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ABSTRACT
Health-care-associated infections (HAIs) are considered a serious public health issues that contri-
bute substantially to the global burden of mortality and morbidity with respect to infectious
diseases. The aim is to assess the burden of health-care-associated infections by collation of
available data from published point prevalence surveys (PPS) on HAIs to give future guidance.
Study protocol and methodology were designed according to preferred reporting items for
systematic reviews and meta-analysis (PRISMA) guidelines. Published research papers that con-
ducted a point prevalence survey of HAIs in hospital settings by following the structured survey
methodology employed by European Centre of Disease Prevention and Control (ECDC) were
included. Of 1212 articles, 67 studies were included in the final analysis conducted across different
countries. Overall, 35 studies were conducted in Europe, 21 in Asia, 9 in America, and 2 in Africa. The
highest prevalence of HAIs was recorded in a study conducted in adult ICU settings of 75 regions of
Europe (51.3%). Themajority of the studies included HAI data on urinary tract infections, respiratory
tract infections, and bloodstream infections. Klebsiella pneumonia, Pseudomonas aeruginosa and
E. coliwere themost frequent pathogens responsible for HAIs. PPS is an useful tool to quantify HAIs
and provides a robust baseline data for policymakers. However, a standardize surveillance method
is required. In order tominimize the burden of HAIs, infection prevention and control programs and
antibiotic stewardship may be effective strategies to minimize the risk of HAIs.
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1. Introduction

Globally, healthcare-associated infections (HAIs) are
considered as a major health and economic burden,
with a resultant increase in the length of hospitaliza-
tion, morbidity, and mortality amongst hospitalized
patients [1–4]. Overall, HAIs are considered as the
most adverse event in healthcare delivery [5].
Surveillance of HAIs is an integral component of any
comprehensive infection prevention and control (IPC)
program, which provides information that are neces-
sary to highlight and address challenging areas [6–9].
Point-prevalence surveys (PPS) have been used for the
surveillance of HAI for many years [10]. The pioneer-
ing project started in the 1970s by the US Centers for
Disease Control and Prevention (CDC) who used
repeated PPS to investigate the advantage of estab-
lishing IPC teams in US hospitals [6]. In Europe, HAI
surveillance and infection prevention and control pro-
grams are coordinated by the European Centre for
Disease Prevention and Control (ECDC). PPS is a time
and cost-effective method which estimates the bur-
den of HAIs and related risk factors, especially in
hospitals with limited resources [11–14]. However,

going forward, a more resource demanding and
cumbersome program, i.e., prospective incidence sur-
veillance may be needed especially in high-risk spe-
cialties to help prevent HAIs [15,16].

Whilst the exact global burden of HAI is unknown,
estimated prevalence rates are between 5.7%-19.1%
among low and middle-income countries (LMICs) and
5.7–7.5% in high-income countries [17,18]. However,
rates up to 28% to 45.8% have been reported in sub-
Saharan African countries depending on the country
and the ward surveyed [19,20]. In 2002, the Centers for
Disease Control and Prevention (CDC) reported approxi-
mately 1.7 million cases of HAIs in US hospitals [21]. In
2012, a literature review performed by ECDC documen-
ted that over 3.2million patients acquire at least one HAI
in Europe every year with 16 million extra days of hos-
pitalization and 37,000 attributable deaths [22]. The
revised European Annual Epidemiological Report (AER)
published in 2008 reported that the overall annual bur-
den of direct annual financial losses due to HAIs were
estimated at approximately €7 billion [22–24]. IPC stra-
tegies provide cost-effective solutions as 20–30% of HAI
are avoidable [25,26]. However, as mentioned, the risks
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of HAIs appear considerably higher in LMICs including
sub-Sahara Africa, and the impact on patients, and
health-care systems is considerable and typically greatly
underestimated [19,20,27–29]. This is a concern as HAIs
increase the costs of patient care including additional
diagnostic tests and therapies, prolonged hospitaliza-
tion and post-discharge complications [30,31]. Higher
rates of HAIs in LMICs are enhanced by issues such as
poor hand hygiene due for instance to heavy workloads,
issues with infrastructure including a lack of water and
blocked and leaking sinks, as well as poorly positioned
facilities [32].

Overall HAIs have an appreciable impact on patients,
health-care workers, health-care practitioner, and
national health-care systems. Descriptive surveys
remained a useful tool for assessing health-care settings
and might be helpful in interpreting major issues asso-
ciated with patient care [33]. Despite recent systematic
and other reviews concerning HAIs among LMICs
including sub-Sahara African countries [4,19,20,29,34],
we believe there is still an epidemiological gap because
few resource-limited settings have accurate surveillance
systems for monitoring HAIs, although this is improving
[9]. This is important given the high rate of infectious
diseases in LMICs including sub-Sahara Africa with its
high rate of HIV, TB, and malaria, misuse of antibiotics in
hospitals and variable prevention strategies [32,35–38].
Consequently, in order to provide a current summary on
the prevalence of HAIs, we undertook an updated sys-
tematic review to assess the prevalence of HAIs based
on PPS, and to identify the type of infections and micro-
organisms responsible for HAIs to improve future care.
This builds on our recent publication that reports high
rates of HAIs in Pakistan [39]. This systematic review
gathers evidence concerning the burden of HAI in
both LMIC and HIC, which we hope will help decision-
makers and officials to develop a robust system to cope
up with HAIs by investigating constraints linked to the
surveillance of HAIs in health-care settings as well as
identify opportunities for improvement.

2. Methods

A systematic review was conducted to explore point
prevalence surveys for HAIs. The study protocol and
methodology were designed according to preferred
reporting items for systematic and meta-analysis
(PRISMA) guidelines [40]. We aimed to detect point
prevalence surveys worldwide focusing on the types
of infections as well as microorganisms responsible for
these various infections.

