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Expert panel diagnosis demonstrated high reproducibility as reference
standard in infectious diseases
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Abstract

Objective: If a gold standard is lacking in a diagnostic test accuracy study, expert diagnosis is frequently used as reference standard.
However, interobserver and intraobserver agreements are imperfect. The aim of this study was to quantify the reproducibility of a panel

diagnosis for pediatric infectious diseases.

Study Design and Setting: Pediatricians from six countries adjudicated a diagnosis (i.e., bacterial infection, viral infection, or inde-
terminate) for febrile children. Diagnosis was reached when the majority of panel members came to the same diagnosis, leaving others
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inconclusive. We evaluated intraobserver and intrapanel agreement with 6 weeks and 3 years’ time intervals. We calculated the proportion

of inconclusive diagnosis for a three-, five-, and seven-expert panel.

Results: For both time intervals (i.e., 6 weeks and 3 years), intrapanel agreement was higher (kappa 0.88, 95%CI: 0.81-0.94 and 0.80,
95%CI: NA) compared to intraobserver agreement (kappa 0.77, 95%CI: 0.71-0.83 and 0.65, 95%CI: 0.52-0.78). After expanding the three-
expert panel to five or seven experts, the proportion of inconclusive diagnoses (11%) remained the same.

Conclusion: A panel consisting of three experts provides more reproducible diagnoses than an individual expert in children with lower
respiratory tract infection or fever without source. Increasing the size of a panel beyond three experts has no major advantage for diagnosis

reproducibility. © 2019 Elsevier Inc. All rights reserved.

Keywords: Reference standard; Gold standard; Diagnosis; Expert panel; Infectious diseases; Reproducibility

1. Background

Introduction of novel diagnostics into routine care is
usually based on clinical validation studies. Evidence on
the diagnostic accuracy is produced by comparing results
of the test under evaluation (the index test, e.g., a newly
developed blood test) with the actual presence or absence
of a target condition. Ideally, a gold standard to determine
the presence of this target condition is available, which is
an error-free classification in all patients, blinded from
the index test result, and performed within a short interval
of time [1]. There are, however, many conditions, such as
certain infectious diseases [2], for which such a gold stan-
dard does not exist. Using expert diagnosis as reference
standard is therefore commonly applied in validation
studies. The experts identify those with the target condition
among the persons being tested, based on the available in-
formation [1,3]. As a gold standard to diagnose bacterial in-
fections is lacking, it is not possible to analyze the validity
(e.g., the accuracy) of these experts. Analyzing the repro-
ducibility of expert diagnoses is therefore most informative.
Several studies have assessed agreement between different
experts and found a poor to moderate interobserver agree-
ment [4—10]. Because of imperfect reproducibility of the
expert diagnosis, the estimated accuracy of the diagnostic
test under evaluation may be an overestimation or underes-
timation [11,12]. Based on these results, regulators and cli-
nicians will decide to use novel diagnostics in clinical
practice or not. To overcome these limitations, expert
panels have been employed. However, to our knowledge,
the reproducibility of such panel diagnoses in infectious
diseases has not been examined. The present study was de-
signed to quantify the reproducibility of an expert panel
diagnosis for infectious diseases during childhood. This
study had two primary objectives to assess reproducibility
of an expert panel diagnosis. The first objective was to eval-
uate the reproducibility of an expert panel diagnosis in
comparison to a single expert diagnosis. For this objective,
we calculated intraobserver and intrapanel agreement,
comparing the diagnoses changed after 6 weeks and 3 years’
time intervals. The second objective was to evaluate the
proportion of children in whom diagnosis changed after ex-
panding the panel size (i.e., three, five, or seven experts).
We included uneven numbers of panel sizes as this is most
commonly used in diagnostic studies [13].

2. Methods

For this study, we used data from our previously pub-
lished OPPORTUNITY study [14]. Briefly, we validated a
host-protein—based diagnostic using data from children
aged 1 to 60 months presenting with lower respiratory tract
infections or fever without source at the emergency depart-
ment or on pediatric wards in the Netherlands and Israel
[14]. Healthy controls were excluded for the present study.

2.1. Participating experts

The Improving diagnostics in infectious diseases (IM-
PRIND) consortium consisted of 25 pediatricians from
six different European countries with at least 10 years of
clinical experience since accredited as medical doctors.
All experts were blinded to the diagnoses of their peers.
Panel members did not receive other training than an
explanation of the adjudication process and a review of
pediatric, emergency medicine, and infectious disease
literature written by the study team as background infor-
mation without any instructions or decision rules. Before
reviewing the cases, experts completed a short online sur-
vey on baseline characteristics (e.g., age, hours of clinical
work per week).

