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Background: Multi-drug resistant (MDR) bacteria pose a major global threat to public-
health and are of particular concern to hospitalized intensive care unit (ICU) patients.
This study aimed at addressing the burden of MDR and the associated factors at admission
to ICU.
Methods: This was a cross-sectional study conducted at the ICU of a tertiary hospital in
Tanzania. Rectal and anterior nares swabs were collected within 48 hours of ICU admission
to screen for extended-spectrum beta-lactamase-producing Enterobacterales (ESBL-PE)
and meticillin-resistant Staphylococcus aureus (MRSA), respectively.
Results: The proportion of fecal carriage for ESBL-PE at admission to ICU was 54.54% (95%
CI, 47.52e61.39), and nasal carriage for MRSA was 9.32% (95%CI, 5.67e14.93). The nasal
MRSA colonization (OR ¼ 1.52) and fecal carriage for ESBL-PE (OR¼1.38) were more likely
in participants who had received antibiotics before ICU admission than not, but association
was not statistically significant. Hospitalization for �2 days (OR¼1.18) was associated with
fecal carriage of ESBL-PE, though not statistically significant. Overall, 66% and 73.5% of
patients received antibiotics before and upon admission to ICU, respectively. Ceftriaxone,
metronidazole and meropenem were commonly prescribed antibiotics. More than 84% of
Enterobacterales were resistant to ciprofloxacin and trimethoprim-sulfamethoxazole, and
2.90% were resistant to meropenem. MRSA isolates showed a high rate of resistance to
gentamicin and erythromycin.
Conclusion: MDR bacteria are common in patients admitted to ICU. To reduce the risk
associated with MDR, we recommend use of simple screening methods to screen for MDR at
ICU admission as part of infection control and prevention.
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Background

The intensive care unit (ICU) is often considered the epicenter
of infections due to its extremely vulnerable population and the
high use of invasive devices. As a result, the ICU has one of the
highest incidences of nosocomial infections ranging between 20%
to 36% [1,2]. Invasive procedures and high consumption of broad-
spectrumantimicrobial agentsmake the ICU environment a focal
point for the emergence and spread of antimicrobial-resistant
(AMR) pathogens. Antibiotic use exerts selective pressure lead-
ing to the overgrowth of resistant bacterial populations (endog-
enous colonization). Theoretically, colonization of patients with
these pathogens is the prerequisite for subsequent invasive dis-
ease [3], and infections in ICU result in significant morbidity,
mortality, and high healthcare costs [2,4].

Globally,MRSAand vancomycin-resistant enterococci (VRE) are
themost commonGram-positive resistantmicroorganisms causing
infection in ICU patients [3e6], whereas resistance in Gram-
negative bacteria is primarily due to the rapid increase of ESBL-
PE and MDR in Pseudomonas aeruginosa, Acinetobacter spp, and
Stenotrophomonas maltophilia [6e8]. In addition, studies have
revealedan increase inESBL-PEandMDRbacteria inAfrica, causing
healthcare-acquired infections in ICU [9e12]. Irrational anti-
microbial use and MDR bacteria colonization are recognized risk
factors for MDR infections leading to increased mortality [12e14].

Recent studies in Tanzania observed an increase in the
prevalence of MDR bacteria causing infections and colonization
of healthy populations [15e18]. The prevalence of fecal car-
riage of ESBL-PE in Tanzania ranges between 30% and 50% in
hospitals and communities [17e21]. Studies have reported the
isolation of MRSA and ESBL-PE in bloodstream infections
[15,16], surgical site infections [22,23], and urinary tract
infections [24,25]. A more recent study at a referral hospital in
Northern Tanzania reported that contaminated cots were
associated with MDR-Gram negative bloodstream infections in
the critical care unit [26].

Due to increased MDR bacteria reported in clinical settings,
control of their spread in the ICU remains a major concern.
Developed countries advocate for universal screening of MDR
bacteria at ICU admission, but this is not the case in Tanzania.
So far in Tanzania, data on MDR bacteria infections and colo-
nization in ICU has been limited to a few studies that found
ESBL-PE to be the most common cause of infections in ICUs
[26,27]. In addition, MRSA nasal colonization for healthcare
workers and patients in ICU was 2.1% and 11.38%, respectively
[28]. However, none of these studies looked at MDR bacteria
colonization at admission to the ICU. Therefore, we designed
this study to address the burden of MDR colonization among
patients on admission to the ICU and associated factors.

