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A Quantitative Study of the Decision Threshold for
the Diagnosis of Infectious Mononucleosis

Xinyan Cai, MSPH, PhD, Mark H. Ebell, MD, MS, and Garth Russo, MD

Background: Ordering a serologic test for infectious mononucleosis (IM) in all young patients with
sore throat is costly and impractical. The test threshold to determine when to order a diagnostic test
for IM based on the patient’s symptoms has not been previously studied.

Objective: To determine the test threshold for IM in the management of patients with sore throat.
Design and Setting: Online surveys were sent to a convenience sample of US primary care clinicians

regarding their decision making about whether or not to order a test for IM in a patient with sore
throat.

Method: 7 clinical vignettes were created, each with a different combinations of symptoms and signs.
The probability of IM for each vignette was estimated by the investigator based on the number of symp-
toms present to generate a plausible range of disease probabilities. Clinicians were then asked to
decide whether to test or not test for IM, and mixed-effect logistic regression was used to determine
the test threshold for IM where half of physicians chose to test and half chose not to test.

Results: A total of 117 clinicians provided responses for a total of 819 clinical vignettes. The overall
test threshold for IM as estimated using the logistic regression was 9.5% (95% CI: 8.2% to 10.9%). The
test threshold for clinicians practicing greater than 10 years was significantly higher than for those
practicing less or equal to 10 years (10.5% vs 7.3%, P= .02). No significant differences between special-
ties and practice sites were found with respect to the test threshold.

Conclusion: This study identified a test threshold for IM of approximately 10% based on realistic
clinical vignettes. This threshold was stable regarding the clinician’s specialty and practice sites and
could be used in the development of a clinical prediction rule to determine the cutoff for low- versus
high-risk groups. ( J Am Board Fam Med 2022;35:1065–1071.)

Keywords: Clinical Prediction Rule, Evidence-Based Medicine, Infectious Mononucleosis, Logistic Models,
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Background
Infectious mononucleosis (IM) is a common disease
caused by Epstein-Barr virus (EBV) among adoles-
cents and children. The most common symptoms
and signs associated with IM include sore throat,
fever, cervical adenopathy, and fatigue.1–4 Other clni-
cal symptoms and signs of IM include rash, headache,
nausea, jaundice, axillary or inguinal adenopathy,

muscle or joint pain, and splenomegaly. The diagnos-
tic accuracy of individual symptoms and signs of IM
has been inconsistent among studies.5,6 Heterophile
antibody tests are a rapid and cost-effective test for
IM, but the heterophile antibody tests are less sensitive
compared with viral capsid antigen (VCA) tests, espe-
cially in EBV-infected children. The EBV specific tests
such as a viral capsid antigen test are more sensitive in
the early stages of an acute infection.6,7 However, it
would be costly and impractical to order a serologic
test in all patients with sore throat in routine practice.8

The disease threshold model proposes 2 clinical
decision thresholds: the test threshold and the
treatment threshold (Figure 1).9 The test threshold
is the probability at which the clinician decides to
either rule out the disease or to obtain additional
data. The treatment threshold is the probability at
which clinicians decide to either gather additional
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data or to initiate treatment. There are 3 options
for patients with suspected illness: if the probability
of disease falls below the test threshold, the disease
will be ruled out. If the probability falls between
the test threshold and treatment threshold, then
more information is needed for the diagnosis. If the
probability falls above the treatment threshold, then
treatment should be initiated.

The originators of the threshold model proposed
an explicit approach to calculating decision thresh-
olds based on the benefits and harms of missed
versus correct diagnosis and appropriate versus
inappropriate diagnosis. One of the authors in a
previous study10 developed a novel implicit app-
roach to determining decision thresholds by present-
ing physicians with a series of clinical vignettes, each
with a different disease prevalence that represent a
range of probability of disease. Physicians were asked
to choose among ruling the disease out, ordering an
additional test, or initiating therapy. The thresholds
were then estimated using a logistic regression
model. The test threshold is the “tipping point” at
which a decision was made to either rule out disease
versus gathering more information, whereas the
treatment threshold is the tipping point at which a
decision was made to either gather more information
or initiate treatment. Because there is no specific
medication available to treat IM, and antibiotics do
not work against EBV infection, the treatment
threshold for IM was not considered in this study.