2.1. Data sources

We retrieved relevant articles using PubMed, EBSCO,
ProQuest, CINHAL and Scopus databases and published
in English from 1995 to the present year (2019).

A comprehensive grey literature review was also per-
formed using Google Scholar, the World Health
Organization, and the website of the European Centre
for Disease Prevention and Control in case we missed
important references. The selected reference lists were
subsequently analyzed. References of the selected arti-
cles were also retrieved and reviewed to again see if we
had missed relevant articles from our initial search.

2.2. Search strategy

Data were searched using the keywords ‘health-care
associated infection’, ‘hospital-acquired infections’,
‘point prevalence’, ‘repeated prevalence’, ‘period pre-
valence’, ‘survey’, ‘hospital(s)’, ‘intensive care units’ by
using truncations and Boolean operators (‘OR’ ‘AND’)
from 1995 until April 2018. The corresponding
Medical Subject Heading (MeSH) terms for the above
keywords were also tried. Abstracts and full-text arti-
cles were screened for eligibility by applying the PICO
(population, interventions, comparison, and out-
comes) approach [40].

2.3. Inclusion and exclusion criteria

In this systematic review, there was no restriction on
the age or gender of the patients in the studies. We
included English language abstracts and full-text arti-
cles on HAIs reporting three types of infections as well
as three most frequent microorganisms responsible
for HAIs. We excluded articles, not in English. Review
articles, editorials, case reports, qualitative studies,
dissertations, as well as articles reporting the same
information in a different format or Journal were
also excluded. Studies lacking information about the
types of infections were also excluded.

2.4. Quality assessment

The methodological quality of included articles was
assessed independently by two investigators (ZS and
FA). For quality assessment of included articles,
Newcastle–Ottawa scale (NOS) was used [41–43]. This
scale stratifies the methodological quality of papers into
three subscales, i.e. selection, comparability, and out-
comes. Differences in assessments were debated and
agreed following a discussion with the review authors
(MAH and IR).

2.5. Data extraction

A data extraction form was developed. The items on
the data extraction form were finalized after discus-
sion amongst members of the research team.
Extracted data included the authors, region, world
bank ranking, settings, PPS methodology and proto-
col, population type, study duration, infected patients,
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most frequent types of infections and most frequent
three types of microorganisms. Retrieved publications
were subsequently filtered using the study inclusion
and exclusion criteria by two independent reviewers.
Data were extracted from eligible articles by assessing
titles, abstracts, and full-text articles.

2.6. Outcomes

The primary outcomes of this review were to assess
the worldwide prevalence of HAIs and to identify the
types of infections and microorganism isolated
responsible for HAIs. Such knowledge can be used
to initiate pertinent activities in hospitals to improve
the future management of patients in hospitals to
reduce the prevalence of HAIs. The HAI case defini-
tions were adopted from ECDC protocol [13]. As
a result, HAI was defined as ‘an infection occurring
in a patient during the process of care in a hospital or
other health-care facility which was not present or
incubating at the time of admission’. For the purposes

of this protocol, an infection was defined as active on
the day of the survey when: signs and symptoms were
present on the date of the survey; OR signs and
symptoms were no longer present, but the patient
was still receiving treatment for that infection on the
date of the survey. An active infection was defined as
healthcare-associated when: the onset of the signs
and symptoms was on Day 3 of the current admission
or later; OR the signs and symptoms of an active
surgical site infection were present at admission or
started before Day 3, and the surgical site infection
occurred within 30 days of a surgical intervention.

3. Results

3.1. Literature research

The flow chart of the search and selection strategies
of articles is illustrated in Figure 1. Through scientific
and grey literature searches, after removal of dupli-
cates (N = 87), a total of 1212 articles were screened

Figure 1. Flow chart and selection strategies of studies.
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for eligibility. After screening, 290 articles were eligi-
ble for detailed assessment and the remaining articles
not fulfilling the inclusion criteria (N = 922) were
excluded. Abstracts and full-text articles of 59 articles
were not screened due to language restrictions; 87
articles did not provide sufficient data; 13 review
articles were excluded and 64 articles did not mention
the infection of interest. As a result, a total of 67
studies were subsequently included in the final
analysis.

The abstracts of these 67 studies, as well as full-text
articles of point prevalence surveys of HAIs in adults and
mixed populations are summarized in Table 1, providing
updated information on the type of infections and
microorganisms. Table 2 summarizes the data on the
pediatric population. Overall, 35 studies were con-
ducted in Europe (33 studies on adults and 2 on pedia-
trics), 21 in Asia (19 studies on adults and 2 on
pediatrics), 9 in America (5 studies on adults and 4 on
pediatrics) and 2 in Africa (adults), all reporting the
proportion of overall HAIs in a mixed population of
patients [11–14,44–106]. The majority of point preva-
lence surveys were conducted in more than one hospi-
tal following the European Centre for Disease Control
and Prevention (ECDC) protocol. Out of 21 studies con-
ducted in Asia, six studies were undertaken in China
[12,76,79,80,84,85].

HAIs showed a higher prevalence in intensive care
units compared to other wards. The highest preva-
lence of HAIs was recorded in a study conducted in
adult ICU settings among 75 regions of Europe
(51.3%) [68]. In Asian countries, a study conducted in
Turkey reported the highest prevalence rate of HAIs
(48.7%) in ICU patients [93]. Whereas in case of com-
plete hospital survey, the highest burden of HAIs was
observed in one pediatric hospital of Russia (15.1%),
followed by Ethiopia (14.8%) and Tunisia (14.3%). The
HAI prevalence rate was 11.7% in North America
[99,106]. Gravel et al. performed a PPS among adult
and pediatric patients separately in Canada showing
a slightly higher prevalence rate of HAIs (10.4%)
among adults in comparison to pediatric patients
(8.0%) [11,97]. A point prevalence study conducted
in Ireland reported a higher HAI prevalence rate
(4.3%) in long-term care facilities [49]. The lowest
burden of HAIs was seen in a study conducted in six
hospitals in Greece (2.9%).

