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Abstract: The infection control team (ICT) ensures the implementation of infection control guidelines
in healthcare facilities. This systematic review aims to evaluate the effectiveness of ICT, with or
without an infection control link nurse (ICLN) system, in reducing healthcare-associated infections
(HCAIs). We searched four databases to identify randomised controlled trials (RCTs) in inpatient,
outpatient and long-term care facilities. We judged the quality of the studies, conducted meta-
analyses whenever interventions and outcome measures were comparable in at least two studies,
and assessed the certainty of evidence. Nine RCTs were included; all were rated as being low quality.
Overall, ICT, with or without an ICLN system, did not reduce the incidence rate of HCAISs [risk
ratio (RR) = 0.65, 95% confidence interval (CI): 0.45-1.07], death due to HCAIs (RR = 0.32, 95% CI:
0.04-2.69) and length of hospital stay (42 days vs. 45 days, p = 0.52). However, ICT with an ICLN
system improved nurses’ compliance with infection control practices (RR = 1.17, 95% CI: 1.00-1.38).
Due to the high level of bias, inconsistency and imprecision, these findings should be considered
with caution. High-quality studies using similar outcome measures are needed to demonstrate the
effectiveness and cost-effectiveness of ICT.

Keywords: infection control team; infection control link nurse; healthcare-associated infections;
systematic review

1. Introduction

Healthcare-associated infections (HCAISs) are infections acquired by patients while
receiving care for other illnesses from hospitals, acute care clinics, community health centres
or care homes [1]. HCAIs are common in acute care hospitals, affecting 7-10% of patients
globally [2]. They also occur in different types of care settings, such as outpatient clinics,
ambulatory surgical centres, outpatient dialysis facilities and long-term care facilities
(nursing homes and rehabilitation facilities) [3].

Up to 70% of HCAIs are preventable [4-6]. In hospitals, infection control departments
with dedicated personnel are an important feature of HCAI prevention [7]. To prevent
HCALIS, infection control guidelines need to be implemented, which is usually the task of
the infection control team (ICT) [8]. An ICT plays important roles in different aspects of
infection control, such as (1) developing and disseminating guidelines and policies, (2) co-
ordinating continuous education and training, (3) establishing systems for the surveillance
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of HCAISs, (4) monitoring and auditing the practices and standards of care and (5) building
effective links with other staff and departments [2,9].

The core members of ICT are doctors, epidemiologists, microbiologists and nurses,
known as infection control nurses (ICNs). At present, the ICT system has expanded to
include new roles, such as infection control link nurses (ICLNs) and infection control
champions. ICLNs and infection control champions are ward-based staff working under
the supervision of ICNs [10] and acting as a link between their own clinical wards and the
ICT [9]. The ICT and ICLN system are also applied in nursing homes [11-15].

ICT was established in the United Kingdom in 1950s and ICLN system was first intro-
duced in 1990s. To date, previous reviews have also reported on ICT work practices [9],
concept of the ICLN system [16] and facilitators and barriers in the ICLN system imple-
mentation [17]. However, an initial search for literature on infection control revealed the
paucity of systematic reviews on the efficacy of ICT, with or without ICLN system, in inpa-
tient hospitals and outpatient and long-term care facilities. In this systematic review, we
therefore aimed to evaluate its effectiveness, with or without the ICLN systems, in reducing
the rate of HCAISs in inpatient hospitals and outpatient and long-term care facilities.

2. Materials and Methods
2.1. Protocol and Registration

We registered the review protocol in the International Prospective Register of System-
atic Reviews (PROSPERO) (registration number: CRD42020172173) and published it in BM]
Open [18]. This review adheres to the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement [19] (Supplementary Material Table S1).

2.2. Eligibility Criteria

Randomised controlled trials (RCTs) that compared an ICT, with or without the ICLN
system, with any other intervention or no intervention were eligible (Supplementary Ma-
terial Table S2). We included studies on patients of all ages in inpatient hospitals and
outpatient facilities, and residents in long-term care facilities to examine the patient-based
outcomes as well as any type of healthcare professional (doctors, nurses and nursing home
staff) to examine their behavioural outcomes. In this review, ICT is defined as a team
composed of medical and nursing staff certified infection prevention and control or its
equivalent [2]. The primary and secondary outcomes of this review are as follows:

2.3. Primary Outcome

2.3.1. Patient-Based Outcomes

1. Incidence rate of HCAIs (for the incidence rate of HCAIs, we did not restrict the types
of HCAISs or the timing of outcome assessment. The incidence rate refers to the number
of infection episodes per 1000 days or the number of infected patients per total number
of patients during the study period).