Materials and methods

Study setting and population

This cross-sectional study was performed for eight months,
from July 2018 to February 2019, in the ICUs at Muhimbili
National Hospital (MNH), in Dar es Salaam, Tanzania. TheMNH is
the largest tertiary health care facility in Tanzania with a 1500-
bedcapacity,which serves as a teachingand tertiary hospital for
the population of Dar es Salaam and Tanzania at large. The
hospital attends to 1000 to 1500 outpatients per day, admitting
1000 to 1200 inpatients per week. The facility has three ICUs for
medical, surgical, obstetrics and gynecology. The medical ICU
admits patients with medical-related conditions, the surgical
ICU admits patients with different surgical conditions as well as
post-surgical procedures, and obstetrics and gynaecology
admits patients with obstetrical and gynaecological conditions.
In rare cases, children are also admitted tomedical and surgical
ICUs. Our study enrolled patients admitted to medical and sur-
gical ICUs, which have 31 beds in total.

Patients admitted to ICU during the study period and able to
have specimens collected were recruited in this study. Labo-
ratory procedures were conducted at the bacteriology research
laboratory at Muhimbili University of Health and Allied Sciences
(MUHAS).

Infection prevention and control practice at the study
setting

Hand washing is the cornerstone of infection prevention
practices, but it is not used consistently.Wearing gloves is
commonly practiced, specifically during patient examinations.
There is also dedicated staff, primarily for the ICU. However,
surveillance, antimicrobial stewardship, and educational
interventions are not practiced. In addition, a small number of
patients’ relatives are also allowed to visit their loved ones.

Data collection

We obtained clinical and demographic information like
patients’ age, sex, ward before ICU admission, previous hos-
pital antimicrobial exposures, antibiotic usage in hospital
(before and after ICU admission), length of hospitalization
before ICU admission, history of hospitalization in the past 6
months, co-existing conditions, history of surgery, and invasive
procedures from patients’ clinical notes.

Specimen collection and laboratory methods

Rectal and nasal swabs were collected within 48 hours of ICU
admission for MDR organisms screening. Rectal swabs were
screened for ESBL-PE, and MRSA colonization was screened
from nasal swabs. Rectal swab specimens were cultured on
selective and non-selective media.

The rectal swabs were inoculated on MacConkey agar
(Oxoid, UK) supplemented with 2mg/ml of ceftazidime and
MacConkey agar (Oxoid, UK) non supplemented by ceftazi-
dime. Both plates were incubated aerobically at 37 �C for
18e24 hours. The plain MacConkey agar plate aimed to check if
the swabs contained viable bacteria. Nasal swabs were cul-
tured on sheep blood agar (Oxoid, UK) and incubated aerobi-
cally at 33 0C for 18e24 hours for isolation S. aureus.
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Identification and confirmation of ESBL-PE

Colonies growing on MacConkey agar (Oxoid, UK) supplemented
with 2mg/ml of ceftazidimewereGramstained, followedbyoxidase
testing. All Gram-negative and oxidase-negative colonies were fur-
ther identified by API 20E (bioMérieux, Marcy-I-Etoile, France).
Results were read on APIWEB� (https://apiweb.biomerieux.com/
identIndex). We confirmed ESBL-PE by double disk combination
methods,usingbothceftazidime (30g)plus ceftazidime-clavulanate
(30/10mg) and cefotaxime (30mg) plus cefotaxime-clavulanate (30/
10 mg). Performance and interpretation followed clinical and labo-
ratory standard institute guidelines [29].

Identification and confirmation of MRSA

Colonies growing on sheep blood agar were first identified by
Gram stain, followed by catalase testing. All Gram-positive
cocci and catalase-positive isolates were subjected to tube
coagulase test and mannitol fermentation test; positive iso-
lates were identified as S. aureus. Finally, all S. aureus isolates
were subjected to a multiplex polymerase chain reaction (PCR)
for confirmation of S. aureus and detection of MRSA. The
multiplex PCR used two set of primers for the nuc and mecA
genes, which were used to detect S. aureus and MRSA,
respectively. The primers and conditions for the multiplex PCR
have been previously described [30].

