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Infection Prevention Research in Nursing Homes

T he number of older adults in 
the United States is expected 
to increase from almost 38.9 
million in 2008 to 63.5 million 

by 2025.1 In the past 2 decades, mea-
sures to reduce health care costs have 
led to reductions in hospitalizations 
and lengths of stay and an increasing 
demand on nursing homes (NHs) to 
provide care for an aging population 
with complex medical conditions. 

The VA operates 133 community 
living centers (CLCs, formerly known 
as Extended Care Centers or Nursing 
Home Care Units) nationwide, serv-
ing about 10,000 veterans a day. The 
mission of VA CLCs is to provide a 
dynamic array of services in person-
centered environments that meet the 
individual needs of residents, provid-
ing excellent health care and quality 
of life.2 

Infections in NHs and CLCs in-
crease the mortality and morbidity of 
residents, lead to hospital transfers, 
compromise residents’ quality of life, 
and generate additional costs for the 
facilities as well as for the hospitals. 
Every year about 2 million infections 
occur in residents in NHs and are re-
sponsible for a substantial proportion 
of resident transfers to acute care hos-
pitals. About 3% to 15% of residents 
will acquire an infection during their 
NH stay.3 

The charge of the Infection Preven-
tion in Aging (IPA) Research Program 
at the Ann Arbor VA Geriatric Re-

search, Education and Clinical Cen-
ter (GRECC) is to prevent and reduce 
infections among NH residents, par-
ticularly those infections due to an-
tibiotic-resistant bacteria, with the 
overarching goal of improving quality 
of care and disease outcomes. Infec-
tion prevention practices in NHs are 
often adopted from acute care facili-
ties. Few clinical interventional stud-
ies evaluating these practices have 
been performed in NHs, and the types 
of NHs studied have been limited. 
There is a great need to understand 
which infection control practices are 
most effective in nonhospital settings 
and whether these interventions can 
be effectively implemented by a wide 
variety of facilities that provide skilled 
care. In response to this need, our IPA 
Research Program has developed and 
fostered a network of NHs where in-
fection prevention research can be 
conducted in collaboration with in-
vestigators from Geriatric Medicine, 
Infectious Diseases, and Health Ser-
vices Research and Development. 

The specific goals of our IPA Re-
search Program are to evaluate the 
current state of NH health care work-
ers’ (HCWs) knowledge and compli-
ance with current infection control 

recommendations, determine the 
extent of the problem of antibiotic 
resistance in NHs, and investigate 
effectiveness of infection prevention 
programs in reducing infections and 
antimicrobial resistance. 

INFECTION PREVENTION 
RESEARCH IN NURSING HOMES: 
STUDIES USING SURVEY 
METHODOLOGY
While we know that infections and 
antimicrobial-resistant pathogens pose 
significant problems in NHs, we don’t 
know how nonacademic, free-stand-
ing NHs cope with this daunting di-
lemma. We conducted survey-based 
studies to understand the extent of 
adoption of infection control practices 
in NHs. 

Infectious Control Practices 
Survey
To gather preliminary information 
on compliance with infection con-
trol guidelines, we sent a survey to in-
fection control practitioners/directors 
of nursing at 105 NHs (community-
based, non-VA) in southeast Michi-
gan. Despite the Centers for Disease 
Control and Prevention recommen-
dations, 35% of the facilities had no 
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written policy for the care of feeding 
tubes, and 25% had no written policy 
for the care of urinary catheters. Ad-
ditionally, 15% had no written policy 
for methicillin-resistant Staphylococ-
cus aureus (MRSA), and 25% had no 
written policy for vancomycin-resis-
tant enterococci (VRE). Surveillance 
to monitor infections varied exten-
sively among these NHs.4 