3.2. Comparison of HAIs in HI and LMICs

Of the 67 selected studies, 46 studies were under-
taken in high-income countries (HIs), 12 studies in
upper middle-income countries (UMICs), 8 studies
were conducted in LMICs and only one study in low-
income countries (LICs) [11–14,44–106]. All point
prevalence surveys of HAIs in HIs have been pub-
lished since 1995. 41 of 46 studies reported

a prevalence rate of <20. In LMICs, point prevalence
surveys of HAIs have been published since 2005. Of
eight studies, five studies reported a prevalence rate
of <10% and all except one reported prevalence
rate of >20%. ICU acquired infections are the most
common and leading HAIs hospital-wide. In LMICs,
the prevalence rate of HAIs in ICU admitted patients
is <35% while in HIs the prevalence of HAIs exceeds
50% [65,68,75,81,103]. In our findings, the frequency
of surgical site infections was significantly higher in
LMICs when compared with the studies conducted
in HIs [44,61,73,83]. Acinetobacter species were
responsible for HAIs in LMICs [81,83,87]. In HIs,
E. coli appeared to be the major cause of HAIs
[13,45,48,52,57].

3.3. Types of infections and microorganisms
isolated in among pediatric patients

The majority of published studies emphasized more
than one site of infection. Regarding the types of
infections, the majority of studies included data on
urinary tract infections, respiratory tract infections,
bloodstream infections, and surgical site infections.
Among European countries, blood-stream infections
(52.6%) were one of the commonest types of infections
among pediatric patient, followed by upper respiratory
tract infections (45.0%) [102,105]. Blood-stream infec-
tions (30.6%) in North America and pneumonia (65.2%)
in Asia were the most frequent infections among
pediatric patients [94,103]. In the United States, coagu-
lase-negative Staphylococcus (31.6% and 19.5%) was
the major cause of HAIs, followed by Enterococcus
species (10.3% and 12.2%) [104,105]. Klebsiella pneumo-
nia, Pseudomonasaeroginosa,andAcinetobacter species
were the most frequent pathogens responsible for
HAIs among Asian countries [14,103].

3.4. Types of infections and microorganisms
isolated in adults

In Africa, surgical site infections (51.1%) were the most
frequent type of infection [99]. In Vietnam, there were
high-reported rates of lower respiratory tract infec-
tions in adults (79.4%), whereas in Italy reported
high rates of bloodstream infections (50.0%) [55,81].
Respiratory tract infections were the most frequent
type of infections in patients admitted to ICUs
(63.5%) and in patients admitted to long-term care
facilities in Ireland (35.0%) [49,68].

More than half of the HAIs infections are caused by
gram-negative bacteria. Gram-negative pathogens
such as Klebsiella pneumoniae, Pseudomonas aerugi-
nosa, E. coli, and Acinetobacter species were the
most frequently reported pathogens. Gram-positive
pathogens such as Staphylococcus aureus and clostri-
dium difficile were also included in these studies.
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r
20
11

12
/3
28

(3
.6
%
)

Bl
oo
d
st
re
am

in
fe
ct
io
ns

(5
0.
0%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(2
8.
5%

)
-

-
-

-

Ire
la
nd

[5
6]

H
I

Sm
id
dy

et
al
.,
20
13

8
un

its
Pe
rio

d
O
w
n

20
06
–2
00
9

23
/7
54

(3
.0
%
)

Bl
oo
ds
tr
ea
m

in
fe
ct
io
ns

(2
5.
0%

)

Su
rg
ic
al
si
te

in
fe
ct
io
ns

(2
5.
0%

)
U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(2
0.
8%

)

-
-

-

G
er
m
an
y
[5
7]

H
I

Be
hn

ke
et

al
.,
20
13

13
2
ho

sp
ita
ls

Pe
rio

d
EC
D
C

Se
pt
em

be
r-
O
ct
ob

er
20
11

21
09
/4
15
39

(5
.1
%
)

Su
rg
ic
al

si
te

in
fe
ct
io
ns

(2
4.
3%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(2
3.
2%

)
Re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(2
1.
7%

)

E.
co
li
(1
8.
0%

)
En
te
ro
co
cc
i

(1
3.
2%

)
St
ap
hy
lo
co
cc
us
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us

(1
3.
1%

)

33
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s
[5
8]

H
I
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s
et
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.,
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7
ho
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Pe
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d
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D
C
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11
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2

13
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(5
.9
%
)
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tr
ac
t
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ct
io
ns

(2
3.
5%

)

Su
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al
si
te

in
fe
ct
io
ns

(1
9.
6%

)
U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(1
9.
0%

)

E.
co
li
(1
5.
9%

)
St
ap
hy
lo
co
cc
us

au
re
us

(1
2.
3%

)

En
te
ro
co
cc
us
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ec
ie
s
(9
.6
%
)

23
Co

un
tr
ie
s
[1
3]

H
I

Za
rb

et
al
.,
20
12

66
ho

sp
ita
ls

Pe
rio

d
EC
D
C

M
ay

20
10
-
O
ct
ob

er
20
10

14
08
/1
98
88

(7
.0
%
)

Pn
eu
m
on

ia
(2
5.
7%

)
Su
rg
ic
al
si
te

in
fe
ct
io
ns

(1
8.
9%

)
U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(1
7.
2%

)

