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Abstract By the year 2030, an estimated 20 % of the United
States population will be aged 65 years and older, and almost
30 million of these individuals are anticipated to have function-
al limitations necessitating long-term care. Older adults’ in-
creased susceptibility to nosocomial infections, combined
with their often atypical presentation, results in a tendency to
inappropriately prescribe antibiotics in long-term care facilities
(LTCFs). Furthermore, reduced laboratory capacity in LTCFs
can cause significant delays in receiving culture results and
prolonged duration of empiric antimicrobial therapy. This re-
view explores these factors and other issues contributing to the
misuse and overuse of antibiotics as they relate to diagnosis,
transmission, and management of infections in older adults.
Inappropriate antimicrobial use has considerable conse-
quences, including the development of multidrug resistant
organisms, increasing incidence and mortality related to Clos-
tridium difficile infection, and increasing adverse drug reac-
tions, and therefore prompt and coordinated action is required
to address this growing public health threat.
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Introduction

Antimicrobial resistance combined with the rapidly dwindling
antimicrobial pipeline has emerged as a significant healthcare
safety threat in the twenty-first century. Multidrug-resistant
organisms (MDROs) within the healthcare setting are

responsible for an increasing incidence of hospital-acquired
infections (HAIs), which have been linked to increases in
morbidity, mortality, length of hospital stay, and healthcare
costs [1•]. As the incidence of antimicrobial-resistant infec-
tions has been steadily rising, very little progress has been
made in the development of new and effective antibiotics.
Additionally, there is marked misuse of currently available
antibiotics which further complicates the problem of growing
antimicrobial resistance [2]. Of note, the population most
severely affected by this conundrum is older adults, particu-
larly those residing in long-term care facilities [3].

It is estimated that by the year 2030, 20 % of the United
States population will be aged 65 years and older, and will
account for a 25 % increase in healthcare spending [4]. The
growing geriatric population is particularly susceptible to
nosocomial infections because of multimorbidity, immune
senescence, greater severity of illness, functional impairment,
cognitive impairment, incontinence, and the presence of fre-
quent short-term and long-term indwelling devices such as
urinary catheters and feeding tubes [5••]. By 2030, almost 30
million older adults are anticipated to have functional limita-
tions that will increase the need for long-term care. Currently,
there are more than 16,000 long-term care facilities (LTCFs)
in the U.S., which house approximately 1.5 million older
adults [6].

Residents of LTCFs are at greater risk for infection than
older adults residing in the community. Urinary tract infec-
tion, pneumonia, soft-tissue infection, gastroenteritis, and
prosthetic device-associated infections are common prob-
lems among elderly LTCF residents. For example, UTI
occurs at an incidence of 0.1–2.4 cases per 1,000 resident-
days, and pneumonia develops among elderly LTCF resi-
dents at a rate of 1 episode per 1,000 resident-days, which is
ten times greater than the rate of pneumonia among elderly
individuals living in the community [6].

The increased susceptibility to nosocomial infections
among older adults, combined with their often atypical
presentation, often leads to heightened suspicion of infec-
tion, thereby causing healthcare workers to prescribe antibi-
otics more readily and often inappropriately in LTCFs [7••].
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In this review, we discuss the various factors contributing to
the misuse and overuse of antibiotics as they relate to diagno-
sis, transmission and management of infections in older
adults. We then outline the consequences of inappropriate
antimicrobial usage, including the development of multidrug
resistant organisms (MDROs), increasing incidence and mor-
tality related to Clostridium difficile infection (CDI), and
increasing adverse drug reactions. Finally, we propose solu-
tions and recommendations to address the growing challenge
of inappropriate antimicrobial use in older adults.

Diagnosis of Infection in Older Adults

Typical signs and symptoms of infection are frequently
absent in older adults. As one ages and becomes frailer,
basal body temperature decreases, making it less likely that
one will achieve the classic definition of fever. Therefore,
different guidelines should be used for this patient popula-
tion, and infection should be suspected in older adults with
any of the following characteristics [6]:

A. Decline in functional status, defined as new or increas-
ing confusion, incontinence, falling, deteriorating mo-
bility, reduced food intake, or failure to cooperate with
staff; OR

B. Fever if present, defined as [1•] a single oral tempera-
ture >100 °F (37.8 °C); or [2] repeated oral tempera-
tures >99.5 °F (37.5 °C); or [3] an increase in
temperature of >2 °F (>1.1 °C)

Due to decreases in basal body temperature, elderly pa-
tients may have bacteremia with little or no fever. Studies
reveal that older bacteremic patients have fewer signs or
symptoms than younger bacteremic patients, and that clini-
cal indicators alone are unreliable predictors of bacteremia
in older patients. Additionally, in patients with pneumonia,
tachypnea, not fever, is the only physical sign with a high
predictive value [8].