The test threshold for IM diagnosis has not been
previously studied. It is also uncertain if the thresh-
olds for IM differ by years in practice. medical spe-
cialty, or their practice site. The result of the test
threshold from this study could guide the develop-
ment of clinical prediction rules (CPRs) for IM.
The developers should ensure that the low-risk
group of IM from the CPRs correspond to the dis-
ease probability less than the proposed threshold,
and the high-risk group correspond to the probabil-
ity of IM greater than or equal to the proposed
threshold. This study will adopt the previous

technique10 and use detailed, realistic online
vignettes that vary the likelihood of IM among
patients presenting with a sore throat to explore the
effect of physician decisions regarding testing for
IM.

Methods
Participants

We recruited a convenience sample of primary care
physicians and emailed a participation invitation
nationwide from spring to fall 2020. Attached to
this e-mail was a link to an online questionnaire
about an IM test threshold. The investigators
administered the survey using Qualtrics, provided
through the University of Georgia (UGA), which
provides a secure and automated method for data
collection. Respondents could access the online sur-
vey either on a mobile phone or on a personal com-
puter. All participants who submitted the Qualtrics
survey were included in the study. All surveys were
completed anonymously, and each IP address could
only be used once to avoid duplicate responses.

Study Design

This was a cross-sectional study of clinicians
regarding their clinical decision making regarding
the diagnosis of IM in an outpatient setting with
the availability of the office-based examination for
IM. After informed consent was given, each clini-
cian was asked about their medical specialty (family
medicine, internal medicine, physician assistant, or
nurse practitioner), years in practice, practice site
(primary care, urgent care, or emergency depart-
ment), and whether they are working at a university
health center. Then, each clinician was presented
with 7 separate clinical scenarios of patients with a
sore throat and different combinations of signs and
symptoms, corresponding to an estimated likeli-
hood of IM ranging from 1% to 30%. Participants
were told to assume that each scenario took place in
2019, and COVID-19 was not a potential cause of

Figure 1. Illustration of the threshold model.
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the patient’s symptoms and signs. A summary table
of the clinical presentations for each scenario given
to clinicians is shown in Online Appendix Table 1.
For each scenario, the likelihood of IM was given
to the clinician based on expert opinion and a previ-
ous meta-analysis by the coinvestigator on the accu-
racy of the symptoms and signs for the diagnosis of
IM. The vignettes are shown in Online Appendix
Table 1.11 The clinicians were told that the hetero-
phile antibody test, the “Monospot” test, is the only
confirmatory test available to the physicians for
diagnosing IM. The “Monospot” test is considered
to be 80% sensitive in the first 7 days of infection
and 95% sensitive after 7 days. Each clinician was
then asked to select from 1 of the management
options below for each of 7 clinical vignettes:

• You feel that IM is unlikely, and you will not
order any tests for IM.

• You feel that more information is needed, and
you will order a “Monospot” test.
In the threshold model, these 2 options are con-

sistent with being below the test threshold and
being above the test threshold, respectively.

Analysis
For the descriptive analysis, we summarized the
characteristics of each participating clinician. We
also summarized the frequencies and the percent-
age of clinicians ruling out IM for each vignette.

The test threshold was determined by adopting
the method described in a previous study.10 This
method is based on a logistic regression analysis of
the physician decision regarding the disease proba-
bility. The following logistic regression equation
was used to determine the test threshold:

ln
p

1� p

� �
¼ a + bx Equation 1

where p is the probability that a clinician decided
not to rule out the disease and to order a diagnostic
test when the test threshold is being estimated; the
value x is the probability of IM predetermined by
the investigator for each vignette; a and b are the
model coefficients.

