2011) and the

(20.6/1000), Greece (16.3/1000[mean]), Ital )
(11/1000[mean]), Japan (1.14/1000), Hollan etherlands (Kaiseret al., 2014). The most

(13.3/2000) and Belgium (2.3/1000). Mean an equently reported DAl among the reviewed

median  values for VAP rates in OIeveIOIDeirtlcles was VAP with 73.4 lung infections per

. 00 ventilator days (Rasslaa al., 2012), the
economies were found to be 10.09 (SD, 6.82) as‘cga)cond highest reported DAl was CLABSI with

9.62 (IQR, 2.76-17.37) respectively. 72.56 BSils per 1000 central line days (Bammigatti
CLABSI rates are mentioned in several reportst al., 2017) and the least frequently encountered
from eight countries, Belgium (2.3/1000), Cypru®AI was CAUTI with a highest reported rate of
(17.25/1000[mean]), Greece (11.95/1000[mean]34.2 UTIs per 1000 urinary catheter days (Rasslan
ltaly (4.25/1000[mean]), Japan (2.38/1000)t al., 2012). The overall mean and median values
Holland (1.7/1000) and Australia (1.34/1000)for all articles were 10.83 and 6.45 respectively f
Mean and median values for CLABSI rates iBSls, 17.28 and 13.2 for pneumonia and for UTIs
developed economies were found to be 5.88 (SB,89 and 5.5.

5.75) and 2.38 (IQR, 1.7 - 11.95) respectively. In general, the incidence rate of infections relate
CAUTI is mentioned in seven studies reportingo invasive device use is higher in developing
incidence rates from six countries. Belgium reportsconomies than in those considered developed.
12 instances of CAUTI per 1000 device day$he mean and median values of all DAI rates in
(5.5/1000), Cyprus 2.75/1000 (mean), Greeageveloping economies are from 40% to 60%
4.5/1000, Italy 5.45/1000, Japan 2.4/1000 arigher than those of developed economies,
Poland 4.8/1000. Developed countries’ mean amdnfirming the World Health Organization’s
median values per 1000 device days is 5.31 (Sthdings(World health Organization, 2015).

3.18) and 4.65 (IQR, 2.6-7.08) (Table 3). DA-HAI rate comparison between developed
Overall, the highest reported infection rate wasnd developing countries

described by Rasslan(Rassktnal., 2012) whose p/lean and median VAP value for developed

VAP infection rate was 73.4 per 1000 ventilato !

days, followed closely behind by Bammigatti’seconomles are 10'0.9 (SD. 6'.82) _and 9.62 (I.QR'

72.56 CLABSI incidents per 1000 central Iine2'76'1.7'37) respectively, while in developlng

days(Bammigattét al., 2017). countries, mean was 24.29 (SD.13.1) and median
’ 21.35 (IQR.10.5-40.29). P Values between means

Aggregated Results and medians for developed vs developing

In total, 40 articles were found and reviewed iis th €CONOMIES Were fqund in both correlations to have
tatistical ~ significance  (mean  correlation

project, coming from 22 countries over the last Il-P_ : ) =
years and published in international literaturee T p=0.016], median correlation [p=0.02])(table 3).
majority of these articles came from developingurthermore, CLABSI mean and median
economies (24/41) while the sample frontomparisons between developed and developing
economies classified as developed, according égonomies resulted in a significant statistical
the IMF(IMF, 2017) classification, was limited tocorrelation (mean correlation [p=0.011], median
14 articles (14/41). The remaining three articlesorrelation [p=0.025]). Mean and median for
(3/41) came from the INICC and were based odeveloped and developing economies was
research conducted in multiple ICUs fronb.88(SD. 5.75) vs 10.44 (SD. 6.07) and 2.38(IQR.
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1.7-11.95) vs 21.35 (IQR. 10.5-40.29) respectivelhe conclusions reached to daily practice in order
(table 3). to identify and eliminate unsafe practices.

