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ORIGINAL ARTICLE

Antibiotic Prescribing in 4 Assisted-Living Communities:
Incidence and Potential for Improvement
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oBJECTIVE. To describe the prevalence, characteristics, and appropriateness of systemic antibiotic use in assisted living (AL) and to
conduct a preliminary quality improvement intervention trial to reduce inappropriate prescribing.

DESIGN. Pre-post study, with a 13-month intervention period.
SETTING. Four AL communities.
PARTICIPANTS. All prescribers, all AL staff who communicate with prescribers, and all patients who had an infection during the baseline

and intervention periods.

INTERVENTION. A standardized form for AL staff, an online education course and 5 practice briefs for prescribers, and monthly quality
improvement meetings with AL staff.

MEASUREMENTS. Monthly inventory of all systemic antibiotic prescriptions; interviews with the prescriber, AL staff member, closest
family member, and patient (when capable) regarding 85 antibiotic prescribing episodes (30 baseline, 55 intervention), with data review
by an expert panel to determine prescribing appropriateness.

RESULTS. The mean number of systemic antibiotic prescriptions was 3.44 per 1,000 resident-days at baseline and 3.37 during the
intervention, a nonsignificant change (P = .30). Few prescribers participated in online training. AL staff use of the standardized form
gradually increased during the program. The proportion of prescriptions rated as probably inappropriate was 26% at baseline and 15%
during the intervention, a nonsignificant trend (P = .25). Drug selection was largely appropriate during both time periods.

cOoNCLUSIONS. AL antibiotic prescribing rates appear to be approximately one-half those seen in nursing homes, with up to a quarter
being potentially inappropriate. Interventions to improve prescribing must reach all physicians and staff and most likely will require long

time periods to have the optimal effect.
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Antimicrobial resistance among bacterial pathogens is an im-
portant and growing public health concern,'? and inappro-
priate overprescribing is believed to be a contributing factor.’
Since antibiotic prescribing rates are high in nursing homes
(ranging from 3 to 5 prescriptions per resident annually),*”
concern has been raised about potentially inappropriate pre-
scribing in these settings.'"” A few studies of attempts to reduce
antibiotic overprescribing in nursing homes have been pub-
lished, and these have met with mixed results.'""**

Due to changes in long-term care regulation and financing,
assisted living (AL) has grown in recent decades to rival nurs-
ing homes in the number of chronically ill older persons
served.'*"” Since nursing home and AL residents overlap con-

siderably in terms of their medical problems and functional
status,'® by inference it seems likely that antibiotic overpre-
scribing may also be a problem in AL. However, in spite of
the large and growing population served by AL, this setting
has received virtually no attention in attempts to either de-
scribe or optimize antibiotic prescribing.® Studying this set-
ting would be important both because of the number of
persons served and because its organizational structure differs
considerably from that of nursing homes, making extrapo-
lation of results from nursing home studies not necessarily
appropriate to AL.

To begin to understand the prevalence and characteristics
of antibiotic use in AL communities and to explore the po-
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tential to reduce inappropriate antibiotic prescribing in this
setting, we designed, implemented, and evaluated in 4 AL
communities a yearlong quality improvement program aimed
at optimizing antibiotic prescribing. Our multicomponent in-
tervention included physician training, introduction of a stan-
dardized acute problem recording and communication form,
and a series of staff training and quality improvement activ-
ities within each participating AL community. This article
describes the intervention and presents antibiotic prescribing
at baseline and during the intervention.

METHODS
Design and Sample

Four AL communities participated in the study. Selection
criteria included location within 30 miles of the project office,
census of at least 40 residents, willingness of the administrator
and staff to participate in the quality improvement program
and the associated evaluation, and an auditable system of
recording medication administration. In addition, because
one medical practice was extensively involved in AL care in
the region, communities were chosen that varied in the pro-
portion of residents managed by that practice.

