COMMENTARY

New, Useful Criteria for Assessing the Evidence

of Infection in Sepsis Research

OBIJECTIVES: The Sepsis-3 definition states the clinical criteria for sepsis but
lacks clear definitions of the underlying infection. To address the lack of applicable
definitions of infection for sepsis research, we propose new criteria, termed the
Linder-Mellhammar criteria of infection (LMCI). The aim of this study was to vali-
date these new infection criteria.

DESIGN: A multicenter cohort study of patients with suspected infection
who were admitted to emergency departments or ICUs. Data were col-
lected from medical records and from study investigators.

SETTING: Four academic hospitals in Sweden, Switzerland, the
Netherlands, and Germany.

PATIENTS: A total of 934 adult patients with suspected infection or sus-
pected sepsis.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Agreement of infection site
classification was measured using the LMCI with Cohen k coefficient, com-
pared with the Calandra and Cohen definitions of infection and diagnosis
on hospital discharge as references. In one of the cohorts, comparisons
were also made to adjudications by an expert panel. A subset of patients
was assessed for interobserver agreement.

MEASUREMENTS AND MAIN RESULTS: The precision of the LMCI
varied according to the applied reference. LMCI performed better than the
Calandra and Cohen definitions (k = 0.62 [95% CI, 0.59-0.65] vs k =
0.43 [95% CI, 0.39-0.47], respectively) and the diagnosis on hospital dis-
charge (k =0.57 [95% CI, 0.53-0.61] vs k = 0.43 [95% ClI, 0.39-0.47],
respectively). The interobserver agreement for the LMCI was evaluated in
91 patients, with agreement in 77%, k = 0.72 (95% CI, 0.60-0.85). When
tested with adjudication as the gold standard, the LMCI still outperformed
the Calandra and Cohen definitions (k = 0.65 [95% CI, 0.60-0.70] vs k =
0.29 [95% CI, 0.24-0.33], respectively).

CONCLUSIONS: The LMCl is useful criterion of infection that is intended
for sepsis research, in and outside of the ICU. Useful criteria for infection
have the potential to facilitate more comparable sepsis research and ex-
clude sepsis mimics from clinical studies, thus improving and simplifying
sepsis research.
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lated host response to infection (1). Although sepsis was described over

S epsis is defined as acute organ dysfunction that is caused by a dysregu-
2,500 years ago, creating a precise definition of sepsis remains a struggle
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(1-4). Even among critical care physicians who are ex-
perienced in the care of patients with sepsis, there is
considerable variation in its diagnosis (5). Whereas
organ dysfunction has clear criteria that are defined
by the Sequential Organ Failure Assessment (SOFA)
score, the definition of underlying infections is not
addressed in the Sepsis-3 definition (1).

A common approach in sepsis studies is to include
all patients with suspected sepsis. As a result, at least
one-fifth of included patients do not suffer from sepsis
at all (6, 7). Consequently, the inclusion of such a large
proportion of patients without sepsis in sepsis studies
might prevent them from achieving significant results
if this phenomenon is not considered in a priori power
calculations. For example, two studies that included
patients with suspected sepsis, in spite of indicative
results, were unable to demonstrate any benefits of an-
tibiotic administration in the very first hours after ad-
mission (8, 9). Perhaps the timing of antibiotic therapy
is less important in hemodynamically stable patients,
but the lack of benefit of the early administration of
antibiotics in these studies might be attributed to some
patients not having an infection.

Similarly, another study that included patients with
suspected septic shock was unable to demonstrate ben-
efits of adjunctive glucocorticoid therapy (11), unlike a
separate report on corticosteroids in septic shock by
Annane et al (10), who examined patients with septic
shock with an infection that was diagnosed as the pres-
ence of a clinically or microbiologically documented
infection.

