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Background: The accuracy of individual symptoms, signs, and several easily obtainable hematologic parameters for diagnosing infectious mononucleosis (IM) still needs to be confirmed. Improving the diagnosis of IM based on the clinical findings could prompt physicians to identify better which patients
need a diagnostic test for IM. This study performed a systematic review to determine the accuracy of
symptoms, signs, and hematologic parameters in patients with suspected IM that used heterophile antibody test or viral capsid antigen tests as the reference standard.
Methods: The PubMed database was searched for all relevant articles. Two reviewers reviewed all studies in parallel and assessed the quality of the selected studies using the quality assessment of diagnostic accuracy studies 2 (QUADAS-2) criteria. The pooled measures of diagnostic performance were calculated by
bivariate meta-analysis for each clinical finding, which included sensitivity, specificity, likelihood ratios, the
diagnostic odds ratios, and the area under the receiver operating characteristic curve.
Results: Seventeen studies were included in our final analysis. The prevalence of IM ranged from 2.1%
to 80% among prospective cohort studies. The presence of splenomegaly (positive likelihood ratio [LR1],
2.39; 95% confidence interval [CI], 1.11-5.51), palatal petechiae (LR1, 1.32-11.40), posterior cervical
lymphadenopathy (LR1, 3.16; 95% CI, 1.45-5.20), and axillary or inguinal cervical lymphadenopathy
(LR1, 3.05; 95 CI, 1.85-4.70) were moderately useful for ruling in IM. The most helpful hematologic parameters for ruling in IM include lymphocytes greater than 4  109/L and greater than 40% to 50%, or
atypical lymphocytes greater than 40%. A combination of lymphocytes greater than 50% and atypical lymphocytes greater than 10% (LR1, 50.40; 95% CI, 8.43-162) was also found to be helpful to rule in disease.
Most of the clinical findings have limited diagnostic value in ruling out the disease when absent.
Conclusions: Although most symptoms and signs were unhelpful, the likelihood of IM is appreciably
increased by several examination findings. Hematologic parameters were more accurate than symptoms
and signs. Since most clinical findings have limited diagnostic value in ruling out the disease, physicians should not rely on the absence of any individual symptom or clinical sign for ruling out IM. ( J
Am Board Fam Med 2021;34:1141–1156.)
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Background
Infectious mononucleosis (IM) is a disease caused
by the Epstein-Barr virus (EBV). IM is most
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common among young adults, especially those aged
15 to 24 years, with the incidence rate ranging from
6 to 8 cases per 1000 person-years.1 The most common symptoms and signs among IM patients
include sore throat, lymph node enlargement, fever,
tonsillar enlargement, pharyngeal inﬂammation, fatigue, and rashes.2–4 However, the diagnostic accuracy of the symptoms and signs of IM is
inconsistent among studies.5,6
A recent systematic review2 of the diagnostic accuracy for individual symptoms and signs found
that the absence of sore throat (sensitivity, 0.81;
negative likelihood ratio [LR-], 0.51-0.62), headache (sensitivity, 0.66; LR-, 0.63-0.73), or any
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ORIGINAL RESEARCH