Only 60 % of older adults present with leukocytosis
when an infection is present. As such, identifying leukocy-
tosis can help confirm the presence of infection, but it is
fairly nonspecific. An older adult with or without fever and
an elevated white blood cell (WBC) count has a high prob-
ability of underlying bacterial infection if they have a high
percentage of neutrophils or if they show an elevated total
band (immature neutrophil) count. But leukocytosis may be
minimal or absent even with severe infection including
bacteremia [8].

In fact, leukocytosis often reflects a favorable prognosis by
signaling that the patient's bone marrow is producing WBCs
in response to an infectious or inflammatory process. A mark-
edly depressed WBC count has been linked to poor prognosis
in patients with pneumonia. The lack of an elevated WBC

should not lessen the significance of other clinical signs and
symptoms, such as purulent sputum or abdominal pain. Lon-
gitudinal changes in WBC may offer more information than a
single value [8]. Furthermore, many older adults who use
nonsteroidal anti-inflammatory drugs (NSAIDs) for painful
musculoskeletal conditions have their inflammatory response
altered, rendering leukocyte count a less reliable indicator of
infection among these patients [9].

Bacteriuria is very common among LTCF residents and
poses another challenge to clinicians [3]. Antibiotic use for
suspected UTIs among LTCF residents is very frequent and
most often inappropriate, as it is usually initiated in response
to nonspecific symptoms or asymptomatic bacteriuria (ASB)
[10]. Asymptomatic bacteriuria in an older adult is considered
a benign condition that does not require treatment, and guide-
lines published by the Infectious Disease Society of America
(IDSA) state that there is no measurable benefit to screen for
or provide antibiotic treatment for ASB in older adult patients
living in the community or in long-term care facilities [11].
Furthermore, LTCFs that used standardized diagnostic and
treatment algorithms for patients with a suspected UTI were
able to significantly improve appropriate use of antibiotics,
leading to a decline in overall antibiotic use as compared to
use in LTCFs that did not implement such algorithms [12].

Challenges to Appropriate Antimicrobial Use Among
Older Adults Residing in LTCFs

Long-term care facilities have emerged as a major health
care delivery system across the nation owing to the increas-
ing demands to reduce health care costs and decrease the
length of hospital stays [13]. About 1.4 million older adults
now reside in skilled nursing facilities (SNFs) and over
40,000 admissions to long-term acute care hospitals
(LTACs) now occur annually [14], and these numbers are
expected to increase further in the years ahead due to the
growing geriatric population [5••].

Empiric Treatment in Older Adults

Unfortunately, determining whether an older adult patient
truly needs an antimicrobial agent is often difficult for a
variety of reasons, including the following:

1. The lack of typical signs and symptoms of infection in
older adults further narrows the fine line between coloni-
zation and infection, leading to a higher suspicion of
infection, and hence an increased use of antimicrobials [6].

2. Most LTCFs outsource their microbiological laboratory
testing, causing a delay in obtaining culture results
(speciation and susceptibility), which in turns leads to
longer duration of empiric antimicrobial therapy [3].
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3. Finally, the availability of physicians to evaluate LTCF
residents for possible infection is also highly variable;
Daneman et al. [15] found that less than 44 % of residents
had a physician visit within one day of their antimicrobial
prescription start date. Consequently, antibiotics are often
prescribed over the telephone in this setting [3].

Patterns of Antibiotic Use in LTCFs

Antibiotics are used extensively in LTCFs (7). Previous sur-
veys of LTCF residents found an antibiotic usage point prev-
alence of approximately 7 % to 10 % [16–18], and found that
between 50 % and 70 % of residents receive at least one
course of antibiotics per year [16, 19, 20]. Although antibiotic
usage varies greatly between facilities, antibiotics are gener-
ally thought to be overused in LTCFs [7••]. Various studies
suggest that 25 % to 75 % of systemic antimicrobials are
inappropriately prescribed in LTCFs [16–18]. Studies
assessing prescribing practices vary in many ways, and dif-
ferent standards are often used to judge appropriateness, lead-
ing to variability across the literature. However, many studies
now rely on surveillance criteria to assess whether the case in
question has met diagnostic criteria for an infectious disease
[7••]. One such study, conducted by Loeb and colleagues [21],
evaluated appropriateness of antibiotic prescriptions using
standardized surveillance definitions of common infections,
and found that only 49% of all prescriptions for infectionsmet
diagnostic criteria.

