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o r i g i n a l a r t i c l e

Reconsidering Contact Precautions for Endemic Methicillin-Resistant
Staphylococcus aureus and Vancomycin-Resistant Enterococcus

Daniel J. Morgan, MD, MS;1 Rekha Murthy, MD;2 L. Silvia Munoz-Price, MD, PhD;3 Marsha Barnden, RNC, MSN, CIC;4

Bernard C. Camins, MD, MSc;5 B. Lynn Johnston, MD, MSc;6 Zachary Rubin, MD;7 Kaede V. Sullivan, MD;8

Andi L. Shane, MD, MPH, MSc;9 E. Patchen Dellinger, MD;10 Mark E. Rupp, MD;11 Gonzalo Bearman, MD, MPH12

background. Whether contact precautions (CP) are required to control the endemic transmission of methicillin-resistant Staphylococcus
aureus (MRSA) or vancomycin-resistant Enterococcus (VRE) in acute care hospitals is controversial in light of improvements in hand hygiene,
MRSA decolonization, environmental cleaning and disinfection, fomite elimination, and chlorhexidine bathing.

objective. To provide a framework for decision making around use of CP for endemic MRSA and VRE based on a summary of evidence
related to use of CP, including impact on patients and patient care processes, and current practices in use of CP for MRSA and VRE in US
hospitals.

design. A literature review, a survey of Society for Healthcare Epidemiology of America Research Network members on use of CP, and a
detailed examination of the experience of a convenience sample of hospitals not using CP for MRSA or VRE.

participants. Hospital epidemiologists and infection prevention experts.

results. No high quality data support or reject use of CP for endemic MRSA or VRE. Our survey found more than 90% of responding
hospitals currently use CP for MRSA and VRE, but approximately 60% are interested in using CP in a different manner. More than 30 US
hospitals do not use CP for control of endemic MRSA or VRE.

conclusions. Higher quality research on the benefits and harms of CP in the control of endemic MRSA and VRE is needed. Until more
definitive data are available, the use of CP for endemic MRSA or VRE in acute care hospitals should be guided by local needs and resources.

Infect. Control Hosp. Epidemiol. 2015;36(10) :1163–1172

Despite decades of experience, the use of contact precautions
(CP) for endemic methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-resistant Enterococcus (VRE)
remains controversial.1,2 As a result, there is a growing diver-
sity of practice for CP in acute care hospitals.1,3 A North
American group of adult and pediatric hospital epidemiolo-
gists and infection prevention experts with expertise in
guideline development met on the Society for Healthcare
Epidemiology of America (SHEA) Guidelines committee and,
independent of SHEA or SHEA endorsement, completed this
article to elucidate the current state of the literature pertaining
to the application and discontinuation of CP for endemic
MRSA and VRE. In addition, the group administered a survey
to the SHEA Research Network of hospital epidemiologists
and infection preventionists to better ascertain the practice and

experience with CP for endemic MRSA and VRE. Finally, a
convenience sample of hospitals that do not use CP for MRSA
or VRE was identified from the literature and an infection
control listserv, and their experiences were elicited and
summarized.

methods

Guidelines were reviewed for recommendations relating to use
of CP for endemic MRSA or VRE. A literature search for
English language publications from 2003 through 2013 was
conducted on PubMed using the search terms “CP,” “barrier
precautions,” “isolation,” “MRSA,” and “VRE” to identify
papers that compared the use of CP with some other standard
for the control of MRSA and VRE in endemic settings.

Affiliations: 1. University of Maryland, Baltimore, Maryland; 2. Cedars-Sinai Medical Center, Los Angeles, California; 3. Medical College of Wisconsin,
Milwaukee, Wisconsin; 4. Adventist Health System, Roseville, California; 5. University of Alabama at Birmingham, Birmingham, Alabama; 6. Dalhousie
University, Halifax, Nova Scotia; 7. David Geffen School of Medicine at UCLA, Los Angeles, California; 8. Clinical Microbiology Laboratory, Children’s Hospital
of Philadelphia, Philadelphia, Pennsylvania; 9. Emory University School of Medicine, Atlanta, Georgia; 10. Department of Surgery, University of Washington
Medical Center, Seattle, Washington; 11. University of Nebraska Medical Center, Omaha, Nebraska; 12. Medical College of Virginia, Richmond, Virginia.
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▶  How many  

•  Screen for MRSA? VRE? 

•  Isolate MRSA? VRE? 

•  Contact precautions?  

•  If not, what?  

 

CONTACT PRECAUTIONS FOR MRSA AND VRE 
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▶  Contact precautions (CP) recommended in guidelines from United States, 
Canada, United Kingdom and Ireland, others; but are they necessary? 

▶  Review of the literature and survey  

▶  No studies have looked at effect of CP alone for MRSA or VRE 

▶  48 studies: in combination with active surveillance cultures, CP or 
universal gown/glove use had controversial impact on MRSA rates 

▶  45 studies: of 5 in non-outbreak settings, no conclusive evidence for VRE 
control  

CONTACT PRECAUTIONS FOR MRSA AND VRE 
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▶  Downsides to CP: 

•  Fewer patient visits by HCWs, increase in adverse events 

•  Patient outcomes: depression, isolation 

•  System: delayed admission / patient flow 

▶  Several US centres have abandoned CP – focus on horizontal measures; 
long term outcomes to be seen (several reporting stable or lower rates) 

▶  No evidence that strongly supports or rejects CP for MRSA 

•  Need better, well controlled studies  
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Morbidity and Mortality Weekly Report 

1234 MMWR / November 11, 2016 / Vol. 65 / No. 44 US Department of Health and Human Services/Centers for Disease Control and Prevention

Investigation of the First Seven Reported Cases of Candida auris, a Globally 
Emerging Invasive, Multidrug-Resistant Fungus — United States,  

May 2013–August 2016
Snigdha Vallabhaneni, MD1; Alex Kallen, MD2; Sharon Tsay, MD1,3; Nancy Chow, PhD1; Rory Welsh, PhD1; Janna Kerins, VMD3,4; 

Sarah K. Kemble, MD4; Massimo Pacilli, MS4; Stephanie R. Black, MD4; Emily Landon, MD5; Jessica Ridgway, MD5; Tara N. Palmore, MD6; 
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Brendan R. Jackson, MD1; Shawn R. Lockhart, PhD1; Anastasia P. Litvintseva, PhD1; Tom M. Chiller, MD1

On November 4, 2016, this report was posted as an MMWR 
Early Release on the MMWR website (http://www.cdc.gov/mmwr). 

Candida auris, an emerging fungus that can cause invasive 
infections, is associated with high mortality and is often resis-
tant to multiple antifungal drugs. C. auris was first described in 
2009 after being isolated from external ear canal discharge of a 
patient in Japan (1). Since then, reports of C. auris infections, 
including bloodstream infections, have been published from 
several countries, including Colombia, India, Israel, Kenya, 
Kuwait, Pakistan, South Africa, South Korea, Venezuela, and 
the United Kingdom (2–7). To determine whether C. auris is 
present in the United States and to prepare for the possibility of 
transmission, CDC issued a clinical alert in June 2016 inform-
ing clinicians, laboratorians, infection control practitioners, 
and public health authorities about C. auris and requesting that 
C. auris cases be reported to state and local health departments 
and CDC (8). This report describes the first seven U.S. cases 
of C. auris infection reported to CDC as of August 31, 2016. 
Data from these cases suggest that transmission of C. auris might 
have occurred in U.S. health care facilities and demonstrate the 
need for attention to infection control measures to control the 
spread of this pathogen.

The emergence of C. auris raises several serious concerns for 
public health. First, many isolates are multidrug-resistant, with 
some strains having elevated minimum inhibitory concentra-
tions to drugs in all three major classes of antifungal medications 
(9), a feature not found in other clinically relevant Candida 
species. Second, C. auris is challenging to identify, requiring 
specialized methods such as matrix-assisted laser desorption/
ionization time-of-flight or molecular identification based on 
sequencing the D1-D2 region of the 28s ribosomal DNA. 
When using common biochemical methods such as analytical 
profile index strips or the VITEK 2, C. auris is often misidenti-
fied as other yeasts (most commonly Candida haemulonii, but 
also Candida famata, Saccharomyces cerevisiae, and Rhodotorula 
glutinis). Finally, C. auris has caused outbreaks in health care 
settings (10). Multidrug resistance and health care–associated 
transmission are often found with resistant bacteria, such as 

carbapenem-resistant Enterobacteriaceae, but have been uncom-
mon among Candida spp.

To determine whether C. auris cases were occurring in the 
United States, CDC issued a clinical alert (8) in June 2016, 
requesting that laboratories report C. auris isolates to state and 
local health departments and CDC. Given the challenges of 
C. auris identification, clinical laboratories were encouraged to 
forward C. haemulonii isolates and isolates not identified beyond 
Candida spp. by conventional methods to state public health labo-
ratories and CDC for further characterization. A case was defined 
as confirmed isolation of C. auris in a specimen from a patient at a 
U.S. health care facility. For all reported cases, patient information 
and available clinical isolates were obtained for resistance testing 
and whole-genome sequencing. Among cases in patients who 
were not deceased, cultures from various patient body sites were 
obtained to seek evidence of persistent colonization. One patient 
was hospitalized at the time of the report, allowing for collection 
of environmental cultures from the hospital room.

Seven C. auris cases occurring during May 2013–August 2016 
(Table) were reported to CDC (one in 2013, one in 2015, 
and five in 2016). Six of seven cases were identified through 
retrospective review of microbiology records from reporting 
hospitals and reference laboratories. Cases were reported from 
four states: Illinois (n = 2, single hospital), Maryland (n = 1), 
New Jersey (n = 1), and New York (n = 3, three different 
hospitals). Recent travel outside the United Stated was docu-
mented for only one patient: the 2013 New York patient had 
been transferred less than 1 week earlier from a hospital in the 
Middle East. Five patients had C. auris initially isolated from 
blood, one from urine, and one from the external ear canal.