The test threshold of disease is defined as the
probability of disease where 50% of the clinicians
would decide to rule out disease and the other 50%
decide to order diagnostic test or initiate treatment.
Thus, we defined the probability of ordering a test
for IM x at the test threshold as equal to 0.5. At this

probability, 50% of the clinicians would rule out IM
without ordering additional test and another 50% of
clinicians would decide to order the “Monospot” test
to confirm IM. Thus, ln(0.50/0.50) = ln(1) = 0. The
following equation is obtained after solving Equation
1 for x and replacing p with x,

0 ¼ a + bx
Xtest ¼ �a=b Equation 2

where ba and bb were the coefficients estimated from
Equation 1. The resulting Xtest was deemed as a test
threshold. Because each clinician needed to evaluate
7 scenarios, mixed-effect logistic regression models
were used, and we applied a random intercept term
to Equation 1 to adjust for interphysician variabil-
ity. The confidence intervals of the test threshold
for IM were determined by using the covariance
matrix for the estimated coefficients in the model.12

To achieve the subgroup comparison, the test
threshold model was also stratified by years of med-
ical practice (<=10 years vs >10 years), practice sites
(primary care vs Nonprimary care), clinician spe-
cialties (family physician vs Nonfamily physician),
and whether they work at a student health center.

All statistical analyses were performed using R
software version with version 3.0.2.13 The mixed-
effect logistic regression was implemented by glmer
function from lme4 package.

Ethical Approval

This study was approved by the Human Subjects
Committee of the University of Georgia, and we
received informed consent from all participating
clinicians.

Results
Characteristics of Participants

A total of 136 clinicians responded to the invitation
and answered the survey, of whom 122 provided
useable data regarding their training or background
and 117 clinicians provided usable data regarding
the clinical decisions. The demographic character-
istics of the 122 participants are summarized in
Table 1.

Overall, 117 participating clinicians provided
their clinical decisions for a total of 819 clinical
vignettes. Most clinicians worked in a primary care
setting (82.8%), 83.6% were in family medicine,
and approximately 72% of the clinicians had been
practicing medicine for more than 10 years. Only
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11.5% of clinicians worked in a student health cen-
ter. The percentage of clinicians not ordering a test
for IM ranged from 92.6% for scenario 1 (1% esti-
mated probability of IM) to 0.8% for scenarios 6 and
7 (25% to 30% estimated probabilities of IM).

The distribution of the vignette probabilities of
IM for clinicians choosing to order a test and for
those not ordering a test (“rule out”) are shown in
the box and whisker plot in Figure 2; the probabil-
ities in different subgroups are displayed in box plots
in Online Appendix Figures 1-4. The median and
interquartile range of vignette probabilities for clini-
cians deciding that a test was indicated versus those
not ordering a test are shown in Online Appendix
Table 2. The probability of IM was less than 8% for
most physicians who ruled out the diagnosis, and
among those who ordered a diagnostic test, the prob-
ability of disease ranged from 12% to 25%.

Test Thresholds Estimation

The overall test threshold for IM as estimated using
the mixed-effect logistic regression model was 9.5%
(95% CI: 8.2% to 10.9%) (Table 2 and Figure 2).
For the stratified analysis of test thresholds, the test
threshold for clinicians practicing greater than
10 years was significantly greater than for those prac-
ticing less or equal to 10years (10.5% vs 7.3%,
P= .02). No significant differences among other sub-
groups were found with respect to the test threshold.
The test thresholds derived for different subgroups
are presented in Online Appendix Figures 5-8.

Discussion
This is the first study to determine the test thresh-
old for IM using a set of realistic clinical vignettes
with the probability of IM varying from 1% to
30%. In the context of an outpatient visit for a
patient with sore throat, clinicians had an implicit
test threshold of just under 10% for ordering a test
for IM in a patient presenting with sore throat.

The test threshold for IM was stable across dif-
ferent specialties and practice sites. Thus, this
threshold can be used by clinicians regardless of
their specialties and/or work site. On the other
hand, the test threshold was found to be signifi-
cantly higher if clinicians had been in practice for
greater than 10 years (10.5% vs 7.3%). This may
reflect that late-career physicians are more confi-
dent in ruling-out disease without testing. How-
ever, given the small sample size in this study, this
conclusion may be considered as hypothesis gen-
erating, and a study with a larger sample size would
be required to support this finding.