Other definitions of the infectious component in
sepsis research include the International Classification
of Disease codes, expert judgment, and algorithms that
take into account blood culture sampling and initiation
of antibiotic therapy (1, 11, 12-15). These assessment
methods demonstrate poor and variable precision in
clinical sepsis, rendering comparisons between studies
difficult (5, 16, 17). More detailed definitions of infec-
tion have been developed by the International Sepsis
Forum and the Center for Disease Control (CDC) and
the National Healthcare Safety Network (NHSN) (18,
19). The International Sepsis Forum definitions of in-
fection in the ICU by Calandra and Cohen (18) contain
comprehensive criteria, but they have not been evalu-
ated. In addition, they define only six foci of infection
and may be difficult to apply outside of the ICU, where
most sepsis patients are treated (18, 20, 21).

2 www.ccejournal.org

Sepsis research and care need to be conducted
with joint efforts both inside and outside of ICUs and
involving different specialties, which is why definitions
must be useful in these various settings. In addition,
the Calandra and Cohen definitions rely heavily on mi-
crobiological findings, but not all patients with sepsis
have positive microbiological samples. Culture sam-
pling only identifies the causative organism in blood
culture isolates (i.e., bacteremia) in 15-30% of sepsis
patients. Additionally, 20-30% of sepsis patients have
a pathogen that is isolated from other locations. Thus,
at least 40% of sepsis patients are culture-negative, and
culture-negative sepsis is a substantial cause of mor-
bidity that must be examined further in sepsis studies
(20, 22-26). The CDC and NHSN have established a
surveillance definition for healthcare-associated infec-
tions and criteria for specific types of infections in the
acute care setting (19). These definitions showed ex-
cellent interobserver agreement in a critical care study
but have been validated only for specific infections and
are intended primarily for healthcare-associated infec-
tions (27-29).

Clear and uniform definitions of infections, al-
though imperfect, would facilitate comparative sepsis
research and exclude sepsis mimics from clinical stud-
ies, improving the quality of sepsis research. To address
the lack of universally applicable definitions of infec-
tion for sepsis research inside and outside of the ICU,
we propose new criteria that evaluate the presence of
an infection by considering 13 potential foci. The aim
of this study was to evaluate the performance of these
new criteria in diagnosing infections.

MATERIALS AND METHODS
Methods

This study was an analysis of randomly selected
patients who were extracted from five cohort studies
(Supplementary Appendix I, http://links.Iww.com/
CCX/A993). The first cohort was derived from a pro-
spective study at Skane University Hospital, Lund,
Sweden (a tertiary hospital), that included febrile
adult patients with the highest triage level according
to the Rapid Emergency Triage and Treatment System
(RETTS) and blood that was sampled for culture in
the emergency department (ED). RETTS is presented
in Supplementary Table XVII (http://links.lww.com/
CCX/A993). The second cohort was derived from the
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Swedish Intensive Care Registry and included ICU
patients with suspected sepsis. Systematic random
sampling was employed to select cases. The third co-
hort included consecutively enrolled patients who were
initially treated in the ED of University Hospital Bern,
Bern, Switzerland, with blood that was sampled for cul-
ture or with suspected sepsis. The fourth cohort was
derived from a prospective cohort of consecutively in-
cluded patients in the “Acutelines” biobank in the ED of
University Medical Center, Groningen, the Netherlands,
consisting of patients with the three highest triage lev-
els according to the Emergency Severity Index and sus-
picion of sepsis (30, 31). The fifth cohort was derived
from a prospective cohort study that included consec-
utive patients with at least two Quick Sequential Organ
Failure Assessment points and who were admitted to
the ED of University Hospital, Jena, Germany. In the
Jena cohort, radiological findings could not be graded
as more or less likely to demonstrate infectious find-
ings, and there were no data on auscultatory signs.
Therefore, the analyses were repeated as a sensitivity
analysis, with the Jena cohort excluded. For a detailed
description of the separate cohorts, see Supplementary
Appendix I (http://links.Iww.com/CCX/A993).

Medical charts were reviewed by medically trained
researchers for diagnosing infection.