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing for both ESBL-PE and
MRSA was performed by the Kirby Bauer disk diffusion method.
Performance and interpretation were made following the
clinical and laboratory standard institute (CLSI) guidelines [29].

Statistical analysis

Data were analyzed using STATA/IC 16.1 (StataCorp LCC, 4905
Lakeway Drive College Station, Texas 77845 USA). Categorical
variables were presented by frequency, proportions, and per-
centages. Numerical variables like age were presented bymeans
and standard deviation. The Chi-square test or Fisher’s exact test
was used to compare the association between two categorical
variables. Logistic regression was used to analyze associations
between independent variables and dependent variables. A p-
value<0.05 was considered statistically significant.

Ethical consideration

We obtained ethical clearance from MUHAS Senate Research
and Publications Committee. Permission to conduct the study
at MNH was obtained from the MNH Director of Research.
Written informed consent was requested from the patients or
guardians or legally authorized persons (for unconscious
patients) to participate in the study.

Results

Clinical and demographic characteristics of the study
participants

The study enrolled a total of 228 patients admitted to ICUs,
but only 198 had complete data analysed in this study. The age
distribution ranged from 1e95 years, with a mean age of 40.70
years, standard deviation (SD) 22.51. Participants in the age
group 46e60 years and 16e30 years were more frequent than
other groups, and 1e15 years was the least frequent age group.
Males accounted for most of the enrolled participants, and
most of participants hadmore than one underlying disease. The
majority of patients were transferred from the emergency
medicine department (EMD) and medical wards. More than half
of participants were hospitalized for one day before being
transferred to ICU. More than two-thirds of participants had no
prior hospitalization in the six months preceding ICU admission.
However, the previous hospitalization status of 28 participants
was unknown. Antibiotic use prior to ICU admission was wide-
spread, accounting for 66% of all participants (Table I).

The proportion of feacal ESBL-PE and nasal MRSA
colonization at ICU admission

Overall, the proportion of patients with fecal carriage of
ESBL-PE at admission to ICU was 54.54% (108/198), 95% CI
47.52e61.39. Meanwhile, the proportion of patients with nasal
carriage for MRSA was 9.32 (15/161), 95%CI 5.67e14.93.
Patients who received antibiotics before admission had a
higher proportion of ESBL-PE fecal carriage than those who did
not (Table II). The difference, however, was not statistically
significant (p-value 0.285). The proportion of patients with
fecal carriage for ESBL-PE at ICU admission did not differ by age
group, gender, ward prior to ICU admission, or days hospi-
talized prior to ICU admission (p-value > 0.05). Those who had
no prior history of hospitalization in the previous six months
had higher fecal carriage of ESBL-PE than those who had history
of hospitalization (P-value 0.037).

Factors associated with feacal carriage of ESBL-PE and
nasal MRSA colonization at ICU admission

Hospitalization for two or more days before ICU admission
(OR¼1.18) and antibiotic use prior to ICU admission (OR¼1.38)
showed a trend of increased odds of feacal carriage of ESBL-PE.
However, the association was not statistically significant
(Table III). Previous hospitalization in the last six months was
protective for the fecal carriage of ESBL-PE, OR 0.50 (95%CI
0.26e0.96, p 0.038). Nasal MRSA colonization was more likely
in participants who had received antibiotics prior to ICU
admission (OR ¼ 1.52) than those who had not. However, the
likelihood was not statistically significant (95%CI 0.46e5.018, p
0.491) (Table III).

Antibiotic prescription patterns among the study
participants

Overall, 66% of patients received antibiotics prior to
admission to ICU. Subsequently, 73.5% of participants were
prescribed antibiotics upon ICU admission. Ceftriaxone and
metronidazole were two antibiotics that were commonly
administered both before and after ICU admission. In addition,
meropenemwas also a common antibiotic prescribed in the ICU
(Figure 1). In both cases, before and after ICU admission,
antibiotics were administered to 37% of the participants with-
out any documentation of an indication for antibiotic pre-
scription. Sepsis, pneumonia, and surgical antimicrobial
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Table II

Proportion of fecal ESBL-PE and nasal MRSA colonization at ICU
admission

Variables Frequency ESBL p-value

Age (years)
1e15 29 16 (51.72) 0.873
16e30 47 25 (53.19)
31e45 36 23 (62.16)
46e60 47 24 (51.06)
�61 37 21 (55.26)
Sex
Male 115 62 (53.91) 0.893
Female 83 45 (54.88)
Underlying diseases
Septicemia 46 25 (54.35) 0.752
Kidney diseases &
Respiratory diseases

