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Background: Previous studies have yielded varying conclusions regarding the 
impact of single-patient room design on nosocomial infection in the intensive 
care unit (ICU). We aimed to examine the impact of ICU single-patient room 
design on infection control.

Methods: We conducted a comprehensive search of PubMed, Embase, the 
Cochrane Library, Web of Science, CNKI, WanFang Data, and CBM databases 
from inception to October 2023, without language restrictions. We  included 
observational cohort and quasi-experimental studies assessing the effect of 
single- versus multi-patient rooms on infection control in the ICU. Outcomes 
measured included the nosocomial infection rate, incidence density of 
nosocomial infection, nosocomial colonization and infection rate, acquisition 
rate of multidrug-resistant organisms (MDROs), and nosocomial bacteremia 
rate. The choice of effect model was determined by heterogeneity.

Results: Our final analysis incorporated 12 studies involving 12,719 patients. 
Compared with multi-patient rooms in the ICU, single-patient rooms 
demonstrated a significant benefit in reducing the nosocomial infection rate 
(odds ratio [OR]: 0.68; 95% confidence interval [CI]: 0.59, 0.79; p  <  0.00001). 
Analysis based on nosocomial infection incidence density revealed a statistically 
significant reduction in single-patient rooms (OR: 0.64; 95% CI: 0.44, 0.92; 
p  =  0.02). Single-patient rooms were associated with a marked decrease 
in nosocomial colonization and infection rate (OR: 0.44; 95% CI: 0.32, 0.62; 
p  <  0.00001). Furthermore, patients in single-patient rooms experienced lower 
nosocomial bacteremia rate (OR: 0.73; 95% CI: 0.59, 0.89; p  =  0.002) and lower 
acquisition rate of MDROs (OR: 0.41; 95% CI: 0.23, 0.73; p  =  0.002) than those in 
multi-patient rooms.

Conclusion: Implementation of single-patient rooms represents an effective 
strategy for reducing nosocomial infections in the ICU.

Systematic review registration: PROSPERO (CRD42023470876: https://www.
crd.york.ac.uk/PROSPERO/).
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1 Introduction

Nosocomial infections (NIs) pose a significant threat to patients 
admitted to intensive care unit (ICU) and are associated with the 
development of multiple organ dysfunction, prolonged 
hospitalization, and increased hospital mortality (1). A prospective 
cohort study involving 28 participating units across eight countries 
found that 18.9% of the 8,353 patients developed at least one 
ICU-acquired infection, leading to higher ICU mortality rates and 
extended lengths of stay in the ICU (2). The prevalence of 
multidrug-resistant organism (MDRO) infections is notably higher 
in the ICU than in other hospital units, due to the use of invasive 
devices, compromised immune statuses of patients, and increased 
antibiotic exposure (3). MDRO infections are particularly 
challenging to treat and are linked to elevated mortality rates (4). 
Additionally, patients colonized with MDRO face a higher risk of 
serious infections (5).

In the effort to prevent nosocomial colonization and infection, 
especially by MDROs, ICUs implement a multimodal approach to 
infection control, which includes antimicrobial stewardship, hand 
hygiene protocols, screening and isolation methods, and 
environmental hygiene practices (6, 7). Among these strategies, the 
design of hospitals and wards has emerged as a novel approach to 
infection control. Guidelines for ICU design recommend single-
patient rooms over multi-bed rooms (8, 9). However, existing studies 
on the impact of ICU single-patient room design on infection control 
have yielded inconsistent conclusions. Some studies have shown that 
single-patient rooms can reduce the incidence of NIs (10–12), while 
others argue that the presence of single-patient rooms does not 
necessarily correlate with a reduction in NI rates (13–15).

To elucidate the relationship between ICU design and infection 
control and provide evidence for ICU ward design, we conducted a 
systematic review and meta-analysis of existing studies examining the 
impact of ICU single-patient room design on infection control.

2 Methods

We conducted this evidence-based analysis in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 statement (see Supplementary material 1 for the 
checklist). The study protocol was registered in the PROSPERO 
International prospective register of systematic reviews under the 
registration number CRD42023470876.