Method
This study was registered with the PROSPERO
database (#CRD 42021246280), and our study followed the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) protocol for
guidance.10
Search Strategy and Selection Criteria
The PubMed database was searched for articles
published through 30 September 2020, with no
restrictions on language. The following search concepts were used involving all possible elements:
“signs, symptoms, and diagnostic tests”; “infectious mononucleosis or Epstein-Barr virus”; and
1142 JABFM
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“accuracy of diagnosis” linked by the Boolean operator “AND.” The ﬁlters “has abstract” and
“human” were applied to the search. The complete
search strategy for the PubMed database is shown
in Appendix S1. We also manually searched for relevant articles from the reference lists of the
included studies. This meta-analysis included only
published and peer-reviewed studies.
All titles and abstracts were screened in parallel
by 2 independent reviewers (XC, LH). If there was
any uncertainty regarding eligibility, a third
reviewer (ME) was consulted. The full-text article
for each abstract was then independently reviewed
by 2 reviewers (XC, LH), and the third reviewer
(ME) was responsible for resolving discrepancies
among the reviewers through a consensus discussion at this stage.
Inclusion Criteria
This systematic review and meta-analysis included
studies that performed original data collection
and provided sufﬁcient information to construct a
2  2 table for the diagnostic accuracy of at least 1
symptom, clinical sign, or hematologic parameter
(eg, WBC, lymphocytes, atypical lymphocytes,
monocytes) for IM against a reference standard
test. In this meta-analysis, we limited the reference standard tests to commercial heterophile
antibody tests (eg, Monospot test), viral capsid
antigen (VCA)-speciﬁc tests (eg, the indirect immunoﬂuorescence test [IFA], or an enzyme-linked
immunosorbent assay [EIA]) for the detection of
EBV infection.
Eligible studies included cohort studies with
patients suspected to have IM or EBV infection and
had sufﬁcient information to calculate both the sensitivity and speciﬁcity of the test or case series that
had sufﬁcient data to calculate the sensitivity. Only
prospective cohort studies or case series (to calculate sensitivity) were included for the study of
symptoms and signs. At the same time, retrospective cohort studies were also included for the study
of hematologic parameters. Data were collected
from patients in any age group. The same reference
standard test had to be performed for all patients.
We included studies with both inpatient and outpatient settings with no restrictions on languages,
country, or year of publication.
We excluded review articles, individual case
reports, commentaries, editorials, case-control studies, retrospective cohort studies for the study of
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lymphadenopathy (sensitivity, 0.91; LR-, 0.23-0.44)
reduces the likelihood of IM, and the presence of
posterior cervical adenopathy (speciﬁcity, 0.87; positive likelihood ratio [LR1], 1.6-5.9) or splenomegaly (speciﬁcity, 0.71-0.99; LR1, 1.9-6.6) increases
the likelihood of IM. From this review, only 2 studies5,6 reported on both the sensitivity and speciﬁcity
of the symptoms and clinical signs and other studies
used patients with known IM, which can only
determine the sensitivity. Therefore, the accuracy
of the clinical ﬁndings still needs to be conﬁrmed.
Previous studies4,6,7 also found that several easily
obtainable hematologic parameters, including complete blood counts (CBC) and leukocyte differential
counts, are helpful in diagnosing IM among clinically suspected patients. The presence of atypical
lymphocytosis has been shown to signiﬁcantly
increase the likelihood of IM, and a high percentage of lymphocytes also helps to increase the likelihood of IM when combined with atypical lymphocytosis.6,8 Patients presenting with monocytosis
were also found to have a higher likelihood of
IM.8,9 Thus far, there is only 1 systematic review2
focused on the accuracy of clinical presentations or
hematologic parameters for the diagnosis of IM.
Most of the included studies from the previous
review were old, and some prospective cohort studies or case series were not included in that analysis.
In the present analysis, we performed an updated
meta-analysis of the accuracy of the symptoms,
clinical signs, and hematologic parameters for the
diagnosis of IM. We also did a subgroup analysis of
the commonly reported risk factors according to
reference standard tests and various patient settings
to assess potential sources of heterogeneity.

Data Abstraction
Two investigators (XC, LH) were responsible for
extracting the aggregate study data. The following data were extracted from studies: study characteristics (country, year of recruitment, setting),
study populations (mean or median age, gender,
sample size, inclusion and exclusion criteria), the
index tests being studied, the reference standard
test being used, and the results from each study to
construct 2  2 tables. If the absolute numbers
were not reported, they were estimated based on
the total number of patients, the sensitivity, and
the speciﬁcity.
Quality Assessment
Two reviewers (XC, LH) assessed the quality of
the selected studies using the quality assessment
of diagnostic accuracy studies 2 (QUADAS-2)
tool. The 4 key domains of the QUADAS-2 tool
include patient selection, evaluation of the index
test performance, evaluation of the reference test
performance, and ﬂow of patients through the
study with corresponding timing.11 We deﬁned
low, unclear, and high risk of bias for each domain according to the study quality. A third
reviewer (ME) was responsible for resolving any
disagreements during the quality assessment. We
then displayed the proportion of studies by differing degrees of risk of bias.11 The full QUADAS-2
instruments adapted for our study and their corresponding deﬁnition questions are shown in
Appendix S2.
Analytic Strategy
In our primary analysis, we calculated summary
estimates of the diagnostic accuracy of the symptoms, clinical signs, and hematologic parameters
of IM. We ﬁrst extracted the data needed for the
construction of 2  2 contingency tables that
doi: 10.3122/jabfm.2021.06.210217