All patients had serious underlying medical conditions, 
including hematologic malignancies (n = 2), bone marrow 
transplantation (n = 1), short gut syndrome requiring total 
parenteral nutrition and corticosteroid use (n = 1), paraple-
gia with a chronic urinary catheter (n = 1), idiopathic acute 
respiratory failure requiring high-dose corticosteriods (n = 1), 
severe peripheral vascular disease and skull base osteomy-
elitis (n = 1), and brain tumor and recent villous adenoma 
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▶  First described in 2009 in Japan; since, reports from many countries 
•  High mortality, has caused outbreaks 

•  Often resistant to antifungal therapy 

•  Difficult for laboratories to identify 

▶  7 cases reported in US between 2013 and August 2016: 
•  All with complex underlying medical problems 

•  5 candidemia; 4 deaths, all of whom candidemic 

•  5 initially misidentified  

CANDIDA AURIS: AN EMERGING HAI? 
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▶  In two instances, two patients admitted to same facility – not 
simultaneously for two, and not same units for any 

•  Isolates for both pairs were analyzed by whole genome sequencing; in both, 
isolates were nearly identical (< 10 SNP difference) 

▶  5 isolates fluconazole resistant, 1 AmB and 1 echinocandin resistant 

▶  Persistent patient colonization and documented environmental 
contamination – concerns for hospital reservoirs and potential for 
transmission 

9 
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Major article

Structure for prevention of health careeassociated infections
in Brazilian hospitals: A countrywide study

Maria Clara Padoveze PhD, RN, MSc a,*,
Carlos Magno Castelo Branco Fortaleza MD, PhD, MSc b, Carlos Kiffer MD, PhD, MSc c,
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Key Words:
Hospital infections
Infection control
Public health
Hand hygiene
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Hospital infection control program

Background: Minimal structure is required for effective prevention of health careeassociated infection (HAI).
Theobjectiveof this studywas toevaluate the structure for preventionofHAI in a sampleof Brazilianhospitals.
Methods: This was a cross-sectional study from hospitals in 5 Brazilian regions (n ¼ 153; total beds:
13,983) classified according to the number of beds; 11 university hospitals were used as reference for
comparison. Trained nurses carried out the evaluation by using structured forms previously validated.
The evaluation of conformity index (CI) included elements of structure of the Health CareeAssociated
Prevention and Control Committee (HAIPCC), hand hygiene, sterilization, and laboratory of microbiology.
Results: The median CI for the HAIPCC varied from 0.55-0.94 among hospital categories. Hospitals with
>200 beds had the worst ratio of beds to sinks (3.9; P < .001). Regarding alcoholic product for handrubbing,
the worst ratio of beds to dispensers was found in hospitals with <50 beds (6.4) compared with reference
hospitals (3.3; P < .001). The CI for sterilization services showed huge variation ranging from 0.0-1.00.
Reference hospitals were more likely to have their own laboratory of microbiology than other hospitals.

* Address correspondence to Maria Clara Padoveze, PhD, RN, MSc, School of
Nursing of University of São Paulo. Av. Dr. Enéas de Carvalho Aguiar, 419, São Paulo -
São Paulo, Brazil, CEP 05.403-000.

E-mail address: padoveze@usp.br (M.C. Padoveze).
Previous presentation: Presented in part at the International Conference on

Prevention and Infection Control, June 2013, Geneva, Switzerland.
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nological Development (CNPq: 563225/2010-6) in partnership with the Ministry of
Health of Brazil, under the call MCT/CNPq/CT-Saúde/MS/SCTIE/DECIT N" 40/2010.
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▶  Rates of HAIs often higher in LMIC – lack of resources, expertise 

▶  Brazil: > 6000 hospitals; mandated to have IPCC (1997) 

▶  Unclear what resources existed in Brazil – aim: identify IPAC resources 
across the country, 08/11 to 08/13 

▶  Convenience sample of 10/26 states in all 5 regions of Brazil, accounting 
for 2/3 of all healthcare facilities; cluster sampling of HCFs by state and 
bed size, using 11 academic centres (reference centres) 

▶  Evaluation of each HCF by trained IC nurses, using standardized forms; 
focused on specific components of IPCC, sterilization, hand hygiene, 
laboratory – on site visits: observations, interviews, review of processes 

INFRASTRUCTURE FOR IPAC IN LMIC – BRAZIL  

11 
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▶  Conformity index: proportion of no. of elements “in compliance” for a 
given component (desirable: > 0.75) 

▶  Linear regression to assess correlation between CI and hospital size/
region 

▶  153 hospitals, both public and private; in general: 

•  Smaller hospitals and those not in South / Southwest had lower CIs for all 
elements 

•  Correlation between different elements of each area of focus 

•  Laboratory: variable  

12 
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▶  Author conclusions: 

•  Smaller hospitals fill needs, but low complexity of care – how to best allocate 
resources?  

•  Need for government (state) investment in IPAC – states have autonomous 
healthcare but should have more accountability for IPAC 

•  Need for improved laboratory infrastructure / processes, and full implementation 
of HH infrastructure (directed by Brazilian regulation) 

▶  Limitations 

•  No assessment of IPAC staffing, activities 

13 
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o r i g i n a l a r t i c l e

Transmission of Clostridium difficile During Hospitalization
for Allogeneic Stem Cell Transplant

Mini Kamboj, MD;1,2,3 Anna Sheahan, PhD;1 Janet Sun, BS;1 Ying Taur, MD, MPH;2,3 Elizabeth Robilotti, MD, MPH;1,2,3

Esther Babady, PhD;4 Genovefa Papanicolaou, MD;2,3 Ann Jakubowski, MD, PhD;3,5 Eric Pamer, MD;2,3

Kent Sepkowitz, MD1,2,3

objective. To determine the role of unit-based transmission that accounts for cases of early Clostridium difficile infection (CDI) during
hospitalization for allogeneic stem cell transplant.

setting. Stem cell transplant unit at a tertiary care cancer center.

methods. Serially collected stool from patients admitted for transplant was screened for toxigenic C. difficile through the hospital stay and
genotyping was performed by multilocus sequence typing. In addition, isolates retrieved from cases of CDI that occurred in other patients
hospitalized on the same unit were similarly characterized. Transmission links were established by time-space clustering of cases and carriers of
shared toxigenic C. difficile strains.

results. During the 27-month period, 1,099 samples from 264 patients were screened, 69 of which had evidence of toxigenic C. difficile;
52 patients developed CDI and 17 were nonsymptomatic carriers. For the 52 cases, 41 had evidence of toxigenic C. difficile on the first study
sample obtained within a week of admission, among which 22 were positive within the first 48 hours. A total of 24 sequence types were isolated
from this group; 1 patient had infection with the NAP1 strain. A total of 11 patients had microbiologic evidence of acquisition; donor source
could be established in half of these cases.

conclusions. Most cases of CDI after stem cell transplant represent delayed onset disease in nonsymptomatic carriers. Transmission on
stem cell transplant unit was confirmed in 19% of early CDI cases in our cohort with a probable donor source established in half of the cases.

Infect. Control Hosp. Epidemiol. 2016;37(1) :8–15

Clostridium difficile is the most common healthcare-associated
infection in the United States.1 In hospitalized patients, the risk
of C. difficile infection (CDI) in persons with hematologic
malignancy and in hematopoietic stem cell transplant (SCT)
recipients is among the highest. Cumulative incidence of CDI
in the first year after allogeneic SCT has been reported to be
12.5% to 21% across various studies, a risk that is 15 to 25
times greater than for all hospitalized patients (0.85%).2–10 In
these reports, the timing of CDI after SCT is strikingly similar;
more than half of all cases occur early, around the time of
conditioning and within the first month after transplant.5–8,11

Many transplant units struggle to control the high
healthcare-associated rates of CDI, and clusters and outbreaks
are frequently encountered.12,13 Transmission patterns of
C. difficile in acute care settings from geographically defined
populations have been elucidated by the application of various

fingerprinting techniques. By characterizing CDI cases detected
by a low-sensitivity enzyme immunoassay test, Walker et al14

showed that 37% of allC. difficile cases on a renal transplant unit
could be attributed to ward-based transmission, much higher
than the overall 23% suspected transmission among all
hospitalized patients in this study. Their findings suggest that
transmission of C. difficile in complex high-risk populations
may be more frequent; however, a similar approach has not yet
been applied to study this risk in SCT units.
The frequent occurrence of early CDI among SCT recipients

offers a unique opportunity to examine the role of unit-based
transmission, an extremely important aspect to recognize before
effectual interventions for CDI prevention can be established.
Our study was designed to determine the frequency of

unit-based transmission that led to cases of early CDI
(day −10 to day +40) in adult patients hospitalized for

Affiliations: 1. Infection Control, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York; 2. Infectious Disease Service,
Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York; 3. Department of Medicine, Weill Cornell Medical College, New
York, New York; 4. Department of Clinical Laboratories, Memorial Sloan Kettering Cancer Center, New York, New York; 5. Bone Marrow Transplant Service,
Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York.

© 2015 by The Society for Healthcare Epidemiology of America. All rights reserved. 0899-823X/2016/3701-0003. DOI: 10.1017/ice.2015.237
Received June 26, 2015; accepted August 30, 2015; electronically published October 21, 2015

infection control & hospital epidemiology january 2016, vol. 37, no. 1
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▶  C. difficile acquisition and transmission historically felt to be hospital- 
associated 

▶  Eyre (2013), Oxfordshire UK: using WGS over 3.5 year period, identified 
that only 35% of cases were genetically associated with a previous case 

•  Majority of cases acquired C. difficile from source other than infected patient - 
asymptomatic carriers or environment as reservoirs? 

IS CLOSTRIDIUM DIFFICILE HOSPITAL-ACQUIRED? 

15 
Eyre DW et al, N Engl J Med 2013  
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▶  CDI incidence 12.5-21% in SCT patients in previous studies – 15-25 fold 
higher than in general inpatient population  

▶  Memorial Sloane Kettering Cancer Center, New York: 

•  471 bed cancer center with 29 bed SCT unit – private rooms, protective isolation 
for all patients 

•  Screening cultures from 264 SCT patients (different study), CDI cases (hospital 
acquired up to 3 mos after discharge, or community acquired), recurrences 
(within 2 weeks of initial episode); 10/10 to 12/12 

CDI IN STEM CELL TRANSPLANT PATIENTS, NYC 

16 
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▶  69/264 (26%) of screened patients colonized 

•  61 had specimen before SCT; 52 developed CDI around time of SCT, of whom 3 
(6%) had relapse 

•  66 of 69 typed by MLST: 24 different types; colonizing strain identical to 
infecting strain in those who developed CDI 

17 
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with the NAP1 strain, was isolated from a single patient.
Multiple samples positive for toxigenic C. difficile from the
same patient yielded identical MLST types. One person with
C. difficile colonization detected on day −1 subsequently
developed clinical CDI on day +31 with a discordant strain.
For the remaining patients in whom colonization was detected
before infection, strains remained identical.