Comparing CAUTI mean and median figures, néccording to the WHO(World health
statistical correlation was found since the p valu@rganization, 2015), developing economies have
was, in both cases, more than 0.05 (p>0.05). Mearore DA-HAIs per 1000 device days than
and median for developed and developindeveloped ones. In order to avoid bias, the
economies was found to be 5.31 (SD. 3.18) vs 9.0@viewed articles were grouped based on their
(SD. 3.66) and 4.65 (IQR. 2.6-7) vs 8.94eographical location and their economic status
(IQR.5.75-12.75) (table 3). (developed or developing). According to the
IMF(IMF, 2017), of the countries participating in
this review, the economies of Australia, Belgium,
Systematic surveillance, recording and analysis @yprus, France, Greece, Holland, Italy, Japan and
local DA-HAI events in comparison to publishedTaiwan are listed as developed, while the
DA-HAI literature is highly significant in the ICU economies of Brazil, China, Ecuador, Egypt, India,
setting. A single ICU’s results may be lost in dran, Lebanon, Mexico, Mongolia, Morocco,
countrywide multicentered study, but comparisoRoland, Turkey and Venezuela are listed as
of local results with better results from a widedeveloping. Three of the reviewed atrticles,
source(es) and identification of possible areas fpublished on behalf of the INICC were conducted
improvement can directly affect ICU patient'sin multiple countries and cannot be used in a
hospitalization and outcomes by reducing the riskomparison by means of economic status of their
of DA-HAIs and so impacting the negativesource country(Rosenthetlal., 2012, 2014, 2016).
consequences of ICU hospitalization. Of the remaining 37 articles, 13 referred to IChs i
eveloped economies (Dinehal., 2007; Gikas, A.

. Roumbelaki, et al., 2010; Malacarnest al.,
010b; Watanabet al., 2011; Vanhemst al.,

11; Chenet al., 2012; Apostolopoulotet al.,

13; Mertens, Morales and Catry, 2013; Kagter

, 2014; Boncagniet al., 2015; Worthet al.,

15; Velasquezet al., 2016; lordanouet al.,
17), while 24 of the reviewed articles were in
eveloping economies (Boyat al., 2002; Mehta

et al., 2007; Ramirez Barbet al., 2007; Madanét

In an attempt to improve analysis of the articlesl., 2009; Tacet al., 2011; H. V Patikt al., 2011;
and extract more conclusive results, the articlgsasslanet al., 2012; SS Kanjet al., 2012; El-
were grouped for analysis in various ways. BKholy et al., 2012; Kiibleret al., 2012; Singhet
examining the articles based on their total number., 2013; Leblebicioglet al., 2014; Ranjaret al.,

of infections, the worst results come fronp014; Dattaet al., 2014; Tigenet al., 2014;
Egypt(Rasslaret al., 2012), India(Bammigattet Medeiroset al., 2015; Penggt al., 2015; Jahani-
al., 2017) and Mongolia(ldeet al., 2016). The Sherafatt al., 2015; Rosenthadt al., 2016; Talaat
best results come from Japan(Watanabeal., et al., 2016; Ideret al., 2016; Bammigattet al.,
2011) and Egypt(Talaa&t al., 2016). It was noted 2017; Salgado Yepea al., 2017; Empaireet al.,
that Australia(Worth et al., 2015) and the 2017; Kumaret al., 2017).

Netherlands(Kaiseet al., 2014) have very low A develoned ies. the highest ted
results for CLABSI and CLABSI and VAP ~Mong developed economies, the highest reporte

. ; Al rate was 23.1/1000 DD, specifically VAP in
respectively but do not have collective results f .
all DAIs. First and third results were obtaine tiegz(ei?lx:gn;giinabké%\}it?’ar?qgcig:aencger;?gdof
following intervention, making them of greater >
interest as they demonstrate the effectiveness -6/1000 DD in France(Vanherasal., 2011). Of

: : . the 13 articles, 12 reviewed the incidence of VAP
studying research backed literature and applylr{ ith the highest reported incidence being 23.1

infections to the lowest 1.14(Watanalet al.,

Discussion

The aim of the current review was to gathe
articles published since the 01/01/2007 t
determine DAI infection rates per 1000 devic
days per article and per country and then use tHj
data to extract conclusions. Following an extensi
search in the scientific databases PubMed, Medli
and CINAHL and subsequent evaluation; 4
articles were found (table 4) from 22 countries a
reviewed.
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2011) per 1000 DD. In comparison, the highe$.5/1000DD and the best result is reported from
VAP incidence rate for developing economies wa¥apan(Watanabet al., 2011) (2.4/1000DD). The

in Egypt with 73.4(Rassladt al., 2012) per 1000 mean CAUTI rate among developed economies is
ventilator days and the best result came from31(SD. 3.18) while the median is 2.38(IQR. 1.7-
India(Bammigattiet al., 2017) with 3.98 VAP 11.95).

incidents per 1000 ventilator days. For developin'% developing economies, there is significantly

economies, 23 researchers studied VAP rates %%ater interest among researchers with regard to

opposeo_l to 12 researchers for develop AUTI rates. Of the 24 reviewed articles from
economies. The mean value of the samples w, 3

2429 vs 10.09 (p=0.016) for develope
economies. The median value is 21.35 against 9.
(p=0.02) for developed economies.