Presence of infection and suspected focus was clas-
sified according to the hospital discharge note, our
new infection criteria, and the definitions by Calandra
and Cohen. In the cohort from Groningen, patients
were adjudicated by an expert panel that consisted of
two experts who were experienced in acute care and/or
sepsis care, and a third expert made the final decision
in case of disagreement.

Ethical approval was obtained from the relevant re-
gional ethics boards (Lund file numbers 2015/285 and
2016/39; Bern file number 2019-01149; Acutelines/
Groningen file number 2019/589; Jena file number
4912-08/16).

Criteria of Infection

The new criteria of infection, herein called “the
Linder-Mellhammar criteria of infection (LMCI),” are
intended for sepsis research and not for clinical prac-
tice. The LMCI are also intended for use only when an
infection is suspected, not if another diagnosis is set
(Supplementary Tables I-XIII, http://links.Iww.com/
CCX/A993). The LMCI were developed by simplifying
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the Calandra and Cohen definitions into a single table
for each organ system, appending tables for organ sys-
tems that are not included in the Calandra and Cohen
definitions and adding the possibility of infection
without microbiological evidence when laboratory,
clinical, and radiological evidences of infection exist.
Modification of the Calandra and Cohen definitions
was based on the clinical experience of two experi-
enced physicians specialized in infectious diseases
(Linder and Mellhammar).

The 13 foci comprise upper respiratory tract infec-
tions: lower respiratory tract infections; abdominal
infections; gastrointestinal infections; urinary tract
infections (UTIs); skin and soft-tissue infections;
bone and joint infections; CNS infections; primary
bloodstream infections; catheter-related bloodstream
infections; ear, nose, and throat infections; fever in neu-
tropenia; and reproductive tract infections. For each
focus, 1-4 points are given for the following entities:
symptoms and signs, radiological findings, laboratory
findings, and microbiological findings in relation to the
suspected infection. In certain foci, some of these enti-
ties are not applicable and are, therefore, not scored.

These entities are grouped as rows in a table for each
infection focus (Supplementary Tables I-XII, http://
links.lww.com/CCX/A993). The highest scores from
all rows are added to yield a total score for each focus.
The level of evidence of infection is graded by score: 0-1
points indicate no infection, 2 points indicate a possible
infection, 3 points indicate a probable infection, and 4 or
more points indicate a proven infection. A score for the
level of evidence of infection is necessary because there
is a zone of uncertainty between those with a proven in-
fection and those without an infection. The focus with
the highest score is considered the primary focus of the
infection. For infective endocarditis, the modified Duke
criteria by Li et al (32) have already been validated; thus,
we did not include a score for endocarditis but recom-
mend the Duke criteria for this use.

Statistics

The diagnostic accuracy of the LMCI was assessed
with regard to sensitivity, specificity, and area under
the receiver operating characteristic curve (AUC) for
likelihood of infection, including their 95% Cls.
Because there is no gold standard definition for in-
fection, the LMCI were compared with the diagnosis
at discharge, the Calandra and Cohen definitions of
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infection, and, in the Groningen cohorts, adjudica-
tions by an expert panel. Each infection focus in the
LMCI was dichotomized by placing all patients with a
proven infection into one category (infection) and all
patients with probable, possible, or no infection into
another category (no infection).

The Calandra and Cohen definitions classify plau-
sibility of infection for some foci on a 4-point scale
(none, possible, probable, and definite or confirmed),
whereas other foci are classified on a 2-point scale (no
infection or infection). The foci in the Calandra and
Cohen definition that used a 4-point scale were dichot-
omized by placing all patients with a possible, probably,
definite, or confirmed infection into one category (in-
fection) and all patients with no infection into another
category. The “possible infection” category was chosen
as the cutoft when dichotomizing the Calandra and
Cohen definition to be relevant outside of the ICU. Foci
in the Calandra and Cohen definitions that are classi-
fied as “present” or “absent” in the Calandra and Cohen
definitions were regarded as definite infections when
they were scored as “present” and as no infection when
they were scored as “absent.” To facilitate comparison
between the Calandra and Cohen definitions and the
LMCI, estimates were based only on the foci that are
included in the Calandra and Cohen definitions.