26 15 (57.69)

Post-exploratory
laparotomy

33 19 (57.58)

Malginant & HIV 34 19 (55.88)
Stroke & DM 36 19 (58.33)
Others 23 9 (39.13)
Ward before ICU admission
EMD 71 40 (56.34) 0.437
Medical 68 34 [41]
Surgical 47 25 (53.19)
Pediatric 12 9 (75.00)
Days hospitalized before
ICU admission

1 119 63 (52.94) 0.296
2e3 25 14 (56)
4e7 29 20 (68.97)
�8 25 11 (44)
Hospitalization in last
6 months

Yes 53 24 (45.28) 0.037
No 117 73 (62.39)
Antibiotic use before ICU
admission

Yes 131 75 (57.25) 0.285
No 67 33 (49.25)

HIV-Human immunodeficiency virus, DM-Diabetes mellitus, EMD-
Emergency department, ICU-Intensive care unit.

Table I

Demographic and clinical characteristics of patients admitted to
ICU

Variables Frequency Percentage/

mean (SD)

Age (years)
Mean 40.70 SD 22.51
Age group
1e15 29 14.65
16e30 47 23.74
31e45 36 18.37
46e60 47 23.74
�61 37 18.88
Sex
Male 115 58.09
Female 83 41.91
Underlying diseases
Septicemia 46 23.23
Kidney disease & Respiratory
disease

26 13.13

Post-exploratory laparotomy 33 16.67
Malginant & HIV 34 17.17
Stroke & DM 36 18.18
Others 23 11.62
Ward before ICU admission
EMD 71 35.86
Medical 68 34.34
Surgical 47 23.74
Pediatric 12 6.06
Days hospitalized before ICU
admission

1 119 60.10
2e3 25 12.63
4e7 29 14.65
�8 25 12.63
Hospitalization in last six months
Yes 53 31.18
No 117 68.82
Antibiotic use before ICU
admission

Yes 131 66.16
No 67 33.84

HIV-Human immunodeficiency virus, DM-Diabetes mellitus, EMD-
Emergency department, ICU-Intensive care unit, SD-standard deviation.
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prophylaxis were the most common indications for antibiotic
prescription in both settings for those with documented indi-
cation for antibiotic use.

Bacterial isolates and antimicrobial susceptibility
patterns

Overall, 138 Enterobacterales were isolated from 108 par-
ticipants with fecal carriage of ESBL-PE. Escherichia coli was
the most common, accounting for 88 (64%) isolates, followed
by Klebsiella pneumoniae, 39 (28%) isolates. Overall, 84% and
90% of Enterobacterales were resistant to ciprofloxacin and
trimethoprim-sulfamethoxazole, respectively. Klebsiella
pneumoniae showed a higher percentage of resistance above
69% to ciprofloxacin, trimethoprim-sulfamethoxazole, and
gentamicin (Table IV). Overall, Enterobacterales displayed low
resistance to imipenem; only 2.9% were resistant. MRSA iso-
lates showed a high percentage of resistance to gentamicin
(80%), erythromycin (93%), and ciprofloxacin (60%).

Discussion

Review of previous studies on MDR bacteria in Tanzania
revealed paucity of information regarding MDR bacteria colo-
nization at admission to the ICU. Therefore, this study was
designed to shed light on the burden of MDR colonization
among patients on admission to the ICU and associated factors.
The present study conducted during admission to the ICU
revealed that more than half of the patients had fecal carriage
of ESBL-PE. The finding indicates that most patients were at
risk of contracting ESBL-PE infections during their course of
admission to the ICU. As previous studies have shown, colo-
nization with resistant bacteria is the pre-request for