veloping economies, 22 measured CAUTI
idence rates in their hospitals. The highest
orted CAUTI rate came from Egypt(Rasséin
al., 2012) (34.2/1000DD) and the lowest result was
The same statistically significant correlation waseported from India(Mehta e al., 2016)
found in the comparison of mean and mediaf2.1/1000DD). Mean and median were found to be
values for CLABSI. The mean value for CLABSI9.02(SD. 3.66) and 8.94(IQR. 5.75-12.75)
rates among developing economies is 10.44 versespectively. There was no statistically significan
5.88 (p=0.011) for advanced economies arwbrrelation in the comparison of the mean and
median value is 8.92 against 2.38 (p=0.025), whemeedian values although much higher rates of
the highest advanced economies rate was foundimntidence were found in developing economies.
Cyprus(Gikas, M. Roumbelakigt al., 2010) Accordingly, country of origin may associated
(18.6/1000DD) and the lowest in Australia(Worttwith high or low CAUTIs rates, but it cannot be
et al., 2015) (1.34/1000DD). The highest rate foconsidered as the only cause of positive or negativ
developing economies comes fronresults.

India(Bammigatti et al., 2017) (72.56/1000DD) In general, the incidence rate of infections relate

?znglltggolz())v[)v)est from Egypt(Talaat al., 2016) with invasive devices usage is higher in developing
' ' than in developed economies. In comparison, the

Despite the fact that mean and median values farean and median values of all DA-HAI rates in

developed economies are higher than is describeeveloping economies are 50% - 60% higher than

in the NHSN ICUs report(Dudeck al., 2011) (for those of developed economies, verifying the World

VAP, 4/1000DD and for CLABSI, 3/1000DD), Health Organization’s findings(World health

these values still appear to be much lower than tRganization, 2015).

figures for developing economies in a StatiStica”&onclusions

significant correlation. Accordingly, VAP and

CLABSI is directly associated and affected by th&here are many gaps in bibliography when it

economic status of the country under study. comes to aggregating results per ICU and per

.country as most studies are multicentered, and

Indwelling ~ urinary - catheters are common N ometimes even from multiple countries so

healthcare settings outside the ICU. and are 1:%nclusive results cannot be extracted on a per
more researched, so CAUTI prevention steps a

better known and better followed by healthcar((g_\%untry or per ICU basis.

professionals. Also, there is limited interest amonWhen it comes to correlations between developed
ICU researchers to investigate this subject and thend developing economies DA-HAI rates, we
to employ scientific literature recommendations agoncluded that the economic status of countries
the current relatively low infection rates are jadg tend to be associated with marked variations in
acceptable. This is reflected in the fact that onlpA-HAI rates.

seven out of the 14 articles reviewed studiegl,, . practical way to separate DA-HAIs rates

CAUTI rates, and the low infection rates reportefior comparison is by considering the economic

in both developed and developing economies. Tlg? t f th ticle’ iginati ¢
highest reported CAUTI rate comes fro atus of the article's originating country (as per

; he International Monetary Fund classification), as
Belgium(Mertens, Morales and Catry, 2013) 8t is more likely for limited resource ICUs from
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developing economies to have higher DA-HAIs (NHSN) Report, data summary for 2010, device-
rates as compared with ICUs from countries with associated module. Am. J. Infect. Control 39, 798—

developed economies and therefore resources. 816. ,
El-Kholy, A., Saied, T., Gaber, M., Younan, M.A.,

Haleim, M.M.A., El-Sayed, H., El-Karaksy, H.,
Bazara’'a, H., Talaat, M., (2012). Device-associated
nosocomial infection rates in intensive care uaits
Cairo University hospitals: first step toward
_ initiating surveillance programs in a resource-{adi
Apostolopoulou, E., Raftopoulos, V., Filntisis, G., country. Am. J. Infect. Control 40, €216-20.

Kithreotis, P., Stefanidis, E., Galanis, P., Veldek Empaire, G.D., Guzman Siritt, M.E., Rosenthal, V/.D.
D., (2013). Surveillance of device-associated pgrez E. Ruiz. Y. Diaz. C. Di Silvestre. G.

infection rates and mortality in 3 greek intensive ggjinas. E. Orozco. N. (2017). Multicenter

care units. Am. J. Crit. Care 22, €12-20. prospective study on device-associated infection
Bammigatti, C., Doradla, S., Belgode, H.N., Kuntr, rates and bacterial resistance in intensive caits un
Swaminathan, R.P., (2017). Healthcare associated of \/enezuela: International Nosocomial Infection

infections in a resource limited setting. J. Clin.  control Consortium (INICC) findings. Int. Health 9,
Diagnostic Res. 11, OC01-OCO04. 44-49.

Boncagni, F., Francolini, R., Nataloni, S., Skrafi, gijkas, A., Roumbelaki, A.M., Bagatzouni-Pieridou, D
Gesuita, R., Donati, A., Pelaia, P., (2015).

Limitations
Grey literature was not included in the study.
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