compared the diagnostic performance of each
clinical ﬁndings with the reference standard test.
Then, we calculated the pooled measures of diagnostic performance for each element, such as sensitivity, speciﬁcity, positive (LR1) and negative
likelihood ratios (LR-), and diagnostic odds ratios
(DORs), with their corresponding 95% conﬁdence intervals. The DOR is calculated by LR1
divided by LR-, where a higher DOR indicates a
better diagnostic accuracy for the underlying test
to detect IM in our study.12 If there were only
data from a single study, the point estimate and
95% conﬁdence intervals [CIs] are presented; if
there were data from 2 studies, ranges were presented; if there were data from 3 or more studies,
the summary estimates were calculated based on a
bivariate meta-analysis, and the area under the receiver operating characteristics curve (AUC) was
determined. Similar cutoffs for the same index
test were combined if clinically reasonable; for
example, white blood cell counts greater than
9.5  109/L, 10  109/L, and 10.5  109/L were
combined into a single cutoff of “greater than 9.5
to 10.5  109/L.”
We imported the data into R and performed a
bivariate analysis on 3 or more studies for the same
index test with same or similar cutoffs using the
mada package.13,14 The AUCs and DORs with
95% conﬁdence intervals (CIs) were also calculated
using this package. If only 1 study described the accuracy of a test, we used the diagti procedure in
Stata 15.1 (Stat-Corp) to estimate the overall accuracy with 95% CIs.
We also looked for the presence of threshold
effects during the analysis to check whether the
sensitivity decreased and the speciﬁcity increased
with increasing diagnostic cutoffs or thresholds.15 The threshold effect was determined by
visually inspecting the receiver operating characteristics curves (ROCs) stratiﬁed by the cutoffs
of the index test. If a signiﬁcant threshold effect
existed, it was generally not feasible to calculate
or report 1 summary statistic for the diagnostic
performance of each test, and we instead presented the summary estimate of diagnostic accuracy of the test stratiﬁed by the cutoff value.
Finally, subgroup analyses were performed on
selected symptoms, signs, and hematologic parameters by the reference standard test chosen (heterophile antibody test vs VCA-speciﬁc test) and the
study settings (inpatient vs outpatient).
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symptoms or signs, modeling studies, and studies with
sample sizes less than 5. A study was also excluded if it
focused on immunodeﬁcient subjects or subjects with
a special condition (ie, another acute illness consistent
with EBV-related IM, transplant recipients, or HIVpositive subjects); studies of IM primarily caused
by toxoplasmosis or cytomegalovirus infection
were eliminated from consideration as well. A list
of excluded studies and a log of the respective
reasons can be provided by the authors on request.