The test threshold identified from our study can
guide the clinician’s decision-making process for
IM diagnosis. If the pretest probability of IM for a
patient with a sore throat is much below 10% (ie,
5%), we would assume this patient has a low risk of
IM, and the physicians can rule out IM without fur-
ther testing for IM; if the pretest probability is
much greater than 10% (ie, 15%), we would assume
this patient has a high risk of IM, and a confirma-
tory test for IM should be ordered. On the other
hand, if the pretest probability of IM for a patient is
judged to be close to 10% (ie, the estimated proba-
bility of IM is between 5% and 15%), we would
assume this patient has a high risk of IM, and the
physicians need to use their judgment to make their
final decision. The authors have developed a simple

Table 1. Demographic Characteristics of the

Participating Clinicians

Characteristic of clinicians (n = 122) n (%)

Type of clinical setting
Family Medicine 102 (83.6%)
Internal Medicine 11 (9%)
Physician Assistant 4 (3.3%)
Nurse Assistant 2 (1.6%)
Other 1 (0.8%)
No response 2 (1.6%)

Time in practice, years
<=5 24 (19.7%)
6 to 10 10 (8.2%)
11 to 20 41 (33.6%)
>20 47 (38.5%)

Practice site
Primary care 101 (82.8%)
Urgent care 7 (5.7%)
Emergency medicine 5 (4.1%)
Other 7 (5.7%)
No response 2 (1.6%)

Student health clinic setting
Yes 14 (11.5%)
No 108 (88.5%)

Clinical decision: clinician ruled out IM without ordering a test
Scenario 1 (1%) 113 (92.6%)
Scenario 2 (4%) 103 (84.4%)
Scenario 3 (7%) 67 (54.9%)
Scenario 4 (12%) 28 (23%)
Scenario 5 (18%) 18 (14.8%)
Scenario 6 (25%) 1 (0.8%)
Scenario 7 (30%) 1 (0.8%)
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risk score based on the symptoms and signs for the
diagnosis of IM among college students (X. Cai &
M.H. Ebell, to be submitted for publication). By
using our estimated test threshold of 10%, we identi-
fied patients in low- (LR-: 0.5) and high-risk (LR1:
2.46) groups for IM. Given an estimated probability of
IM of 8% for adolescents aged 16 to 20years with a
sore throat based on an Australian primary care
study,14 our risk scores would reduce the probability of
IM to 4% for patients in the low-risk group, obviating
the need for a confirmatory test; and would increase
the likelihood of IM to 17% for patients in the high-
risk group, for whom IM testing is recommended.

Future studies should investigate the test thresh-
old for IM in a real patient setting. We could
directly observing the clinicians’ decision making
process in the course of consultations with real
patients in front of them. We would ask the physi-
cians to estimate the probability of IM and to make
their clinical decisions on IM testing for each visit.
Observing the clinicians’ behavior in the real
patient setting would allow clinicians to include
other factors in the decision, such as patient’s atti-
tude or expectations, that could not be measured
using the simulated vignettes.

Strengths and Limitations

This is the first study to use realistic clinical vignettes
to study clinician decision making regarding IM test-
ing for patients with sore throat. The study

design also allows us to compare the clinicians’
clinical decisions across different practice set-
tings and helps us to estimate the threshold with
greater precision.

However, several limitations exist in this study.
First, the response rate for this study could not be
calculated due to the use of an online convenience
sample. Primary care physicians with more experi-
ences in IM diagnosis might be more interested in

Figure 2. The distributions of probabilities for clinicians choosing to order a test for Infectious Mononucleosis (IM)

and those choosing not to order a test (rule out).