The result of such widespread use of antimicrobials is that
individuals are at risk for colonization or infection with drug-
resistant organisms, and higher rates of antibiotic-related com-
plications such as Clostridium difficile colitis [7••].

Transmission of Infection Among Older Adults

Infection Control Challenges in LTCFs

Yet another factor contributing to this vicious cycle of
increased antimicrobial use, increased colonization by
MDROs, and increased HAIs in LTCFs is the use of inad-
equate infection prevention practices in many LTCFs. As
LTCFs accept increasingly complex patients from acute care
facilities, infection prevention becomes crucial. However,
LTCFs have many unique characteristics that create special
challenges in implementing an effective infection preven-
tion program [5••].

Most LTCFs are required to provide socialization of resi-
dents through group activities. While these activities are im-
portant for promoting good physical and mental health, they
may also increase communicable infectious disease exposure
and transmission [3]. Additionally, occupational and physical

therapy activities at LTCFs, while vital to restoring or
maintaining physical and mental function, may increase the
risk of person-to-person transmission between residents or
exposure to contaminated environmental surfaces through
the use of physical or occupational therapy equipment [3].

Care Transitions

Another major challenge to appropriate antimicrobial use
and the spread of multidrug resistance among older adults is
encountered during care transitions from one healthcare
setting to another. With the reduction in the average length
of hospital stay, not only has the severity of illness among
residents of LTCFs increased but so has the number of rapid
transfers between facilities, during which older adults often
serve as vectors, transmitting pathogens from one setting to
another [5••].

Such transitions are also extremely important with regards
to Clostridium difficile infection (CDI), as higher rates of
interfacility transmission and prevalence of Clostridium diffi-
cile infections have been identified among this patient popu-
lation. Surveillance data obtained in 2010 by the Emerging
Infections Program of the Centers for Disease Control and
Prevention (CDC) indicates that many CDI cases occur in
patients exposed to multiple settings [22•]. For instance,
20 % of hospital-onset CDIs occurred in recent residents of a
nursing home, and 67 % of nursing home-onset CDI cases
occurred in patients recently discharged from an acute care
hospital [22•]. These findings underscore the fact that the risk
for CDI from antibiotic exposure and transmissionmoves with
patients across multiple health-care settings, necessitating the
need for collaboration and recognition of the interdependence
of health-care settings in order to reduce CDI rates [22•].

Consequences of Inappropriate Antibiotic Use

Multidrug Resistant Organisms (MDROs) in LTCFs

Infections caused by MDROs, although more common in
acute care hospitals, are also increasing significantly in
LTCFs [23]. The frequent use of antibiotics in LTCFs has
led to the selection of a resistant flora [24, 25], and the
proximity of residents and contact between residents and
healthcare workers facilitates the spread of these organisms
[26]. The most common MDROs found in LTCFs have been
methicillin-resistant Staphylococcus aureus (MRSA) and
vancomycin-resistant Enterococcus (VRE), although gram-
negative organisms, such as Klebsiella and Acinetobacter,
are being seen with increasing frequency [24, 27, 28]. Ad-
ditionally, transmission of these MDROs to previously non-
colonized residents has been observed [29]. In this setting,
infection with MDROs has been associated with increased
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morbidity, mortality, and cost [30, 31]. Furthermore, LTCF
residence has been frequently identified as a risk factor for
antibiotic-resistant infection in hospitalized patients [3].

Elderly and disabled residents are at increased risk for
colonization with resistant organisms, and colonization may
persist for long periods of time, such as months to years, in
such individuals [3, 32]. Within a LTCF, length of stay in the
facility and placement in rooms with multiple beds have
both been identified as risk factors for transmission of
MRSA [33]. Both infected and colonized residents may
serve as sources of transmission of MDROs in the LTCF
[34, 35]. Furthermore, when a MDRO such as MRSA
becomes endemic within a facility, unfortunately elimina-
tion is highly unlikely [35]. For these reasons, LTCFs can
expect infections with MDROs to be an ongoing challenge,
and therefore steps must be taken to address this threatening
public health problem with a greater sense of urgency.

Unfortunately, during the last decade there has also been a
dramatic drop in the development and approval of new
antibacterial agents [3]. Importantly, no drugs have reached
advanced stages of development for infection due to MDR
Gram-negative bacilli, such as A. baumannii andP. aeruginosa
[2]. As such, our therapeutic options for these pathogens are
now so extremely limited that clinicians are forced to use older,
previously discarded drugs, such as colistin, that are associated
with significant toxicity and for which there is a lack of robust
data to guide selection of dosage regimen or duration of
therapy [36–39]. The side effects of these drugs, such as
nephrotoxicity in the case of colistin, are especially dangerous
in elderly patients, who often have underlying comorbidities
such as chronic kidney disease, and therefore even these older
agents may not provide a viable treatment option for such
patients [2]. The absence of appropriate agents to treat infec-
tion due to resistant gram-negative bacilli places elderly pa-
tients with these infections in danger of poor outcomes.