Results
Study Characteristics
We identiﬁed 1173 abstracts in our initial search
and 14 from the review of the reference lists. Thus,
the authors reviewed a total of 1187 abstracts, of
which 191 were reviewed in full, and 17 studies met
our inclusion and exclusion criteria and were
included in our quantitative analysis. The search
process is summarized in Figure 1.
The characteristics of each included study are
summarized in Table 1. The number of patients studied ranged from 25 to 1000. The average age of the
participants was between 4 and 32 years, with 37% to
72% being female. There were 8 studies set in the
United States,3,5,16–21 1 each in Canada,8 Israel,6 and
Saudi Arabia,22 and the remainder were from Europe.
We identiﬁed 12 studies with information on the accuracy of clinical symptoms and signs, of which 8
were prospective cohort studies5,6,16,19,22–25 and 4
were case series;3,17,21,26 only the sensitivity of the
symptoms and signs could be calculated from these
case series. We also identiﬁed 10 studies for the study
of hematologic parameters,5,6,8,9,18–20,22,24,27 of which
3 were retrospective studies.9,18,27 Seven studies used
the heterophile antibody test as the reference standard test for IM,5,8,9,18,21,25,27 and 4 studies used the
VCA-speciﬁc test as the reference standard;16,19,20,24
6 studies used both the heterophile antibody test and
VCA-speciﬁc test as the conﬁrmatory test for
IM.3,6,17,22–23,26 The prevalence of IM ranged from
2.1%5 to 80%16 in the prospective cohort studies. Six
prospective cohort studies5,9,18,20,24,25 had a prevalence of IM below 50% and 25,9 were below 10%.
Quality Assessment
The study quality was assessed using the
QUADAS-2 framework. Of the 17 studies, 3 were
judged to have a high risk of bias,16,21,25 5 a moderate risk of bias,17–20,22 and the remainders were
judged to have a low risk of bias (Table 2). A
detailed description of the quality assessment using
the QUADAS tool is described in Appendix S2.
Accuracy of the Clinical Findings
The accuracy of the clinical symptoms, clinical
signs, and hematologic parameters is summarized
1144 JABFM
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in Table 3; the full dataset with individual study
level data for each symptom or sign is provided in
Appendix S6, and the individual level data for each
hematologic parameter is provided in Appendix S7.
The clinical symptoms signiﬁcantly associated with
IM based on likelihood ratios were headache
(LR1, 1.19; 95% CI, 1.01-1.45; LR-, 0.72; 95%
CI: 0.50-0.98) and sore throat (LR1, 1.12; 95%
CI, 1.01-1.25; LR-, 0.67; 95% CI, 0.41-0.99). No
other symptoms had likelihood ratios signiﬁcantly
associated with the diagnosis of IM.
Regarding signs, presence of splenomegaly
(LR1, 2.39; 95% CI, 1.11-5.51; LR-, 0.66; 95%
CI, 0.50-0.84), palatal petechiae (LR1, 1.32-11.4;
LR-, 0.57-0.94), and any lymphadenopathy (LR1,
1.26; 95% CI, 1.05-1.65; LR-, 0.37; 95% CI, 0.200.67) signiﬁcantly increased the likelihood of IM
when present and reduced the likelihood of IM
when absent. The absence of lymphadenopathy was
the most accurate to rule out IM, and it had the
highest AUC at 0.81. The presence of any lymphadenopathy (LR1, 1.26; 95% CI, 1.05-1.65; LR-,
0.37; 95% CI, 0.20-0.67), posterior cervical lymphadenopathy and axillary (LR1, 3.16; 95% CI, 1.455.20; LR-, 0.68; 95% CI, 0.41-0.93) or inguinal
lymphadenopathy (LR1, 3.05; 95% CI, 1.85-4.70;
LR-, 0.67; 95% CI, 0.3-0.91) were more helpful for
ruling in than for ruling out IM. However, the likelihood ratios for posterior cervical lymphadenopathy and axillary or inguinal lymphadenopathy were
calculated solely based on a single study with 709
IM susceptible patients. Pharyngitis had the highest
sensitivity and was reported in 2 case series (sensitivity, 0.94; 95% CI, 0.68-0.99). No data were available on the speciﬁcity of pharyngitis as it was
usually a criterion for study entry; therefore, the
likelihood ratios for pharyngitis could not be
determined. Fever (measured temperature ≥ 37
to 38.0°C) was commonly reported but had little
discriminatory value; this might be because fever
was usually required as an entrance criterion for
the studies.
Hematologic parameters were more accurate in
diagnosing IM than symptoms and signs (Table 3).
Based on the analysis, absolute lymphocyte counts
greater than 4  109/L increased the likelihood of
IM (LR1, 10.20; 95% CI, 4.79-16.0). The likelihood of IM was also increased by an increasing percentage of atypical lymphocytes, from atypical
lymphocytes greater than 10% (LR1, 8.97; 95%
CI, 3.39-19.5) to atypical lymphocytes greater than
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Patient and Public Involvement
Patients did not develop the research, measure the
research outcomes, conduct the research, or prepare the manuscript.