Table 2. Estimation of Overall Test Threshold and By

Subgroups

Test Thresholds
Probability of
IM (95% CI) p-Value

All participants 9.5 (8.2, 10.9)
Practice type 0.47
Primary care 9.8 (8.7, 10.9)
Non-primary care 8.7 (7.1, 10.3)

Time in practice, years 0.02
0 to 10 7.3 (5.7, 8.5)
>10 10.5 (9.2, 11.8)

Specialty 0.62
Family physician 9.8 (8.5, 11.1)
Nonfamily physician 9.0 (6.5, 11.5)

Student health center 0.59
Yes 9.7 (7.6, 11.3)
No 10.7 (9.1, 11.8)

Abbreviations: IM, infectious monoucleosis; CI, confidence interval.
Notes: The test threshold is estimated based on probability
estimation from mix-effect logistic regression models.
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this project and therefore be more likely to partici-
pate, which would lead to the selection bias. On the
other hand, greater experience might lead to more
informed testing decisions regarding IM. Second,
this study provided only 7 vignettes to each clini-
cian, with the likelihood of IM ranging from 1% to
30%. Observing clinicians with real patients and
asking clinicians to estimate the probability of IM
for each visit should be considered. This would
allow the clinicians to account for the severity of
symptoms, as well as the patients’ attitudes and
beliefs. In addition, the probability of IM in each vi-
gnette was provided instead of having the physician

estimate it, and the stated disease probability in
each vignette might potentially have influenced the
physicians’ clinical decisions. Intuitive clinical deci-
sion making is a complex process and involves dif-
ferent levels of uncertainty, and this process might
not be sufficiently captured by the probability of
disease.

Third, this study might not have fully captured
all management options by offering only 2 options
(do not order a test [rule out] or order a test) for
each vignette and limiting the diagnostic testing
options for IM to the Monospot test. Some physi-
cians may prefer a viral capsid antigen test as a

Figure 3. Test (blue solid line) threshold based on the logistic regression model, obtained equaling to 0.5 of the prob-

ability of not ruling out Infectious Mononucleosis (IM) (test threshold) estimated according to model 2. Points (circles)

represent the true probability of clinicians that decided to rule in IM and to order a diagnostic test for each scenario.
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diagnostic test for IM, because the heterophile
antibody tests are relatively specific yet some-
what insensitive (as many as 24% of false nega-
tives), especially in the first week of IM illness.
Future studies would provide more options for
diagnostic testing and provide the opportunity
to compare the decision making in regard to dif-
ferent serologic test options. Finally, there are
other approaches to determining thresholds
including the cost-benefit analytic approach of
Pauker and Kassirer, which might identify a dif-
ferent test threshold.9 It is also possible that
asking the physician to estimate the probability
of IM for the vignette rather than giving them
the probability could have resulted in a different
threshold. However, we feel that the identified
threshold has good face validity.

Conclusions
This study used realistic clinical vignettes to study
clinical decision making regarding diagnostic test-
ing for patients with sore throat by varying the like-
lihood of IM among patients in the vignettes.
Using this approach, we estimated that the test
threshold for ordering a Monospot test for IM in
someone with sore throat is approximately 10%.
This threshold did not vary with the clinician’s spe-
cialty or practice site.

The results from the current threshold study are
being used to identify the cutoffs for 2 newly pro-
posed clinical decision rules for the management of
IM (manuscript in review). The CDRs classify
patients into low- and high-risk groups for IM, with
probabilities of IM less than 10% and greater than or
equal to 10%. We believe that choosing a cutoff that
reflects the implicit test threshold of experienced
clinicians situates it in the clinical context and makes
it potentially more acceptable to users.

To see this article online, please go to: http://jabfm.org/content/
35/6/1065.full.
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Appendices

Below are the complete vignettes including the
instructions given to the clinician:

Please assume that the “Monospot” test for infec-
tious mononucleosis that your clinic uses is 80% sen-
sitive in the first 7 days of infection and 95% sensitive
after 7 days. This is the only test available to you for
diagnosing mononucleosis.

Scenario 1: A 30-year-old female comes to your
office. She reports a 10-day history of sore throat accom-
panied by a skin rash. On examination, her tonsils are
normal, and she has no posterior cervical adenopathy.
She did not visit any doctor or order any test since her
symptom onset. She denies shortness of breath, coughing,
sore muscles or joints, sleeping too much, feeling nausea
or feverish, headache, and is otherwise healthy with no se-
rious comorbidities. Based on a validated clinical predic-
tion rule, her probability of IM is approximately 1%.