Next, HCWs at 4 NHs in Michigan 
were asked to complete a previously 
validated questionnaire assessing their 
knowledge, beliefs, attitudes, and mo-
tivation toward hand hygiene and 
the role of fingernails in colonization 
and transmission of pathogens. Most 
HCWs (84%) reported that hand hy-

giene was a useful first-line measure 
to prevent infections in residents, 
but only 61% knew how long hands 
should be washed. HCWs who be-
lieved that artificial or long fingernails 
were unrelated to pathogen transmis-
sion were less motivated to improve 
hand hygiene compared with those 
who believed that fingernails were a 
source of such transmission. Thus, 
knowledge and beliefs regarding hand 
and nail hygiene influenced HCWs’ 
motivation to improve their hand hy-
giene practices.5

Using mail-in surveys to a nation-
wide random sample of NHs (com-
munity-based, non-VA), we have also 
shown that NHs have to scramble 

to receive their vaccine supply in 
times of shortage and that disaster 
preparedness (specifically pandemic 
preparedness) is challenging.6,7 These 
studies show that the infection con-
trol recommendations put forward by 
various organizations have not been 
universally accepted or implemented. 
This study also underscores the need 
to understand the barriers and facili-
tators to diffusion of evidence-based 
practices and policies in NHs.

HOW COMMON IS 
ANTIMICROBIAL RESISTANCE  
IN NHS? 

Prevalence of Cephalosporin-
Resistant Gram-Negative Bacilli 
(GNB) in NHs
Epidemiology of MRSA and VRE in 
NHs and CLCs has been well-stud-
ied.8-11 However, resistance in gram-
negative bacilli (R-GNB) poses an 
even greater and immediate threat to 
patients because so few treatment op-
tions are available or in development. 
In collaboration with investigators 
from the Portland and Pittsburgh VA 
Medical Centers, we retrospectively 
assessed the prevalence of ceftazidime 
resistance (CTZR) among GNB at 3 
VA CLCs. Our findings indicated that 
there was significant regional varia-
tion in the prevalence of R-GNB and 
CTZR among our VA CLC clinical 
isolates that approached 10%.12 In a 
more recent study, we showed that 
impaired functional status or need for 
assistance with eating was predictive 
of colonization with R-GNB.13 

Role of Indwelling Devices: 
Colonization With MRSA, VRE, 
and R-GNB
A study of the relationship between in-
dwelling-device use and microbial col-
onization was conducted in 14 NHs.14 
Cultures were obtained from multiple 
anatomic sites. Overall, 51% of all res-
idents were colonized with at least 1 

Table 1. Relationship between indwelling device  
use and microbial colonization

Type of indwelling device
Odds ratio for 
colonization* P value

Any device

   MRSA: any site 2.0 0.04

   MRSA: groin 4.8 0.006

   MRSA: perianal 3.6 0.011

   CTZR GNB: any site 5.6 0.003

Urinary catheter

   MRSA: groin 4.5 0.001

   MRSA: perianal 4.3 0.006

   CTZR GNB: any site 7.8 0.002

Feeding tube

   MRSA: any site 2.4 0.035

   MRSA: groin 5.8 0.018

   MRSA: oropharynx 3.3 0.02

   MRSA: perianal 3.5 0.05

   CTZR GNB: any site 7.3 0.006

*Adjusted for age, comorbidity, and functional status.
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resistant organism: 63% in residents 
with indwelling devices and 40% in 
residents without any devices (odds 
ratio 2.52; P = .004). The type of in-
dwelling device was closely associated 
with the site of colonization and colo-
nizing organism (eg, increased MRSA 
colonized the oropharynx in patients 
with enteral feeding tubes, but that 
association was not found in patients 
with urinary catheters). 

Next, we explored whether resi-
dents with indwelling devices were 
more likely to harbor S aureus at mul-
tiple body sites (Table 1).15 Overall, 
28/29 residents (97%) with coloniza-
tion at 4 or more sites had an indwell-
ing device.12 Similarly, 16/16 residents 
with colonization at 4 or more sites 
had an indwelling device. Of inter-
est was also the fact that of 39 resi-
dents with MRSA at a single site, 22 
residents were colonized at sites other 
than nares. Eighteen of these 22 resi-
dents had indwelling devices. 

