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Abstract

Background: Measuring the appropriateness of antibiotic prescribing in nursing homes remains a challenge. The revised McGeer criteria,
which are widely used to conduct infection surveillance in nursing homes, were not designed to assess antibiotic appropriateness. The
Loeb criteria were explicitly designed for this purpose but are infrequently used outside investigational studies. The extent to which the revised
McGeer and Loeb criteria overlap and can be used interchangeably for tracking antibiotic appropriateness in nursing homes remains insuf-
ficiently studied.

Methods: We conducted a cross-sectional chart review study in 5Wisconsin nursing homes and applied the revised McGeer and Loeb criteria
to all nursing home–initiated antibiotic treatment courses. Kappa (κ) statistics were employed to assess level of agreement overall and by
treatment indications.

Results: Overall, 734 eligible antibiotic courses were initiated in participating nursing homes during the study period. Of 734 antibiotic courses,
372 (51%) satisfied the Loeb criteria, while only 211 (29%) of 734 satisfied the revisedMcGeer criteria. Only 169 (23%) of 734 antibiotic courses
satisfied both criteria, and the overall level of agreement between them was fair (κ= 0.35). When stratified by infection type, levels of agree-
ment between the revisedMcGeer and Loeb criteria weremoderate for urinary tract infections (κ= 0.45), fair for skin and soft-tissue infections
(0.36), and slight for respiratory tract infections (0.17).

Conclusions: Agreement between the revised McGeer and Loeb criteria is limited, and nursing homes should employ the revised McGeer and
Loeb criteria for their intended purposes. Studies to establish the best method for ongoing monitoring of antibiotic appropriateness in nursing
homes are needed.

(Received 14 February 2021; accepted 16 April 2021; electronically published 21 June 2021)

Improving the quality of antibiotic prescribing in nursing homes
is both a resident and public health priority.1–3 More than half of
individuals who reside in a nursing home for>6months will receive
at least 1 course of antibiotics.4 At the resident level, antibiotic use is
a common driver of adverse drug events,5 Clostridioides difficile
infections,6 and increased risk of future infections caused by antibi-
otic-resistant organisms.7–10 At the population level, antibiotic over-
use and misuse in nursing homes plays an important role in the
concentration, amplification, and spread of multidrug-resistant
organisms.11–13 In response, the Centers for Disease Control and
Prevention (CDC) has advocated for the implementation of antibi-
otic stewardship programs (ASPs) in nursing homes.14 As part of
regulations recently released by the Centers for Medicare and
Medicaid Services (CMS),15 nursing home ASPs are required to
develop protocols that standardize the assessment of residents with
suspected infection and criteria for initiation of antibiotic therapy.16

Standardized criteria for identifying and tracking infections in
nursing homes, known as the revised McGeer criteria for infection
surveillance, were first developed in 199117 and updated in 2012.8

Although the revised McGeer criteria are widely utilized in nursing
homes, they were not designed to aid decisions on antibiotic initia-
tion.18 The Loebminimum criteria for initiating antibiotic therapy,19

which were explicitly designed for this purpose, have been employed
extensively in research studies,20–25 but they are not widely employed
in nursing homes.26Whether the revisedMcGeer criteria can be uti-
lized effectively to monitor antibiotic decision making in nursing
homes is unknown, and comparative studies with the Loeb criteria,
with the exception of one small study,27 have been lacking.