2.1 Search strategy

A systematic search was performed in PubMed, Embase, the 
Cochrane Library, Web of Science, CNKI, WanFang Data, and CBM 
databases from inception to October 2023. We identified potentially 
relevant studies primarily investigating the impact of single-patient 
room design on infection control in the ICU. We  searched the 
databases using the search terms “Single,” “Private*,” “Patients’ 
Rooms,” “Intensive Care Units,” “Infection Control,” “Transmiss*” and 
“Nosocomial*.” The detailed search strategy is provided in 
Supplementary material 2. Two investigators independently screened 
titles and abstracts to identify relevant studies and subsequently 

evaluated full texts for inclusion. Any disagreements in the literature 
search were resolved through consensus.

2.2 Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1) 
conducted in patients admitted to the ICU; (2) comparing single-
patient rooms with multi-patient rooms in the ICU; (3) outcomes 
including, but not limited to, nosocomial colonization and infection 
rate, nosocomial infection rate, incidence density of nosocomial 
infection, acquisition rate of MDROs, and nosocomial bacteremia; 
and (4) sufficient data to calculate the odds ratio (OR).

Exclusion criteria were as follows: (1) editorial comments, case 
reports, conference abstracts, letters, and reviews; (2) studies defining 
the incorporation of single-patient rooms as part of a bundle 
intervention; (3) studies of single-room isolation where single-patient 
rooms were used as an infection control measure for already colonized 
or infected patients; and (4) studies not clearly stating whether the 
infections were acquired in the ICU.

2.3 Data extraction

Data extraction was independently performed by two 
investigators, with any discrepancies resolved through team 
discussion. Extracted information included first author, publication 
year, country of study, study design, study period, and key outcomes.

2.4 Quality assessment

The quality of observational cohort studies was assessed using the 
Newcastle-Ottawa Scale (NOS), which evaluates selection, 
comparability, and outcome. Studies were categorized as low (≤3 
points), moderate (4–6 points), or high (≥7 points) quality. The 
National Heart, Lung, and Blood Institute (NHLBI) tool for before/
after (pre-post) studies was used to assess the quality of 
nonrandomized quasi-experimental studies (16). Two investigators 
independently assessed the quality of included studies.

2.5 Statistical analysis

Data synthesis was conducted using Review Manager 5.4 version 
(Cochrane Collaboration, Oxford, United Kingdom). The OR for the 
incidence density of nosocomial infection was calculated based on the 
number of infections per patient-days. Mean difference and OR were 
used for comparing continuous and dichotomous variables, 
respectively. Results were presented in forest plots, with statistical 
significance indicated by a p < 0.05. Heterogeneity among studies was 
assessed using the inconsistency index (I2), with I2 > 50% indicating 
significant heterogeneity. A random-effects model was applied when 
significant heterogeneity was detected (I2 > 50%); otherwise, a fixed-
effect model was used. One-way sensitivity analyses were conducted 
to assess the influence of each individual study on the combined 
results through removing the individual study one by one. For 
outcomes with significant heterogeneity, we undertook three more 
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subgroup analysis to identify the source of heterogeneity: (i) study 
design; (ii) ICU type; and (iii) sample size. For outcomes with 10 or 
more pooled studies, we evaluated publication bias using funnel plots 
and Egger’s test via Stata 12.0 version (Stata Corp, College Station, TX, 
United States).

3 Results

3.1 Results of the search

A total of 11,119 records were identified from all databases 
(Figure 1). After removing duplicates, the search yielded 7,578 unique 
publications. Titles and abstracts were screened for relevance, resulting 
in the assessment of 25 full-text studies. Five studies were excluded 
due to incomplete data, and three were excluded as they did not 
exclusively involve ICU rooms. Additionally, five studies were 
excluded as they did not explicitly specify whether the infections were 
nosocomial. Finally, 12 full-text articles (10, 12, 14, 17–25) were 
included for the pooled analysis.

3.2 Characteristics of included studies

Table 1 summarizes the characteristics of the included studies. The 
majority (9/12) (10, 12, 14, 17, 20–24) were nonrandomized quasi-
experimental studies, while two (18, 19) were prospective 
observational studies and one (25) was retrospective observational 
study. All studies were conducted in ICU settings, with specific focus 
on neonatal ICU (3/12) (14, 20, 22) and pediatric ICU (1/12) (17). 
Most studies (11/12) (10, 12, 14, 17, 19–25) were conducted within a 
single country, with one (18) being an international multicenter study.