E.
co
li
(1
5.
2%

)
St
ap
hy
lo
co
cc
us

au
re
us

(1
2.
1%

)

Ps
eu
do

m
on
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ae
ro
gi
no

sa
(1
1.
2%

)
G
er
m
an
y
[5
9]

H
I

H
eu
do
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et

al
.,

20
12

40
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rs
in
g
ho

m
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Pe
rio

d
H
AL
T
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nu

ar
y
5,
-
M
ac
h
9,

20
11

16
1/
37
32

(4
.3
%
)

U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(2
8.
0%

)

Re
sp
ira
to
ry

tr
ac
t
in
fe
ct
io
ns

(2
5.
5%

)
Sk
in

in
fe
ct
io
ns

(1
5.
5%

)
-

-
-

Lo
nd

on
[6
0]

H
I

Co
el
lo

et
al
.,
20
11

5
ho

sp
ita
ls

Pe
rio

d
ES
AC

Ju
ly
20
09

10
4/
13
54

(7
.7
%
)

Su
rg
ic
al

si
te

in
fe
ct
io
ns

(1
8.
2%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(1
8.
2%

)
Bl
oo
ds
tr
ea
m

in
fe
ct
io
ns

(1
4.
0%

)

-
-

-
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an
ce

[6
1]

H
I

Li
et
ar
d
et

al
.,
20
11

23
37

he
al
th
ca
re

fa
ci
lit
ie
s

O
ne

da
y

CD
C

20
06

12
18
2/
19
97
16

(6
.1
%
)

U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(2
.4
%
)

Pn
eu
m
on

ia
(2
.4
%
)

Su
rg
ic
al
si
te

in
fe
ct
io
ns

(0
.8
%
)

E.
co
li
(2
8%

)
St
ap
hy
lo
co
cc
us

au
re
us

(1
8.
2%

)

Ps
eu
do

m
on

as
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ru
gi
no

sa
(9
.5
%
)

G
re
ec
e
[6
2]

H
I

Al
ex
op
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s
et

al
.,

20
11

6
ho

sp
ita
ls

O
ne

da
y

CD
C

D
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em

be
r
20
05
-

Fe
br
ua
ry

20
06

64
/2
18
0
(2
.9
%
)

U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(3
4.
2%

)

Lo
w
er

re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(1
4.
3%

)
Bl
oo
ds
tr
ea
m

in
fe
ct
io
ns

(1
4.
3%

)

E.
co
li
(1
4.
3%

)
Ps
eu
do

m
on

as
ar
eu
gi
no

sa
(1
0%

)

En
te
ro
co
cc
us

sp
ec
ie
s
(8
.6
%
)

En
gl
an
d
[6
3]

H
I

H
op

ki
ns

et
al
.,

20
11

10
3
or
ga
ni
za
tio

n
Pe
rio

d
EC
D
C

Se
pt
em

be
r-
N
ov
em

be
r

20
11

33
60
/5
24
43

(6
.4
%
)

Re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(2
2.
8%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(1
7.
2%

)
Su
rg
ic
al
si
te

in
fe
ct
io
ns

(1
5.
7%

)

En
te
ro
ba
ct
er
ia
ci
ae

(1
4.
1%

)
St
ap
hy
lo
co
cc
us

au
re
us

(6
.7
%
)

Cl
os
rid

iu
m

di
ffi
ci
le

(5
.4
%
)

(C
on
tin
ue
d)
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Ta
bl
e
1.

(C
on

tin
ue
d)
.

Co
nt
in
en
ta
nd

Co
un
tr
ie
s

W
or
ld
Ba
nk

Cl
as
sifi

ca
tio

n
Au

th
or

N
am

e
an
d

D
at
e

Se
tt
in
gs

PP
S
M
et
ho

d
PP
S
Pr
ot
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ol

St
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y
D
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at
io
n

H
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s
(%
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To
p
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e
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s
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In
fe
ct
io
ns

(%
)*

To
p
Th
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e
ty
pe
s
of

m
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ro
or
ga
ni
sm

s
(%

)

Sc
ot
la
nd

[6
4]

H
I

Ca
irn

s
et

al
.,
20
11

45
ho

sp
ita
l

Pe
rio

d
CD

C
20
05
–2
00
6

10
94
/1
10
90

(9
.8
%
)

U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(1
7.
9%

)

Su
rg
ic
al
si
te

in
fe
ct
io
ns

(1
5.
7%

)
G
as
tr
oi
nt
es
tin

al
in
fe
ct
io
ns

(1
5.
5%

)

-
-

-

Sc
ot
la
nd

[6
5]

H
I

Ca
irn

s
et

al
.,
20
10

29
IC
U
s

Pe
rio

d
O
w
n

O
ct
ob

er
20
05
-S
ep
te
m
be
r

20
06

35
/1
29

(2
7.
1%

)
Lo
w
er

re
sp
ira
to
ry

tr
ac
t
in
fe
ct
io
ns

(2
3.
9%

)

Su
rg
ic
al
si
te

in
fe
ct
io
ns

(2
3.
9%

)
Pn

eu
m
on

ia
(1
9.
5%

)
-

-
-

Be
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iu
m

[6
6]

H
I

G
or
dt
s
et

al
.,
20
10

63
ho

sp
ita
ls

Pe
rio

d
CD

C
O
ct
ob

er
–
N
ov
em

be
r
20
07

10
37
/1
73
43

(5
.9
%
)

U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(2
3.
9%

)

Lo
w
er

re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(2
0.
0%

)
Su
rg
ic
al
si
te

in
fe
ct
io
ns

(1
4.
6%

)

-
-

-

Ita
ly
[6
7]