2. Death due to HCAISs (the rate of death due to HCAISs refers to the number of patients
who died with HCAIs per total number of patients with HCAISs).

3. Length of hospital stays presented in days.

2.3.2. Staff-Based /Behavioural Outcomes
Compliance with infection control practices as measured by study authors.

2.4. Secondary Outcome
Cost related to HCAIs.

2.5. Search Strategies

We searched four electronic databases, namely PubMed, EMBASE, CINAHL and
Cochrane Central Register of Controlled Trials (CENTRAL), from inception to May 2020.
The search strategy is presented in the protocol [18] and Supplementary Material Table S3).
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We imported the output of four databases to the EndNote reference management soft-
ware [20]. Duplicate studies were removed, and the remaining ones were imported to the
online reference management software, Covidence (Covidence systematic review [soft-
ware], Veritas Health Innovation, Melbourne, Australia; available at www.covidence.org,
accessed on 28 September 2020) for the study selection.

2.6. Study Selection

Five pairs of authors (MMT, MOR, RH, SM, SO, JM, YY, CM, MN and TB) indepen-
dently performed screening of titles and abstracts for potential eligibility. Disagreements
were resolved through discussions. Then, pairs of authors (MMT, MOR, RH, SO, JM, YY
and CM) independently evaluated the full texts and selected the studies by applying the
eligibility criteria (Supplementary Material Table S2). Disagreements were settled by dis-
cussions or involvement of the third author (TB). In the published protocol of this review,
we described that we would exclude the study if the study outcomes were hand hygiene
compliance or antimicrobial prescription. However, we decided to update the protocol
and included the studies reporting hand hygiene among others, considering that if we
strictly follow the original exclusion criteria, we will have to exclude studies that report
our primary or secondary outcomes.

2.7. Data Extraction

The first author (MMT) prepared a standardised data extraction form and piloted
the form using at least one related study, and two authors (MOR and RH) reviewed it.
For each study, the following data were extracted: study author (first author only), year
of publication, study design, setting, country, characteristics and number of participants,
details of intervention and control, types of outcome measures and study results. The data
was independently extracted by two of the authors (MMT, MOR or RH), and discrepancies
between the authors were resolved through discussions.

2.8. Risk-of-Bias Assessment

Two of the three authors (MMT, MOR or RH) independently evaluated the risk of bias
of each included study using the Cochrane risk-of-bias tool [21]. This tool addresses ran-
dom sequence generation, allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selective reporting and other
bias. Each domain was rated as low, high or unclear risk of bias. Any discrepancies were
resolved through discussions.

2.9. Data Analysis

We conducted meta-analyses when two or more studies investigated a comparable
intervention and outcome. We entered the raw data in RevMan 5.4 to pool the results and
employed random-effect meta-analysis as most ICTs can be considered complex interven-
tions [22]. We used the risk ratio (RR) for dichotomous data and the mean differences for
continuous data with corresponding 95% confidence intervals (CI). We employed the 12
statistic to measure the heterogeneity among the included studies and interpreted the re-
sults in accordance with the definitions in the Cochrane Handbook for Systematic Reviews
of Interventions [23]. Furthermore, we reported the results narratively when there were an
insufficient number of studies for data to be pooled.

According to our protocol, we conducted subgroup analysis by categories of inter-
vention by ICT (performing surveillance of HCAIs, educating healthcare professional and
monitoring infection control practices). However, we could not conduct subgroup analysis
by type of healthcare facilities (hospital, nursing homes, or others) due to an insufficient
number of studies. We planned to conduct sensitivity analysis on primary outcomes by
excluding trials with a high risk of bias. However, all the studies had a high risk of bias, so
we did not conduct any sensitivity analysis.
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We used the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) approach to evaluate the certainty of evidence for three outcomes: incidence rate
of HCAIs, death due to HCAIs and compliance with infection control practices [24]. The
GRADE approach has five domains (risk of bias, imprecision, inconsistency, indirectness and
publication bias) to rate the certainty of evidence as very low, low, moderate and high. We
were not able to evaluate publication bias through funnel plot as there were an insufficient
number of studies for this assessment. We used the GRADEpro web-based platform to
make a ‘Summary of Findings’ table, considering the certainty of evidence (GRADEpro GDT:
GRADEpro Guideline Development Tool [Software]. McMaster University and Evidence
Prime, 2022, available at www.gradepro.org, accessed on 31 May 2022).