3.3 Quality assessment results

Results from the NHLBI tool (maximum total score: 12) indicated 
an average score of 7.89 for nonrandomized quasi-experimental 
studies, with the highest score being 9 and the lowest score being 5. 
These studies shared some common strengths, including clear research 
objectives, a representative inclusion of participants, well-defined 
intervention measures, as well as weaknesses such as not providing a 

FIGURE 1

Flow diagram of study selection.
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description of the sample size calculation method, not detailing the 
blinding method, and not assessing the impact of individual-level data 
on the group level. All three observational studies were rated as high 
quality according to the NOS. Detailed quality assessment information 
is provided in Supplementary Tables S1, S2.

3.4 Nosocomial infection rate

Data on nosocomial infection rates were available from 10 studies 
involving 11,502 patients (12, 14, 17, 19–25). A significantly lower 
nosocomial infection rate was noted in the single-patient room group 
(OR: 0.68; 95% CI: 0.59, 0.79; p < 0.00001), with no significant 
heterogeneity (I2 = 11%, p = 0.34) (Figure 2).

3.5 Incidence density of nosocomial 
infection

Four studies (12, 14, 19, 21) comprising 538 nosocomial infection 
episodes and 40,593 patient-days showed a significant reduction in 
incidence density of nosocomial infection in the single-patient room 
group (OR: 0.64; 95% CI: 0.44, 0.92; p = 0.02; Figure  3), although 
significant heterogeneity was observed (I2 = 71%, p = 0.02).

3.6 Nosocomial colonization and infection 
rate

Analysis of 12 studies (10, 12, 14, 17–25) involving 12,719 patients 
indicated a significantly lower nosocomial colonization and infection 
rate in the single-patient room group (OR: 0.44; 95% CI: 0.32, 0.62; 
p < 0.00001), despite significant heterogeneity (I2 = 79%, p < 0.00001; 
Figure 4).

3.7 Acquisition rate of MDROs

Seven articles (10, 12, 18, 19, 21, 23, 25) involving 7,042 patients 
demonstrated a significantly lower acquisition rate of MDROs in the 
single-patient room group (OR: 0.41; 95% CI: 0.23, 0.73; p = 0.002; 
Figure 5), with significant heterogeneity (I2 = 74%, p = 0.0007).

3.8 Nosocomial bacteremia rate

Analysis of six studies (14, 17, 19, 21–23) involving 8,282 patients 
revealed a significantly lower nosocomial bacteremia rate in the 
single-patient room group (OR: 0.73; 95% CI: 0.59, 0.89; p = 0.002; 
Figure 6), with no significant heterogeneity (I2 = 12%, p = 0.34).

3.9 Sensitivity analysis and subgroup 
analyses

One-way sensitivity analyses were conducted for various 
outcomes. Results indicated consistent ORs for nosocomial 
colonization and infection rate (Supplementary material 5, Figure S3), T
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acquisition rate of MDROs (Supplementary material 5, Figure S4), 
nosocomial bacteremia rate (Supplementary material 5, Figure S5), 
and nosocomial infection rate (Supplementary material 5, Figure S1). 
However, for the incidence density of nosocomial infection, excluding 
data from two studies (12, 19) resulted in instability in the pooled 
odds ratio (Supplementary material 5, Figure S2).

The results of the subgroup analyses are detailed in 
Supplementary material 6. For incidence density of nosocomial 

infection, subgroup analysis based on study design revealed a 
non-significant pooled result (OR: 0.75; 95% CI: 0.53, 1.06; p = 0.1) 
with significant heterogeneity (I2 = 55%) in QE study group. When 
we excluded the neonatal ICU data reported by Jansen et al. in 2021 
(14), the heterogeneity for the incidence density of nosocomial 
infection disappeared (I2 = 34%). Given the limited number of 
included studies, subgroup analysis based on sample size could not 
be  applied. The results of the subgroup analysis for nosocomial 

FIGURE 2

Impact of single-patient room design on nosocomial infection rate in the ICU.

FIGURE 3

Impact of single-patient room design on incidence density of nosocomial infection in the ICU.

FIGURE 4

Impact of single-patient room design on nosocomial colonization and infection rate in the ICU.
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FIGURE 6

Impact of single-patient room design on nosocomial bacteremia rate in the ICU.

colonization and infection rate were comparable to those of the pooled 
analysis, and substantial heterogeneity remained. The heterogeneity 
observed in the acquisition rate of MDROs was eliminated in the 
subgroup analysis based on sample size, indicating that sample size 
accounts for the heterogeneity.