Clostridium Difficile Infection (CDI) in LTCFs

The main modifiable risk factor for CDI is antimicrobial
use, which increases risk through an alteration in the pa-
tient’s normal lower-intestinal flora [40]. Consequently, the
indiscriminate use of antibiotics in LTCFs leads to an in-
creased risk of CDI among residents, who are already more
vulnerable to C. difficile infection due to their increased age
and other factors, as described below.

The disproportional clinical burden of CDI in older adults
is related to a number of factors, including comorbidities,
greater need for hospitalization or institutional care and
therefore greater exposure to the pathogen; selection for
strains with increased pathogenicity; immunoscenescence
with poor ability to mount an adequate immune response;
and greater exposure to antibiotics that suppress the coloni-
zation resistance afforded by normal gut microflora [41••].

CDI is the most common cause of nosocomial diarrhea
[42] and a growing problem in long-term acute care facili-
ties and skilled nursing facilities [43]. Since 2001, CDI
incidence, mortality, and recurrence rates have been increas-
ing [44–46]. The estimated number of deaths attributable to
CDI increased from 3,000 deaths per year during
1999–2000 to 14,000 during 2006–2007, with more than
90 % of deaths among patients 65 years of age or older [47].
Additionally, both recurrent and severe CDI are more likely
with increasing age [48].

According to the CDC, the majority of C. difficile
cases occur in nursing homes or other outpatient set-
tings [22•]. Overall, 94 % of all CDIs are related to
healthcare exposures; of these, 75 % have their onset
outside of hospitals (nursing homes, outpatient settings,
and recently discharged patients) [22•]. In LTCFs, the
incidence of CDI may now be as high as 3.72 cases per
1,000 resident-days [49].

Such findings emphasize the need for improved CDI
management practices related to diagnosis, contact isolation,
and environmental disinfection to be incorporated into
established infection control programs at LTCFs. Further-
more, the introduction of antimicrobial stewardship pro-
grams (ASPs) at long-term care facilities would further
reduce the prevalence of CDIs among LTCF residents.

Increases in Antibiotic-Related Adverse Drug Reactions

Antibiotic-associated adverse events lead to many emergen-
cy department visits, with allergic reactions being the most
common events. In 2008, there were approximately 142,000
visits to emergency departments for adverse events attribut-
ed to antibiotics [50].

Frail older adults appear to have a particularly high risk
of developing adverse drug reactions. In some cases, this is
because the effect of age and frailty on the elimination of the
drug is not taken into account and too large a dose is
therefore prescribed [51]. For instance, the pharmacokinet-
ics of many drugs are affected by renal function and body
weight. In general, older adults have a smaller body mass
than younger individuals, and their kidney function is di-
minished by comparison. It has been demonstrated that
creatinine clearance is decreased by ∼40 % in individuals
>80 years of age, despite serum creatinine values that appear
to be normal [52]. Therefore, appropriate dose reductions
for antibiotics, such as quinolones, which are eliminated
primarily through the kidneys, may reduce the likelihood
of exaggerated drug exposures and, thus, toxicities in this
population [52]. Furthermore, minimizing unnecessary an-
tibiotic use overall by even a small percentage through the
introduction of ASPs could significantly reduce the direct
risks of drug-related adverse events in elderly patients
in LTCFs [50].
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Recommendations

In the last few decades, healthcare delivery has moved from
acute care facilities to skilled nursing facilities, rehabilita-
tion units, assisted-living facilities, home, and outpatient
settings. Furthermore, measures to reduce healthcare costs
have led to a reduced number of hospitalizations and shorter
lengths of stay, resulting in an increasing acuity of illness
among LTCF residents. In addition to higher device utiliza-
tion, these residents are more likely to be provided antimi-
crobial therapy and physical rehabilitation services than
LTCF residents were in the past [53].

As LTCFs have emerged as a major healthcare delivery
site, infection prevention and appropriate antibiotic use have
become even more critical in these facilities. Since the envi-
ronment of LTCFs provides a major reservoir for MDROs,
and LTCFs house a more susceptible older adult population,
controlling the spread and colonization of MDROs in such
facilities is of paramount importance. However, infection
control measures and antimicrobial stewardship programs
have not been scaled-up in accordance with the more promi-
nent role that these various healthcare settings now play in the
provision of geriatric care [3]. The recommendations below
provide strategies and approaches which can begin to address
the numerous factors surrounding antibiotic use and multidrug
resistance in long-term care facilities.