3. Results
3.1. Results of the Search

In total, 12,666 studies were identified from the four databases. After removing
duplicates, 11,719 titles and abstracts were screened. The screening excluded a large
number of studies (n = 11,676). A total of 43 studies were assessed using the full text. Finally,
35 studies were excluded due to inappropriate study design, intervention or outcome and
lack of full text (conference abstract and protocol). Nine studies were included in this
review (Figure 1) [25-33].

Identification of studies via databases and registers

Records identified from:

=
= PubMed (n=3562) Records removed before
3 EMBASE (n=4160) screening:
= CINAHL (n=4884) o Duplicate records removed
o CENTRAL (n=2474) & (n=947)
= Total (n=12,666)
Records screened —®| Records excluded
(n=11,719) (n=11,676)
A4
4
= Reports sought for retrieval Reports not retrieved
8 (n=43) > (n=0)
8 l
Reports excluded:
Reports assessed for eligibility Wrong intervention (n=13)
(n=43) _— Wring study design (n=13)
) Wrong outcomes (n=5)
Abstracts (n=2)
l Protocol (n=1)

Studies included in review
(n=9)

Figure 1. PRISMA flow diagram of literature search, screen and selection criteria.
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3.2. Characteristics of the Included Studies

The characteristics of the included studies are presented in Table 1. The included
studies were published between 1990 and 2020 and were cluster-randomised controlled
trials. The number of clusters was small, ranging from 6 to 45. The clusters were hospital
wards, outpatient long-term haemodialysis units, or nursing homes. Five studies were
conducted in inpatient hospitals, one in outpatient long-term haemodialysis units and three
in nursing homes. Three studies were from the USA; two from Hong Kong and one each
from England, Ireland, Italy and Thailand. The study duration varied from 5 weeks to
20 months.

Table 1. Characteristics of included studies (n = 9).

Characteristics No Y%
Publication year 1990-2000 2 22.22
2001-2010 3 33.33
2011-2020 4 44.44
Location USA 3 33.33
Europe 3 33.33
Asia 3 33.33
Setting Inpatient hospitals 5 55.56
Outpatient haemodialysis units 1 11.11
Nursing homes 3 33.33
Type of intervention ~ ICT 4 44.44
ICT + ICLN system 5 55.56
Outcome assessed Patient-based
HCAIs 5 55.56
Deaths 2 2222
Length of hospital stay 2 22.22
Staff-based
Compliance 7 77.78
Cost 1 11.11

HCALISs, healthcare-associated infections; ICLN, infection control link nurse; ICT, infection control team; USA, The
Unite States of America.

3.2.1. Participants

The participants in the included studies were patients, residents and healthcare per-
sonnel (nurses and nursing staff). The number of patients or residents was reported in
four studies: 2085 patients in hospitals and outpatient long-term haemodialysis units and
1743 residents in nursing homes. The number of healthcare personnel targeted by the
intervention was reported in five studies: 1508 nurses and 333 nursing home staff. In the
inpatient hospital setting, the participants were nurses in three studies, patients in one
study and both of them in one study. In the outpatient haemodialysis unit setting, the
participants were patients. In the nursing home setting, the participants were residents in
one study and both residents and nursing home staff in two studies.

3.2.2. Description of Interventions

Four studies investigated the effect of ICT without ICLN system [28,29,31,32], whereas
the other five studies examined the effect of ICT with ICLN system ([25-27,30,33] (Ap-
pendix A Table A1). The members of ICT in the included studies were infection control
doctors, ICNs, nephrologists, dialysis staff, surgical intensive care unit (ICU) co-directors,
ICU physicians, nurses and infection control practitioners. The ICLN system was imple-
mented, with selection of nurses or staff as link nurses, opinion leaders, or champions. The
ICTs in the included studies performed the following infection control measures: develop-
ing and disseminating guidelines and policies [26,33], coordinating continuous education
and training [25-27,29,30,32,33], performing surveillance of HCAIs [28,31], monitoring and
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auditing the practices [26,27,29,30,32,33] and standards of care and building effective links
with other staff and departments [25-27,30,33].

3.2.3. Control

Of the included studies, five had a usual care control, two had lecture control and two
had no intervention as a control (Appendix A Table Al).