Scenario 2: A 30-year-old female comes to your
office. She reports a 10-day history of sore throat and
coughing accompanied by a skin rash. On examination,
her tonsils are normal, and she has no posterior cervical
adenopathy. She did not visit any doctor or order any test
since her symptom onset. She denies shortness of breath,
sore muscles or joints, sleeping too much, feeling nausea,
feverish or headache, and is otherwise healthy with no
serious comorbidities. Based on a validated clinical pre-
diction rule, her probability of IM is approximately 4%.

Scenario 3: A 24-year-old female comes to your
office. She reports a 6-day history of sore throat,
coughing, sore muscles and joints, accompanied by a
skin rash. On examination, her tonsils are normal, and
she has no posterior cervical adenopathy. Her spleen
is in normal size. She came to see the doctor 3 days af-
ter the sore throat began and had a negative strep test
at that time. However, her sore throat persists. She

denies shortness of breath, sleeping too much, feeling
nausea, feverish or headache, and is otherwise healthy
with no serious comorbidities. Based on a validated
clinical prediction rule, her probability of IM is
approximately 7%.

Scenario 4: An 18-year-old female student comes
to your office. She reports a 10-day history of sore
throat and coughing. She started experiencing sore
muscles and joints, feeling nausea, sleeping too much
accompanied by a skin rash a week ago. On examina-
tion, her tonsils are normal, and she has no posterior
cervical adenopathy. She came to see the doctor
3 days after the sore throat began and had a negative
strep test at that time, but her symptoms have per-
sisted. She denies shortness of breath, feverish or
headache, and is otherwise healthy with no serious
comorbidities. Based on a validated clinical prediction
rule, her probability of IM is approximately 12%.

Scenario 5: An 18-year-old female student comes
to your office. She reports a 10-day history of sore
throat and coughing. She started experiencing sore
muscles and joints, sleeping too much, feeling nau-
sea, feverish and headache accompanied by a skin
rash a week ago. On examination, her tonsils are nor-
mal, and she has no posterior cervical adenopathy.
She came to see the doctor 3 days after the sore
throat began and had a negative strep test at that
time, but her symptoms have persisted. She denies
shortness of breath and is otherwise healthy with no
serious comorbidities. Based on a validated clinical
prediction rule, her probability of IM is approxi-
mately 18%.

Scenario 6: An 18-year-old female student comes
to your office. She reports a 10-day history of sore throat
and coughing. She started experiencing sore muscles
and joints, sleeping too much, feeling nausea, feverish

Table A1. The Signs, Symptoms and Probability of (IM) for each Clinical Vignette

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Age 30 30 24 18 18 18 18
Days of symptoms 10 6 6 10 10 10 10
Sore throat Yes Yes Yes Yes Yes Yes Yes
Rash Yes Yes Yes Yes Yes Yes Yes
Cough Yes Yes Yes Yes Yes Yes
Sore muscles Yes Yes Yes Yes Yes
Sore joints Yes Yes Yes Yes Yes
Sleeping too much Yes Yes Yes Yes
Nausea Yes Yes Yes Yes
Fever Yes Yes Yes
Headache Yes Yes Yes
Enlarged tonsils with exudate Yes Yes
Posterior cervical adenopathy Yes
Probability of infectious mono 1% 4% 7% 12% 18% 25% 30%
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and headache accompanied by a skin rash a week ago.
On examination, her tonsils are enlarged with exudate,
and she has no posterior cervical adenopathy. She came
to see the doctor 3days after the sore throat began and
had a negative strep test at that time, but her symptoms
have persisted. She denies shortness of breath and is oth-
erwise healthy with no serious comorbidities. Based on a
validated clinical prediction rule, her probability of IM
is approximately 25%.

Scenario 7: An 18-year-old female student
comes to your office. She reports a 10-day history of
sore throat and coughing. She started experiencing
sore muscles and joints, sleeping too much, feeling
nausea, feverish and headache accompanied by a
skin rash a week ago. On examination, her tonsils
are enlarged with exudate, and presented with posterior
cervical adenopathy. She came to see the doctor 3days
after the sore throat began and had a negative strep test
at that time, but her symptoms have persisted. She
denies shortness of breath and is otherwise healthy with
no serious comorbidities. Based on a validated clinical
prediction rule, her probability of IM is approximately
30%.