Table III

Factors associated for fecal carriage of ESBL-PE and nasal colonization of MRSA

Variables Frequency Proportion of

ESBL carriage

OR 95%CI P-value

Days hospitalized before ICU admission
1 119 63 (52.94) 1
�2 79 45 (56.96) 1.18 0.66e2.09 0.578
Hospitalization in last 6 months
No 117 73 (62.39) 1
Yes 53 24 (45.28) 0.50 0.26e0.96 0.038
Antibiotic use before ICU admission
No 67 33 (49.25) 1
Yes 131 75 (57.25) 1.38 0.76e2.49 0.286
Proportion of MRSA colonization
Days hospitalized before ICU admission
1 91 9 (9.89) 1
�2 70 6 (8.6) 0.96 0.86e1.06 0.410
Hospitalization in last 6 months
No 123 12 (9.76) 1
Yes 36 3 [42] 0.84 0.22e3.16 0.797
Antibiotic use before ICU admission
No 56 4 (7.14) 1
Yes 105 11 (10.48) 1.52 0.46e5.02 0.491
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subsequent infections [3,31]. On the other hand, the high
carriage we have observed in these patients at admission
indicates a high risk of spreading ESBL-PE to other patients
admitted to the ICU. Our findings align with those of our earlier
investigations conducted in Dar es Salaam among inpatients
(35e64%) and outpatients (32.6%) [18e20,32], which revealed
a significant proportion of fecal carriage for ESBL-PE and pre-
vious use of antibiotic was found to be a reason for the high
carriage. Previous use of antibiotics and hospitalization have
all been associated with fecal carriage of ESBL-PE [13,19,20].
Almost 66% of the patients in the present study had used
antibiotics before admission, but only 31% had previously been
Figure 1. Antibiotic prescription patte
hospitalization in the last six months. Our findings of high fecal
carriage of ESBL-PE advocate for implementing targeted or
universal screening for ESBL-PE during ICU admission to reduce
the risk associated with ESBL-PE infections, including increased
mortality and healthcare costs. Screening for ESBL-PE, on the
other hand, should be combined with additional infection
prevention strategies such as decolonization, contact pre-
cautions for confirmed cases, and isolation of patients at risk of
ESBL-PE colonization during ICU admission. All these measures
are not taken at our study setting, putting patients at an
increased risk for ESBL-PE infections. However, in this limited
resource setting, a cost analysis of screening in comparison
rns among the study participants.



Table IV

Antimicrobial susceptibility pattern ESBL PE and MRSA

Bacteria Percentage resistance

Imipenem SXT Gentamicin Ciprofloxacin Erythromycin Clindamycin

E. coli (88) 2.27 88.64 46.59 84.09 - -
K. pneumoniae (39) 5.13 89.74 69.23 82.05 - -
Other Enterobacterales (11) 0 100 81.81 90.91 - -
Overall Enterobacterales (138) 2.90 89.86 55.47 84.06 - -
MRSA [41] - - 80 60 93.33 46.67

SXT: Trimethoprim-sulfamethoxazole.
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with the implication of not screening should be performed.
But, in other settings, the benefit of screening for MDR colo-
nization outweighs that of not screening in the prevention of
infections.

We found a relatively low proportion (9%) of MRSA nasal
carriage at admission to the ICU less than previously reported
from the same hospital [28]. However, the previous study
investigated patients already admitted to the ICU, accounting
for a much higher proportion. The ICU itself has been regarded
as an epicenter for the emergence and spread of MDR bacteria
[33]. This explains the high proportion of MRSA observed in
previous studies [13,28]. The low proportion of MRSA observed
in our study could be accounted for by screening for colo-
nization from only one anatomical site (the anterior nares).
Combinations of swabs from anterior nares, perineal, and
groins have been shown to increase the proportion of MRSA
colonization [34,35]. In addition, we used general purpose
medium instead of selective medium for MRSA, which could
have led to missing some MRSA strains, as in colonization car-
riage of both phenotypic strains of MRSA and meticillin-
susceptible S. aureus is a common phenomena.The pro-
portion of nasal carriage of MRSA observed in our study still puts
these patients at risk for subsequent MRSA infections, which
are frequently serious and have a poor treatment outcome.
Furthermore, these patients may also act as reservoirs for
MRSA spread in the ICU if control and preventive measures are
not implemented.

Identifying risk factors for carriage of MDR bacteria upon ICU
admission is critical for selecting effective control and pre-
vention strategies and planning for resource allocation. The
present study demonstrated that antibiotic use before ICU
admission was associated with both fecal carriage of ESBL-PE
and nasal carriage of MRSA. On the other hand, hospital-
ization for �2 days before ICU admission was associated with
fecal carriage of ESBL-PE. Antibiotic overuse exerts selective
pressure, favoring the overgrowth of antibiotic-resistant bac-
teria populations. Meanwhile, hospitalization increases the
chances of exogenous acquisition of antibiotic-resistant bac-
teria by direct or indirect transmission. Previous studies have
also documented that antibiotic use before hospitalization and
days of hospitalization are risk factors for the carriage of multi-
drug resistant bacteria [17,18,36].