3.2.4. Outcomes

Two studies reported patient-based outcomes; four studies, staff-based outcomes; and
three studies, both outcomes (Appendix A Table Al). For patient-based outcomes, the
incidence rate of HCAIs was evaluated in five studies [25,28-31], death due to HCAIs in two
studies [28,31] and the length of hospital stay in one study [28]. For staff-based outcomes,
nurses’ compliance with infection control practices [26,29,33], changes in infection control
scores [25,27,33] and proportion of compliance with infection control guidelines at the
facility level [30,32] were measured and reported. Only one study reported the cost related
to HCAIs [28].

3.2.5. Funding Sources

Six studies reported being funded, and out of those six, three did not declare the
funding sources.

3.3. Risk of Bias

The overall risk-of-bias assessment is presented in Figures 2 and 3. All studies were
judged as having a high risk of bias due to one of the four reasons: (1) the participants and
personnel were not blinded, (2) the outcome assessment was not blinded, (3) the outcome
data were incomplete and (4) there was a significant imbalance between the intervention
and control clusters at baseline. Blinding is inherently difficult with ICT interventions as
the intervention can be easily identified by ICT members or the participants.

Random sequence generation (selection hias)
Allocation cancealment (gelection bias)
Blinding of paricipants and personnel (performance bias)

Elinding of outcome assessment (detection bias)

Incomplete outcome data (attrition hias)

Selective reponrting (reporting bias)

Other bias

0% 25% 50% 78%  100%

.an tsk ofhbias DUnclearrisk of bias .High tisk of bias

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.
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=

Zhing 1990
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Rao 20049

.........Otherhias

~
=)
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Figure 3. Risk of bias summary: review authors’” judgements about each risk of bias item for each

included study [25-33].

3.4. Effectiveness of Interventions

The summary of findings is presented in Table 2.

Table 2. Summary of findings and GRADE evidence profile.

Anticipated Absolute Effects (95% CI) Relative Efioct No of Certainty of the
Outcomes Risk with Risk with Infection (95% CI) Participants Evidence
Usual Care Control Team (Studies) (GRADE)
Incidence rate of HCAIs (follow-up: 116 per 1000 75 per 1000 RR 0.65 2511 SO000
range 4 months to 20 months) p (46 to 124) (0.40 to 1.07) (3 RCTs) Very low ab,c
Death due to HCAIs (follow-up: 296 per 1000 95 per 1000 RR 0.32 299 SO000
range 4 months to 20 months) p (12 to 797) (0.04 to 2.69) (2 RCTs) Very low abe
Compliance with infection control 419 per 1000 491 per 1000 RR1.17 914 DDDO
practices (follow-up: mean 5 weeks) p (419 to 579) (1.00 to 1.38) (2 RCTs) Moderate 2

Explanations:  Downgraded one level due to performance bias, attrition bias and other bias; ® Downgraded one
level for inconsistency due to heterogeneity across the studies (12 > 50%); © downgraded one level for imprecision

due to wide 95% CI.
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Study or Subgroup

3.4.1. Primary Outcomes
Patient-Based Outcomes

1. Incidence Rate of HCAIs

Five studies evaluated the incidence rate of HCAIs [25,28-31]. Three studies that
reported the number of patients/residents with HCAIs were included in the meta-analysis
(Figure 4). Overall, the ICT with or without ICLNs had no significant effect on the incidence
rate reduction of HCAIs (RR = 0.65, 95% CI: 0.45-1.07, very low certainty of evidence).
We conducted a subgroup analysis by dividing the studies according to the categories of
intervention by ICT: (1) surveillance of HCAIs [28,31] and (2) continuous education and
monitoring of infection control practices [25]. The subgroup analysis did not exhibit any
significance in the test for subgroup differences (Group 1.1.1: RR = 0.52, 95% CI: 0.30-0.88,
Group 1.1.2: RR = 0.98, 95% CI: 0.67-1.41, p = 0.06) (Figure 4).

1.1.1 Surveillance of HCAls
Karhkitjiaroen 2011

Mokizycki 2008
Subtotal (95% CI)

Total events

Heterogeneity: Tau®=0.07; Chi*=1.51,df=1 (P=0.22),F=34%
Test for overall effect Z=2 40P =0.02)

1.1.2 Education and monitoring of practices

44 234 47 244 405% 0.98 [0.67, 1.41] 1 29290000

Baldwin 2010

Subtotal (95% CI)

Total events

Heterogeneity: Mot applicable
Test for averall effect Z= 013 (P = 0.90)

Total (95% CI)
Total events

44 47

103 141
Heterogeneity, Tau®=0.12; Chi*=6.49, df=2 (P =0.04); F= 69%
Test for overall effect Z=1.68 (P = 0.09)