Assessing Prescribing Rates

To assess antibiotic prescription rates in each AL community,
a nurse data collector reviewed all medication records during
the baseline period (August—October 2010 [depending on site]
through February 2011) and the intervention period (March
2011 through March 2012). For each systemic (ie, not topically
applied) antibiotic prescription, the medical record was re-
viewed to obtain the following information: the resident re-
ceiving the medication, prescriber, drug name, start and stop
dates, administration route, whether the prescription was ini-
tiated within 2 days of an overnight hospital stay or emergency
department visit, type of infection (urinary, respiratory, skin,
gastrointestinal, preventive, or other), and whether the resident
had advance directives related to antibiotic use.

Intervention

The intervention consisted of 4 main components: education
of medical care providers/prescribers, introduction of a stan-
dardized 1-page medical care referral form (MCRE, available
online) for AL staff to record and communicate signs and
symptoms, a series of staff training and quality improvement
activities within each AL community, and family/patient ed-
ucation. Each is described briefly below; additional details of
the intervention have been published elsewhere."”
Provider/prescriber education. A 5-module Internet-based
training program was developed and offered to all physicians,
nurse practitioners, and physician assistants who had patients
in the participating AL communities or had prescribed an an-
tibiotic to a resident of a participating AL community during
baseline data collection. The modules presented baseline an-
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tibiotic prescribing data for the participating AL communities
and offered evidence-based training on antibiotic resistance
and infection control in long-term care. Continuing education
credit was offered by the School of Medicine of the University
of North Carolina at Chapel Hill, and the 5 medical care pro-
viders in each AL community who had prescribed the most
antibiotics at baseline were offered $250 if they completed the
5 training modules. In addition, all active providers in each
AL community (N = 232-243, depending on month) were
mailed 1-page practice briefs summarizing guidelines on in-
fection treatment and control every other month.

MCRF. On the basis of the literature, feedback from an
expert panel, and interviews with staff of the participating AL
communities, we developed a standardized form to be used
by AL staff to record and communicate information about
acute medical problems. AL staff were asked to use the form
when a new medical problem occurred and communication
with a provider was needed, indicating the presumed infection
type, if applicable (urinary, skin/soft tissue, respiratory, or gas-
trointestinal), and completing a checklist of site-specific signs,
symptoms, and, if available, laboratory results. In addition, the
form included a blank section for a written description of the
current problem, a space for vital signs, and a brief medical
history checklist. The bottom of the form included space for
providers to record orders, with the intent that forms would
be faxed or otherwise returned after a visit to an emergency
department, hospital, or physician office.

To determine the degree to which the MCRF was used and
completed, a research assistant obtained copies of completed
forms from each site, deleted personal identifiers, and entered
data into the project database.

Staff training and quality improvement.  Staff training con-
sisted of an information session, in-service training, and nurse-
specific training. The information session was a 1-time 30-
minute session for all AL community staff; topics included the
risks of antibiotic overuse, the problem with resistant organ-
isms, and a general description of the quality improvement
program. The in-service was a 45-minute session for medi-
cation technicians, healthcare supervisors, managers, and li-
censed nurses; it focused on completion of the MCRF and
included case studies demonstrating its use. Additional training
for nurses (RNs, LPNs, and ILVNs) focused on signs and symp-
toms of infection and nursing-specific interventions to provide
symptom management when an antibiotic is not indicated.

For the quality improvement component of the program,
each AL community identified a quality improvement team
that met monthly with the project team to review the previous
month’s data on infection incidence and MCREF use, discuss
facilitators and barriers of MCRF use (including strategies to
increase use), and discuss communication with physicians
related to acute medical problems and use of MCRF data. In
addition, the data collector who gathered the MCRFs weekly
provided encouragement for their use.

Family and patient education. Each AL community was
asked to distribute to all residents and their families an in-
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formational brochure that described the quality improvement
program and highlighted the risks of antibiotic overuse. At
the request of 2 communities, project team members pre-
sented information about the program at a family night.