2.2. Reviewing process

The review process and the definitions employed have
been previously described [14]. In short, each expert
received an electronic case record form (eCRF) including
demographics, medical history, physical examination find-
ings, all available radiological, and laboratory data
collected for routine care, microbiological investigation re-
sults (including study-specific nasal swab data), and a 28-
day follow-up information. Based on the eCRF data, each
expert assigned one of the following etiologies to each
case: bacterial infection, viral infection, mixed infection
(i.e., bacterial and viral coinfection), noninfectious disease,
or indeterminate. Cases assigned as mixed infection were
later classified as bacterial because both require antimicro-
bial treatment. Cases were assigned an inconclusive panel
diagnosis if each panel member assigned a different diag-
nosis or when at least the majority of the panel members
diagnosed the case as indeterminate.
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What is new?

Key findings
e A panel consisting of three experts provided more
reproducible diagnoses than an individual expert.

e Increasing the size of a three-expert panel to five or
seven experts has no major advantage.

What this adds to what was known?

e This is the first study providing insights into repro-
ducibility of an expert panel diagnosis compared to
a single expert diagnosis for infectious diseases
during childhood.

What is the implication and what should change

now?

e A panel diagnosis of experts, instead of the diag-
nosis of a single expert, is highly preferred as a
reference standard.

2.3. Sample size consideration

Sample size consideration was based on examples from
the literature and logistically feasibility (e.g., the number of
experts that was still available after a 3-year time interval).

Two articles that have compared single observer diagnoses
with panel diagnoses on dementia and seizures included 45
and 100 cases, respectively [15,16]. Our first objective was
also to evaluate the reproducibility of an expert panel diag-
nosis in comparison to a single expert diagnosis. We there-
fore aimed to have at least 100 cases re-evaluated by a
panel. For the second objective, we aimed to have at least
50 cases to be diagnosed by panels of seven experts. Each
expert reviewed two batches of up to 50 cases (i.e., in total
there were a maximum of 100 patient records per expert).

2.4. Case selection

In total, 611 cases from the OPPORTUNITY study were
available for the present study. Overall, case selection was
based on the sample size consideration as described earlier
in this article. For the first objective, evaluating the reproduc-
ibility of an expert panel diagnosis in comparison to a single
expert diagnosis, we used two different time intervals (i.e., 6
weeks and 3 years, Fig. 1). Randomly selected cases were used
to calculate intraobserver agreement. Random selection of the
cases was performed using an online sequence generator
(https://www.random.org/sequences/). After 6 weeks or
3 years, the same cases were diagnosed by the same experts.
The experts received also the same eCRF information
(including information from the 28-day follow-up assess-
ment). To quantify reproducibility of panel diagnosis, a
random selection of cases was diagnosed by three experts

611 Opportunity cases available

|
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Intra-observer and
intra-panel agreement

e
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Objective 2
Panel size analyses
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consensus in Opportunity
study. Majority consensus
was defined if 2 out of 3
experts agreed on the
diagnosis, inconclusive
diagnosis if each panel
member assigned a different
diagnosis and when at least

Intra-panel Intra-panel
agreement agreement
63 cases 113 cases

two panel members
diagnosed the case as
indeterminate.

Fig. 1. Case selection. Case selection to assess reproducibility of panel diagnoses. Objective 1: to compare reproducibility of individual expert vs.
expert panel diagnosis. Objective 2: to compare diagnosis and agreement for expert panels of different size (i.e., three, five, or seven experts). Case

selection was based on a convenient sample size.
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and was used to calculate intrapanel agreement (Figure 1). To
minimize the possibility that experts had recognized cases
from their first assignment (i.e., 6 weeks or 3 years ago), we
did not inform the experts about the objective to measure
reproducibility. For the second objective, i.e., effect of panel
size on reproducibility, case selection was performed in two
ways (Figure 1). First, we took a random selection of available
cases. In the OPPORTUNITY study, 70% of the cases were as-
signed an unanimous panel diagnosis. The need for larger
expert panels is highest in harder to diagnose cases. We aimed
to make our data most suitable for these situations. Therefore,
we included a purposive sample of harder to diagnose cases.
Harder to diagnose cases included cases with a majority (2
of 3 experts agreed on the diagnosis) or inconclusive diag-
nosis, thus excluding cases with unanimous diagnosis [14].
The selected cases were reviewed by at least seven experts al-
lowing analyses of different panel compositions.