Infection control team Control Risk Ratio Risk Ratio Risk of Bias
Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
a3 954 25 920 42.4% 0.60 [0.43, 0.84] —— 7700972 @®
B 108 9 81 172% 0.31[0.12,0.84 —%— 7707970
1062 971  59.5% 0.52 [0.30, 0.88] .
] 94

234 244 40.5% 0.98 [0.67, 1.41]

1296 1215 100.0% 0.65 [0.40, 1.07] B

0102 05 2 5 10
Favours ICT Favours control

Testfor subgroup differences; Chi®= 3.65, df=1 (P=0.06), F=T2.6%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection hias)

(C) Blinding of paricipants and personnel (performance hias)
(D) Elinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting hias)

(G) Other hias

Figure 4. Meta-analysis for the incidence rate of HCAISs [25,28,31].

Two studies reported the mean HCAI rate [29,30]. We could not conduct a meta-
analysis due to the unavailability of the number of participants in the study conducted
in hospitals in USA [29]. The authors in that study reported significant reduction in the
mean HCALI rate in the intervention groups compared to the control groups (adjusted
incidence rate ratio = 0.19, 95% CI: 0.06-0.57). Another study conducted in nursing homes
in USA reported no significant reduction in the mean HCAI rate in the intervention groups
compared to the control groups (relative difference = —6.7, 95% CI: —36.2-36.4) [30].

2. Death Due to HCAIs

Two studies reported death due to HCAISs [28,31]. The meta-analysis (Figure 5) re-
vealed no significant effect of the ICT intervention on death due to HCAIs (RR = 0.32, 95%
CI: 0.04-2.69, very low certainty of evidence).

3. Length of Hospital Stay

One study reported this outcome [28]. The result of this study indicated no significant
difference in the length of hospital stay between the intervention and control groups
(42 days vs. 45 days, p = 0.52).
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Infection control team Control

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDETFG
Kathkitiaroen 2011 15 53 7 85 BO.9% 0,55 [0.40, 1.06] EEN TT X
Mokizycki 2006 0 111 3 &80 301% 0.07[0.00,1.24) ———®— 179727 @
Total (95% CI) 164 135 100.0% 0.32 [0.04, 2.69] i

Total events 15 40

Heterogeneity: Tau®=1.60; Chi®= 238, df=1(F=0.12); F= 58% 'D.UD'I Df1 1'0 1UEID'

Test for overall effect Z=1.04 (P=0.30)

Risk of hias lzgend
(A) Random sequence generation {selection hias)
(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (peformance hias)

(D) Blinding of outcome assessment (detection hias)
(E) Incomplete outcome data (atirition bias)

(F) Selective reporting (reporting hias)

(G) Other hias

Favours ICT Favours control

Figure 5. Meta-analysis for the death due to HCAIs [28,31].

Staff-Based /Behavioural Outcomes

The included studies reported compliance in three different outcome measurements.
1. Proportion of Compliance with Infection Control Practices

Three studies evaluated the proportion of compliance with infection control practices
among nurses or staff. One study [29] could not be included in the meta-analysis as it
insufficiently reported its outcome by providing only the figure without any numerical
data. In that study, the infection control practices were increased in both the intervention
and control groups over time [29]. The meta-analysis of two studies (Figure 6) revealed a

significant effect (RR = 1.17, 95% CI: 1.00-1.38, moderate certainty of evidence) [26,33].

Infection control team Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDETFG
Ching 1990 248 387 42 81 451%  1.24[0.99,1.54] —a— 92009
Seto 1991 101 238 80 210 549%  1.12[0.80,1.41] —i— *20007®
Total (95% CI) 623 291 100.0% 1.17 [1.00, 1.38] ’-
Tatal events 344 122
Heterogeneity: Chi®=0.35, df=1 {P=0.58), F= 0% D!S D!T 1!5

Test for overall effect Z=1.97 (P =0.03)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of panicipants and persannel (peformance bia
(D) Blinding of outcome assessment (detection hias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reparting bias)

(G) Other bias

s)

Favours contral  Favours ICT

Figure 6. Meta-analysis for the proportion of compliance with infection control practices [26,33].