Case Studies to Assess Appropriateness
of Antibiotic Prescriptions

To determine the appropriateness of antibiotic prescribing,
case studies of a stratified sample of antibiotic prescriptions
were conducted at 3 time periods: once prior to the initiation
of the intervention and twice during the intervention period.
Up to 36 cases were included for each time period. Cases
were excluded if the antibiotic was for prevention (eg, before
dental procedures), had occurred within 2 days of a hospi-
talization, or involved a resident previously selected as a case.
Stratification of the sample was by AL community and type
of infection (urinary, respiratory, skin, or gastrointestinal/
other). After a case was identified, consent was obtained from
the resident or a family member (if the resident was unable)
and interviews were conducted with (a) the resident (if able),
(b) the family member most involved in the resident’s care,
(c) the staff member who contacted the prescriber or knew
the resident best, and (d) the prescriber. All respondents were
asked a standardized series of questions regarding signs and
symptoms, the decision-making process, and their opinions
about how ill the person was and the likelihood of getting
better without an antibiotic. The staff, resident, and family
interviews were conducted by a nurse data collector; the pre-
scriber interviews were conducted by a physician.

An expert panel consisting of a geriatrician, infectious dis-
ease specialist, and clinical pharmacist reviewed each case
study and rated the appropriateness of prescribing the anti-
biotic on a 5-point scale: 0 = not appropriate, 1 = probably
not appropriate, 2 = uncertain, 3 = probably appropriate,
and 4 = appropriate. Decisions were made by consensus.
For interpretation purposes, a dichotomous “probably not
appropriate” variable was created, consisting of all prescrip-
tions judged by the panel to be not appropriate or probably
not appropriate. In addition, the expert panel judged the
appropriateness of the antibiotic selection, given the diagnosis
and clinical data provided (including culture results if avail-
able at the time of the prescription).

Data Analysis

Tests of change over time in the number of prescriptions per
resident-day were conducted as generalized linear models using
a negative binomial model to accommodate overdispersion and
an offset for the number of resident-days. Response variables
were the number of prescriptions generated within an AL com-
munity during a month for specific types of infections and for
infections overall. Predictor variables were the intervention pe-
riod (pre-post), community, and the interaction of intervention
period and community. A ratio of the number of MCRFs com-
pleted to the number of prescriptions generated was calculated,
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and the association of this variable with the time elapsed since
the intervention period began was tested with a linear regres-
sion model. Analyses were carried out using the GENLIN and
REGRESSION commands in SPSS (ver. 18).

RESULTS
Participating AL Communities

The participating AL communities had a mean bed size of 94.5
(standard deviation [SD], 36.6). Three were for profit; 2 were
part of a chain. Two had a full-time licensed nurse on staff (1
registered nurse, 1 licensed practical nurse). The mean number
of primary care physicians managing patients in a study com-
munity was 33.0 (SD, 28.0). All 4 communities had at least 1
medical provider who made regular on-site visits (1 had 2
providers who did this), and the percentage of residents seen
by providers who visited regularly averaged 41.5% (SD, 19.4%).

Preintervention Incidence and Patterns
of Antibiotic Prescriptions

During the preintervention baseline, the rate of new pre-
scriptions of systemic antibiotics in the 4 AL communities
ranged from 2.53 to 4.56 prescriptions per 1,000 patient-days,
with a mean of 3.44 (Table 1). The most common reason for
prescriptions was urinary tract disease (mean rate, 1.67 pre-
scriptions per 1,000 resident-days), followed by respiratory
disease (1.00 prescriptions per 1,000 resident-days).

All prescriptions were for oral medications. The most com-
monly prescribed drugs (Table 2) for presumed urinary tract
infections were ciprofloxacin (36% of prescriptions), nitro-
furantoin (14%), trimethoprim-sulfamethoxazole (13%), lev-
ofloxacin (10%), and cephalexin (8%). The most commonly
prescribed drugs for respiratory infections were levofloxacin
(28%), moxifloxacin (20%), azithromycin (18%), ciproflox-
acin (10%), and amoxicillin clavulanate (10%). The timing
of the prescriptions was such that 22% were initiated within
2 days of an overnight hospitalization and an additional 12%
within 2 days of an emergency department visit (Table 2).

