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Contamination of inanimate surfaces and equipment
may play a role in cross-transmission of bacteria in the
intensive care unit (ICU), despite current standards of
terminal cleaning [1-3]. This is particularly relevant due
to the high prevalence of multidrug-resistant (MDR)
colonization of critically ill patients and the virulence
and invasiveness of bacteria, which frequently present
multidrug resistance to antimicrobials (e.g. Staphylococ-
cus aureus, Acinetobacter baumanii, Klebsiella pneumo-
niae). Moreover, colonization has been identified as a
risk factor for subsequent infections in critically ill
patients [4, 5].

We searched Medline, Scopus, and CINHAL data-
bases for either prospective or retrospective studies
reporting data on ICU-acquired bacterial species and
carriage status of the same species by the prior bed
occupant. An exclusion criterion was the non-ICU
setting due to differences in terminal cleaning proce-
dures and the hospital environment of the patients.
We applied no language restrictions and did not con-
sider gray literature. We performed a random-effect
meta-analysis (Mantel-Haenszel method) of included
studies and calculated the odds ratio (OR) for acquir-
ing specific microorganisms as well as from the
pooled data (Fig. 1). We assessed the heterogeneity
among studies by the I” statistic.

The full search strategy can be found as Additional file 1.
Our search strategy found a total of 2264 articles from
inception to 1 January 2017 (1247 Medline, 654 Scopus,
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( BioMVed Central

363 CINHAL). Two authors (VR and AC) independently
performed the search and extracted the data. In case of
disagreement, it was solved by consensus with another
author (SMR). We used Review Manager 5.3.

We selected six studies for inclusion (two prospective
cohort study, one post-hoc analysis of a prospective
interventional cross-over study, and three retrospective
studies) for a total of 33,494 patients. The list of
included studies and references is available as Additional
file 2. Among 3838 patients admitted to ICU beds with
prior infected/colonized occupants, 230 acquired bac-
teria compared to 954 among 29,656 in the control
group. The overall pooled OR of acquiring a bacterial
pathogen from prior ICU bed occupants was 2.13 (95%
confidence interval 1.62—-2.81). We observed a substan-
tial heterogeneity among included studies (I* = 61%, P =
0.01). Figure 1 shows the forest plot of meta-analysis of
studies with subgroup analyses according to microorgan-
isms and pooled data.

Patients admitted to ICU beds of prior occupants
who were carrying bacterial pathogens should be con-
sidered at increased risk of ICU-acquisition compared
to other ICU patients. It should be highlighted that
these results refer to acquisition of bacteria and not to
infection. However, it may be argued that acquiring
bacteria may lead to colonization and nosocomial infec-
tions during the ICU stay due to disruption of natural
barriers for invasive procedures (e.g., insertion of
central venous catheters, arterial lines), use of broad-
spectrum antibiotics, and impaired immunological
function. A possible explanation for these results is that
bacteria frequently encountered in the ICU, especially
MDR, may have the ability to survive standard terminal
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Test for overall effect: Z = 5.39 (P < 0.00001)

Test for subgroup differences: Chi? = 16.05, df = 5 (P = 0.007), I> = 68.8%

Exposure No exposure Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 MRSA
Huang 2005 57 1454 248 8697 18.3% 1.39[1.04, 1.86] —
Subtotal (95% CI) 1454 8697 18.3% 1.39 [1.04, 1.86] <@
Total events 57 248
Heterogeneity: Not applicable
Test for overall effect: Z = 2.20 (P = 0.03)
1.1.2 VRE
Drees 2008 19 138 31 500 10.9% 2.42[1.32, 4.43] L
Huang 2005 58 1291 256 9058 18.4% 1.62 [1.21, 2.16] ——
Subtotal (95% CI) 1429 9558 29.3% 1.80 [1.27, 2.56] <o
Total events 77 287
Heterogeneity: Tau? = 0.02; Chi’ = 1.37,df = 1 (P = 0.24); I = 27%
Test for overall effect: Z = 3.30 (P = 0.0010)
1.1.3 Clostridium difficile
Shaughnessy 2011 10 91 77 1679 9.3% 2.57[1.28, 5.15] s —
Subtotal (95% CI) 91 1679 9.3% 2.57 [1.28, 5.15] ‘
Total events 10 77
Heterogeneity: Not applicable
Test for overall effect: Z = 2.66 (P = 0.008)
1.1.4 Acinetobacter
Nseir 2011 16 52 41 459 9.8% 4.53[2.32, 8.86] I —
Tsakiridou 2014 17 79 5 114 5.3% 5.98 [2.10, 16.99] I —
Subtotal (95% CI) 131 573 15.1% 4.91 [2.79, 8.64] R
Total events 33 46
Heterogeneity: Tau? = 0.00; Chi?> = 0.20, df = 1 (P = 0.65); I> = 0%
Test for overall effect: Z = 5.53 (P < 0.00001)
1.1.5 Pseudomonas
Nseir 2011 21 85 61 426 11.8% 1.96 [1.12, 3.45] .
Subtotal (95% CI) 85 426 11.8% 1.96 [1.12, 3.45] ‘
Total events 21 61
Heterogeneity: Not applicable
Test for overall effect: Z = 2.35 (P = 0.02)
1.1.6 Klebsiella or E. coli
Ajao 2013 32 648 235 8723 16.1% 88[1.29, 2.74] —
Subtotal (95% ClI) 648 8723 16.1% 1.88 [1.29, 2.74] <
Total events 32 235
Heterogeneity: Not applicable
Test for overall effect: Z = 3.26 (P = 0.001)
Total (95% CI) 3838 29656 100.0% 2.13 [1.62, 2.81] <&
Total events 230 954
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Fig. 1 Forest plot of studies evaluating the risk of acquiring bacteria from prior ICU bed occupants. C/ confidence interval, M-H Mantel-Haenszel,
MRSA methicillin-resistant Staphylococcus aureus, VRE vancomycin-resistant enterococci

cleaning procedures in the environment close to the
patients after discharge. Further research should evalu-
ate the role of bacteria acquisition from prior ICU bed
occupants in terms of patient-related outcomes and the
impact of new strategies for terminal cleaning to reduce
hospital-acquired infection.
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