2. Changes in the Infection Control Compliance Score

Three studies evaluated the changes in the infection control compliance scores. One

study conducted in the nursing homes reported that the mean infection control audit
score was significantly higher in the intervention group than in the control group at
12 months (82% vs. 64%, p < 0.001) [25]. One study conducted in the hospital reported
a significant increase in the self-reported compliance with standard precaution scores
(15.43 vs. 14.32, p = 0.024) [27]. One study conducted in the hospital reported the change
in the mean infection control practice scores, suggesting that the ICT with ICLNs was
superior to the control (5.63 in the intervention group with lectures and demonstration,
4.96 in the intervention group with demonstration vs. 3.29 in the control, p < 0.05 in both
comparisons) [33].
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3. Proportion of Compliance with Infection Control Guidelines at the Facility Level

Two studies conducted in the nursing homes reported the compliance with infection
control guidelines at the facility level. One randomised pair-matched pilot study reported
the compliance at the facility level in two outcomes: weekly surface swab bacterial counts
and hand-washing occasions per resident/week [30]. The two outcomes were found to be
improved in the intervention in nursing homes compared with the control. One cluster-RCT
reported on hand hygiene facilities, environmental cleanliness and safe disposal of clinical
waste [32]. No statically significant difference was observed between the intervention and
control groups.

3.4.2. Secondary Outcomes
Cost Related to HCAIs

Only one study reported cost related to HCAIs [28]. The result of this study indicated
significant difference in the cost for the treatment of HCAIs between the intervention and
control groups (USD 337.3 vs. USD 516.6, p = 0.01).

4. Discussion
4.1. Main Findings

This systematic review synthesised the effectiveness of the ICT, with or without ICLN
system, in inpatient hospital, outpatient long-term haemodialysis unit and nursing home
settings. Nine cluster-RCTs included in this review tested five different types of infection
control measures performed by the ICT with or without ICLN system: formulating and
revising guidelines, performing surveillance of HCAISs, training and educating healthcare
professionals/staff, monitoring and auditing practices and standard of care and liaising
with other staff and departments. The control groups received usual care, lecture only, or
no intervention. All the included studies were rated as having high risk of bias. Overall,
we found no significant evidence suggesting that the ICT, with or without ICLN system,
compared with the control is effective in reducing the incidence of HCAIs (very low
certainty of evidence), or death due to HCAIs (very low certainty of evidence). However,
we found significant evidence suggesting that the ICT with ICLN system compared with
the control is effective in improving nurses” compliance with infection control practices
(moderate certainty of evidence). We were unable to conduct a meta-analysis for two
outcomes, length of hospital stay and cost related to HCAIs, due to the heterogeneity of
outcome measures and only one study evaluating the outcome, respectively.

Here are the possible reasons for the failure of ICT in reducing the incidence rate
of HCAISs in the studies included in this review. The first reason could be the lack of
surveillance for infection by ICT. Among the categories of intervention by ICT, surveillance
could be a key category for prevention of infections or outbreak. Hence, surveillance
used to be the primary task of infection preventionists [34,35]. The scope of surveillance
depends on the type of facility and resources available; thus, each ICT should perform
surveillance appropriate to its facility and resources. Second, ICT in nursing homes could
face more challenges due to the fact that the nursing home setting is not a closed system [25].
The unrecognised reservoirs of infection, either residents or staff, may have remained
undetected during the study due to non-participation and they may limit the success of ICT
intervention in reducing the infections. Decolonisation of colonised patients and healthcare
workers may be an additional effective measure to reduce HCAIs.

4.2. Agreements and Disagreements with Other Reviews

To the best of our knowledge, this is the first systematic review of RCTs that investi-
gated the effectiveness of the interventions performed by the ICT, with or without ICLN
system, in preventing HCAIs. Previous Cochrane reviews on professional adherence to
infection control guidelines, adherence to standard precautions and infection control strate-
gies for methicillin-resistant Staphylococcus aureus found that education alone or with
other supportive interventions (employing specialised infection control personnel) may
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improve professional adherence to infection control guidelines [36-38]. We included six
additional RCTs not included in the above Cochrane reviews [27-31,33] and excluded some
studies included in the Cochrane reviews as they were not RCTs.

Another systematic review including one of our nine RCTs reported that multidisci-
plinary intervention, including education by the ICT, is effective in improving compliance
with infection control practices among healthcare workers [39]. One systematic review
by Aboelela et al. reported that educational programmes and establishment of a mul-
tidisciplinary team may be effective strategies in reducing HCAIs; however, the effects
of interventions on healthcare workers” compliance with infection control practices were
mixed [40]. These findings were based on the non-randomised intervention (pre—post
comparison) studies that achieved quality scores of 80% or higher.