Although our findings did not show a factor that had a strong
association with fecal carriage of ESBL-PE or nasal carriage of
MRSA, the likelihood of these factors being associated with
carriage of MDR was present, as observed in univariate analysis.
The lack of independent association between factors and car-
riage of MDR observed in the current study indicates that risks
for carriage are evenly distributed. The lack of an independent
association with antibiotic use could be explained by recall
bias, as we only collected data from clinical case notes. On the
other hand, referral notes, in most instances, did not document
a history of antibiotics. A small sample size could also explain
the lack of an independent association between hospital stay
and ESBL-PE and MRSA carriage. Our findings support the
introduction of universal screening for carriage of MDR upon
ICU admission in our settings, followed by either contact iso-
lation or decolonization as previously advocated in settings
with a high prevalence of MDR bacteria [37,38]. This would help
reduce the risk of infection caused by MDR in already immu-
nocompromised ICU patients.

The finding of previous hospitalization being protective
against carriage of ESBL-PE in this population is contrary to
observations from previous studies [13,39]. The single centre
and small sample size may have underpowered our study to
detect a plausible association. In addition, depending on
information from clinical case notes to collect information
could have led to recall biases. Most of the participants were
seriously ill and some were not conscious; for other patients,
we could not find relatives to gather information from or rel-
atives could not recall.

We observed that most patients in this study were pre-
scribed antibiotics before and upon admission to the ICU. More
than a quarter of prescriptions had no indications. For those
with indications, investigation of suspected infections was
rarely done as bacterial culture results could not be traced in
the patients’ case notes. Ceftriaxone and meropenem were
commonly prescribed antibiotics: these antibiotics have high
resistance potential [40]. The association between the irra-
tional use of a WHO “watch” group antibiotics and antibiotic-
resistant bacteria is well known [18,19]. The use of ceftriax-
one could explain the high proportion of fecal carriage of ESBL-
PE observed in this study. On the other hand, if suspected
infections in this study were due to ESBL-PE, treatment with
ceftriaxone could have been ineffective. Our findings of ESBL-
PE carriage, increased use of ceftriaxone and meropenem, and
failure to perform bacteria culture and sensitivity tests in the
study setting call for the establishment and strengthening of
infection control and prevention, as well as antimicrobial
stewardship programs.

The majority of antibiotics tested in this study were ineffec-
tive in treating ESBL-PE infections. Even though these antibiotics
were not regularly prescribed in our study population, they are
widely available and marketed over-the-counter in the country.
Our findings align with prior research reports from around the
country [15,24,27], demonstrating that ESBL-PE and MRSA are
highly resistant to most antibiotics. However, only 3% of Enter-
obacterales were resistant to meropenem, indicating that it is
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still useful in treating ESBL-PE infections. This antibiotic has a
high potential of developing resistance, being grouped in WHO
watchclassificationhasa relativelyhigh riskof selectingbacterial
resistance [40]. The use ofmeropenem in this setting needs to be
controlledandcloselymonitoredand shouldbeakey target in the
local antimicrobial stewardship program. Without robust control
measures, this antibiotic will soon become ineffective, as our
observation is that it is commonly prescribed in the ICU without
confirmatory objective evidence of causative agents by culture.

One of the limitations of our study is that we were not able to
account for antibiotic use in the community, leading to this high
rateof fecal carriage for ESBL-PE, and this is a single-center study
that is not necessarily generalizable. Furthermore, this study
failed to take into account whether the ESBL-PE was acquired
from community or hospital.

In conclusion: MDR bacteria are common in patients
admitted to our ICU. To reduce the risk of ESBL-PE and other
MDR bacteria, we recommend that facilities across the country
use the simple screening method for ESBL-PE at ICU admission.
Furthermore, we recommend that further infection-prevention
strategies for MDR bacteria be used in the study setting, such as
preemptive isolation of patients at risk of MDR bacteria car-
riage, decolonization, and contact precautions.
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