Agreement on foci of infection between the LMCI
and the comparators was assessed by calculating the
percentage and Cohen K coefficient. In the first two
cohorts, infections were classified in a randomly
selected subset of patients using the LMCI by two
assessors to evaluate interobserver agreement. In the
Jena cohort, radiological findings were not graded as
being more or less likely to demonstrate infection,
and there were no data on auscultatory signs; thus, the
analyses were repeated as a sensitivity analysis, with
the Jena cohort excluded. As a sensitivity analysis,
other cutoffs were used for dichotomizations of LMCI
and of Calandra and Cohen definitions than that in the
primary analysis.

Analyses were performed using Statistical Package
for the Social Services, Version 24.0 IBM, Armonk, NY).

RESULTS

In total, 934 patients were included in this analysis; see
Figure 1 for a flow chart of inclusion and exclusion.
The clinical characteristics of each cohort are presented
in Table 1. A total of 334 patients were admitted to the
ICU, and 600 were admitted to wards. The cohorts dif-
fered in terms of age, gender, comorbidities, and se-
verity of disease. The patients in the Jena and Lund ED

Lund Lund Bern Groningen
ICU ED ED Jena
225 patients 506 patients 221 patients 740 patients 1478
eligible patients
5 No access to 3 No access to e 1 excluded
medical records medical records dmalu ng legal concern
— 1 No bleod
22 No bloed cultionés Metinclusion criteria Met inclusion criteria
cultures
502 patients
200 patients 116 patients
Random selection
Random selection
197 251 207 163 116
934

Figure 1. Flowchart of inclusion. ED = emergency department.
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TABLE 1.
Characteristics of Included Cohorts

Lund
Emergency
Department

Characteristics

Name of Cohort Lund |

Cohorts

cu

Groningen

Years of inclusion 2017-2018 2013-2014 2017-2019 2020-2021
Setting Emergency ICU Emergency Emergency Emergency
department department department department
Data source and study design Retrospective Prospective Retrospective study Prospective Prospective
study of EHRs  cohort study  of EHRs cohort study  cohort study
Main inclusion criteria Suspected Suspected Blood sample Suspected Sepsis or
sepsis sepsis for culture or sepsis septic
suspected sepsis shock
Patients, n 251 197 207 163 116
Female sex, n (%) 102 (41) 84 (43) 121 (50) 57 (35)
Age, median (IQR) 74 (65-81) 69 (59-75) 69 (565-78) 69 (59-75) 77 (66-82)
Length of stay, hospital, 5.0 (3-7) 49(3.1-9.7) 5.7 (2.1-12.7) 11 (7-18)
median (IQR)
Length of stay, ICU, median (IQR) 2.2 (1.1-5.8)
Charlson Comorbidity Index, 5 (3-7) 4 (3-6) 5 (3-8) 4 (3-6) 5 (3-6)
median (IQR)
Comorbidities, n (%)
Chronic pulmonary disease 57 (23) 18 (9) 32 (16) 42 (26) 15 (13)
Cancer 59 (24) 64 (32) 44 (21) 60 (37) 18 (16)
Cardiovascular disease 134 (53) 41 (21) 61 (30) 46 (28) 29 (25)
Diabetes mellitus 68 (27) 42 (21) 42 (20) 49 (30) 36 (31)
Liver disease 3(1) 8 (4) 14 (7) 9 (6) 5 (4)
Renal disease 32 (13) 20 (10) 58 (28) 15 (9) 13 (11)
SOFA score at admission, 0 (0-1) 9 (6-11) 2 (0-4) 2 (1-3)
median (IQR)
SOFA score max < 72 hr, 3 (2-4)
median (IQR)
ICU admission, n (%) 15 (6) 197 (100) 53 (26) 15 (9) 54 (47)
Bacteremia, n (%) 52 (21) 96 (49) 43 (21)
28-d mortality, n (%) 22 (9) 22 (11) 29 (18) 21 (18)

EHR = electronic health records, IOR = interquartile range, SOFA = Sequential Organ failure Assessment.

cohorts were older than the other cohorts. All cohorts
other than the Bern cohort had an overrepresentation
of males. The severity of disease, as measured by SOFA
score, was highest in the Lund ICU cohort, in whom
bacteremia was also more common. There were no
differences in Charlson Comorbidity Index scores be-
tween the cohorts.