4.3. Implications for Policy

ICT in inpatient setting is already recommended in many countries [41] although it
may not be the case for an ICLN system. Our review showed that ICT with an ICLN system,
improved nurses’ compliance with infection control practices although it does not offer
any implication on the effect of ICT without an ICLN system on nurses’ compliance with
infection control practices or its comparative effectiveness.

Certain barriers to the improvement of compliance with infection control practices
may stand in the way of the successful implementation of ICT, such as workload, lack of
manpower and insufficient time and budget as suggested by Alhumaid et.al. [42]. This
highlights the need for the support of the government and leadership of the directors of
healthcare facilities or legislation.

4.4. Implications for Research

This systematic review proves the need for higher-quality studies in the research
on ICT. WHO strongly recommended that infection control program with a dedicated
and trained team should be in place in acute health care facilities for the prevention of
HCAIs. However, this recommendation was based on limited published evidence, only
two studies [43]. This shows that the effectiveness of ICT in reducing HCAIs has not been
well evaluated; thus, it is advisable to conduct more studies to provide robust insights,
especially in the current COVID-19 era. In the future update of this review, it may be
possible to evaluate the effects of ICT on the outbreak response during the COVID-19
pandemic. A head-to-head RCT of ICT with an ICLN system and ICT without an ICLN
system should ideally be conducted to answer the question on whether an ICLN system is
an indispensable component of an effective ICT.

Future studies should include both patient-based clinical outcomes (such as incidence
rate of HCAISs, death due to HCAIs and length of hospital stay) and staff-based outcomes
to obtain a full picture of the effectiveness of ICT. For the staff-based outcome, a better
reporting of compliance of infection control practices should be applied. Only two or
three studies were included in the meta-analysis of each outcome due to variation in the
outcome measures or inadequate outcome data. Future studies should employ similar
outcome measures to allow comparison across studies and pooling of results to provide
strong evidence.

Previous studies reported that nurses’ compliance with infection control practices
can help reduce the rate of HCAIs [44—46]. A clear link between ICT and improvement of
compliance has been proven by our analysis; however, there is no clear evidence to link
the improvement of compliance ICT to HCAI reduction. Further analysis is warranted
to evaluate a causal relationship between improvement of compliance and subsequent
reduction in HCAIs.
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4.5. Strengths and Limitations

The strengths of our review are the comprehensive literature searches, rigorous
methodology (assessment of eligibility, data extraction and assessment of risk of bias
independently) and use of the GRADE approach in rating the certainty of evidence for each
outcome. However, this review has some limitations. First, the detailed information of each
ICT could not be obtained from the included studies, such as how the ICT was developed
and the members of ICT were selected in each included study. Second, the interventions
and outcome measurements were heterogeneous. There were differences in the format,
structure and length of interventions delivered by the ICT and ICLNs. A high variability
in outcome measurement rendered pooling of the result data inappropriate. Third, the
certainty of evidence was very low as a consequence of high risk of bias, heterogeneity
across the studies and imprecision of the meta-analyses results. Fourth, we restricted this
review to RCTs, and found only a small number of heterogeneous studies with low-quality
evidence. Fifth limitation is the old publication year of some of the studies that may not
reflect the current infection control resources or the challenges.

5. Conclusions

There is a dearth of evidence for the effect of ICT, with or without ICLN system, in
inpatient hospitals and outpatient and long-term care facilities. We did not observe any
statistically significant evidence of ICT in reducing the incidence rate of HCAIs, death due to
HCALIs and length of hospital stay; however, ICT with ICLN system likely improves nurses’
compliance with infection control practices. Due to the high level of bias, inconsistency
and imprecision, these findings should be considered with caution. High-quality studies
using similar outcome measures are needed to demonstrate the effectiveness and cost-
effectiveness of ICT in the healthcare settings.
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Appendix A

Table Al. Description of interventions and outcomes in included studies.

Study

Control

Intervention

Reported Outcomes

ICT with or without
ICLN System

Details of Intervention

Category * Patient-Based Staff-Based

Cost

Baldwin
2010 [25]

Usual practice

ICT with ICLN system

An infection control nurse (ICN)
provided 2 h infection control education
with practical demonstration to all
nursing staff. Some staff were selected
as ICLNS to reinforce all aspects of good
infection control. ICLNs received
additional training (5 h). Repeated
training at 3 months and 6 months.