Cases of CDI in The Peri Transplant Period Attributed to
Unit-Based Transmission

The overall rate of HO-CDI on the SCT unit during the study
period was 3.6 per 1,000 patient-days (Figure 1). To study the

contribution of unit-based transmission to incident C. difficile
in the peri transplant cohort, we identified all cases of
C. difficile on the SCT unit or in persons who had recently been
hospitalized on this unit. The schematic for sampling is shown
in Figure 2. Overall, 116 patients were identified; 84 (72.4%)
were HO-CDI, including 52 cases from the peri transplant
cohort described above and an additional 32 patients outside
the cohort (other) who were admitted to the unit during the
same period. Fifteen (12.9%) of the 116 cases were patients
with CO-HCFA C. difficile. These included patients hospita-
lized on the transplant unit during the study period who were
subsequently diagnosed with CDI within 12 weeks after
discharge. The remaining 17 cases (14.7%) were the colonized
patients from the peri transplant cohort who did not develop
active disease.
Stool samples from 102 of the 116 patients with CDI or

colonization could be retrieved and were successfully
genotyped, yielding 32 MLST types. The frequency of ST types
is shown in Figure 3. From these 102 isolates, 13 strains
(12.7%) were isolated from 1 patient each (Figure 3). For the
remaining 89 cases, the temporospatial relationship for shared
strains was mapped over the study period as shown in Figure 4.
Next, genotyping data was integrated with clinical

surveillance for the 69 patients in the peri transplant cohort to
determine whether transmission had occurred and to identify
possible links between cases (Figures 4 and 5). Twenty-seven
(39%) of the 69 patients in the peri transplant cohort had
toxigenic C. difficile isolated on the first study sample obtained
within 48 hours of admission; these cases were not considered
to be acquired on the SCT unit regardless of timing of CDI.
Nineteen patients (28%) with toxigenic C. difficile had initially
tested negative, strongly suggestive of transmission. In the
remaining 23 cases (33%), C. difficile was isolated on the first
sample obtained more than 3 calendar days but within 7 days
of admission to the unit, with no preceding negative sample.
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All other allogeneic SCT recipients with CDI during the study period
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colonization and collection of stool samples from cases with clinical CDI

between days -10 to +40  (Peri transplant cohort)

figure 2. Schematic of sampling to screen for Clostridium difficile (peri transplant) and recognize cases (other) among patients
hospitalized on the transplant unit. CDI, C. difficile infection; SCT, stem cell transplant.
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figure 1. Hospital onset rates of Clostridium difficile infection
(CDI) among patients admitted to hematology (leukemia and
lymphoma) unit, transplant unit (adult stem cell transplant), and
general oncology units (solid tumor). NHSN, National Healthcare
Safety Network.
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CLOSTRIDIUM DIFFICILE CASES 
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▶  116 patients with CDI or colonization:  
•  99 CDI cases (84 HO, 15 CO) and 17 

screened patients 

▶  102/116 available for typing: 

•  32 different MLST types 

▶  Of 52 patients with CDI or colonization 
with MLST in whom CD was acquired in 
hospital, only 17 (33%) could be 
explained by transmission in hospital 

▶  26% colonized with CDI 

19 

with the NAP1 strain, was isolated from a single patient.
Multiple samples positive for toxigenic C. difficile from the
same patient yielded identical MLST types. One person with
C. difficile colonization detected on day −1 subsequently
developed clinical CDI on day +31 with a discordant strain.
For the remaining patients in whom colonization was detected
before infection, strains remained identical.

Cases of CDI in The Peri Transplant Period Attributed to
Unit-Based Transmission

The overall rate of HO-CDI on the SCT unit during the study
period was 3.6 per 1,000 patient-days (Figure 1). To study the

contribution of unit-based transmission to incident C. difficile
in the peri transplant cohort, we identified all cases of
C. difficile on the SCT unit or in persons who had recently been
hospitalized on this unit. The schematic for sampling is shown
in Figure 2. Overall, 116 patients were identified; 84 (72.4%)
were HO-CDI, including 52 cases from the peri transplant
cohort described above and an additional 32 patients outside
the cohort (other) who were admitted to the unit during the
same period. Fifteen (12.9%) of the 116 cases were patients
with CO-HCFA C. difficile. These included patients hospita-
lized on the transplant unit during the study period who were
subsequently diagnosed with CDI within 12 weeks after
discharge. The remaining 17 cases (14.7%) were the colonized
patients from the peri transplant cohort who did not develop
active disease.
Stool samples from 102 of the 116 patients with CDI or

colonization could be retrieved and were successfully
genotyped, yielding 32 MLST types. The frequency of ST types
is shown in Figure 3. From these 102 isolates, 13 strains
(12.7%) were isolated from 1 patient each (Figure 3). For the
remaining 89 cases, the temporospatial relationship for shared
strains was mapped over the study period as shown in Figure 4.
Next, genotyping data was integrated with clinical

surveillance for the 69 patients in the peri transplant cohort to
determine whether transmission had occurred and to identify
possible links between cases (Figures 4 and 5). Twenty-seven
(39%) of the 69 patients in the peri transplant cohort had
toxigenic C. difficile isolated on the first study sample obtained
within 48 hours of admission; these cases were not considered
to be acquired on the SCT unit regardless of timing of CDI.
Nineteen patients (28%) with toxigenic C. difficile had initially
tested negative, strongly suggestive of transmission. In the
remaining 23 cases (33%), C. difficile was isolated on the first
sample obtained more than 3 calendar days but within 7 days
of admission to the unit, with no preceding negative sample.
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CDI cases
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discharge from
transplant unit

All other allogeneic SCT recipients with CDI during the study period

Autologous SCT recipients with CDI during the study period

Patients admitted for allogeneic SCT - weekly stool samples to detect
colonization and collection of stool samples from cases with clinical CDI

between days -10 to +40  (Peri transplant cohort)

figure 2. Schematic of sampling to screen for Clostridium difficile (peri transplant) and recognize cases (other) among patients
hospitalized on the transplant unit. CDI, C. difficile infection; SCT, stem cell transplant.
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figure 1. Hospital onset rates of Clostridium difficile infection
(CDI) among patients admitted to hematology (leukemia and
lymphoma) unit, transplant unit (adult stem cell transplant), and
general oncology units (solid tumor). NHSN, National Healthcare
Safety Network.
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Assessment of terminal cleaning in pediatric isolation rooms:
Options for low-resource settings

Angela Dramowski MD a,*, AndrewWhitelaw MD b, Mark F. Cotton MD, PhD a

a Department of Paediatrics and Child Health, Division of Paediatric Infectious Diseases, Stellenbosch University, Cape Town, South Africa
b Department of Medical Microbiology, Stellenbosch University and the National Health Laboratory Service, Cape Town, South Africa
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Background: Few studies have evaluated terminal cleaning in low-resource settings.
Methods: Adequacy of pediatric isolation room terminal cleaning was evaluated using quantitative bac-
terial surface cultures, ATP bioluminescence assays, and fluorescent high-touch surfacemarkers at Tygerberg
Children’s Hospital in South Africa (August 1, 2014-October 31, 2015). Cleaning adequacy was assessed
by comparing pre- and postcleaning measurements. Influence of verbal feedback was determined by com-
paring cleaners’ first and subsequent cleaning episodes. Cleaning methods were compared for cost, time,
and feasibility.
Results: Adequacy of terminal cleaning was evaluated in 25 isolation rooms after hospitalization for pul-
monary tuberculosis (n = 13), respiratory (n = 5) and enteric viruses (n = 5), pertussis (n = 1), andmethicillin-
resistant Staphylococcus aureus (n = 1). Mean aerobic colony counts andmean ATP relative light units declined
between pre- and postcleaning evaluations (39 ± 41 to 15 ± 30 [P < .001] and 72 ± 40 to 23 ± 11 [P < .001]).
Fluorescent marker removal was initially poor, but improved significantly at subsequent cleaning epi-
sodes (17 out of 78 [22%] to 121 out of 198 [61%]; P < .001); mean aerobic colony counts and ATP values
also declined significantly following feedback. Cost, time, and resources required for ATP and surface cul-
tures far exceeded that required for fluorescent markers.
Conclusions: Adequacy of isolation room cleaning improved following feedback to cleaning staff. Fluo-
rescent markers are an inexpensive option for cleaning evaluation and training in low-resource settings.
© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier

Inc. All rights reserved.

BACKGROUND

Health care facilities in low-middle income countries (LMICs) are
challenged by a large infectious disease burden, insufficient infra-
structure, and limited infection prevention (IP) resources.1 In
particular, hospital isolation facilities are severely limited, imped-
ing implementation of patient isolation for containment of
Mycobacterium tuberculosis (TB), multidrug-resistant bacteria, and
viruses.2 Pathogen contamination of the near-patient environment

(ie, surfaces and equipment) occurs by shedding of bacteria-laden
skin cells and settling of exhaled droplet nuclei on surfaces. Patho-
gens are then transmitted by indirect transfer on health care workers’
hands or shared equipment, or via direct contact by the next room
occupant.3 Experimental studies modeling pathogen transmission
routes show rapid contamination of clinical environments through
direct and indirect contact. In a study using plant DNA as a marker
of contamination, spread from a single contaminated point source
(a telephone handle) was confirmed to all clinical areas on a neo-
natal intensive care unit within 4 hours.4

Pathogen transmission from infected or colonized patients es-
tablishes an environmental reservoir of bacteria, viruses, and spores
that remains a potential source of infection even after the affected
patient is discharged.5 Prolonged survival of multidrug-resistant
(MDR) bacteria and spores in hospital environments is well de-
scribed; viable Acinetobacter, Pseudomonas, Klebsiella, Enterococcus,
and Staphylococcus aureus species have been isolated from dry hos-
pital surfaces at up to 12-30months.5,6 Persistence of these pathogens
in the hospital environment is particularly concerning for LMIC and
other settings where environmental cleaning is suboptimal and/
or nonstandardized.7-9
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▶  Role of environment well recognized in transmission of pathogens  

▶  Standard guidelines / protocols do not exist in many LMIC facilities 

▶  Aim: introduce monitoring of cleanliness (quality assurance) 

▶  Stellenbosch, SA: Tygeberg Children’s Hospital 

•  300 beds within a larger facility 

•  High levels of antibiotic resistance – esp gram negatives 

ENVIRONMENTAL CLEANLINESS  

21 
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▶  Assessment by fluorescent marker, ATP and culture 

•  Pre and post measurements, with feedback to housekeepers 

▶  Improvement with objective measures: 

•  Aerobic colony counts: mean 39 pre           15 post (p<0.001) 

•  ATP relative light units: 72+/- 40 pre           23+/- 11 post (p<0.001) 

•  Fluorescent marker: 22% pre            61% post (p<0.001) 

•  Sinks, mattresses, toilets, door handles problematic  

•  Feedback using fluorescent markers was best received by housekeeping staff 

22 
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▶  Quality assurance for environmental cleaning can be introduced into 
LMIC regions 

•  In current setting, fluorescent marker easiest for cost, time, feasibility 

•  Individual outcome can be sustained  

▶  Limitations: 

•  Measurement of outcomes not well defined 

•  Unclear what degree of education provided to staff 

•  Like most other studies, impact on HAIs was not assessed   

23 
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MERS-CoV outbreak following a single patient exposure in 
an emergency room in South Korea: an epidemiological 
outbreak study 
Sun Young Cho*, Ji-Man Kang*, Young Eun Ha, Ga Eun Park, Ji Yeon Lee, Jae-Hoon Ko, Ji Yong Lee, Jong Min Kim, Cheol-In Kang, Ik Joon Jo, 
Jae Geum Ryu, Jong Rim Choi, Seonwoo Kim, Hee Jae Huh, Chang-Seok Ki, Eun-Suk Kang, Kyong Ran Peck, Hun-Jong Dhong, Jae-Hoon Song, 
Doo Ryeon Chung, Yae-Jean Kim

Summary
Background In 2015, a large outbreak of Middle East respiratory syndrome coronavirus (MERS-CoV) infection 
occurred following a single patient exposure in an emergency room at the Samsung Medical Center, a tertiary-care 
hospital in Seoul, South Korea. We aimed to investigate the epidemiology of MERS-CoV outbreak in our hospital.