H
I

La
ni
ni

et
al
.,
20
09

51
ho

sp
ita
ls

Pe
rio

d
CD

C
20
02
–2
00
4

58
9/
96
09

(6
.1
%
)

Lo
w
er

re
sp
ira
to
ry

tr
ac
t
in
fe
ct
io
ns

(3
5.
8%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(2
3.
6%

)
Bl
oo
ds
tr
ea
m

in
fe
ct
io
ns

(1
4.
0%

)

G
ra
m

ne
ga
tiv
e

ba
ct
er
ia
(5
2.
7%

)
G
ra
m

po
si
tiv
e

ba
ct
er
ia

(3
8.
8%

)

Fu
ng

i(
5.
0%

)

75
Co

un
tr
ie
s
[6
8]

H
I

Vi
nc
et

et
al
.,
20
09

12
65

IC
U
s

O
ne

da
y

CD
C

20
06
–2
00
7

70
87
/1
37
96

(5
1.
3%

)
Re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(6
3.
5%

)

Ab
do

m
in
al
in
fe
ct
io
ns

(1
9.
6%

)
Bl
oo
ds
tr
ea
m

in
fe
ct
io
ns

(1
5.
0%

)

St
ap
hy
lo
co
cc
us

au
re
us

(2
0.
5%

)
E
.c
ol
i(
16
.0
%
)

Ps
eu
do

m
on

as
sp
ec
ie
s
(1
9.
9%

)

Fr
an
ce

[6
9]

H
I

Pa
tt
e
et

al
.,
20
05

H
om

ec
ar
e
Se
tt
in
g

(H
CS
)

O
ne

da
y

O
w
n

5
Ju
ne

20
00

23
/3
76

(6
.1
%
)

U
rin

ar
y
Tr
ac
t

In
fe
ct
io
ns

(5
0.
0%

)

Sk
in

In
fe
ct
io
ns

(3
7.
9%

)
-

E.
co
li
(2
9.
4%

)
St
ap
hy
lo
co
cc
us

au
re
us

(2
9.
4%

)

En
te
ro
co
cc
us

sp
ec
ie
s
(1
7.
6%

)

Ita
ly
[7
0]

H
I

Li
zi
ol
ie

t
al
.,
20
03

88
ho

sp
ita
ls

Pe
rio

d
O
w
n

Fe
br
ua
ry
-M

ar
ch

20
00

91
6/
18
66
7
(4
.9
%
)

U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(3
3.
6%

)

Pn
eu
m
on

ia
(2
2.
6%

)
Su
rg
ic
al
si
te

in
fe
ct
io
ns

(1
5.
0%

)

E.
co
li
(1
6.
8%

)
St
ap
hy
lo
co
cc
us

au
re
us

(1
5.
0%

)

Ps
eu
do

m
on

as
ae
ru
gi
no

sa
(1
3.
2%

)
G
re
ec
e
[7
1]

H
I

St
ar
ak
is
et

al
.,

20
02

19
un

its
Pe
rio

d
CD

C
19
98

an
d
19
99

97
/9
97

(9
.7
%
)

Lo
w
er

re
sp
ira
to
ry

tr
ac
t
in
fe
ct
io
ns

(3
6.
0%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(2
5.
8%

)
Bl
oo
ds
tr
ea
m

in
fe
ct
io
ns

(1
9.
6%

)

Ps
eu
do

m
on

as
ae
ro
gi
no

sa
(2
0.
6%

)

Ke
lb
si
el
la

pn
eu
m
on

ia
(8
.2
%
)

St
ap
hy
lo
co
cc
us

(7
.2
%
)

G
re
ec
e
[7
2]

H
I

G
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as

et
al
.,
20
02

14
ho

sp
ita
ls

O
ne

da
y

CD
C

16
N
ov
em

be
r
19
99

33
7/
39
25

(8
.6
%
)

Lo
w
er

re
sp
ira
to
ry

tr
ac
t
in
fe
ct
io
ns

(3
0.
3%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(2
2.
7%

)
Bl
oo
ds
tr
ea
m

in
fe
ct
io
ns

(1
5.
8%

)

Ps
eu
do

m
on

as
ae
ro
gi
no

sa
(1
6.
6%

)
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co
li
(1
0.
8%

)
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si
el
la
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m
on

ia
e

(1
0.
3%

)
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ce

[7
3]

H
I

G
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up

et
al
.,
20
00

83
0
ho

sp
ita
ls

Pe
rio

d
O
w
n

M
ay

20
–
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ne

21
19
96

15
79
8/
23
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34

(6
.7
%
)

U
rin
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y
tr
ac
t

in
fe
ct
io
ns

(0
.1
9%

)

Lo
w
er

re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(0
.0
7%

)
Su
rg
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al
si
te

in
fe
ct
io
ns

(0
.0
6%

)
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co
li
(2
0%

)
St
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hy
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us

(1
6%

)

Ps
eu
do

m
on
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ro
gi
no
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(1
1%

)
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er
la
nd

[7
4]

H
I
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tt
et
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al
.,
19
99

4
ho

sp
ita
ls

O
ne

w
ee
k

CD
C

M
ay

19
96

15
6/
13
49

(1
1.
6%

)
Su
rg
ic
al

si
te

in
fe
ct
io
ns

(3
0.
0%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(2
2.
0%

)
Re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(1
5.
0%

)

En
te
ro
ba
ct
er
ia
ce
ae

(2
8.
0%

)
St
ap
hy
lo
co
cc
us

au
re
us

(1
3.
0%

)

Ps
eu
do

m
on

as
ae
ru
gi
no

sa
(1
1.
0%

)
17

Co
un

tr
ie
s
[7
5]