40% (LR1, 50.3; 95% CI, 38.6-64.1). The ability
to rule out IM with different percentages of atypical
lymphocytes was similar: the negative likelihood ratio ranged from 0.45 (95% CI, 0.38-0.52) to 0.75
(95% CI, 0.68-0.82). Our analysis also found that
higher cutoff values for the percentage of lymphocytes had a stronger ability to rule in IM and a
weaker ability to rule out disease. Our analysis also
found that patients with a combination of lymphocytes greater than 50% and atypical lymphocytes
greater than 10% would be more accurately ruling
in IM (LR1, 50.4; 95% CI, 8.43-162) compared
with their individual effect. Other hematologic parameters associated with IM included monocytes
greater than 1  109/L (LR1, 1.46-7.89, LR-, 0.110.98), leukocytes greater than 5  109/L (LR1,
1.05-1.36, LR-, 0.15-0.70) or 10  109/L (LR1,
2.55; 95% CI, 1.58-3.99; LR-, 0.68; 95% CI, 0.560.82).
The diagnostic odds ratio (DOR) estimates the
overall diagnostic accuracy of each index test. Based
on the results, the highest DORs for the diagnosis
of IM were atypical lymphocytes greater than 40%
(DOR, 355; 95% CI, 7.43-622), followed by a
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combination of atypical lymphocytes greater than
10% and lymphocytes greater than 50% (DOR,
81.2; 95% CI, 19.1-216), and then absolute lymphocyte counts greater than 4  109/L (DOR, 30.6;
95% CI, 6.53-99.4). Posterior cervical lymphadenopathy (DOR, 5.18; 95% CI, 1.55-12.6) had the
best DOR compared with other individual symptoms and signs.
Summary ROC curves for the percentage of
lymphocytes and atypical lymphocytes by cutoff
values are shown in Figure 2. The differences in accuracy are related to the differences in the cutoffs,
which indicate the threshold effects. Therefore, we
reported an estimate of these hematologic parameters separately by cutoff values. The summary ROC
curves using different reference standard tests for
the lymphocytes greater than 50% and the atypical
lymphocytes greater than 10% are shown in Figure
3. For the subgroup analysis, we found that the
symptom of sore throat was relatively more speciﬁc
in the outpatient setting than hospitalized patients,
and the sensitivity of lymphocytes greater than
50% was higher in the outpatient setting than in
the inpatient setting. However, these ﬁndings were
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Figure 1. PRISMA flow diagram describing the search process.
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Prospective
cohort

Prospective
cohort

Hossain, 198922

Llor, 201223

Retrospective
cohort

Prospective
cohort

Grotto, 20036

Lennon, 201027

Retrospective
cohort

Prospective
cohort

Design

Biggs, 20139

Balfour, 200516

Author, Year

1000

144

38

590

726

25

Number

Inclusion Criteria

1000 patients with tonsillitis both in
an outpatient and inpatient setting
were analyzed to compare the

Consecutive adults aged over 14 years
with sore throat and 4 Centor
criteria—tonsillar exudate, fever,
lymph glands tenderness, and
absence of cough—and negative
pharyngeal testing for group A b
were recruited.

Patients aged 5 to 32 years presenting
with symptoms suggestive of IM
were studied. The minimal criteria
included temperature greater than
37°C, greater than 50%
lymphocytes and monocytes, and
at least 10% atypical lymphocytes.

Young adults who were clinically
suspected with IM and reported
diagnosis of clinical IM for
physical and lab examinations at
military lab were included.
Patients with intermediate EBV or
CMV IgM were excluded from the
study.

Retrospective patients presenting
with sore throat, fever, and
lymphadenopathy and undergoing
Monospot test at university health
service were included in the study.
Patients without full blood count
results were excluded from the
study.

College students aged ≥18 years who
had a clinical diagnosis of IM and
presented within 10 days after the
onset of symptoms were included.
Students were excluded if they had
acute infection consistent with IM
or if they were
immunocompromised.

Table 1. Characteristics of Included Studies

NA

Mean, 24 years

NA

NA

Positive group: Mean,
21 years; Negative
group: Mean, 30 years

Mean, 21 years

Age

68% female

53% female

NA

40% female

NA

72% female

Sex

Monospot test (Heterophile
antibody test) (50%)

OSOM MonoTest
(Genzyme) as
immunochromatographic
technology to detect EBV
proﬁle, then PBD test
(10.9%)

IM Quick test to detect
heterophile antibodies and
EBV proﬁle was tested by
indirect/IFA (76.3%)

Mono-Latex (heterophile
antibody test) and
detection of IgM by
ELISA kit (64.4%)

Monospot test (Heterophile
antibody test) (6.9%)

EBV proﬁle was tested by
EIA (80%)

/

Ireland

Spain

Saudi Arabia

Israel

United Kingdom

United States

Country

NA

Continued

2006 to 2009

NA

1988 to 1991

2011 to 2012

2002 to 2004

Year(s) Patients Recruited
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Retrospective
cohort

Case series

Prospective
cohort

Prospective
cohort

Rea, 20013

Brigden, 19998

Ginsburg, 197719

Case series

Design

Ventura, 200418

Sumaya, 198517

Author, Year

Table 1. Continued

43

181

150

147

113

Number

Children aged 1 to 13 years were
selected based on the symptoms
and signs compatible with IM. All
of them had positive Monospot

Sera were obtained from patients
with clinical diagnoses of
mononucleosis who subsequently
tested positive for heterophile
antibody using Monosticon test
and from 181 patients with clinical
suspected IM who tested negative
for heterophile antibody test.