Methods We identifi ed all patients and health-care workers who had been in the emergency room with the index case 
between May 27 and May 29, 2015. Patients were categorised on the basis of their exposure in the emergency room: 
in the same zone as the index case (group A), in diff erent zones except for overlap at the registration area or the 
radiology suite (group B), and in diff erent zones (group C). We documented cases of MERS-CoV infection, confi rmed 
by real-time PCR testing of sputum samples. We analysed attack rates, incubation periods of the virus, and risk 
factors for transmission.

Findings 675 patients and 218 health-care workers were identifi ed as contacts. MERS-CoV infection was confi rmed in 
82 individuals (33 patients, eight health-care workers, and 41 visitors). The attack rate was highest in group A (20% 
[23/117] vs 5% [3/58] in group B vs 1% [4/500] in group C; p<0·0001), and was 2% (5/218) in health-care workers. After 
excluding nine cases (because of inability to determine the date of symptom onset in six cases and lack of data from 
three visitors), the median incubation period was 7 days (range 2–17, IQR 5–10). The median incubation period was 
signifi cantly shorter in group A than in group C (5 days [IQR 4–8] vs 11 days [6–12]; p<0·0001). There were no 
confi rmed cases in patients and visitors who visited the emergency room on May 29 and who were exposed only to 
potentially contaminated environment without direct contact with the index case. The main risk factor for transmission 
of MERS-CoV was the location of exposure.

Interpretation Our results showed increased transmission potential of MERS-CoV from a single patient in an 
overcrowded emergency room and provide compelling evidence that health-care facilities worldwide need to be 
prepared for emerging infectious diseases.

Funding None.

Introduction
Since the fi rst identifi cation of Middle East respiratory 
syndrome coronavirus (MERS-CoV) infection in 2012,1 
most patients infected with the virus have been exposed 
in the Middle East. As of March 23, 2016, 1698 laboratory-
confi rmed cases have been reported to WHO.2 On the 
basis of previous epidemiological fi ndings,3 the potential 
of MERS-CoV to spread to large numbers of people has 
been considered low, by contrast with severe acute 
respiratory syndrome coronavirus (SARS-CoV). The 
basic reproductive number of MERS-CoV was estimated 
to be less than 1·0, suggesting low transmissibility.4,5 
However, a 2013 outbreak of MERS-CoV infection in 
Al Hasa, Saudi Arabia, where one patient infected seven 
other patients in dialysis and intensive care units,6 raised 
concerns about potential so-called super-spreaders7 that 
were reported during the SARS epidemic.8,9

From May to July, 2015, a large outbreak of MERS-CoV 
infection occurred in South Korea from a traveller 

returning from the Middle East, which led to 186 confi rmed 
cases (Patient 1 to Patient 186) in the country.10 Patient 1 
was diagnosed at our hospital (Samsung Medical Center, 
Seoul, South Korea) after transmitting the virus at several 
health-care facilities before he came to our hospital. 
Patient 14 was exposed to Patient 1 outside the hospital 
and sought additional care at our hospital without 
knowing he was infected with MERS-CoV. Therefore, we 
experienced both South Korea’s fi rst MERS-CoV case and 
the case of highest transmission of MERS-CoV following 
a single patient exposure in an emergency room. We 
aimed to investigate the epidemiology of MERS-CoV 
infection in a crowded emergency room outside of the 
Middle East and the presence of multiple super-spreaders.

Methods
Contact investigation and management
In May, 2015, two patients with MERS-CoV infection 
(Patient 1 and Patient 14) sought care in our emergency 
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▶  Coronavirus first described 2012 in Saudi Arabia 

▶  WHO to date (September 2017): 

•  2081 laboratory confirmed cases in 27 countries 

•  82% of cases in Saudi Arabia 

•  722 deaths (~ 35%) 

▶  Suspected low infectivity based on known epidemiology 

MIDDLE EAST RESPIRATORY SYNDROME 
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▶  2 patients seen in ED of Samsung Medical Center, not recognized as 
possible MERS 

•  2000 bed tertiary care hospital – serves 50 million population 

•  ED: 200 visits per day in 7 areas, average wait time 15 hours 

▶  Patient exposures based on location: 

•  Patients in same zone as index case 

•  Patients with overlap at registration or in radiology 

•  Patients in different areas of ED 

MERS IN KOREA 
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▶  HCW exposures: 

•  Direct contact with index (quarantined) or working in ED (surveillance) 

▶  SMC outbreak provided an opportunity to assess risk of transmission 
based on exposure, not previously reported 

▶  Confirmed case: lab confirmed by RT-PCR 

29 



Affiliated with  •  Affilié à 

▶  Patient 1: travel to Gulf area April 18-May 3; symptom onset May 11; 
presented to ED May 17, 18 (one of three facilities) 

•  No transmission identified at SMC, but infected 28 others at other facility 
including Patient 14 between May 15-17 

▶  Patient 14: 

•  Admitted May 15-20, 21-25 at other facility; transfer to second facility May 
25-27; left and presented to SMC May 27 – had not been notified of MERS 
contact (until May 29) – in ED for 54 hours 

30 
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because two or more visitors were confi rmed with 
MERS-CoV infection per patient. From May 30 to 
June 23, 82 cases (33 [40%] patients, 41 [50%] visitors, and 
eight [10%] health-care workers) of MERS-CoV infection 
were confi rmed after exposure between May 27 and 
May 29. Demographic and epidemiological data of all 
contacts and individuals with confi rmed MERS-CoV 
infection are shown in table 1.

The epidemic curve of this emergency room-associated 
outbreak is shown in fi gure 2. The incubation period was 
determined from 73 confi rmed MERS-CoV cases: six cases 
were excluded because we could not determine the date of 
symptom onset, and data were not available from three 
visitors. The median incubation period was 7 days 
(range 2–17, IQR 5–10). Among 59 patients and visitors in 
groups A–C (excluding six who were not initially identifi ed 
as contacts), the median incubation period was signifi cantly 
shorter in group A than in group C (fi gure 2). 

Excluding three patients with confi rmed MERS-CoV 
infection who were not identifi ed in the initial patient 
contact investigation (appendix p 5), the overall attack rate 
for patients in the emergency room was 4% (30 of 675).
Patients in group A had the highest attack rate (20% 
[23 of 117]), compared with 5% (three of 58) in group B 
and 1% (four of 500) in group C (fi gure 3). After adjusting 
for age, sex, underlying disease, and groups, patients in 
group A had the highest risk for MERS-CoV infection 
(table 2). In group B, all three patients who had 
MERS-CoV infection had time overlap in the radiology 
suite with Patient 14.

The median exposure time for patients in group A to 
Patient 14 was 3·0 h in zone II (range 0·5–10·3, 
IQR 1·9–4·5), 13·9 h in zone III (0·6–18·9, 6·3–18·4), 
and 17·4 h in zone IV (0·2–23·2, 9·2–21·4). The attack 
rates were 23% (13 of 57) in zone II, 32% (seven of 22) in 
zone III, and 8% (three of 38) in zone IV (fi gure 3). After 
adjusting for age, sex, underlying disease, and exposure 
time, staying in zone II was associated with a signifi cantly 
higher risk for MERS-CoV infection than staying in 
zone IV (table 2). MERS-CoV transmission occurred in 
zone III, despite the fact that the distance from Patient 14’s 
bed to the beds of other patients were as far as 6 m 
(fi gure 4). In zone IV, Patient 14 moved from bed 12 to 
bed 23, and six additional cases were documented in 
patients and visitors occupying beds in the middle of this 
zone, which were not adjacent to Patient 14’s bed. No 
MERS-CoV infection was reported in patients and visitors 
who had been in the emergency room on May 29 during 
the time period when they were exposed only to zones II 
(n=81) or III (n=15), while Patient 14 was confi ned to 
zone IV. These patients were exposed to areas that were 
potentially environmentally contaminated but not to 
Patient 14 himself (fi gure 4). Under the assumption of one 
visitor per patient and excluding three visitors with 
confi rmed MERS-CoV infection who were not identifi ed 
in the initial visitor contact investigation (appendix p 5), 
the overall attack rate for visitors was 6% (38 of 683). 

Odds ratio (95% CI) p value

All patient contacts (n=675)

Age (>60 years) 1·43 (0·62–3·28) 0·71

Male 0·77 (0·35–1·71) 0·48

Any underlying disease 1·97 (0·79–5·41) 0·12

Group <0·0001 

A vs B 4·32 (1·22–24·49)* 0·016*

A vs C 25·59 (8·22–111·39)* <0·0001*

Group A (n=117)

Stay in the same zone as 
Patient 14 for >2 h

1·74 (0·48–8·37) 0·42

Location of exposure to 
Patient 14

0·010

Zone II vs III 0·91 (0·23–3·83)* 1·00*

Zone II vs IV 5·62 (1·25–36·84)* 0·019*

MERS-CoV=Middle East respiratory syndrome coronavirus. *Bonferroni’s 
correction. 