Depending on the reference (Calandra and Cohen
definitions or hospital discharge diagnosis), the
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diagnostic accuracy of the LMCI varied (Table 2).
The LMCI had higher AUC and k-values than the
Calandraand Cohendefinition (AUC,0.82[0.77-0.86]
vs 0.68 [0.64-0.73] and k = 0.62 [95% CI, 0.59-0.65]
vs K = 0.43 [95% CI, 0.39-0.47], respectively) when
used to predict the hospital discharge diagnosis.
Similarly, the LMCI had a higher diagnostic accu-
racy for the Calandra and Cohen definition com-
pared with the hospital discharge diagnosis (AUC,

5
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TABLE 2.

Outcomes of Infection Classifications by the Linder-Mellhammar Criteria of Infection
and by the Calandra and Cohen Definitions, With Hospital Discharge Diagnosis as the
Reference, and for Linder-Mellhammar Criteria of Infection and Hospital Discharge
Diagnosis, With the Calandra and Cohen Definitions as the Reference

Hospital Discharge Diagnosis as Reference

Calandra and Cohen Definitions as Reference

Linder-Mellhammar Calandra and Cohen Linder-Mellhammar Hospital Discharge

Variable/Test Criteria of Infection Definitions Criteria of Infection Diagnosis

n 934 934 934 934

True positive 498 379 378 379

True negative 179 85 211 85

False positive 65 159 185 311

False negative 192 311 160 159
Agreement % 72 50 63 50

k (95% Cl) 0.62 (0.59-0.65) 0.43 (0.39-0.47) 0.57 (0.53-0.61) 0.43 (0.39-0.47)
Sensitivity % 72 (69-75) 55 (51-59) 70 (66-74) 70 (66-74)
Specificity % 73 (67-79) 35 (29-41) 53 (48-58) 21 (18-26)

Area under curve 0.82 (0.77-0.86) 0.68 (0.64-0.73) 0.74 (0.70-0.77) 0.50 (0.47-0.54)

0.74 [0.70-0.77] vs 0.50 [0.47-0.54] and k = 0.57
[95% CI, 0.53-0.61] vs K = 0.43 [95% CI, 0.39-0.47],
respectively). In the subgroup of patients who were
admitted to the ICU, the Calandra and Cohen def-
inition had a higher AUC value with regard to the
probability of infection but was not significantly

TABLE 3.

different and had worse K agreement compared with
the LMCI (Table 3).

When tested with adjudication as the reference,
the new criteria still performed better (k = 0.65
[0.60-0.70]) than the Calandra and Cohen definitions
(x=0.29 [0.24-0.33]) (Table 4).

Outcomes of Infection Classifications for ICU Patients Only by the Linder-Mellhammar
Criteria of Infection and by the Calandra and Cohen Definitions, With Hospital Discharge
Diagnosis as the Reference, and for Linder-Mellhammar Criteria of Infection and Hospital
Discharge Diagnosis With the Calandra and Cohen Definitions as Reference

Hospital Discharge Diagnosis as Reference

Calandra and Cohen Definitions as Reference

Calandra and Cohen

Variable/Test Linder-Mellhammar Definitions Linder-Mellhammar Discharge Diagnosis
n 332 332 332 882

True positive 195 167 174 167

True negative 58 24 44 24

False positive 33 67 54 74

False negative 46 74 60 67
Agreement % 76 58 66 58

k (95% Cl) 0.68 (0.63-0.74) 0.52 (0.46-0.58) 0.65 (0.59-0.71) 0.52 (0.46-0.58)
Sensitivity % 81 (75-86) 69 (63-75) 74 (69-80) 71 (65-77)
Specificity % 64 (53-74) 26 (18-37) 45 (35-55) 25 (16-34)

Area under curve 0.82 (0.74-0.90)

0.88 (0.74-1.0)

0.76 (0.69-0.83)

0.69 (0.61-0.76)
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TABLE 4.