2.5. Statistical analysis

Intraobserver and interobserver and intrapanel and inter-
panel agreements were calculated with Fleiss kappa statistics
(k). Kappa statistics measure the observed level of agreement
between diagnoses for a set of nominal ratings and corrects
for agreement that would be expected by chance [17]. The
degree of agreement was rated as suggested by Landis and
Koch: fair (0.21-0.40), moderate (0.41-0.60), substantial
(0.61-0.80), or almost perfect (0.81-1.0) [18]. The value of
kappa statistics is a relative measure, whereas clinician’s

Table 1. Baseline characteristics of the included cases.

question of reference standard variation calls for an absolute
measure [11]. Therefore, we also calculated absolute agree-
ment. In addition, we calculated the proportion of bacterial,
viral, and inconclusive diagnoses and the alterations in diag-
nosis for all possible panel compositions if the panel size
increased (i.e., three, five, or seven experts). To analyze the
reproducibility of different panel sizes, we calculated inter-
observer and interpanel agreement for all possible panel
compositions (e.g., 193 patients x 35 possible panels when
constructing a panel with three members from seven op-
tions). Analyses of interpanel agreement was performed for
three- and five-expert panels; each panel consists of three
and five unique panel members. When calculating the pro-
portion of bacterial, viral, and inconclusive diagnoses, and
the intrapanel and interpanel agreement, the majority diag-
nosis was used. Majority diagnosis was defined as at least
two out of three, three out of five, or five out of seven panel
members agreeing on a diagnosis. We used R version 3.4.4
for the statistical analysis.

3. Results
3.1. Experts and cases characteristics

Twenty-five pediatricians from six different countries
participated in the study, of who the majority had special
interest in infectious diseases (Appendix Table Al). Thir-
teen experts (52%) had participated in an expert panel for
a clinical study in the past. The experts made a total of

Characteristics

Objective 1 (n = 296)

Objective 2 (n = 193)

Age, months, median [IQR]
Gender, male, n (%)
Max. temperature, °C, median [IQR]
Duration of symptoms, d, median [IQR]
Hospital admission, n (%)
Hospitalization duration, d, median [IQR]
Antibiotics prescribed, n (%)
CRP (mg/L), median [IQR]
Need of mechanical ventilation, n (%)
Recruiting site
Secondary care center, n (%)
Tertiary care center, n (%)
PICU, n (%)
Clinical syndrome
URTI, n (%)
FWS, n (%)
LRTI, n (%)
Other, n (%)

14 [7-30] 18 [10-31]
175 (59%) 117 (61%)
39.3 (38.8-40.0] 39.5 [39.0-40.0]
2[1-3] 2 [1-4]
185 (63%) 127 (66%)
3 [2-5] 3 [2-5]
164 (55%) 108 [56%]
21 [7-58] 27 [10-62]
2 (1%) 3 (2%)
260 (88%) 169 (87)
33 (11%) 19 (10%)
3 (1%) 5 (3%)

89 (30%) 57 (29%)
75 (25%) 46 (24%)
66 (22%) 55 (29%)
66 (22%) 35 (18%)

Abbreviations: |QR, interquartile range; CRP, C-reactive protein; PICU, pediatric intensive care unit; FWS, fever without source; URTI, upper

respiratory tract infection; LRTI, lower respiratory tract infection.

Objective 1: to compare reproducibility of individual expert vs. expert panel diagnosis. Objective 2: to compare diagnosis and agreement for

expert panels of different size (i.e., three, five, or seven experts).
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Fig. 2. Box plot for the intraobserver and intrapanel agreements. Each dot corresponds to the kappa per expert or per three-expert panel. In box
plots, the band inside the box represents the median kappa. The bottom and top of the box represent the first and third quartiles. The whiskers

reflect the minimum and maximum kappa.

2375 individual diagnoses. In total, 355 unique cases were
used with some cases being used more than once for the
different objectives. The median age of cases used for
objective 1 (i.e., intraobserver vs. intrapanel agreement)
was 14 months (Table 1). Cases used for objective 2 (i.e.,
reproducibility for different panel sizes) were slightly older
(median age 18 months). In both groups, approximately
60% were male (Table 1).