H
I

Vi
nc
en
t
et

al
.,
19
95

14
17

IC
U
s

O
ne

da
y

O
w
n

Ap
ril

28
–2
9
Ap

ril
19
92

45
01
/1
00
38

(4
4.
8%

)
Pn

eu
m
on

ia
(4
6.
9%

)
Lo
w
er

re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(1
7.
8%

)
U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(1
7.
6%

)

En
te
ro
ba
ct
er
ia
ce
ae

(3
4.
4%

)
St
ap
hy
lo
co
cc
us

au
re
us

(3
0.
1%

)

Ps
eu
do

m
on

as
ae
ro
gi
no

sa
(2
8.
7%

)
A
SI
A

Ch
in
a
[7
6]

U
M
I

Ch
en

et
al
.,
20
17

52
ho

sp
ita
ls

O
ne

da
y

N
H
FP
C

O
ct
ob

er
20
14
-M

ar
ch

20
15

19
98
/5
39
39

(3
.7
%
)

Lo
w
er

re
sp
ira
to
ry

tr
ac
t
in
fe
ct
io
ns

(4
7.
2%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(1
2.
3%

)
U
pp

er
re
sp
ira
to
ry

tr
ac
t
in
fe
ct
io
ns

(1
1.
0%

)

Ps
eu
do

m
on
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ae
ro
gi
no

sa
(9
.4
%
)
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in
et
ob

ac
te
r
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um

an
ni

(7
.9
%
)
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eb
si
el
la
p

nu
em

on
ia
e

(7
.3
%
)
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di
a
[7
7]

LM
I

N
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r
et

al
.,
20
17

1
ho

sp
ita
l

Pe
rio

d
CD

C
M
ar
ch

20
14
-A
ug

us
t
20
14

71
/1
88
6
(3
.7
%
)

Su
rg
ic
al

si
te
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fe
ct
io
ns

(2
3.
9%

)

Pn
eu
m
on

ia
(1
8.
3%

)
U
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er
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sp
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to
ry

tr
ac
t
in
fe
ct
io
ns

(1
6.
9%

)

-
-

-

Si
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e
[7
8]

H
I

Ca
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t
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.,
20
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ho

sp
ita
ls

Pe
rio

d
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D
C
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15
-
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20
16
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6/
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15

(1
1.
9%

)
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is

(2
5.
5%

)
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eu
m
on
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(2
4.
8%

)
-
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lo
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cc
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au
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us

(1
2.
9%

)
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eu
do

m
on
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gi
no
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(1
1.
5%

)

-
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in
a
[7
9]

U
M
I
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u
et

al
.,
20
16

12
4
ho

sp
ita
ls

O
ne

da
y

BN
IC
C

M
ay

20
14

12
94
/6
19
90

(2
.0
%
)

U
rin

ar
y
tr
ac
t

in
fe
ct
io
ns

(1
5.
0%

)

G
as
tr
oi
nt
es
tin

al
in
fe
ct
io
ns

(7
.7
%
)

Su
rg
ic
al
si
te

in
fe
ct
io
ns

(6
.3
%
)

Ps
eu
do

m
on

as
ae
ru
gi
no

sa
(1
3.
8%

)

Ac
in
et
ob

ac
te
r

ba
um

an
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i

(1
2.
9%

)

E.
Co

li
(1
2.
6%

)

Ch
in
a
[8
0]

U
M
I
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an
g
et

al
.,
20
16

43
cl
in
ic
al

de
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rt
m
en
ts

Pe
rio

d
CD

C
M
ay

20
12
-M

ay
20
14

14
7/
40
29

(3
.6
%
)

Re
sp
ira
to
ry

tr
ac
t

in
fe
ct
io
ns

(5
4.
8%

)

U
rin

ar
y
tr
ac
t
in
fe
ct
io
ns

(2
1.
4%

)
Bl
oo
d
st
re
am

in
fe
ct
io
ns

(7
.1
%
)

G
ra
m

ne
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tiv
e

ba
ct
er
ia
(6
7.
1%

)
G
ra
m
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si
tiv
e

ba
ct
er
ia

(2
0.
3%

)

Fu
ng

i(
10
.5
%
)

Vi
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Staphylococcus aureus, Pseudomonas aeroginosa, and
Klebsiella species were the major cause of HAIs in
Africa (20.4%, 18.3%, and 22.4%) and South America
the (21.6%, 12.5% and 19.2%) [98,99]. Gram-negative
bacteria were responsible for the different types of
healthcare-associated infections in European coun-
tries (52.7%) as well as in Asian countries (67.1%)
[67,80]. In ICUs patients, AcinetobacterBaumannii
(24.4%) was the most common pathogen responsible
for HAIs [81]. Other publications reporting types of
infections as well as types of microorganism are listed
in Tables 1 and 2.

3.5. Quality assessment

The maximum of 10 stars is awarded to a study. We
considered study a high quality when scored ≥7,
a medium quality scored 5–6, and a low quality
scored 0–4. The stars that were awarded to studies
ranged from six to nine, and the average value was
7.7 (Table 3). Most of the studies used the ECDC
protocol as a validated measurement tool to assess
the prevalence of HAIs. Independent blind assessment
was done in all studies.