Table A2. Median and Interquartile Range for the

Probability of Infectious Mononucleosis (IM) in the

Vignettes Stratified by Clinical Decision and Physician

Characteristics

Stratification
Decision Probability (%, Median

(Interquartile Range))
Practice Type Rule out (No test) Test

Primary care 4.0 (6.2) 17.9 (12.8)
Non-primary care 4.0 (3.0) 18.0 (12.6)
Time in practice, years
0 to 10 4.1 (6.3) 18.1 (12.6)
>10 4.1 (6.1) 21.8 (13.6)

Specialty
Family physician 4.0 (6.0) 17.9 (12.8)
Nonfamily physician 3.9 (6.1) 20.2 (13.8)

Student health center
Yes 4.1 (6.1) 18.1 (12.7)
No 4.1 (6.0) 18.0 (11.7)
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Box plots displaying the distribution of decision probabilities for infectious mononucleosis with subgroups.

Figure A1. Distribution of the decision probabilities for subgroups: <=10 years’ practice versus >10 years’ prac-

tice.

Figure A2. Distribution of the decision probabilities for subgroups: works at student health center versus not

works at student health center.
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Figure A3. Distribution of the decision probabilities for subgroups: primary care physician versus Nonprimary

care physician.

Figure A4. Distribution of the decision probabilities for subgroups: family physician versus nonfamily physician.
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Test threshold based on the logistic regression model by subgroups, obtained equaling to 0.5 of the probability
of not ruling out IM (test threshold) estimated according to model 2. Points (circles) represent the true probabil-
ity of clinicians that decided to rule in IM and to order a diagnostic test for each scenario.

Figure A5. Test threshold by subgroups: Primary care physician versus nonprimary care physician.

Figure A6. Test threshold by subgroups: family physician versus nonfamily physician.
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Figure A7. Test threshold by subgroups: ≤10 years in practice versus >10 years clinicians.

Figure A8. Test threshold by subgroups: working in a student health center versus not working in student health

center.
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Derivation of the Confidence Intervals for
the Test Thresholds

To obtain the test threshold, we estimated model
(1) (see Section Methods, Analysis):

ln
p1

1� p1

� �
¼ a1 + b1x (1)

being p1 the probability of not ruling out, x the disease
probability, and a1, and b1 the model coefficients. The
test threshold was obtained inverting (1) and replacing
p with 1=2. Since ln 1�2

1=2

� �
¼ 0, we obtained:

xtest ¼ � ba1 = bb1 (2)

To find 95% confidence intervals for xtest we used the
result (Carter et al. 1983, Pencina et al. 1992):

ð ba1 + bb1 xtestÞ2
V ð ba1 + bb1 xtestÞ

�X2
1 (3)

With

V ð ba1 + bb1 xtestÞ ¼ V ð ba1Þ +Vð bb1Þ X2
test Þ + 2xtestCð ba1 , bb1Þ

and with all variances V and covariances C being esti-
mated by the model. A 95% CI for xtest could thus be
obtained by solving with respect to xtest the following
2nd degree inequality:

ð ba1 + bb1 xtestÞ2
V ð ba1 + bb1 xtestÞ

< 3:84 (4)

being 3.84 the 95% quantile of a Chi2 distribution
with 1 degree of freedom.

Inequality (4) can be written as follows:

X2
test½2bb21 � 3:84V ð bb1Þ� + xtest½2 ba1 bb1
� 3:84ð2Cð ba1 , bb1ÞÞ

Let

A ¼ bb21 � 3:84V bb1� �

B ¼ 2 ba1 bb1 � 3:84 � 2Cð ba1 , bb1Þ
C ¼ ba21 � 3:84V ba1ð Þ

be the coefficients of the 2nd degree inequality (4).
Finally, a 95% CI for xtest takes the form:

�B�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
B2 � 4AC

p

2A
,
�B +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
B2 � 4AC

p

2A

	 


The 95% CI for the treatment threshold xtreat is
obtained applying the same method to model

(2): ln½p2=ð1� p1Þ� ¼ a2 + b2x
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