Table 2: Risk factors for transmission of MERS-CoV in all patient contacts 
and in patients in group A 

Figure 3: Attack rates (A) by groups of patient contacts and (B) by date of exposure
Error bars represent 95% CI. MERS-CoV=Middle East respiratory syndrome coronavirus.
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▶  675 patient exposures 

•  Overall attack rate 4% (20, 5, and 1% by 
exposure group) 

▶  683 visitor exposures 

•  Overall attack rate 6% (combined with 
patients, 20, 5, and 2%) 

▶  218 HCW exposures 

•  5 infections (2%) 

•  3 not direct contacts  

▶  Incubation periods: 

•  Median 7d (5, 7, 11 by exposure group) 
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Improving Hand Hygiene Practices in a Rural Hospital in
Sub-Saharan Africa

Ian C. Holmen, BA;1 Celestin Seneza, MD;2 Berthine Nyiranzayisaba, BS;2 Vincent Nyiringabo, MD;2

Mugisha Bienfait;2 Nasia Safdar, MD PhD3,4

objective. To improve hand hygiene (HH) compliance among physicians and nurses in a rural hospital in sub-Saharan Africa (SSA) using
the World Health Organization’s (WHO’s) Guidelines on Hand Hygiene in Health Care.

design. This study was a quasi-experimental design divided into 4 phases: (1) preparation of materials and acquisition of the hospital
administration’s support, (2) baseline evaluation, (3) intervention, and (4) follow-up evaluation.

setting. A 160-bed, non-referral hospital in Gitwe, Rwanda

participants. A total of 12 physicians and 54 nurses participated in this study.

methods. The intervention consisted of introducing locally produced alcohol-based hand rub (ABHR); educating healthcare workers
(HCWs) on proper HH practice; providing pocket-sized ABHR bottles for HCWs; placing HH reminders in the workplace; and surveying
HCWs at surrounding health centers regarding HH compliance barriers. Hand hygiene infrastructure, compliance, and knowledge were
assessed among physicians and nurses using baseline observations and a follow-up evaluation survey.

results. Overall, HH compliance improved from 34.1% at baseline to 68.9% post intervention (P< .001), and HH knowledge was
significantly enhanced (P< .001). The 3 departments included in this study had only 1 sink for 29 patient rooms, and 100% of HH opportunities used
ABHR. Hand hygiene compliance was significantly higher among physicians than nurses both before and after the intervention. All measures of HH
compliance improved except for “after body fluid exposure,” which was 51.7% before intervention and 52.8% after intervention (P> .05).

conclusion. Hand hygiene campaigns using WHO methods in SSA have been implemented exclusively in large, referral hospitals. This
study shows that an HH program using the WHO tools successfully improved HH in a low-income, rural hospital in SSA.

Infect Control Hosp Epidemiol 2016;37:834–839

Healthcare-associated infections (HAIs) are a major risk to
patient safety worldwide.1–4 Globally, the burden of HAI is not
distributed equally. In low- andmiddle-income countries, HAIs
affect an average of 15.5% of hospitalized patients, which is
higher than the rate reported in Europe and the United
States.5–7 In 2011, a systematic review of literature on HAIs in
sub-Saharan Africa (SSA) yielded only 2 high-quality studies;
they suggested that cumulative HAI incidence could be as high
as 45.8%.8 Thus, while HAI rates are higher in developing
countries, the representation of SSA among the global HAI
assessments is minimal and, therefore, may be underestimated.

Hand hygiene (HH) is fundamental for the prevention of
HAIs. Many studies have demonstrated the benefits of HH for
HAI prevention and consequent improvements in morbidity
and mortality rates as well as decreases in healthcare costs.9–12

However, achieving and sustaining high compliance with HH
remains a major challenge.

To improve HH in developing countries, the World Health
Organization (WHO) has developed an HH Tool Kit.13,14

However, data relaying the impact of the recommended WHO
HH intervention strategy in healthcare settings in SSA are
scarce.15–21 The few studies that have been done have been
conducted in large referral hospitals, and these results may not
be generalizable to other types of facilities. We conducted a
study to evaluate the improvement in HH compliance as a
result of implementing the WHO HH Tool Kit in a small,
non-referral hospital in rural Rwanda.

methods

Study Design

This study was a quasi-experimental study comprised of 4
phases: (1) preparation and procurement of hospital

Affiliations: 1. Health-PACT, Palo Alto, California 2. Gitwe Hospital, Ruhango District, Rwanda 3. Department of Medicine, University of Wisconsin
SMPH; and 4. Williams S. Middleton Memorial Veterans Hospital, Madison, Wisconsin.

© 2016 by The Society for Healthcare Epidemiology of America. All rights reserved. 0899-823X/2016/3707-0014. DOI: 10.1017/ice.2016.71
Received January 9, 2016; accepted February 22, 2016; electronically published April 4, 2016

infection control & hospital epidemiology july 2016, vol. 37, no. 7



Affiliated with  •  Affilié à 

▶  Aim: to evaluate HH compliance with implementation of the WHO HH 
Toolkit in a small Rwandan hospital 

▶  Quasi-experimental study at Gitwe Hospital – 160 bed private hospital 
with 12 physicians and 54 nurses serving population of 300,000:  

•  Preparation, administration support 

•  Baseline evaluation 

•  Implementation 

•  Evaluation  
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▶  Baseline HH compliance audits using WHO methods, by trained 
observers 

•  Audits of nurses and physicians in Medicine, Pediatrics, Maternity (29 rooms) 

▶  Intervention: training and education (knowledge, attitudes, practice 
survey, didactic education, workplace reminders) and introduction of 
alcohol based hand rub (ABHR) 
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▶  1 sink for 29 rooms; soap and water available, no towels 

▶  Individual ABHR bottles for staff and physicians 

▶  Baseline compliance 34.1% - increased to 68.9% 2-4 weeks later 

•  Nurse and physician compliance both increased, across all 5 moments 

•  ABHR used exclusively though technique not perfect 

•  Knowledge scores increased from 41.3% to 78.4% 

RESULTS 
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30 of 259 HH opportunities (χ2= 58.28; P< .001). This dis-
parity in compliance persisted even after the intervention, with
physicians complying in 234 of 285 (82.1%) opportunities and
nurses complying in 125 of 234 HH opportunities (53.0%;
χ2= 9.646, P= .002). The follow-up results were shared with
the heads of the evaluated departments, and these managers
provided feedback within their respective departments.

Hand hygiene improved significantly across all indications
among both physicians and nurses except for the indication of
“after body fluid exposure risk” (Table 1). The most
improvement occurred among nurses for the indication
“before a clean/aseptic task,” which improved from 0%
(n= 12) to 60.5% (n= 43; χ2= 6.659; P= .0099).

Education and Training

Overall, 9 of 12 physicians and 54 of 54 nurses attended 1 of 3
training sessions offered. Each attendee was invited to complete a
questionnaire immediately before and after the training session.
The response rate on questionnaires was 50.8% before training
and 58.7% after training. Knowledge of correct HH practice
improved from 41.3% before the training sessions to 78.4% after
the training sessions (P< .001). Respondents’ self-perception on
personal compliance to HH indications also decreased from
86.2% before training to 56.2% after training (P< .001).

Surveys

A total of 61 surveys were collected from a convenience sample
of HCWs at 4 of 8 randomly selected health centers associated
with Gitwe Hospital: Byimana, Mwendo, Karambi, and Gitwe.
At Mwendo and Karambi, 100% of HCWs reported having no
water at the health center and that the lack of water impacted
their work. At Byimana, 60% of HCWs said that there was
rarely enough water. Gitwe was the only health center where
the majority of HCWs believed there was an adequate water
supply. Interestingly, 77% of HCWs at Gitwe later responded
that there was not water in patient rooms. Overall, 61% of
HCWs from all 4 health centers reported that there was no
running water in patient rooms. Furthermore, Karambi was
the only health center in which the majority of HCWs said they
used ABHR (90%). Among the other 3 health centers, only
21% of HCWs said they used ABHR.

Even with the infrastructural deficits for HH compliance,
respondents’ self-perception regarding personal HH
compliance was 69%. This percentage was significantly lower
than the perceived compliance of nurses and physicians at
Gitwe Hospital before the HH intervention training (86.2%),
but it was still surprisingly high. At Mwendo, 100% of HCWs
said there was no running water, and 80% reported that they
did not use ABHR, but these HCWs still self-reported HH
compliance of 46%.

discussion

To our knowledge, this is the first study to report the successful
implementation of a multimodal HH improvement strategy at
a rural, non-referral hospital in SSA. It is also the first study
reporting HH quality improvement in Rwanda. Other
published studies have taken place in Ghana, Nigeria, Mali,
South Africa, and Eritrea.16–21 The methods used in this HH
intervention were adapted from the WHO HH improvement
strategy in Mali and from a similar study done in Nigeria.17,21

These methods aimed to improve HH compliance with
minimal available resources by improving HH knowledge and
increasing the availability of ABHR.
In this study, the baseline HH compliance of 34.1% was

relatively high; other HH studies in SSA have reported varying
rates of compliance. A WHO intervention in a large referral
hospital in Mali had an overall baseline compliance of 8.0%,17

and a follow-up study in Ghana showed baseline HH
compliance ranging from 9.2% to 57%.16 It is possible that the
34.1% baseline was higher than actual compliance at Gitwe
Hospital due to the Hawthorne effect. A 2006 study showed that
HH compliance increased 16% between covert and overt
observations.23 Overt observations were used in this study
because it would have been too difficult to achieve covert
observation in such a small facility. Higher compliance at base-
line may also be due to the RwandanMinistry of Health’s pay for
performance policy, which is impacted byHH compliance; thus,
HCWs were already incentivized to undertake HH.
Considering a consistent observational bias for both base-

line and follow-up, HH compliance doubled from 34.8% to
68.9%. This improvement is much larger than that reported by
the WHO study in Mali, in which HH compliance improved
from 8.0% to 21.8%.17 A similar intervention at a large

table 1. Hand Hygiene Compliance at Baseline and Follow-Up, Gitwe Hospital, Rwanda

Physician Nurse

Indication Before, n/N (%) After, n/N (%) P Value Before, n/N (%) After, n/N (%) P Value

Before touching a patient 65/104 (62.5) 95/110 (86.4) <.001 5/63 (7.9) 25/50 (50.0) <.001
Before a clean/aseptic procedure 6/19 (31.6) 21/27 (77.8) 0.002 0/12 (0) 26/43 (60.5) <.001
After body fluid exposure risk 11/18 (61.1) 21/36 (58.3) 0.845 4/11 (36.3) 7/17 (41.2) 0.799
After touching a patient 50/77 (64.9) 67/78 (85.9) 0.002 13/49 (26.5) 41/69 (59.4) <.001
After touching a patient’s surroundings 18/51 (35.3) 30/34 (88.2) <.001 8/124 (6.5) 26/57 (45.6) <.001
Total 150/269 (55.8) 234/285 (82.1) <.001 30/259 (11.6) 125/236 (53.0) <.001

hand hygiene in a rural rwandan hospital 837

▶  Limitations:  

•  Hawthorne effect?  