4. Discussion

Healthcare-associated infections are among the most
serious public health issues with substantial morbid-
ity, mortality, and costs [3,20,107,108]. We subse-
quently systematically reviewed 67 studies reporting
the proportion of overall HAIs in mixed patient popu-
lations. The selected studies conducted in various
health-care settings provide baseline information in
order to develop future intervention research.
Because of multi-factorial features of HAIs, health-
care settings are challenging domains in order to
identify the various types of infections and microor-
ganisms, especially in LMICs. Most of the studies were
conducted in Europe and Asia. Two studies were con-
ducted in Africa, one in Ethiopia and one in Tunisia.
Previous literature surveys reported that HAIs
remained a public health problem in LMICs compared
with developed countries [29]. However, to date, lim-
ited studies regarding PPS of HAIs have been per-
formed in LMICs because of lack of national
surveillance systems. The main reasons for this may
include a lack of human and financial resources, the
absence of expertise in the interpretation of the data,
the paucity of reliable diagnostic procedures, the scar-
city of data obtained from patient records and the
absence of software used for surveillance of HAIs [17].

In Canada, Denis et al. conducted prevalence sur-
veys in both adults and pediatric settings with report-
edly a high prevalence rate of HAIs in adults than in
pediatric patients. One of the studies reported a 3–20
times higher neonatal infection rate in developing

countries compared to developed countries [28].
Rezende and colleagues performed a prevalence sur-
vey in Brazil and reported 11.4% prevalence of HAIs,
requiring inter-institutional efforts so that appropriate
measures could be taken. The frequency of endemic
HAIs in neonatal ICUs in a few regions, for example
Brazil is 9 times higher than in the USA [29]. The
higher heterogeneity in the prevalence data may be
due to the different study designs and the selection of
participants, e.g., study populations, races, and sample
sizes, among the reviewed studies. According to the
WHO, the pooled prevalence of HAIs in LMICs was
10.1%, while in HIs the pooled prevalence of HAIs
was 7.6% [34]. Due to insufficient data or lack of
resources in LMICs, the pooled prevalence of HAIs
was significantly higher in LMICs than in HIs.

Our findings indicated that lower respiratory tract
infections are the leading HAIs followed by urinary
tract infections, surgical site infections and blood-
stream infections in most of the selected studies.
A study performed in Australia reported high rates
of illness from acute as well as chronic respiratory
tract infections in the indigenous pediatric population
[109]. This is important as pneumonia is the most
frequent lower respiratory tract infection and
a leading cause of death [110]. A study conducted in
Ethiopia has reported high rates of surgical site infec-
tions. Surgical site infection leads to a prolonged hos-
pital stay and increased costs of therapy [111]. In our
findings, surgical site infections were the most fre-
quent type of HAI in LMICs. This is similar to
Allegranzi and his colleagues and the WHO who also
reported surgical site infection as the most common
type of HAI [17,34]. Surgery and invasive procedures
were among the significant risk factors responsible for
surgical site infections (SSIs) [112]. To address con-
cerns, the WHO have published their guidelines to
ensure surgical patient’s safety which includes
a safety checklist to reduce mortality from SSIs [113].

The evaluation of microbiological patterns of HAIs
was based on isolates of the three most frequent
microorganisms. Gram-negative bacteria were reported
as the principal causative pathogens in Europe and
Asia [48,57,70,80,91,93]. Our results reported that
Staphylococcus aureus, Pseudomonas aeroginosa, and
Klebsiella species were the most frequent pathogens
in Africa and South America [99]. This is similar to
a review in Africa where Klebsiella, Staphylococcus aur-
eus, Pseudomonas aeroginosa, and E coli were the most
common organisms associated with healthcare-
associated infections [114]. Six point prevalence studies
conducted in China reported Pseudomonas aeruginosa
as the leading cause of healthcare-associated infections
[12,76,79,80,84,85].

Overall, we believe our data provides significant
information to guide policy makers to identify risk
factors of HAIs and to devise prior strategies to reduce
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Table 3. Quality assessment of included articles.
Selection Comparability Outcomes