3.10 Publication bias

Egger’s test and funnel plot were performed to evaluate the 
potential publication bias of the two outcomes. For nosocomial 
infection rate, funnel plot was unsymmetrical 
(Supplementary material 4, Figure S1) and Egger’s test also detected 
evidence for publication bias (p = 0.012, Egger’s test). For nosocomial 
colonization and infection rate, publication bias was observed by both 
the funnel plot and Egger’s test (Supplementary material 4, Figure S2; 
p = 0.009, Egger’s test).

4 Discussion

This study represents the first systematic review and meta-analysis 
assessing the impact of ICU ward design on nosocomial infection 
control. Our findings provide compelling evidence that adopting 
single-patient room design as an infection control strategy significantly 
reduces the incidence of nosocomial infection in ICU settings, with 
implications for future ICU design.

The role of ICU single-patient room design in nosocomial 
infection control can be  elucidated through several mechanisms. 
First, implementing single-patient room design increases space per 
bed, potentially reducing overcrowding for medical staff and visitors 
and consequently lowering the risk of pathogen transmission through 
contact (26). Second, the contamination of the ward environment is 
a recognized cause of NIs (27). Compared with multi-bed rooms, 
single rooms entail less sharing of medical equipment, thereby 
reducing the risk of environmental contamination. Third, single-
patient room design may enhance healthcare workers’ compliance 
with infection control practices by providing visual cues that 
reinforce the necessity of hand hygiene due to the spatial separation 
from other beds (28).

Our hypothesis focuses on the role of single-patient room design 
specifically in reducing NIs, not non-NIs. During literature screening, 
studies were excluded if they did not explicitly specify whether 
infections were nosocomial (11, 13, 15, 29, 30). Although most 
included studies defined NIs as those occurring 48 h after admission 
(10, 17–19, 21–25), variations existed, with one (14) extending the 
timeframe to 72 h and two others (12, 20) not specifying a time cutoff.

To comprehensively analyze the impact of single-patient room 
design on nosocomial infection control, we included patients testing 
positive for pathogens after 48 h of ICU admission in two outcomes, 
without differentiating between infection and colonization. This 
approach is justified as colonization often precedes infection, 
particularly with MDROs. Previous studies have shown that the risk 
of nosocomial infection is 25% with vancomycin-resistant 

FIGURE 5

Impact of single-patient room design on acquisition rate of MDROs in the ICU.
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enterococcus colonization (31), 11% with methicillin-resistant 
Staphylococcus aureus colonization (32), and up to 38% with 
Candida colonization (33). Our results indicate that the design of 
single-room wards can reduce the pathogen detection rate, including 
MDROs, potentially explaining the reduction in nosocomial 
infection rates.

Methodologically, research on the impact of single-patient room 
design on nosocomial infection control falls into two categories: 
before/after designs and observational studies. The majority of the 
included studies (9/12) are of a before/after design (10, 12, 14, 17, 
20–24). While before/after studies involve ICU relocation and cover 
extended time periods, making interpretation of changes in other 
factors challenging, observational studies (3/12) offer better control of 
confounding factors as ICUs did not undergo relocation (18, 19, 25). 
This allowed for better control of confounding factors. However, 
random assignment of patients to different room types was lacking in 
these studies, highlighting the need for randomized controlled trials 
to validate the role of ICU single rooms in NIs.

While our study underscores the effectiveness of single-room ICU 
ward design in reducing NIs, it is essential to acknowledge the 
associated higher construction, operation, and maintenance costs. 
Hospitals must weigh these costs against potential savings from 
reduced hospital-acquired infections. A simulation case study by 
Hessam et al. suggested that cost savings from infection reduction 
could outweigh additional expenses in ICU settings (34). As this study 
is still a proof-of-concept study, it is important to consider that real-
world complexities may differ, warranting cautious interpretation of the 
study results.

This study has several limitations. First, the analysis included both 
retrospective and prospective cohort designs, as well as 
nonrandomized quasi-experimental designs, all of which were prone 
to confounding bias. Second, publication bias was observed in all 
outcomes with 10 or more pooled studies, suggesting the presence of 
unpublished studies with negative results. Finally, only four studies 
reported incidence density data, a commonly used indicator for 
nosocomial infection surveillance.

5 Conclusion

In conclusion, our systematic review and meta-analysis 
demonstrate that implementing single-patient rooms in ICUs 
effectively reduces nosocomial infection rates, incidence density of 
nosocomial infection, nosocomial colonization and infection rate, 
acquisition rate of MDROs, and nosocomial bacteremia rate. 
Therefore, ICU single-patient room design is recommended for 
nosocomial infection control.
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