Harmonization of infection surveillance and monitoring of
appropriate antibiotic prescribing in nursing homes could be
achieved using a common standard if significant agreement
between the revised McGeer and Loeb criteria were established.
In this study, we applied the revisedMcGeer and Loeb criteria to a
sample of antibiotic treatment courses initiated in Wisconsin
nursing homes to establish the overall level of agreement between
these 2 sets of criteria and to determine whether the level of agree-
ment varied by infection type.
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Methods

We conducted a prospective cross-sectional chart review study in 5
Wisconsin nursing homes, purposively selected for their geo-
graphic proximity to the University of Wisconsin–Madison,
between January 2013 and September 2014. Trained research staff
used REDCap electronic data collection tools hosted by the
University of Wisconsin School of Medicine and Public Health,
Department of Medicine28,29 to abstract data from health records
in study nursing homes. Medication administration and resident
health records were used to identify antibiotic treatment events, res-
ident vital signs, exam findings, culture results, and imaging find-
ings. Nursing progress notes and provider orders were reviewed
to identify the treatment indication for the prescribed antibiotic.
Brief interviews to clarify the indication for the antibiotic were con-
ducted with staff caring for nursing-home residents prescribed an
antibiotic when conflicts between data sources were encountered.
Nursing staff and provider documentation starting 72 hours before
and through the first day of antibiotic treatment were reviewed to
identify pertinent resident symptoms, vital signs, and exam findings.

An antibiotic treatment course was included in this study (1) if
it was initiated in the nursing home, during a clinic encounter, or at
an emergency department (ED) without an associated overnight
stay; (2) if the antibiotic prescribed was administered systemically;
and (3) if the antibiotic was initiated for the treatment of a urinary
tract infection (UTI), skin and soft-tissue infection (SSTI), or res-
piratory tract infection (RTI). Antibiotic treatment courses initi-
ated during hospitalization and that continued after transfer to
the nursing home, topically administered antibiotics, and antibiot-
ics prescribed for an indication other than UTI, SSTI, or RTI were
excluded from the analysis.

Appropriateness of antibiotic treatment courses meeting inclu-
sion criteria were determined using the revised McGeer criteria8

and the Loeb criteria (1 online).19 Both criteria require that specific
signs (eg, fever) and symptoms (eg, pain with urination) be present
for antibiotic treatment to be considered appropriate for a specific
indication (eg, UTI). In addition, the revised McGeer criteria
require that specific diagnostic test results (eg, positive urine cul-
ture) be present. Participating nursing homes were not routinely
tracking antibiotic use at the time of this study, but they did employ
the revised McGeer criteria for infection tracking and reporting
purposes. The Loeb criteria were not routinely employed in any
of the study nursing homes.

Descriptive statistics, including the total number of antibiotic
treatment courses, number of antibiotic treatment courses by indi-
cation, and percentage of antibiotic treatment courses that were
appropriate by the revised McGeer and Loeb criteria, overall
and by indication, were calculated for the entire sample and by
facility. Agreement between the revised McGeer and Loeb criteria
was assessed using kappa (κ) statistics. We interpreted the
strength of agreement using the approach of Landis and
Koch.30 Data analyses were performed using SAS version 9.1 soft-
ware (SAS Institute, Cary, NC) and Office Excel 2013 software
(Microsoft, Redmond, WA).

Results

All facilities participating in this study were nonprofit,
community-based skilled-nursing homes with a mixture of long-
term stay and postacute-care beds. Participating nursing homes
varied in size from 80 to 200 beds.

In total, 1,442 antibiotic treatment courses were identified dur-
ing this study. 848 (58.8%) of the observed antibiotic treatment

courses were initiated in nursing home, outpatient clinic, or ED
and 594 (41.2%) were initiated in the hospital (Fig. 1). Overall,
734 of the nursing home–, clinic-, ED-initiated treatment courses
were prescribed for a target infection (UTI, SSTI, or RTI), whereas
112 antibiotic courses were prescribed for other indications. An
indication could not be identified for 2 additional treatment
courses. UTI (363 events, 49.5%) was the most common indication
for antibiotic treatment followed by RTI (206 events, 28.1%) and
SSTI (165 events, 22.5%).