Studies
Representatives
of sampleA

Sample
sizeB

Non-
respondentsC

Ascertainment
of exposureD

Based on design
and analysisE

Assessment
of outcomesF

Statistical
testG

Quality
score

Deptula et al., 2017 [44] * * - * ** ** * 8
Sticchi et al., 2017 [45] * * - * ** ** * 8
Swissnoso, 2017 [46] * * - * ** ** * 8
Klavs et al., 2016 [47] * * - ** * ** * 8
Lusignani et al., 2016 [48] * * - * ** ** - 7
Roche et al., 2016 [49] * * - * * ** - 6
Stefkovicova et al., 2015 [50] * * - * ** ** - 7
Milliani et al., 2015 [51] * * - * ** ** * 8
Katrien et al., 2014 [53] * * - ** ** ** - 8
Katrien et al., 2014 [52] * * - ** ** ** * 9
Erdam et al., 2014 [54] * * - * ** ** * 8
Sinatra et al., 2013 [55] * * - * * ** * 7
Smiddy et al., 2013 [56] * * - * * ** * 7
Behnke et al., 2013 [57] * * - ** ** ** * 9
Carl Suetens et al., 2013 [58] * * - ** ** ** * 9
Zarb et al., 2012 [13] * * - * ** ** * 8
Heudorf et al., 2012 [59] * * - * * ** * 7
Coello et al., 2011 [60] * * - * * ** - 6
Lietard et al., 2011 [61] * * - * ** ** - 7
Alexopoulos et al., 2011 [62] * * - * ** ** - 7
Hopkins et al., 2011 [63] * * - * ** ** * 8
Cairns et al., 2011 [64] * * - * * ** * 7
Cairns et al., 2010 [65] * * - * * ** * 7
Gordts et al., 2010 [66] * * - ** * ** * 8
Lanini et al., 2009 [67] * * - * ** ** * 8
Vincet et al., 2009 [68] * * - * ** ** * 8
Patte et al., 2005 [69] * * - * * ** * 7
Lizioli et al., 2003 [70] * * - * ** ** - 7
Starakis et al., 2002 [71] * * - * ** ** - 7
Gikas et al., 2002 [72] * * - ** * ** * 9
Group et al., 2000 [73] * * - ** ** ** * 9
Pittet et al., 1999 [74] * * - ** ** ** * 9
Vincent et al., 1995 [75] * * - ** ** ** - 8
Chen et al., 2017 [76] * * - * ** ** * 8
Nair et al., 2017 [77] * * - ** * ** * 8
Cai et al., 2017 [78] * * - * * ** * 7
Liu et al., 2016 [79] * * - ** ** ** * 9
Zhang et al., 2016 [80] * * - * ** ** * 8
Phu et al., 2016 [81] * * - * ** ** * 8
Morioka et al., 2015 [82] * * - ** ** ** * 9
Kumar et al., 2014 [83] * * - * ** ** - 7
Tao et al., 2014 [84] * * - ** ** ** * 9
Xie et al., 2013 [85] * * - * ** ** * 8
Askarian et al., 2012 [86] * * - * * ** * 7
Thu et al., 2011 [87] * * - ** * ** * 8
Ider et al., 2010 [88] * * - * * ** * 7
Xie et al., 2010 [12] * * - * ** ** * 8
Lee et al., 2007 [89] * * - * * ** * 7
Balkhy et al., 2006 [90] * * - * ** ** * 8
Danchaivijitret al., 2005 [91] * * - * ** ** - 7
Hughes et al., 2005 [92] * * - ** ** ** * 9
Esen et al., 2004 [93] * * - * ** ** * 8
Taylor et al., 2016 [106] * * - * * ** * 7
Magill et al., 2012 [95] * * - * ** ** * 8
Magill et al., 2014 [96] * * - * ** ** * 8
Gravel et al., 2007 [97] * * - * ** ** * 8
Rezende et al., 1998 [98] * * - * ** ** * 8
Yallew et al., 2016 [99] * * - ** ** ** * 9
Kallel et al., 2005 [100] * * - * ** ** * 8
Zingg et al., 2017 [101] * * - * * ** * 7
Hajdu et al., 2007 [102] * * - * * ** * 7
Le et al., 2016 [103] * * - * ** ** * 8
Kepenekli et al., 2015 [14] * * - * ** ** * 8
Rutledge-Taylor et al., 2012 [94] * * - * ** ** * 8
Gravel et al., 2007 [11] * * - * ** ** * 8
Grohskopf et al., 2002 [104] * * - * ** ** * 8
Sohn et al., 2001 [105] * * - * ** ** * 8

A: * = truly representative of average in target population or somewhat representative of average in target population
B: * = justified or satisfactory, – = not justified
C: * = satisfactory response rate, – = unsatisfactory or no description
D: ** = validated measurement tool, * = nonvalidated measurement tool, – = no description of measurement tool
E: ** = confounding factors, *incomplete information, – = no information
F: ** = independent-blinded assessment or record linkage, * = self-report, – = no description
G: * = Yes, – = No
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HAIs. In order to detect trends of HAIs, additional point
prevalence surveys are needed, with the findings
directing quality improvement programs in hospitals.
As part of this, proper instruction should be given to
patients to identify and report signs and symptoms of
HAIs. This intervention may help in the identification of
HAIs during their hospital stay and after discharge.
Moreover, prioritization of resources may help to pre-
vent HAIs and improve patient’s safety once specific
activities have been identified [115]. Overall, patient
participation is considered as an integral part of redu-
cing medical error and improving patient’s safety [116].
We are aware that there will be different challenges to
reduce HAIs between HIs and LMICs in line with the
challenges to introduce effective antimicrobial stew-
ardship programs in LMICs and HIs [117]. This is espe-
cially given the current lack of AMS programs among
a number of LMICs [118,119]. Consequently, quality
improvement programs to reduce future HAIs must
be tailored to the given country and situation.

Our study has limitations that should be kept in mind
when elucidating data from selected studies. The cur-
rent systematic review utilized five databases with spe-
cific emphasis on terms describing point prevalence
surveys of healthcare-associated infections and hospital-
acquired infections. Limited grey literature searches
were also performed using additional search terms
that identified relevant articles. As a result, some rele-
vant articles may have been missed. Moreover, only
English language studies were retrieved resulting in
the exclusion of studies in other languages. In some
studies, available information was not explained
enough such as lack of information on microorganisms.
In other studies, the analysis performed by the authors
was a mixture of HAI prevalence data on both intensive
and acute care units. Considering higher HAI prevalence
rates in intensive care units, it could influence the differ-
ences in results. Another limitation is that lower
reported HA prevalence does not necessarily or even
often mean lower true prevalence rates – overall diag-
nostic capabilities and reporting culture can play
a surprisingly large role between countries and cultures,
leading to large differences which can be misinter-
preted. The difference in the quality of different coun-
tries’ health-care systems and the definitions of
infections had also a discernible influence on the sys-
tematic review. Lastly, we had divided studies into
adults and pediatric population by considering the
total hospital population as adults. However, despite
these limitations, we believe our findings are robust
providing direction to others.

5. Conclusion

The current systematic review provides an updated
synthesis of literature concerning the overall burden
of HAIs. These findings reported the existence of

multiple pathogens responsible for health-care-
associated infections in a variety of health-care set-
tings. Based on this literature review, standardized
surveillance systems, infection prevention, and con-
trol programs, multidisciplinary teams, instigation of
antibiotic stewardship programs, as well as the rais-
ing of awareness among medical staff and policy-
makers regarding HAIs and ways to prevent these
may be effective strategies to minimize the future
risk of HAIs. We recommend that more point pre-
valence surveys should be conducted in order to
identify and target scarce resources for the preven-
tion of future HAIs in all countries especially LMICs
building on ongoing activities in these countries.
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