Participation of AL Staff and Prescribers
in Intervention Activities

The information session for staff was conducted in all 4 AL
communities and was attended by a total of 59 staff. Separate
in-service sessions that focused on the use of the MCRF were
attended by 37 nurses, medication technicians, or care aides
across the 4 communities. Two communities requested an
additional in-service session because of staff turnover during
the intervention period; 17 staff attended across the 2 com-
munities. In addition, 47 monthly quality improvement meet-
ings were held across the 4 communities between March 2011
and March 2012, with the number of staff in attendance
ranging from 1 to 5. These meetings occurred monthly at 3
sites; at a fourth site only 7 occurred because of the absence
of a site coordinator for several months.
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TABLE 1. Incidence of Antibiotic Prescribing in 4 Assisted-Living Communities by Number of Prescriptions and Rate of Prescribing
Preintervention During intervention
(August 2010-February 2011) (March 2011-March 2012)
No. of Rate, cases per No. of Rate, cases per P value for
prescriptions 1,000 patient-days  prescriptions 1,000 patient-days difference in rates®

All infections

Community A 47 3.79 150 3.48

Community B 61 3.75 176 3.46

Community C 43 4.56 114 3.60

Community D 55 2.53 223 3.16

All communities 206 3.44 663 3.37 .30
Urinary tract infections only

Community A 28 2.26 68 1.35 031°

Community B 26 1.60 104 2.35 .08

Community C 23 2.44 61 1.93 34

Community D 23 1.06 77 1.02 .89

All communities 100 1.67 310 1.55 .64
Respiratory infections only

Community A 9 0.73 36 091 .59

Community B 21 1.29 32 0.33 <.001°

Community C 13 1.38 22 0.46 036

Community D 17 0.78 70 1.00 A2

All communities 60 1.00 160 0.74 .39
Skin infections only

Community A 2 0.16 16 0.47

Community B 5 0.31 24 0.57

Community C 2 0.21 16 0.71

Community D 5 0.23 35 0.57

All communities 14 0.23 91 0.57 .004
NOTE. Data were collected monthly from medication administration records.

* Differences in rates between preintervention and intervention periods were tested using a negative binomial regression model with
an offset (adjustment) for the number of resident-days. P values for individual communities are presented only where the interaction
of intervention period (pre-post) and community was statistically significant.

® For the intervention by community interaction, P = .042.

¢ For the intervention by community interaction, P < .001.

Results of expert panel rating of 30 baseline and 55 inter-
vention case reports are displayed at the end of Table 2. The

The Internet-based educational program series for physi-
clans, physician assistants, and nurse practitioners (5 mod-

ules, approximately 20 minutes each) was begun by 20 pro-
viders and completed by 16.

Use of the MCRF gradually increased over the 13-month
intervention period, from 12 forms during the first month
to a peak of 68 near the end of the intervention period (Figure
1). During the early intervention months, far more prescrip-
tions were written than MCRFs completed; by the end of the
study, the number of forms slightly exceeded the number of
prescriptions (but not all forms related to these cases).

Comparison of Baseline Prescribing with Prescribing
during the Intervention

The overall rate of antibiotic prescribing during the interven-
tion period was 3.37 prescriptions per 1,000 resident-days; it
did not differ statistically (P = .30) from the preintervention
rate (Table 1). Rates of antibiotic prescribing did not change
for either urinary or respiratory infections, and the prescribing
rate for skin infections increased significantly (from 0.23 to
0.57 prescriptions per 1,000 resident-days; P = .004).
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proportion of prescriptions judged to be probably inappro-
priate was 26% at baseline and 15% during the intervention,
a nonsignificant reduction (P = .25). Drug selection was
largely appropriate during both time periods: 90% at baseline
and 85% during the intervention (P = .74).