Methicillin-resistant
Staphylococcus Change in infection
aureus prevalence control audit scores
in residents

2,5

NR

Ching 1990 [26]

Lectures only
by ICN

ICT with ICLN system

An ICT drafted the urinary catheter care
guideline and introduced it via
selection and training (3 h) of ICLNS.
ICN provided educational program
(30-min lectures, repeated five times)
followed by demonstration by ICLNs
conducted in small groups of six to ten
nurses within their own wards.

Incorrect practices
1,2,4,5 NR in urinary catheter
care

NR

Donati 2020 [27]

Standard
multimodal
approach used
in the hospital

ICT with ICLN system

An ICT designed an intervention to
improve the clinical nurses’ compliance
with standard precautions and
implemented in via selection and
interactive training (3 h) of ICLNs.
ICLNSs collected observational data and
organised a 30 min audit and feedback
session quarterly with the head nurse
and ICN. Lasted for 12 months.

Compliance with
2,4,5 NR standard
precautions

NR




Int. |. Environ. Res. Public Health 2022, 19, 17075 14 of 17
Table Al. Cont.
Intervention Reported Outcomes
Study Control ICT with or without . . " N 3
ICLN System Details of Intervention Category Patient-Based Staff-Based Cost
An ICT (consisted of infection control
doctor and infection control nurse)
visited the wgrds, 1dent1'ﬁed risk faFtors Prevalence of HCAL
Regular health for developing HCAIs in each patient, length of hospital Cost of
Korbkitjaroen & ICT without coordinated with the local health care S
care and HCAI . . . 3 stays among HCAI NR antibiotics to
2011 [28] . ICLN system team to eliminate or minimise such risk . .
prevention . patients, mortality treat HCAIs
factors, and encouraged responsible
. due to HCAI
personnel to comply with the
appropriate infection control measures
for each patient. Lasted for 4 months.
An interdisciplinary team of ICT
(consisted of surgical intensive care unit
co-dlrector.s, ICU phy51c1an§,. nurses Quarterly rate of .
and infection control practitioners) central Self-perceived
Marsteller ICT without provided a multifaceted intervention . . infection
Usual care . . . . 2,4 line-associated . NR
2012 [29] ICLN system involving evidence-based practices and prevention
. . bloodstream .
the comprehensive Unit-based Safety . . behaviours
infections
Program to prevent central
line-associated bloodstream infections.
Lasted for 19 months.
An ICT (consisted of nursing home staff
who were identified as Hero In
Prevention champion) received an Facility compliance
McCnesh intensive education on infection control. Infection rates (Product
sy No intervention  ICT with ICLN system They collected and entered data 2,4,5 T consumption-hand NR
2017 [30] . . . and hospitalisation .
(infection control product consumption washing,

and surface swab) into an audit and
feedback tool weekly. Lasted for
3 months.

surface swab)
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Table Al. Cont.

Intervention Reported Outcomes
Study Control ICTIEVSE g;:t::l}:out Details of Intervention Category * Patient-Based Staff-Based Cost
A collaborative ICT (consisted of
infection manager [nurse], Recurrent
Mokrzycki U ICT without nephrologists, dialysis staff) wgrked tunnelled cuf'fed
2006 [31] sual care ICLN system closelx apd. mad.e recommendations on 3 catheter—as.somated NR NR
antibiotic adjustments, dose and bacteraemia, death
duration and tunnelled cuffed catheter from episodes
management. Lasted for 24 months.
An ICT (consisted of infection control
doctor and infection control nurse) Compliance with
provided: (1) teaching and training for hand hygiene
ICT without healthcare workers and nursing staff on facilities,
Rao 2009 [32] No intervention ICLN svstem HCAI, (2) training on environmental 2,4 NR environmental NR
Y cleanness, hand hygiene, sharp disposal, cleanliness
(3) personal alcohol-containing gel, and clinical
(4) 24-h telephone support. Lasted for waste disposal
16 months.
An ICT introduced the urinary catheter
care guideline. An ICN selected opinion Compliance with
In-service leaders to disseminate the new . dpl'nes direct
Seto 1991 [33] lecture only ICT with ICLN system guideline via(1) In-service 1,2,4,5 NR gut be 1hes, . NR
by ICN lecture + demonstration tutorial by observation
on practice

opinion leaders(2) Demonstration
tutorial by opinion leaders only

* Category: (1) developing and disseminating guidelines and policies, (2) coordinating continuous education and training, (3) establishing systems for surveillance of HCAIs (including
outbreak detection), (4) monitoring and auditing the practices and standards of care and (5) building effective links with other staff and departments.
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