3.2. Intraobserver and intrapanel agreement

As shown in Figure 2, when the time interval was 6 weeks,
intraobserver agreement was substantial (mean k = 0.77,
95% CI: 0.71-0.83), when using Landis’ cutoff values. When
a three-expert panel was employed, with the diagnosis
defined by majority, reproducibility was higher with an
almost perfect agreement (mean Kk = 0.88, 95% CI: 0.81-
0.94). Intrapanel agreement with a 3-year time interval was
also higher in comparison to intraobserver agreement (mean
kK = 0.80, 95% CI: NA and mean k = 0.65, 95% CI: 0.52-

0.78, respectively). Similar to kappa statistics, the absolute
proportion of intrapanel agreement was higher compared
to the intraobserver agreement for both 6 weeks and 3 years’
time intervals (Table 2). Intraobserver agreement as well as
intrapanel agreement was modestly higher when the time in-
terval between assessments was shorter (6 weeks vs. 3 years,
Table 2). We constructed reclassification tables to obtain
deeper insight into diagnostic changes (Appendix Table
A2). With a 6-week’s time interval, single expert diagnoses
changed in 10% of the individual cases and panel diagnoses
in 5% of the cases. For a 3-year’s time interval, these per-
centages were 15% and 10%, respectively.

3.3. Panel size

The overall proportion of inconclusive diagnoses for a
panel of three experts, using majority consensus, was 11%;
this proportion did not decrease when experts were added
to the panel (Fig. 3). Moreover, the overall proportion of bac-
terial and viral diagnoses did not change when the panel was
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Table 2. Absolute proportion of intraobserver and intrapanel agreements.

Agreement

% Agreement [min-max]

Number of expert (or panels)

Six weeks interval
Intraobserver agreement, mean [min-max]
Intrapanel agreement, mean [min-max]
Three years interval
Intraobserver agreement, mean [min-max]

Intrapanel agreement

91% [85-94%] 6 experts
95% [94-97 %] 2 panels
84% [76-92%] 6 experts
90% 1 panel

Presented percentages are mean proportions with minimum and maximum values from different experts or three-expert panels.

expanded to five members. Nevertheless, the diagnosis
changed in 11% of the individual cases when the size of
the panel increased from three to five experts and in 10%
when expanding the panel size from five to seven experts.
Interobserver agreement within a panel of three experts
was fair with a mean kappa of 0.39 (95% CI: 0.38-0.40).
Interobserver agreement did not improve when the panel

was expanded to five experts (Appendix Figure Al). Interpa-
nel agreement between different panels was substantial
(k = 0.75, 95% CI: 0.74-0.75) using the majority diagnosis.
Interpanel agreement was higher (kx = 0.86, 95% CI: 0.85-
0.86) when the three-expert panels were expanded to five ex-
perts (majority diagnosis defined as at least three out of five
panel members agreed on a diagnosis).

Viral
63%

Incon-
clusive
11%

Bacterial
26%

I |
three

Viral
64% Viral
65%
Incon- Incon-
clusive clusive
11% 9%
Bacterial
25% Bacterial
26%
| | |
five seven

Number of panel members

Fig. 3. Expert panel diagnosis using panels of different size. The waves show the change in diagnoses if the panel was expanded from three to five
and seven experts (e.g., panel size analysis). Light green waves: cases with a viral diagnosis by a panel existing of three experts; purple waves: cases
with an inconclusive diagnosis by a panel existing of three experts; dark green waves: cases with a bacterial diagnosis by a panel existing of three
experts. Overall, diagnosis changed in 11% of the individual cases when the size of the panel increased from three to five experts and in 10% when
expanding the panel size from five to seven experts. (For interpretation of the references to color in this figure legend, the reader is referred to the

Web version of this article.)
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4. Discussion

In the present study, a panel consisting of three experts
as a reference standard in a diagnostic infectious diseases
study provided more reproducible diagnoses than individ-
ual expert’s diagnoses and showed a high level of intrapanel
agreement. Expanding the panel to five or seven experts led
to a substantial change in diagnoses and did not lead to a
decrease in the number of inconclusive diagnoses.