Patients aged 16 years or older with
EBV infection had a positive
heterophile antibody test and
reported the onset of symptoms
within 2 weeks of the test ordered
were included in the study. Those
suffering chronic, disabling
medical condition or having been
treated with steroids were
excluded.

Consecutive patients with clinical
features that were suspected with
IM and had heterophile antibody
tests ordered were included in the
study.

Pediatric patients aged 16 years and
younger who had clinical
manifestations consistent with IM
(fever, tonsillopharyngitis, cervical
adenopathy, hepatomegaly,
splenomegaly) were included in
the study. Patients with
WBC≥50% or ≥5000
lymphocytes and at least 10%
atypical lymphocytes were also
included.

L/WBC ratio in 500 positive and
500 negative Monospot test
results.

Inclusion Criteria

Mean, 7.7 years

Mean, 21 years

Mean, 22 years

Mean, 20 years

Median, 4 years

Age

37% female

59% female

48% female

58% female

NA

Sex

EBV proﬁle was tested by
indirect/IFA (69.8%)

Monosticon Dri-Dot test
(heterophile antibody test)
(50%)

All patients had positive
heterophile antibody test;
IFA was used to detect
VCA-IgM and VCA-IgG
(100%)

Mono-Latex slide
(heterophile antibody test)
(46.3%)

EBV proﬁles were tested by
indirect/IFA, and rapid
slide tests to detect
heterophile antibodies
(100%)

/

United States

Canada

United States

United States

United States

Country

Continued

1974 to 1975

NA

NA

NA

1976 to 1982

Year(s) Patients Recruited
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Prospective
cohort

Prospective
cohort

Case series

Prospective
cohort

Krabbe, 198124

Chretien, 197721

Aronson, 19825

Design

Fleisher, 198320

Author, Year

Table 1. Continued

709

150

43

500

Number

Consecutive ambulatory adult
patients aged between 16 and
73 years presenting sore throat or
strep throat from 4 primary care
settings were included in the study.
The extensive clinical data and
heterophile antibody tests were
obtained.

Patients aged between 17 and
29 years diagnosed with IM from
university health service were
included in the study. The
diagnoses were based on usual
clinical criteria for the presence of
atypical lymphocytes on peripheral
blood smears and positive
heterophile antibody tests.

Consecutive hospitalized children
aged between 6 months and 7 years
were selected if displaying one of
the following: nonbacterial
pharyngitis or tonsillitis,
lymphadenopathy,
hepatosplenomegaly, rash or
unknown etiology, a blood count
with more than 10% atypical
lymphocytes, or
thrombocytopenia.

Sera from consecutive patients
seeking treatment at university
health service with illness
suggestive of IM were included for
EBV-speciﬁc serological test.
WBC and differential counts were
performed uniformly during
weekdays and sporadically at other
times.

reactions and showed atypical
lymphocytes, and their serum was
collected during the acute phase at
pediatric outpatient clinic.

Inclusion Criteria

Mean, 32 years

NA

Below 7 years

NA

Age

60% female

36.7% female

NA

NA

Sex

Monospot test (heterophile
antibody test) (2.1%)

Monospot test (heterophile
antibody test) (100%)

VCA-IgM and IgG were
tested by indirect
immunoﬂuorescence test
(18.6%)

EBV proﬁles were tested by
indirect/IFA (28.3%)

/

United States

United States

Denmark

United States

Country

Continued

1976 to 1977

NA

1981

1980 to 1981

Year(s) Patients Recruited
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CMV, cytomegalovirus; EBV, Epstein-Barr virus; EIA, enzyme-linked immunosorbent assay; ELISA, enzyme-linked immunosorbent assay; IFA, indirect immunofluorescence test/anti-complement immunofluorescence assay; IM, infectious
mononucleosis; L/WCC, lymphocyte/white blood cell ratio; NA, not applicable; PBD, Paul-Bunnel Davidsohn (heterophile antibody) test; WBC, white blood cell.

NA
United Kingdom
Prospective
cohort
Ho-Yen, 198125

61

Sera from patients with suspected IM
and having positive PBD test
results were included in the study.