DISCUSSION

To our knowledge, this is the first report of infection rates
and antibiotic use in AL communities, a contention that is
supported both by our literature search and by a recent US
Department of Health and Human Services position paper."”
Over a year and a half of observation, both at baseline and
during a 13-month intervention period, we found that an-
tibiotics are relatively common in AL settings and are most
commonly prescribed for urinary and respiratory symptoms,
as is true in nursing homes.'* A multicomponent intervention
was used to reduce potentially inappropriate prescribing, and,
although intervention uptake was limited and overall pre-
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TABLE 2. Systemic Antibiotic Prescribing in 4 Assisted-Living Communities

Project phase

Preintervention  Post-QI intervention

Route
Oral 206 (100) 457 (100)
Parenteral 0 (0) 0 (0)
Timing of prescription
Within 3 days of prior antibiotic use 24 (12) 29 (6)
Within 2 days of overnight hospitalization 46 (22) 59 (13)
Within 2 days of emergency department visit (without hospitalization) 25 (12) 40 (9)
Indication
Urinary tract infection 100 (49) 210 (47)
Respiratory infection 60 (29) 100 (22)
Skin infection 14 (7) 77 (17)
Gastrointestinal tract infection 2 (1) 5(1)
Preventive 6 (3) 17 (4)
Other 11 (5) 12 (3)
Not noted 13 (6) 30 (7)
Advance directives for no antibiotics
Advance directive for no antibiotics on medical record 0 (0) 0 (0)
Most common antibiotics prescribed (all prescriptions), preintervention/QI intervention
1. Ciprofloxacin/1. Ciprofloxacin 51 (25) 91 (20)
2. Levofloxacin/2. TMP-SMZ 29 (14) 57 (12)
3. TMP-SMZ/3. Cephalexin 19 (9) 56 (12)
4. Cephalexin/4. Nitrofurantoin 16 (8) 51 (11)
5. Nitrofurantoin/5. Amoxicillin clavulanate 15 (7) 40 (9)
5. Azithromycin/6. Levofloxacin 15 (7) 39 (9)
Most common antibiotics prescribed for urinary infections, preintervention/QI intervention
1. Ciprofloxacin/1. Ciprofloxacin 36 (36) 64 (31)
2. Nitrofurantoin/2. Nitrofurantoin 15 (14) 46 (22)
2. TMP-SMZ/3. TMP-SMZ 15 (13) 33 (16)
4. Levofloxacin/4. Cephalexin 10 (10) 24 (11)
5. Cephalexin/5. Levoflaxacin 8 (8) 14 (7)
6. Amoxicillin clavulanate/6. Amoxicillin clavulanate 3 (3) 11 (5)
Most common antibiotics prescribed for respiratory infections, preintervention/QI intervention
1. Levofloxacin/1. Azithromycin 17 (28) 29 (29)
2. Moxifloxacin/2. Levofloxacin 12 (20) 16 (16)
3. Azithromycin/3. Moxifloxacin 11 (18) 15 (15)
4. Ciprofloxacin/4. Amoxicillin clavulanate 6 (10) 11 (11)
4, Amoxicillin clavulanate/5. Clarithromycin 6 (10) 9 (9)
Most common antibiotics prescribed for skin infections, preintervention/QI intervention
1. Cephalexin/1. Cephalexin 4 (29) 20 (26)
2. Amoxicillin clavulanate/2. TMP-SMZ 3 (21) 14 (18)
3. TMP-SMZ/3. Amoxicillin clavulanate 2 (14) 10 (13)
3. Ciprofloxacin/4. Ciprofloxacin 2 (14) 8 (10)
3. Levofloxacin/5 Clindamycin 2 (14) 7 (9)
6. Doxycycline/5. Doxycycline 1(7) 7 (9)
Appropriateness of decision to prescribe*” n = 30 n =155
0 = not at all 1(3) 2 (4)
1 = alittle 7 (23) 6 (11)
2 = somewhat 1(3) 14 (26)
3 = mostly 3 (10) 19 (35)
4 = definitely 18 (60) 14 (26)
Mean appropriateness (0—4) 3.0 2.7
Was antibiotic selection appropriate?™ n = 30 n =55
Yes 27 (90) 47 (86)
No 3 (10) 8 (15)

NoTE. Data are no. (%), unless otherwise indicated. All new prescriptions for systemic antibiotics are included regardless of site of prescription
(hospital, emergency department, office, community). Baseline data collection occurred between August 1, 2010, and February 29, 2012 (length
of data collection varied by assisted-living community); intervention data collection occurred between March 1, 2011, and March 31, 2012.
Data were collected monthly from medication administration records. QI, quality improvement; TMP-SMZ, trimethoprim-sulfamethoxazole.
* Source of data was interviews conducted with prescribers, residents, and staff for a sample of antibiotic prescriptions.