Outcomes of Infection Classifications

by the Linder-Mellhammar Criteria of
Infection and by the Calandra and Cohen
Definitions, With Expert Adjudication as
the Reference

Adjudication Diagnosis

Calandra and
Cohen Definitions

Linder-

Variable/Test Mellhammar

n 163 163

True positive 111 54

True negative 27 33

False positive 15 9

False negative 10 67
Agreement % 75 44

k (95% CI) 0.65 (0.60-0.70)  0.29 (0.24-0.33)
Sensitivity % 92 (85-96) 45 (36-54)
Specificity % 64 (48-78) 79 (63-90)

Area under curve 0.82 (0.77-0.86) 0.68 (0.64-0.73)

The sensitivity analyses indicated that excluding the
cohortfrom Jenadid notalter the results (Supplemental
Table XVI, http://links.lww.com/CCX/A993). The
performance of the three definitions and crite-
ria of infection varied between foci (Supplemental
Table XIV, http://links.Iww.com/CCX/A993). The
LMCI had higher sensitivities for lower respiratory
tract and skin and soft-tissue infections but lower
sensitivities and higher specificities for UTIs and ab-
dominal infections. The interobserver agreement was
tested in a subset of 91 randomly selected patients
from the two cohorts from Lund, consisting of ED and
ICU patients. The agreement was 77% with a K value
0f 0.72 (95% CI, 0.60-0.85) (Supplemental Table XV,
http://links.lww.com/CCX/A993). When using other
cutoffs, that is, possible for LMCI, the K value was
0.72 (95% CI, 0.69-0.75) for hospital discharge diag-
nosis, and when using definite or confirmed as cut offs
for Calandra and Cohen definitions, x value was 0.38
(95% CI, 0.34-0.42) for hospital discharge diagnosis.

DISCUSSION

A widely usable definition of infection would enable
more comparable sepsis research and help exclude
sepsis mimics from clinical studies, thereby improv-
ing the quality of sepsis research. For this purpose, we

Critical Care Explorations

have developed the LMCI. Because sepsis is a condi-
tion that is treated by various medical specialists, in-
cluding intensivists, acute care physicians, surgeons,
and internal medicine specialists, useful criteria need
to be applicable in and outside of the intensive care set-
ting. The LMCI were established by infectious disease
physicians by modifying the Calandra and Cohen
definitions to also consider clinical information that is
available outside of the ICU. In this multicenter anal-
ysis of 934 ED and ICU admissions, the LMCI demon-
strated higher accuracy for infection diagnoses when
compared with discharge diagnoses, the Calandra
and Cohen definitions, and adjudication as the gold
standard.

The Sepsis-3 definitions have improved sepsis re-
search by providing clear and user-friendly defini-
tions of sepsis. However, a definition of infection,
which should be a critical component of the defini-
tion of sepsis, has not been included in Sepsis-3 (1).
One problem in sepsis research is the heterogeneity
of sepsis. Calandra and Cohen (18) have attempted to
address the need for common definitions of infections,
but their definitions are focused on the critical care set-
ting and on microbiological results. Patients who are
treated in the ICU receive a high level of diagnostic
measures, with more microbiological sampling than
patients treated outside of the ICU. However, most
sepsis patients are treated outside of the ICU, and the
Calandra and Cohen definitions of infection are not
applicable in these cases (21). The LMCI fill this gap
because they can be used both in and outside of the
ICU with better performance and include culture-neg-
ative sepsis and additional foci of infection.