A review by Tuijn et al. evaluated the agreement be-
tween health care professionals and examined the effective-
ness of planned interventions for improving reproducibility.
They found overall a fair agreement (x = 0.31) between
health care professionals before implementing various in-
terventions [19]. This agreement is in line with ours and
other studies which found a poor to moderate interrater
agreement [4—10]. Several radiological and histological
studies evaluated the intraobserver agreement. Most of
these studies found high level of agreement [20—24]. How-
ever, it should be noted that these studies used relative short
time intervals (i.e., several weeks) to assess intraobserver
agreement. In our study, intraobserver agreement was lower
for the 3 years’ time interval compared to the 6 years’ time
interval. This result shows that it is crucial to mention the
time interval when presenting intraobserver agreements.
None of the previously mentioned studies evaluated the
reproducibility of individual expert diagnosis compared to
a panel. We found only two, noninfectious diseases-
related studies that compared single observer diagnoses
with panel diagnoses [15,16]. Both studies concluded, simi-
larly to the findings in our study, that the reproducibility
and accuracy of the diagnosis was higher for panel diag-
nosis and recommended this approach at least for research
purposes.

Our findings may be valuable for researchers but also for
organizations as the Food and Drug Administration (FDA)
and European Medicines Agency (EMA), as these organiza-
tions approve drugs related to outcomes based on studies us-
ing single expert assessments [25,26]. However, our results
demonstrated that if a panel diagnosis was used instead of in-
dividual expert diagnosis, the outcome of a study (i.e., the ef-
fect of the drug) might have changed significantly.

The major strength of our study is the comprehensive
procedure of assessing reproducibility of a panel diagnosis
in infectious diseases. To our knowledge, this is the first
study that evaluated intraobserver agreement with such a
long time interval (i.e., three years) and that examined
the effect of expanding the size of the panel from three to
seven experts. A second strength worth mentioning is the
prospective character of the OPPORTUNITY study, from
which cases were derived, leading to complete, longitudinal
and high-quality data for every case.

Limitations of our study should also be discussed. First,
we cannot exclude that experts included in the intraob-
server and intrapanel analyses recognized cases from their
first review. Obviously, the shorter the time interval, the

more likely it is to recognize cases and to remember the
previously assigned diagnosis. Although we have changed
the study numbers, this may have contributed to the higher
intraobserver and intrapanel agreement with the 6 weeks in-
terval compared to the 3 years’ time interval. Second, we
presented an arbitrary set of data to the experts. We used
the same eCRF as in our, previously published, validation
study of a new diagnostic. Third, there are several aspects
of panel diagnosis we did not evaluate in the present study,
for example, the correlations between expert characteristics
(i.e., experience years and country of origin) or eCRF vari-
ables (including specific biomarkers) and outcome. Fourth,
the sample-size estimation was based on a convenient sam-
ple size. The two previously mentioned studies that
compared single observer diagnoses with panel diagnoses
used less cases compared to our study (i.e., 45 cases with
dementia and 100 cases with seizures) [15,16]. Therefore,
we feel our sample size is acceptable to obtain an adequate
power to calculate expert panel reproducibility. Fifth, the
review process of the cases by the experts required a signif-
icant effort from the expert panel members. Therefore, it
was not feasible to have all 193 cases reviewed by the same
seven experts for the second objective. This nonuniformity
in the cases experts classified possibly impacted the results.
Sixth, in our study, individual diagnosis changed in 11% of
the cases when the size of the panel increased from three to
five experts and in 10% when expanding the panel size
from five to seven experts. We consider this as acceptable,
as the proportion of inconclusive cases did not change.
However, these differences might still have significant
impact on the sensitivity and specificity of the panel diag-
nosis. Seventh, not all eligible patients participated in this
study for practical reasons (e.g., attending physician did
not have time to recruit the patient at the ED, parents or pa-
tients did not want phlebotomy only for study proposes),
which may have introduced a selection bias in favor of
more severely ill patients. Finally, given the wide variety
of consensus panels, our findings cannot be generalized to
noninfectious patients.

In conclusion, this study suggests that a panel consisting
of three experts provides more reproducible diagnosis than
an individual expert, while increasing the size of experts’
panel further has no major advantage for diagnosis repro-
ducibility. The impact of these results on validity could
not be evaluated as a gold standard to diagnose bacterial in-
fections is lacking. Based on our results, a panel diagnosis
of experts, instead of the diagnosis of a single expert, is
highly preferred as a reference standard. Further prospec-
tive validation and optimization of panel diagnosis are
needed to obtain accurate results of diagnostic studies
without a gold standard.

Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/].jclinepi.2019.03.010.
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