•  Very short interval until evaluation – no measurements for sustained results 

•  No infection control program in this hospital - ? feasibility elsewhere 

) 
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Antimicrobial stewardship across 47 South African hospitals: 
an implementation study
Adrian J Brink, Angeliki P Messina, Charles Feldman, Guy A Richards, Piet J Becker, Debra A Goff , Karri A Bauer, Dilip Nathwani, 
Dena van den Bergh, on behalf of the Netcare Antimicrobial Stewardship Study Alliance*

Summary
Background The available data on antimicrobial stewardship programmes in Africa are scarce. The aims of this study 
were to assess the implementation of an antimicrobial stewardship programme in a setting with limited infectious 
disease resources.

Methods We implemented a pharmacist-driven, prospective audit and feedback strategy for antimicrobial stewardship 
on the basis of a range of improvement science and behavioural principles across a diverse group of urban and rural 
private hospitals in South Africa. The study had a pre-implementation phase, during which a survey of baseline 
stewardship activities was done. Thereafter, a stepwise implementation phase was initiated directed towards auditing 
process measures to reduce consumption of antibiotics (prolonged duration, multiple antibiotics, and redundant 
antibiotic coverage), followed by a post-implementation phase once the model was embedded in each hospital. The 
eff ect on consumption was assessed with the WHO index of defi ned daily doses per 100 patient–days, and the primary 
outcome (change in antibiotic consumption between phases) was assessed with a linear mixed-eff ects regression model.

Findings We implemented and assessed the antimicrobial stewardship programme between Oct 1, 2009, and 
Sept 30, 2014. 116 662 patients receiving antibiotics at 47 hospitals during 104 weeks of standardised measurement 
and feedback, were reviewed, with 7934 interventions by pharmacists recorded for the fi ve targeted measures, 
suggesting that almost one in 15 prescriptions required intervention. 3116 (39%) of 7934 pharmacist interventions 
were of an excessive duration. The antimicrobial stewardship programme led to a reduction in mean antibiotic 
defi ned daily doses per 100 patient–days from 101·38 (95% CI 93·05–109·72) in the pre-implementation phase to 
83·04 (74·87–91·22) in the post-implementation phase (p<0·0001).

Interpretation Health-care facilities with limited infectious diseases expertise can achieve substantial returns through 
pharmacist-led antimicrobial stewardship programmes and by focusing on basic interventions.

Funding None.

Introduction
In September, 2015, the Center for Disease Dynamics, 
Economics & Policy published a report into the state of the 
world’s antibiotics,1 citing evidence that the overall 
eff ectiveness of antibiotics has been decreasing globally 
and calling for strong antibiotic stewardship in its broadest 
sense—specifi cally the reduction of antibiotic overuse in 
human beings. A Cochrane meta-analysis2 con fi rmed that 
interventions to reduce excessive prescription of antibiotics 
to inpatients can reduce anti microbial resistance and 
improve microbiological and clinical outcomes. However, 
few studies provide data about the key interventional 
components and the eff ectiveness of antimicrobial 
stewardship programmes in resource-limited settings.2,3 A 
global survey4 of stewardship activities revealed that only 
14% of respondents in Africa and 53% in Asia had any 
form of antimicrobial stewardship programme in place.4

Although many methods of improving prescribing 
practice have been studied, one of the core strategies is the 
use of prospective audits and feedback.2,3,5,6 In this approach, 
investigators review current antimicrobial use and make 
recommendations with regard to appropriateness in terms 
of several predefi ned measure ments, all of which can be 

implemented in health-care facilities irrespective of size.2,3,6 
The most obtainable targets in low-resource settings are 
unknown. However, limitation of duration of antibiotic use 
and use of multiple concurrent antibiotics, including 
redundant coverage, might represent such targets.6–9

In South Africa, the main barriers to implementation of 
antimicrobial stewardship programmes in almost all 
public and private hospitals have been inadequate 
infectious diseases expertise and resources; additionally, in 
large hospital networks, the geographical distribution of 
these institutions has also hindered implementation. The 
aim of this study was to assess the reduction of overall 
antibiotic consumption across a diverse group of 47 urban 
and rural hospitals in South Africa through the 
implementation of an antimicrobial stewardship strategy 
that uses existing resources.

Methods
Study design
In this study, an antimicrobial stewardship programme 
was implemented in 47 private hospitals operated by 
Netcare (Johannesburg, South Africa) in seven of the 
nine South African provinces. The study had three phases. 
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▶  Survey published in 2015: 14% of African respondents had antimicrobial 
stewardship program (ASP) in place 
•  Absence of infectious diseases expertise identified as main barrier 

▶  Aim: assess effect of implementing ASP in 47 private urban/rural hospitals in 
South Africa, using existing resources  
•  Pharmacists, and one central quality coordinator / project manager 

▶  Three phases of implementation: 

•  Pre-implementation: baseline survey and training of hospital staff (10/09-01/11) 

•  Simultaneous or stepwise introduction of 5 process measures, with daily rounding on 
patients receiving antibiotics (02/11-01/13) 

 

INTRODUCING STEWARDSHIP PROGRAMS 

38 
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•  Ongoing measurement and feedback, and ongoing learning (02/13-09/14) 

▶  Improved implementation of stewardship activities, with overall reduction 
of 18.3/100 patient days of antibiotic use  

▶  Pharmacist interventions in 1/15 patients; 39% related to duration of tx 

▶  Demonstrates successful introduction of ASP without added resources or 
physician 

•  Pharmacist driven success  

•  Limitations: one health system, with no clinical outcomes 

•  Expected plateau of efficacy – how to improve further? Behaviour change?  

39 
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5·749 for antibiotic treatment duration of more than 
7 days; 4·531 for more than 14 days of antibiotic 
treatment; 5·126 for patients on four or more antibiotics; 
and 6·324 for concurrent redundant antibiotic cover).

Role of the funding source
There was no funding source for this study. The quality 
improvement director, the project manager, and all 
authors had full access to all the data in the study and the 
corresponding author had fi nal responsibility for the 
decision to submit for publication.

Results
Figure 2 displays the mean monthly antibiotic con-
sumption (DDDs per 100 patient–days) during the 
three phases of the stewardship model.

During the pre-implementation phase (Oct 1, 2009, to 
Jan 31, 2011), no stewardship activities were practised in 
41 (87%) of the 47 hospitals. In six of the hospitals (13%), 
stewardship consisted of one or more of the following: 
occasional multidisciplinary rounds (n=4) or irregular 
didactic lectures (n=5), or both, and prospective audit and 
feedback rounds (n=2) including inconsistent use of 
antibiotic prescription charts (n=2). None of the hospitals 

had local antibiotic policies or guidelines. Hospital 
managers were not involved, antimicrobial stewardship 
pro gramme committees did not exist, and reporting and 
feedback of data were haphazard. Measurement of 
antibiotic data showed stagnant or increasing con-
sumption (fi gure 2). The overall mean consumption of 
antibiotics was 101·38 DDD per 100 patient–days (95% CI 
93·05–109·72).

During the implementation phase (Feb 1, 2011, to 
Jan 31, 2013), we revised goals to increase implementation 
and to reduce individual hospital consumption through out 
31 learning cycles. By September, 2011, 17 (36%) of the 
47 hospitals had implemented the model and by February, 
2012, 32 (68%) were doing the targeted stewardship 
interventions. A staggered approach to implementation of 
the fi ve interventions took place and by September, 2012, 
40 of the hospitals (85%) were auditing all fi ve.

By the post-implementation phase (Feb 1, 2013, to 
Sept 30, 2014), the model had been embedded in 
pharmacist practice, with daily auditing of the fi ve targets 
for improvement, becoming the routine standard of care 
for inpatients receiving antibiotics. 22 learning cycles 
were held and benchmarking, by means of comparative 
tables and multiple graphs describing the success 
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Figure 2: Longitudinal cohort survey of mean antibiotic consumption for three phases of the Netcare antimicrobial stewardship model
The entire study took place between Oct 10, 2009, and Sept 30, 2014, in 47 hospitals. Mean antibiotic consumption is measured in defi ned daily doses (DDDs) per 100 patient days.
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ABSTRACT
Background Nosocomial norovirus infections
and their control measures disrupt patient care,
increase staff workload and raise healthcare
costs.
Objective To determine the impact on
outbreaks of nosocomial viral gastroenteritis,
staff and patients affected, and bed closures of a
multidimensional quality improvement (QI)
initiative focused on education; improved patient
surveillance; early automated recognition and
notification of infection of index patients; and
proactive care and control measures.
Methods In a pragmatic, retrospective,
observational study, we compared numbers of
suspected/confirmed norovirus outbreaks at
Portsmouth Hospitals National Health Service
Trust (PHT) with regional and national data,
before and after a multidimensional QI initiative.
We also compared mean daily bed closures due
to norovirus-like symptoms. At PHT only we
recorded patient and staff numbers with
norovirus-like symptoms, and days of disruption
due to outbreaks.
Results Annual outbreak numbers fell between
2009–2010 and 2010–2014 by 91% at PHT
compared with 15% and 28% for Wessex and
England, respectively. After April 2010, recorded
outbreaks were 8 (PHT), 383 (Wessex) and 5063
(England). For the winter periods from 2010/
2011 to 2013/2014, total bed closures due to
norovirus were 38 (PHT; mean 0.5 per week),
3565 (Wessex hospitals; mean 48.8 per hospital
per week) and 2730 (England; mean 37.4 per
hospital per week). At PHT, patients affected by
norovirus-like symptoms fell by 92%, affected
staff by 81% and days of disruption by 88%.
Conclusions A multiyear QI programme,
including use of real-time electronic identification

of patients with norovirus-like symptoms, and an
early robust response to suspected infection,
resulted in virtual elimination of outbreaks. The
ability to identify index cases of infection early
facilitates prompt action to prevent ongoing
transmission and appears to be a crucial
intervention.