In general, the nares are the major 
reservoir for colonization with S au-
reus and MRSA. Many studies have 
used nares cultures alone to ascertain 
colonization. Our results have impli-
cations for infection control practice 
and future research. First, a significant 
proportion of NH residents harbor  
S aureus and MRSA at sites other than 
the nares. Presence of indwelling de-
vices increases the likelihood of being 
colonized at multiple sites. Thus, NH 
residents with devices should be tar-
geted for intensive infection control 
measures. Second, extensive extra-
nasal colonization with S aureus and 
MRSA in this population has vital im-
plications in planning for prospective 
surveillance and interventional stud-
ies designed to eradicate S aureus and 
MRSA colonization. Active surveil-
lance using nares cultures alone may 
not be sufficient to identify all carriers. 

These studies suggest that the epide-
miology of MRSA in NHs is evolving, 
resistance among GNB is a sig nificant 

issue, and residents with indwelling 
devices are at a substantially higher 
risk of colonization and possibly infec-
tion with these pathogens.

INFECTION PREVENTION 
RESEARCH IN NURSING HOMES: 
INTERVENTIONAL STUDIES
After defining epidemiology of antibi-
otic resistance in NHs and conducting 
surveys to identify gaps in adoption of 
infection prevention practices, we con-
ducted intervention studies to identify 
practical, portable, efficient infection 
prevention models for NHs.16,17 

First, we assessed the introduction 
of alcohol-based hand rub cleansing 
in NHs and its effectiveness in re-
ducing pathogens on the hands of 
HCWs, as well as improving hand hy-
giene compliance.16 We found that 
65% of HCWs’ hands were colonized 
with GNB, 49% with yeast, 20% with 
MRSA, and 9% with VRE. After an 
educational intervention and intro-
duction of an alcohol-based hand 
rub, HCWs were more likely to re-

port hand cleansing before wound 
care and felt that the alcohol-based 
hand rub was more convenient and 
faster than traditional soap-and-water 
cleansing. Additionally, the alcohol-
based hand rub method was signifi-
cantly more effective in eradicating 
GNB and S aureus on HCWs’ hands 
than was soap and water (Figure 1). 
This study demonstrated the effective-
ness of an infection control interven-
tion in improving compliance with a 
vital infection control practice in an 
NH setting. 

In another randomized controlled 
trial we showed that mupirocin, a top-
ical anti–staphylococcal agent, is very 
effective in eradicating S aureus colo-
nization, with a trend toward fewer 
infections in the treatment group.17 

Targeted Infection Prevention 
Program (TIP)
More recently, our group is engaged 
in a multi-NH National Institutes of 
Health-funded cluster randomized 
study to reduce antimicrobial resis-
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Figure 1. Efficacy of eradicating pathogens with an alcohol-based rub vs soap and water 
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tance and infections in NH residents 
with indwelling devices. The inter-
vention program includes enhanced 
barrier precautions, such as wearing 
gowns and gloves when providing as-
sistance with daily activities, for all 
NH residents with indwelling devices; 
active screening for multidrug-resis-
tant organisms and infections using 
surveillance cultures and standardized 
infection definitions; a hand hygiene 
promotion program; and an in-ser-
vice infection prevention educational 
program.18

SUMMARY
Initiating effective infection preven-
tion strategies in NHs is challenging. 
Infection control recommendations 
put forward by various national orga-
nizations have not been universally 
accepted or implemented. For resource-
limited NHs, targeting interventions to 
groups at high risk of colonization and 
infection, such as residents with in-
dwelling urinary catheters and feeding 
tubes, may be a prudent strategy to in-
crease adherence with infection control 
practices. Introduction of an alcohol-
based hand rub is an effective and well- 
accepted strategy to reduce carriage of 
pathogens on the hands of HCWs. Our 
GRECC team is committed to conduct-
ing sound, rigorous infection preven-
tion and quality improvement studies 
that will benefit veterans and residents 
of community-based NHs alike.  l
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