Eligible antibiotic treatment courses satisfied the Loeb criteria
(372 [50.7%] of 734) more frequently than the revised McGeer cri-
teria (211 [28.7%] of 734). Overall, 412 (56.1%) antibiotic treat-
ment courses satisfied either the revised McGeer or Loeb
criteria. However, only 171 antibiotic courses (23.3%) satisfied
both criteria. When stratified by infection type, similar relation-
ships were identified (Table 1A and 1B).

When stratified by infection type, satisfaction of either criteria
was more common when an antibiotic treatment course was ini-
tiated for treatment of SSTI (119 of 165, 72.1%) than for RTI
(134 of 206, 65.0%) or UTI (159 of 363, 43.8%). A similar relation-
ship was identified with antibiotic treatment courses that satisfied
both criteria: SSTI (36.4%) versus UTI (19.6%) versus RTI (19.4%).
The percentage of antibiotic treatment courses satisfying the
revised McGeer criteria was consistently lower than for the Loeb
criteria: (1) UTI (27.5% vs 35.8%); (2) RTI (24.8% vs 59.7%);
and (3) SSTI (36.4% vs 72.1%). The relationship between the indi-
cation for an antibiotic treatment course and satisfaction of the
revised McGeer and/or Loeb criteria was similar across the study
nursing homes (Appendix 2 online).

Kappa statistics demonstrated that overall agreement between
the revisedMcGeer and Loeb criteria was fair (κ= 0.35) (Table 1E).
When examining κ statistics by infection type, moderate agreement
between the revisedMcGeer and Loeb criteria was identified for UTI
(κ= 0.45)while fair and slight levels of agreementwere identified for
SSTI (κ= 0.36) and RTI (κ= 0.17) (Table 1E). Patterns of agree-
ment between the 2 criteria by infection type did not vary substan-
tially when stratified by study nursing home, except for facility 3,
where the κ statistic was highest for SSTI (κ= 0.26) followed by
UTI (κ= 0.20) andRTI (κ= 0.05), and facility 4, where the κ statistic
was highest for RTI (κ= 0.38) (Appendix 2 online).

Fig. 1. Flow diagram of antibiotic events.
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Discussion

Although more than half of the prescribing events in the nursing
homes in this study satisfied either the revised McGeer or Loeb
criteria, only one-fourth of eligible antibiotic treatment courses
met both criteria. The likelihood of classifying an antibiotic treat-
ment course as appropriate was consistently higher, whether
overall or by infection type, when using the Loeb criteria as com-
pared to the revised McGeer criteria. Similar discrepancies
between the revised McGeer and Loeb UTI criteria have previ-
ously been identified.27 To our knowledge, ours is the first study
to examine differences between the revised McGeer and Loeb cri-
teria for assessing the appropriateness of antibiotic initiation for
the treatment of RTIs and SSTIs. In our study, the appropriate-
ness of antibiotics initiated for the treatment of RTI and SSTI was
nearly twice as common when using the Loeb versus the revised
McGeer criteria.

Overall agreement between the revised McGeer and Loeb cri-
teria was fair and varied depending on treatment indication.
The highest level of agreement between the criteria was observed
for UTI. This may be partially explained by the considerable over-
lap in signs and symptoms used to establish the presence of UTI
under the revised McGeer and Loeb criteria. The threshold to
establish a RTI appears to be significantly higher using the revised
McGeer as compared to the Loeb criteria. An imaging abnormality
consistent with pneumonia in combination with at least 1 respira-
tory and 1 constitutional symptom or, in the absence of imaging, at
least 2 respiratory symptoms in combination with at least 1 con-
stitutional symptom is required to establish a RTI with the revised
McGeer criteria. In contrast, residents aged >65 years with a his-
tory of COPD who develop a new cough would meet the threshold
for a RTI using the Loeb criteria. The frequent coprevalence of
COPD and heart failure in nursing-home residents may explain
the over 2-fold higher frequency of RTIs satisfying Loeb versus
the revised McGeer criteria. Not surprisingly, the lowest level of
agreement between the revised McGeer and Loeb criteria was
observed for RTI. The level of agreement between the revised
McGeer and Loeb criteria for SSTI was in between that of UTI
and RTI. Although the localizing signs and symptoms under both
criteria are similar, a larger number of abnormalities are needed to
satisfy the revised McGeer as compared to the Loeb SSTI criteria.