Mean, 17 years

50% female

PBD test (61%)

NA
Greece
EBV proﬁle tested using
ELISA test and
Cellognost-Mononucleosis
test to detect heterophile
antibodies (100%)
51% female
Median, 21 years
Sera from patients aged between 1
and 47 years with a clinical
suspicion of IM or acute EBV
infection were included in the
study.
118
Case series
Gartzonika, 201226

Year(s) Patients Recruited
Country
/
Sex
Age
Inclusion Criteria
Number
Design
Author, Year

Table 1. Continued

Discussion
This study is an updated meta-analysis on the individual symptoms, clinical signs, or hematologic parameters for predicting IM. Eight new studies with
data for several symptoms and signs and 3 new
articles about hematologic parameters that were
not included in previous review2 were included in
our analysis, supporting the need for an updated
review.
There is a wide variation in the prevalence of IM
among our included studies, with the range
between 2.1% and 80% for patients with IM. The
varying prevalence of IM is likely due to the different study settings and inclusion criteria. The study5
with a prevalence of 2.1%, had very broad inclusion
criteria, which comprised all patients aged between
16 to 73 years with sore throat or strep throat. The
study22 having the highest prevalence (80%) had
more restrictive inclusion criteria: clinical symptoms suggestive of IM, lymphocytes greater than
50%, and atypical lymphocytes greater than 10%.
The clinical history and physical examination are
critical components of the evaluation of patients
with suspected IM, and knowledge of the clinical
signs and symptoms associated with IM would help
physicians to decide whether diagnostic testing for
IM is necessary. Based on the DORs for overall discrimination, the presence of splenomegaly (LR1,
2.39; 95% CI, 1.11-5.51), palatal petechiae (LR1,
1.32-11.4), posterior cervical lymphadenopathy
(LR1, 3.16; 95% CI, 1.45-5.20), and axillary or inguinal lymphadenopathy (LR1, 3.05, 95 CI: 1.854.70) were moderately useful for ruling in IM.
Therefore, patients presenting with 1 of these clinical signs could prompt physicians to order a diagnostic test for IM. Although the presence of
posterior cervical lymphadenopathy and axillary or
inguinal lymphadenopathy have shown to have
moderate diagnostic values, they were based on a
single study with 709 suspected patients. Thus, the
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limited by the number of studies. No clear pattern
for other clinical presentations or hematologic parameters was found regarding the standard reference test chosen (Appendix S3) or study settings
(Appendix S4) based on visualizing the ROC
curves. There were also no signiﬁcant patterns for
the hematologic parameters regarding different
study designs based on the ROC curves (Appendix
S5).

Study, Year

Patient Selection

Index Test

Reference Std

Flow & Timing

Overall

Biggs, 2013

L

L

L

L

L

Grotto, 2003
Llor, 2012

L
L

L
L

L
L

L
L

L
L

Lennon, 2010

L

L

L

L

L

Rea, 2001
Brigden, 1999

L
L

L
L

L
L

L
L

L
L

Krabbe, 1981

L

L

L

L

L

Aronson, 1982
Gartzonika, 2012

L
L

L
L

L
L

L
L

L
L

Hossain, 1989

L

H

L

L

M

Sumaya, 1985
Ventura, 2004

H
L

L
H

L
L

L
L

M
M

Ginsburg, 1977

U

H

L

L

M

Fleisher, 1983
Chretien, 1977

L
L

L
H

L
H

H
L

M
H

Ho-Yen, 1981

L

H

H

H

H

Balfour, 2005

L

H

H

L

H

* L = 0, M = 1, and H = 21 with high likelihood of bias.

diagnostic accuracy of these clinical signs should be
further evaluated in the future to get more precise
estimates. Most of the individual clinical ﬁndings
have limited diagnostic value in ruling out the disease; only the absence of any lymphadenopathy
(LR-, 0.37; 95% CI, 0.20-0.67) was moderately
helpful to rule out IM. Therefore, physicians
should not rely on the absence of any individual
symptom or clinical sign for ruling out IM.
The hematologic parameters were more accurate
for diagnosing IM compared with the patients’
symptoms and signs. Lymphocytes greater than
4  109/L, monocytes greater than 1  109/L, leukocytes greater than 5  109/L or 10  109/L, and
higher percentages of lymphocytes and atypical
lymphocytes all signiﬁcantly increase the likelihood
of IM. We also found that the combination of lymphocytes greater than 50% and atypical lymphocytes greater than 10% (LR1, 50.40; 95% CI,
8.43-162.00) are very useful to rule in disease.