BACKGROUND
Norovirus is the most common cause of
epidemic gastroenteritis.1–4 Outbreaks of
hospital-acquired norovirus infection
occur frequently, especially in winter.4–6

Predisposing factors include patient–staff
and patient–patient contact; frequent
inter-ward transfers; poor environmental
and staff hygiene; high bed occupancy
rates; and staff movement within the hos-
pital.7–9 As different staff look after dif-
ferent patients, even within the same
ward, outbreak recognition is often
delayed.
In hospital, norovirus control measures

focus on breaking the chain of transmis-
sion through rigorous hand hygiene;
environmental cleaning and disinfection
of contaminated surfaces; isolating sus-
pected and confirmed cases, and their
contacts; limiting staff movement
between infected and non-infected areas;
and restriction of visitors.6–8 Norovirus
infections and their control measures
disrupt patient care, increase staff work-
load and raise healthcare costs.4 10–12

Public Health England (PHE) has
reported that, on average, outbreaks are
associated with 13 000 patients and 3400
staff becoming ill, 8900 days of ward
closure and the loss of >15 500
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resulted in virtual elimination of outbreaks. The
ability to identify index cases of infection early
facilitates prompt action to prevent ongoing
transmission and appears to be a crucial
intervention.
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and patient–patient contact; frequent
inter-ward transfers; poor environmental
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rates; and staff movement within the hos-
pital.7–9 As different staff look after dif-
ferent patients, even within the same
ward, outbreak recognition is often
delayed.
In hospital, norovirus control measures

focus on breaking the chain of transmis-
sion through rigorous hand hygiene;
environmental cleaning and disinfection
of contaminated surfaces; isolating sus-
pected and confirmed cases, and their
contacts; limiting staff movement
between infected and non-infected areas;
and restriction of visitors.6–8 Norovirus
infections and their control measures
disrupt patient care, increase staff work-
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▶  Norovirus – most common cause of gastrointestinal outbreaks in hospitals 

•  Control is challenging: hand hygiene, environmental disinfection, early 
identification and isolation, restricting patient movement 

▶  Portsmouth (UK) Hospitals Trust (National Health Service) 

•  5 hospitals, 1000 beds serving ~550 000 population 

•  7000 staff 
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▶  Multiple interventions: 

•  Public health education campaign re: infection prevention (hand hygiene) 

•  Enhanced IPAC activity for norovirus outbreaks: daily visits, enhanced cleaning, 
process audits, decluttering and ensuring supplies available 

•  Building a new hospital (not feasible for most!) 

•  Real time symptom assessment (nausea, vomiting, diarrhea) with electronic vital 
signs monitoring – early detection of symptoms and clustering of cases 
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▶  Comparing pre-intervention (1 yr) and post-intervention (4 yr) phases: 

•  62% reduction in norovirus cases (78 to avg 30 cases per year) 

•  91% reduction in outbreaks (2 or more cases on same unit) – from 21 to avg 2 
annually 

•  88% reduction in days of disruption due to outbreaks (112 to avg 13 ) 

•  10% increase in hospital occupancy (81 to 91%) 

44 



45 were reported, outbreaks typically already involved
several patients and had been in progress for >24 h.
In April 2010, IPC Manager (intervention D) was

introduced in order to reduce the time from a

patient’s first symptoms to the IPCT becoming aware
and commencing proactive interventions. Its introduc-
tion was associated with an abrupt and sustained
reduction in norovirus outbreaks, affected patients,

Figure 1 Mean weekly numbers of closed beds at Portsmouth Hospitals National Health Service Trust (PHT); the eight acute trusts
in the former National Health Service South Central Strategic Health Authority; and all 158 acute trusts in England because of
norovirus, as reported via Daily Winter Pressures Situation Reports during winter periods 2010/2011, 2011/2012, 2012/2013 and
2013/2014. Study weeks refer to fiscal weeks.

Figure 2 Impact of norovirus outbreaks at Portsmouth Hospitals National Health Service Trust, showing the annual number of
outbreaks; affected patients; affected staff and days of disruption for the period April to March for the years 2007/2008 to 2013/
2014. The duration of disruption was defined as the number of days during which a clinical area was ‘closed’ or under ‘special’
infection control measures. A, ‘Stop the Bugs’ campaign; B, targeted norovirus care and control bundle; C, new hospital block
opened; D, Infection Prevention & Control Manager (IPC Manager) implemented.

Original research
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Personal Protective Equipment for Infectious Disease Preparedness:
A Human Factors Evaluation

Tracey A. Herlihey, PhD;1 Stefano Gelmi, BASc;1 Christopher J. Flewwelling, MHSc;1 Trevor N. T. Hall, MSc;2

Carleene Bañez, BEng;1 Plinio P. Morita, PhD;1 Paul Beverley, AEMCA;3 Joseph A. Cafazzo, PhD;4,5 Susy Hota, MD6,7

objective. To identify issues during donning and doffing of personal protective equipment (PPE) for infectious diseases and to inform PPE
procurement criteria and design.

design. A mixed methods approach was used. Usability testing assessed the appropriateness, potential for errors, and ease of use of various
combinations of PPE. A qualitative constructivist approach was used to analyze participant feedback.

setting. Four academic health sciences centers: 2 adult hospitals, 1 trauma center, and 1 pediatric hospital, in Toronto, Canada.

participants. Participants (n= 82) were representative of the potential users of PPE within Western healthcare institutions.

results. None of the tested combinations provided a complete solution for PPE. Environmental factors, such as anteroom layout, and the
design of protocols and instructional material were also found to impact safety. The study identified the need to design PPE as a complete system,
rather than mixing and matching components.

conclusions. Healthcare institutions are encouraged to use human factors methods to identify risk and failure points with the usage of
their selected PPE, and to modify on the basis of iterative evaluations with representative end users. Manufacturers of PPE should consider
usability when designing the next generation of PPE.

Infect Control Hosp Epidemiol 2016;37:1022–1028

In the past 5 years, healthcare facilities have contended with
several infectious disease scares, from the largest documented
outbreak of Ebola virus disease (EVD) to multiple transmis-
sion events of Middle Eastern respiratory syndrome
coronavirus.1–3 The risk of healthcare worker (HCW) con-
tamination and associated personal protective equipment
(PPE) have become global topics of concern, as reflected in
preparedness activities largely focusing on the selection and
acquisition of PPE.4–8 Components of PPE, including gloves,
gowns, coveralls, boots, and respiratory protection, are
normally combined at the hospital level to form a complete
protective system for HCWs. Incompatibilities between
various PPE components can increase the risk of exposure and
create opportunities for contamination.9

The lack of a global standard for the selection and use of PPE
when dealing with patients with highly infectious diseases is a
challenging issue.10 Although the Centers for Disease Control
and Prevention and other organizations have published
educational material on PPE combinations for managing

infectious diseases,11,12 they do not account for the numerous
PPE brands and models currently available on the market.
Protocols must be in place to enable hospitals to evaluate the
risks and carefully choose a combination of PPE that is suitable
for their specific needs and environments.9 Currently, there is a
lack of empirical evidence to guide such decision making.13

Here we build on previous research14–16 by using human factors
methodology to investigate various combinations of PPE
products for dealing with highly infectious diseases. We lever-
aged recent EVD preparedness planning in order to inform the
management of future analogous infectious disease outbreaks.

methods

The study was conducted between October and December
2014. A mixed methods approach was used, including human
factors usability testing17 and a qualitative constructivist
analysis of participant feedback.18–20 Usability testing is an
observational technique where end users perform
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▶  How humans interact with the environment and system design 

▶  Considerations for human factors during personal protective equipment 
(PPE) selection and use during Ebola virus disease preparations 

▶  Usability testing and analysis of user feedback in 4 academic hospitals in 
Toronto, Canada – 2014 

•  What we think is obvious or optimal is not, for users! 

•  System design considerations – e.g. to avoid overheating, to create seals, 
reduce risk of cross contamination (disposal of equipment, one piece suits) 

•  Environmental considerations – clean vs. soiled; physical layout 

HUMAN FACTORS AND PPE SELECTION 
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S U M M A R Y

Nosocomial pathogens may be acquired by patients via their own unclean hands, but there
has been relatively little emphasis on patient hand hygiene as a tool for preventing
healthcare-associated infections (HCAIs). The aim of this systematic review was to
determine the efficacy of patient hand hygiene interventions in reducing HCAIs and
improving patient hand hygiene rates compared to usual care. Electronic databases and
grey literature were searched to August 2014. Experimental and quasi-experimental
studies were included if they evaluated a patient hand hygiene intervention conducted
in an acute or chronic healthcare facility and included HCAI incidence and/or patient hand
hygiene rates as an outcome. All steps were performed independently by two in-
vestigators. Ten studies were included, most of which were uncontrolled beforeeafter
studies (N¼ 8). The majority of interventions (N¼ 7) were multi-modal, with components
similar to healthcare worker hand hygiene programmes, including education, reminders,
audit and feedback, and provision of hand hygiene products. Six studies reported HCAI
outcomes and four studies assessed patient hand hygiene rates; all demonstrated im-
provements but were at moderate to high risk of bias. In conclusion, interventions to
improve patient hand hygiene may reduce the incidence of HCAIs and improve hand hy-
giene rates, but the quality of evidence is low. Future studies should use stronger designs
and be more selective in their choice of outcomes.
ª 2016 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

Healthcare worker (HCW) hand hygiene at appropriate
times during patient care is believed to be an effective means

of reducing the risk of healthcare-associated infections
(HCAIs), as antibiotic-resistant organisms (AROs) and other
causative organisms are often spread via the hands of HCWs.1

However, transmission to patients also may occur because of
their own unclean hands.2 Organisms transmitted through the
faecaleoral or contact routes may contaminate patients’
hands, leading to colonization or infection.

Despite a strong theoretical basis to suggest that it may
prevent HCAIs, there has been comparatively little emphasis on
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Necessary Infrastructure of Infection Prevention and Healthcare
Epidemiology Programs: A Review
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summary

The scope of a healthcare institution’s infection prevention and
control/healthcare epidemiology program (IPC/HE) should be
driven by the size and complexity of the patient population
served, that population’s risk for healthcare-associated infection
(HAI), and local, state, and national regulatory and accredita-
tion requirements. Essential activities of all IPC/HE programs
include but are not limited to the following:

∙ Surveillance
∙ Performance improvement to reduce HAI
∙ Acute event response, including outbreak investigation
∙ Education and training of both healthcare personnel and
patients

∙ Reporting of HAI to the Centers for Disease Control and
Prevention’s National Healthcare Safety Network as well as
entities required by law

An IPC/HE program may be involved in a number of other
activities, depending on the needs of the organization, the
annual risk assessment, and resources available.