The CDC/NHSN surveillance definition of health-
care-associated infection and criteria for specific types
of infections in acute care settings has been evaluated
for certain infections, with widely varying results (28,
29, 33). A study of ICU patients demonstrated excel-
lent interobserver agreement for the CDC/NHSN sur-
veillance definition, but no comparison was made with
a reference definition. Therefore, important patient
groups may have been excluded, whereas other etiolo-
gies might have been included, resulting in bias in the
studies (27). The need for more user-friendly defini-
tions, such as the LMCI, is perhaps best reflected in the
wide variety of definitions that are used in high-impact
research (11, 12-14).

Our study is the largest multicenter validation
of infection definitions and criteria but has several

www.ccejournal.org 7
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limitations. Its major limitation is the lack of a gold
standard definition, which complicates the interpreta-
tion of the performance of the LMCI. Despite the lack
of a gold standard, there is a need for validated defi-
nitions of infection. Therefore, we have included the
three references that are most often used as gold stan-
dards in the field: the Calandra and Cohen definitions,
the diagnosis at hospital discharge, and adjudications
by an expert panel (15, 27, 34). All three standards have
advantages and disadvantages. For example, the diag-
nosis at hospital discharge is not indicative of the like-
lihood of infection and may be considered to be too
sensitive. As discussed above, the Calandra and Cohen
definitions are intended for the ICU and rely on mi-
crobiological results. An adjudicated diagnosis might
be subjective and variable. Thus, all three references
were included as gold standards, and comparisons of
the LMCI with all references were satisfactory.

A larger study cohort would have strengthened our
conclusions, and there were insufficient cases to reli-
ably analyze the performance of the LMCI in less com-
mon sites of infection. This study is the first validation
of the LMCI, but for these criteria to be validated, they
must be applied in several studies. It is possible that the
criteria will be modified according to the validation
and the increasing availability of rapid microbiological
testing and biomarkers.

Further, the analyses of the K coeflicients were
based on the correct classification of the infection foci.
Various definitions and criteria sometimes categorize
infectious foci differently, rather than incorrectly. For
example, an infection may be classified as pneumonia
by one definition and as a bloodstream infection in
another. Therefore, we have also presented the AUCs
values for the likelihood of infection.

The LMCI and Calandra and Cohen definitions
differ in their assessment of infections, with the latter
placing higher demands on the examination of patients
with pneumonia and abdominal infections compared
with the LMCI. These disparate criteria resulted in
more patients being assigned as having a lower respi-
ratory tract or abdominal infection when scored using
the LMCI versus the Calandra and Cohen definition.
These high standards of investigation are not practiced
outside of the ICU, and definitions for infection must
be adapted for outside of the ICU, as well. In addition,
the LMCI have stricter requirements for the diagnosis
of UTIs than the Calandra and Cohen definitions. This

8 www.ccejournal.org

difference resulted in many patients not being inter-
preted as having a UTI when assessed using the LMCI
but being classified as false negatives compared with
the Calandra and Cohen definitions. The LMCI for
UTIs was based on the predictive value of bacteriuria
and performed well when compared with the hospital
discharge diagnosis (35). The false negatives for pri-
mary bloodstream infections when patients were scored
using the LMCI versus the Calandra and Cohen defini-
tion were due to patients having other sites of infection
with a higher score (lower respiratory tract infections or
abdominal infections). Thus, in these patients, blood-
stream infections were considered secondary to the
main focus of infection when scored per the LMCI.
There were insufficient cases to reliably analyze the per-
formance of the LMCI in less common sites of infection.

We argue that the LMCI are useful criteria for de-
fining infections for sepsis research, demonstrating suffi-
cient reliability and construct and criterion validity (36).

CONCLUSIONS

The LMCI are useful criteria of infection that are in-
tended for sepsis research, both in and outside of the
ICU, with the potential to improve and simplify sepsis
research, given that current definitions of sepsis in-
clude no definition of infection.
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