" For the test of difference (preintervention vs intervention) in the proportion of prescriptions judged to be probably inappropriate (scores
ofQor 1), P = .25.

¢ For the exact test of difference between preintervention and intervention, P = .74,
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Ratio of the number of medical care referral forms completed to the number of prescriptions by intervention month. A gradual

increase in this ratio indicates that, during the yearlong intervention period, the assisted-living staff slowly increased their adherence to
this key aspect of the intervention. A linear regression with month of the intervention as predictor of the ratio was statistically significant

(P = .009).

scribing rates did not change, an encouraging although sta-
tistically nonsignificant trend toward improvement in pre-
scribing appropriateness occurred (from 73% to 87%). Of
note are the data indicating that adherence to the project’s
main intervention, the MCRE, gradually increased over the
yearlong intervention, suggesting that a quality improvement
strategy that was carried out over a long period of time would
be needed to change practice. This, combined with the limited
power of this small sample, suggests that a larger, longer trial
may indeed demonstrate significant change.

Given the consistency of our prevalence data across a year
and a half in both the baseline and the intervention period,
we feel reasonably confident that, if our settings are represen-
tative of AL, the antibiotic prescription rate is between 3 and
4 prescriptions per 1,000 resident-days. Extrapolating from the
work of Mylotte and Keagle,” this would correspond to an
infection rate of between 2 and 3 infections per 1,000 resident-
days, with the remainder of prescriptions representing inap-
propriate prescribing for such conditions as asymptomatic bac-
teriuria,”® bacterial colonization of skin wounds,” and viral or
allergic respiratory conditions.”** Comparable figures for nurs-
ing homes vary widely, with the average infection rate around
4.5-5.0.”2% Thus, on the basis of these limited data, we es-
timate that infection rates in AL are approximately one-half
what they are in nursing homes. Data using consistent methods
and more settings across both AL and nursing homes would
be needed to develop more precise estimates for comparison.
Furthermore, the variation noted among the 4 AL communities
{Table 1) is considerable, arguing for the need for a large sample
size in a more definitive study to account for the anticipated
large variance across sites.
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Our expert panel identified 26% of baseline antibiotic pre-
scriptions to be probably inappropriate. This is at the lower
end of the range identified by nursing home studies (25%—
75%).® However, appropriateness is subjective and many min-
imum standards for prescribing antibiotics, such as those of
Loeb et al,*® are almost certainly too stringent.” Our data
suggesting a trend toward prescribing reduction (Table 1) are
encouraging, but a larger study (ie, powered to detect clin-
ically meaningful changes) with an intervention that has more
penetrance (especially among physicians) would be needed
to identify whether and to what extent antibiotic prescribing
can indeed be changed in AL.

Nursing home settings have been described as complex
adaptive systems, as they operate in environments where sev-
eral agents (ie, nursing home staff, administrators, doctors,
and families) interact to provide care.”” Similar complex in-
teractions also occur in AL, where input from diverse sources
may be beneficial for resident care but can also complicate
the care process.” For example, while AL community re-
cruitment was not difficult (ie, administrative leadership
agreed that infection management was an important issue,
and we encountered no refusals during recruitment), a no-
table challenge related to educating medical providers, as is
evidenced by the fact that only 20 of more than 250 persons
approached to participate in online education actually ac-
cessed the site. With AL staff, we obtained better participa-
tion, but several other factors limited intervention effective-
ness. These included difficulty changing staff behavior, which
required frequent reminders of the form’s availability, and
high staff turnover, with a consequent need for retraining. In
addition, program uptake was hampered by pervasive beliefs
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among staff that patients with a new or worsening cough
need antibiotics, that urinary tract infection is a common
cause of nonspecific symptoms, and that all positive urine
cultures need treatment.
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