In order to more accurately diagnose infection in elderly
patients residing in LTCFs, the initial clinical evaluation
should be a three-tiered approach involving a certified nurs-
ing assistant (CNA), the on-site nurse, and a physician
assistant or physician. CNAs are often the first to recognize
a symptom or sign of infection in LTCF residents, but data
suggest that they frequently misinterpret these initial clinical
signs and symptoms. Therefore, after measuring the pa-
tient’s vital signs, the CNA should report to the on-site nurse
immediately if residents are suspected of having an infection
or have a fever. The clinical evaluation can then be contin-
ued by the nurse and eventually by another clinician,
allowing a more accurate diagnosis to be made, thereby
facilitating more judicious use of antibiotics [6]. Addition-
ally, because the inappropriate treatment of asymptomatic
bacteriuria has also been identified as a significant cause of
antibiotic overuse in LTCFs, this must be a major target for
antimicrobial stewardship programs in this setting.

As occupational and physical therapy programs are com-
monly provided at LTCFs, a specific infection control pro-
gram for rehabilitation services should be developed and
should focus on facility design in order to promote hand
hygiene compliance, including easy access to sinks and the
use of alcohol-based hand sanitizer for all residents and
therapists participating in rehabilitation sessions. Further-
more, patients who are infectious should not be treated at
the central physical therapy or rehabilitation facility [5••].

Care transitions present another challenge to infection
control prevention and appropriate antibiotic use at
LTCFs. It is therefore important for the receiving facil-
ity to request clinical information from the transferring
facility regarding current culture reports for residents
who may be infected or colonized with pathogenic
organisms, especially multi-drug resistant organisms.
This action would enable healthcare workers at the
receiving facility to determine the interventions neces-
sary to meet the resident’s needs and to prevent the
spread of pathogens within the facility [5••]. Further-
more, detailed information regarding any previous anti-
microbial regimens should be provided to the new
facility, including dosage and duration, so that continued
administration can be evaluated upon admission to the
new facility and the care team can decide whether the
current regimen should be continued, modified, or
discontinued at the new facility.

Finally, ASPs focused on timely de-escalation and
discontinuation of antimicrobials are urgently needed in
LTCFs in order to facilitate proper prescribing practices
among HCWs caring for elderly patients, which will in
turn decrease colonization pressure by multidrug resistant
organisms. Implementation of ASPs has the potential to
limit antimicrobial resistance in LTCFs, while improving
treatment efficacy, minimizing drug-related adverse
events, and reducing treatment-related costs [7••].

Conclusions/Expert Opinion

Antibiotic stewardship and infection control are inextricably
linked, and both must be strengthened in the long-term care
setting. If ASPs are not properly implemented, and inappro-
priate antibiotic use continues, the spread of MDROs will
increase and greater infection rates will be observed in elderly
patients living in LTCFs. Conversely, if poor infection control
practices are implemented in LTCFs, an increase in infection
rates will result, which in turn will necessitate an increase in
antibiotic use and cause higher rates of MDROs.

Stewardship programs must be implemented in all types
of long-term care facilities, with an emphasis on appropriate
use of antibiotics in older adult patients and within the long-
term care environment. A focus on de-escalation is critical
in such care settings, and ASPs provide a structured way for
HCWs to become better informed about the indications for
antibiotics and more compliant with recommended regimen
stop dates. Furthermore, facilities can tailor the CDC’s
12-step campaign to prevent antimicrobial resistance
among long-term care residents to their unique patient
population and facility needs [10, 54].

Infection control programs within LTCFs must place a
greater emphasis on safe and effective transitions of care
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between facilities, especially as residents of LTCFs have
become more critically ill, and often require transport be-
tween acute care facilities and LTCFs on a more regular
basis. Communication between facilities is essential during
such transitions, and care liaisons can help immensely at
such critical junctions in care. The incorporation of CDI
management practices is also of utmost importance, as rates
of severe CDI have begun to increase among elderly patients
living at LTCFs. In addition to these aspects, the standard
elements of an effective IC program, including hand hy-
giene, isolation precautions, and outbreak management,
must be strengthened as well [5••]. The prominent role of
the infection control professional is also critical to the suc-
cess and effectiveness of such programs.

In order to make such changes feasible, facilities should
invest in hiring physician directors who have received train-
ing in both infection control and antibiotic stewardship
principles and implementation. Furthermore, geriatric and
infectious disease fellows should receive more comprehensive
training in appropriate antibiotic use in older adults earlier in
their training.
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