This study has several limitations. First, the data were collected
in a relatively small number of nursing homes in a single state,
which may limit the generalizability of our findings to other states.
Second, this study was conducted in 2013–2014, when there was
less focus on inappropriate antibiotic use. Consequently, it is pos-
sible that the absolute levels of prescribing events meeting criteria
might be higher with data collected more contemporaneously,
although it is not clear that the relative levels of agreement between
the 2 criteria would differ. Third, we were unable to control for a
variety of potential confounders, including resident case mix, pre-
scriber training and experience, prescriber familiarity with the res-
idents, and familial influences,31 which may have altered the
prescribing threshold. Nevertheless, the frequency of inappropri-
ate antibiotic prescribing using the Loeb criteria in our study nurs-
ing homes is largely consistent with those reported in other
studies.22,27,32,33 Fourth, limitations in the quality of nursing-home
documentation and problems with interpretation of diagnostic
studies (eg, chest radiographs)34 may have led to misclassification
of the appropriateness of antibiotic treatment courses included in
this study. Fifth, imminent plans to update the Loeb criteria35 may
affect future relationships between the revised McGeer and Loeb
criteria. Finally, it is important to recognize that this study focused
only on appropriateness of antibiotic treatment initiation and did
not address other important facets of antibiotic prescribing quality,
including appropriateness of antibiotic choice and treatment
duration.

In conclusion, our study shows that there is a general lack of
agreement between the revised McGeer and Loeb criteria, and they
appear to be measuring different constructs. Consequently, nurs-
ing homes should be discouraged from using the revised McGeer
criteria, which are currently used for infection surveillance, as a
means of tracking and reporting appropriateness of antibiotic pre-
scribing. Modifications to the revised McGeer criteria, that exclude
diagnostic study results (eg, urine culture and chest radiograph
results), may enhance agreement with the Loeb criteria, and immi-
nent updates to the Loeb criteria may have similar effects, but this
will require additional study. Additionally, future investigation
into surveys of nursing homes to determine how they are deter-
mining appropriateness of antibiotic use and the barriers encoun-
tered could provide useful information. Until then, our study

Table 1. Comparison of the Revised McGeer Criteria With the Loeb Criteriaa

RTI Loeb (þ) Loeb (−) SSTI Loeb (þ) Loeb (−)

McGeer (þ) 40 11 McGeer (þ) 60 0

McGeer (−) 83 72 McGeer (−) 59 46

UTI Loeb (þ) Loeb (−) All Infections Loeb (þ) Loeb (−)

McGeer (þ) 71 29 McGeer (þ) 171 40

McGeer (−) 59 204 McGeer (−) 201 322

Overall Level of Agreement

Indication No. of Events Percent Agreement κ (95% CI)

RTI 206 54.4 0.17 (0.07–0.27)

SSTI 165 64.2 0.36 (0.26–0.46)

UTI 363 75.6 0.45 (0.35–0.54)

All Infections 734 67.2 0.35 (0.29–0.41)

Note. RTI, respiratory tract infection; SSTI, skin and soft-tissue infection; UTI, urinary tract infection.
aSubtables (A–D) provide 2-by-2 comparisons of the revised McGeer and Loeb criteria of antibiotic events initiated for treatment of respiratory tract infection (RTI); skin and soft-tissue infection
(SSTI); urinary tract infection (UTI); and all infections combined. Subtable (E) provides an overall summary of the level of agreement between the revised McGeer and Loeb criteria stratified by
type of infection.
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results suggest that nursing homes should employ the revised
McGeer and Loeb criteria separately for their respective intended
purposes.
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