The effective IPC/HE program must be multidisciplinary
and include experts in both HE and infection prevention.
Expertise is defined by sets of core competencies established by
the Society for Healthcare Epidemiology of America for
healthcare epidemiologists and by the Association for Profes-
sionals in Infection Control and Epidemiology for infection
preventionists. Program personnel must have authority
delegated from institutional leadership to perform essential
activities and implement change to reduce HAIs. The number
of personnel is determined not solely by the number of
patients served by a given facility, but rather by the scope and
complexity of program activities. The budget allocated for the

program must support adequate numbers of personnel
(infection preventionists and healthcare epidemiologists) to
execute program activities. At present, many healthcare insti-
tutions are underresourced, with insufficient reimbursement
for hospital epidemiology services and too few infection pre-
ventionists. This document provides an updated assessment of
the resources and requirements for an effective IPC/HE
program.
In 1996, the Society for Healthcare Epidemiology of Amer-

ica (SHEA) convened an expert consensus panel to provide a
“best assessment of the needs for a healthy and effective hos-
pital based infection control and epidemiology program.” The
panel’s consensus report was approved by both SHEA and the
Association for Professionals in Infection Control and Epide-
miology (APIC) and published in 1998.1

Nearly 2 decades later, transformative changes have taken
place in healthcare and these changes have substantially
increased the responsibilities and workload of infection pre-
vention and control (IPC) programs. This evolution has
included new challenges for IPC/healthcare epidemiology
(hereafter referred to as IPC/HE) programs unheard of at the
time of the original publication, including legislative mandates,
public reporting, pay-for-performance, payment penalties,
healthcare-associated infection (HAI) prevention collabora-
tives, bioterrorism (anthrax attacks), new and emerging
pathogens (systemic acute respiratory distress syndrome, pan-
demic H1N1 influenza, Middle Eastern respiratory syndrome
coronavirus, Ebola virus), Occupational Health and Safety
Administration mandates, and the first National Action Plan to
reduceHAIs. Concurrently, the rising frequencies ofmultidrug-
resistant organisms (MDROs), unprecedented antimicrobial
shortages, and a relative lack of new antimicrobials have
further tested IPC strategies.2 Many of these challenges have
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Current evidence on hospital antimicrobial stewardship 
objectives: a systematic review and meta-analysis
Emelie C Schuts, Marlies E J L Hulscher, Johan W Mouton, Cees M Verduin, James W T Cohen Stuart, Hans W P M Overdiek, Paul D van der Linden, 
Stephanie Natsch, Cees M P M Hertogh, Tom F W Wolfs, Jeroen A Schouten, Bart Jan Kullberg, Jan M Prins

Summary
Background Antimicrobial stewardship is advocated to improve the quality of antimicrobial use. We did a systematic 
review and meta-analysis to assess whether antimicrobial stewardship objectives had any eff ects in hospitals and long-
term care facilities on four predefi ned patients’ outcomes: clinical outcomes, adverse events, costs, and bacterial 
resistance rates.

Methods We identifi ed 14 stewardship objectives and did a separate systematic search for articles relating to each one 
in Embase, Ovid MEDLINE, and PubMed. Studies were included if they reported data on any of the four predefi ned 
outcomes in patients in whom the specifi c antimicrobial stewardship objective was assessed and compared the 
fi ndings in patients in whom the objective was or was not met. We used a random-eff ects model to calculate relative 
risk reductions with relative risks and 95% CIs.

Findings We identifi ed 145 unique studies with data on nine stewardship objectives. Overall, the quality of 
evidence was generally low and heterogeneity between studies was mostly moderate to high. For the objectives 
empirical therapy according to guidelines, de-escalation of therapy, switch from intravenous to oral treatment, 
therapeutic drug monitoring, use of a list of restricted antibiotics, and bedside consultation the overall evidence 
showed signifi cant benefi ts for one or more of the four outcomes. Guideline-adherent empirical therapy was 
associated with a relative risk reduction for mortality of 35% (relative risk 0·65, 95% CI 0·54–0·80, p<0⋅0001) 
and for de-escalation of 56% (0·44, 0·30–0·66, p<0⋅0001). Evidence of eff ects was less clear for adjusting therapy 
according to renal function, discontinuing therapy based on lack of clinical or microbiological evidence of 
infection, and having a local antibiotic guide. We found no reports for the remaining fi ve stewardship objectives 
or for long-term care facilities.

Interpretation Our fi ndings of benefi cial eff ects on outcomes with nine antimicrobial stewardship objectives 
suggest they can guide stewardship teams in their eff orts to improve the quality of antibiotic use in hospitals.

Funding Dutch Working Party on Antibiotic Policy and Netherlands National Institute for Public Health and the 
Environment.

Introduction
Although the benefi ts of antibiotic use are indisputable, 
misuse and overuse of antibiotics have contributed to 
antibiotic resistance, which has become a serious and 
growing threat to public health.1,2 Patients with infections 
caused by resistant bacteria generally have an increased 
risk of poor clinical outcomes and death and use more 
health-care resources than patients infected with non-
resistant bacteria of the same species.2

Of all antibiotics prescribed in acute-care hospitals, 
20–50% are either unnecessary or inappropriate.3–6 
Hospitals worldwide have been incorporating anti-
microbial stewardship into hospital policy, with the 
goal of improving the quality of antimicrobial use. The 
primary goal of antimicrobial stewardship is to achieve 
optimum clinical outcomes and ensure cost-eff ective-
ness of therapy while keeping to a minimum 
unintended consequences of anti microbial use, includ-
ing toxic eff ects, selection of pathogenic organisms, 
and the emergence of resistance.7 The characteristics of 
antimicrobial stewardship programmes vary8 but 

generally consist of a range of interventions that can  be 
selected and adapted to fi t the infrastructure of any 
hospital.9

In stewardship programmes, two sets of interventions 
should be distinguished. The fi rst relates to recom-
mended care at the patient level (stewardship objec-
tives), such as treating patients according to the 
guidelines or taking cultures of blood and from the site 
of infection. The second set relates to recommended 
strategies for achieving the stewardship objectives, 
such as restrictive (eg, formulary restriction) and 
persuasive (eg, education and feedback) strategies, to 
improve appropriate antimicrobial use. The evidence 
for the second set of interventions has been 
systematically reviewed,5 but the yields of individual 
stewardship objectives do not seem to have been 
assessed.

We did a systematic review and meta-analysis to 
summarise the current state of evidence of the eff ects of 
antimicrobial stewardship objectives on patients’ clinical 
outcomes (eg, mortality and length of stay [LOS] in 
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▶  14 stewardship objectives identified using Delphi procedure, from IDSA 
Guidelines, and from consensus meeting with professional societies in 
Netherlands 

▶  669 potentially relevant studies, of which 145 met inclusion criteria:  

•  one of 4 patient outcomes (mortality / LOS in hospital, adverse events, cost, 
resistance rates) 

•  data presented related to 9 (of 14) stewardship interventions 

▶  Low quality evidence from 145 moderately-highly heterogeneous studies 
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could be published in English, German, Spanish, French, 
or Dutch. Studies meeting the inclusion criteria were 
also retrieved from systematic reviews. Study outcomes 
had to be related to antibiotic treatment, although we did 
not restrict our search to any specifi c infections, and had 
to be assessed in hospital or long-term care facilities. 
Papers could be included in more than one search if the 
eff ects of the separate objectives could be distinguished.

We excluded case reports, narrative reviews, discussion 
papers, conference papers, letters to the editor, and 
editorials, any studies published after April, 2014. We 
also excluded studies done in resource-limited settings 
and those that included outpatients or patients treated by 
general practitioners. Finally, we excluded studies in 
which all patients were younger than 18 years and those 
that assessed outbreak settings, prophylactic and peri-
operative treatment, and Helicobacter pylori, malaria, 
HIV, and mycobacterial disease.

Data extraction and statistical analysis
We used a standard form to extract data from included 
studies to enable evidence synthesis and assessment of 
study quality. We extracted title, year, authors, study 
setting, disorder studied, details of the intervention and 
control conditions, data on the four predefi ned 
outcomes, and information necessary to assess risk of 
bias. To prevent double counting, where possible we 
report aggregated data (eg, total hospital costs instead of 

costs of antibiotics by class), median rather than mean 
values, and data for 1 year rather than data per day. If 
available, we used data from multivariate analyses and 
those represented as standardised measures, such as 
defi ned daily dose. Since cost is a variable dependent on 
setting and time, we did not transform data into 
standardised measures, and we report the unit of costs 
as reported in the selected studies.

All information was extracted by one author (ECS) and 
was fully checked for accuracy by a second author (JWM, 
PDvdL, JAS, or JMP). Discrepancies were identifi ed and 
resolved through discussion (with a third author if 
necessary).

If the data on the predefi ned outcomes were not present 
or were incomplete, missing data were not requested 
from study authors and the study was excluded. We pooled 
data on outcomes, irrespective of study design or type of 
disorder, and analysed them with a random-eff ects model 
and, when relevant, displayed them in forest plots. We 
report relative risk reductions (RRRs) with risk reductions 
(RRs) and 95% CIs. We used the I² test to test for 
heterogeneity, with values greater than 65% representing 
major heterogeneity, those of 40–65% moderate 
heterogeneity, and those less than 40% low heterogeneity. 
If appropriate, we did sensitivity analyses by study design 
or the largest group of patients (eg, by disorder). We 
followed the PRISMA criteria for all systematic reviews 
(appendix).11,12 The protocol is available online.

Defi nitions

Empirical therapy according to the guidelines Empirical systemic antibiotic therapy prescribed according to local guide or national guidelines*

Blood cultures Take at least two sets of blood cultures before starting systemic antibiotic therapy

Cultures from the site of infection Take cultures from suspected sites of infection, preferably before starting systemic antibiotic therapy

De-escalation of therapy Change to narrow-spectrum antibiotic or stop antibiotics as soon as culture results are available10–13

Adjustment of therapy to renal function Adjustment of dose and dosing interval of systemic antibiotics

Switch from intravenous to oral therapy Switch after 48–72 h, when the clinical condition of the patient is stable, oral intake and gastrointestinal 
absorption are adequate, and when suffi  ciently high concentrations in blood with a suitable oral antibiotic 
can be achieved10,14,15

Documented antibiotic plan Documented antibiotic plan should include indication, drug name and dose, and administration route and 
interval, and should be included in the case notes at the start of systemic antibiotic treatment

Therapeutic drug monitoring NA

Discontinuation of antibiotic therapy if 
infection is not confi rmed

Discontinuation of empirical treatment based on lack of clinical or microbiological evidence of infection†

Presence of a local antibiotic guide Local antibiotic guide present in the hospital and assessed for update every 3 years

Local antibiotic guide in agreement with 
national antibiotic guidelines

Corresponds for all features but can deviate on the basis of local resistance patterns

List of restricted antibiotics Removal of specifi c antibiotics from the formulary or restriction of use by requiring preauthorisation by a 
specialist (infectious diseases or medical microbiology) or allowing use for only 72 h with mandatory 
approval for further use; studies in outbreak settings excluded

Bedside consultation Formal consultation by an infectious disease specialist leading to written comments and advice on 
treatment based on physical examination and review of medical records (informal consultation, for example 
by telephone, does not count as bedside consultation)

Assessment of patients’ adherence NA

NA=not applicable. *All results extracted if both reported. †Studies only reporting on diff erences between discontinuing and continuing treatment were included, whereas 
those including more general reports on de-escalation of therapy (broad to narrower spectrum or stopping treatment based on culture results) were included in the review of 
de-escalation of therapy. 

Table 1: Antimicrobial stewardship objectives included in systematic review  

For the protocol see http://www.
crd.york.ac.uk/PROSPERO/
display_record.asp?ID=CRD
42014014466