Clinical Implications
Compared with the previous review,2 we found
additional studies that addressed lymphadenopathy,
sore throat, headache, and splenomegaly, allowing
us to make a more precise summary estimate of the
accuracy for these symptoms and signs.
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A previous study17 found that children less than
4 years with IM are more likely to have rashes, abdominal pain, and neurologic problems than adolescents and older adults. For adolescents, the most
common symptoms of IM include headache, sore
throat, and fatigue, and they were less likely to have
diarrhea, rashes, and jaundice than other age
groups.6 The adults with IM were more likely to
have fatigue and sore throat and less likely to have
myalgia or arthralgia.2 Older people are more likely
to have fatigue and body pain and rarely have a sore
throat.28 Acute infection of EBV for young children
is usually either asymptomatic or expressed by mild
upper respiratory tract symptoms, while for older
patients (aged greater than 40 years), pharyngitis
and cervical lymphadenopathy are less frequent myalgia is prominent.29,30 However, there were not
enough prospective cohort studies for IM diagnosis
in older adults; therefore, we did not conduct a
stratiﬁed meta-analysis on the symptoms and signs
based on the different age groups.
According to an Australian study, the pretest
probability of IM is approximately 8% for adolescents aged 16 to 20 years with a sore throat.31 Based
on our ﬁndings, the presence of splenomegaly
(LR1, 2.39) would increase the probability of IM
from 8% to 17%, and posterior cervical lymphadenopathy (LR1, 3.16) would increase the probability

http://www.jabfm.org

J Am Board Fam Med: first published as 10.3122/jabfm.2021.06.210217 on 12 November 2021. Downloaded from http://www.jabfm.org/ on 9 January 2023 by guest. Protected by
copyright.

Table 2. Overview of Study Quality*
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5 (1137)5,6,16,23–25

3 (472)3,21,26
0

Malaise or fatigue

Loss of appetite
0

2 (838)5,23

0

Diarrhea

Pharyngitis

Rhinorrhea
2 (210)3,26

0

4 (445)3,17,21,26

0

Jaundice

Rash

0

3 (332)3,21,26

0

Subjective fever

Measured fever >37.5°C

Fever

Pharyngeal

Tonsillar

0.14(0.06-0.28)

0.45(0.20-0.73)

0.17(0.10-0.25)
0.15(0.09-0.23)

1 (177)6
1 (175)6

0

2 (838)5,24

0.94(0.68-0.99)

0.14-0.47

0.12(0.06-0.21)

0.67(0.48-0.82)

4 (323)6,16,19,24

0.64(0.37-0.84)

4 (938)5,6,14,17
2 (122)14,23

0.13-0.50

5 (972)5,6,19,22,24

2 (262)3,21
1 (122)21

Splenomegaly

Palatal petechiae

0.32(0.07-0.75)

0.47(0.30-0.64)

5 (971)5,6,19,22,24

1 (140)3

Hepatomegaly

0.93(0.86-0.97)

2 (747)5,22

6 (1014)5,6,19,22,24,25

4 (445)3,17,21,26

Any

0.74(0.59-0.85)

0.23(0.09-0.47)

0.67(0.51-0.80)

2 (752)5,19

1 (709)5

2 (253)3,17

Anterior cervical

1 (122)21

1 (632)5

1 (113)17

Exudate

1 (709)5

2 (253)3,17

0.23(0.09-0.49)

0.33-0.38

2 (303)6,24

2 (197)6,16

Axillary or inguinal

2 (262)3,21

Posterior cervical

Lymphadenopathy

Signs

Myalgia or arthralgia

Abdominal pain

0.22-0.40

0.47-0.74

0.72(0.59-0.82)

0.81(0.68-0.90)

0.59(0.40-0.76)

0.30(0.22-0.39)

Sensitivity
(95% CI)

1 (709)5

2 (883)5,6

5 (474)6,16,24,25

2 (262)3,21

Sore throat

1 (140)3

4 (1036)5,6,16,23

Cough

3 (326)6,16,23

2 (262)3,21
2 (262)3,21

Nausea or vomiting

Studies (Patients)Cohort Studies

Headache

Symptoms

Studies (Patients)Case Series

-

0.37-0.83

0.75(0.59-0.86)

0.79(0.67-0.89)

0.79(0.68-0.88)

0.40(0.24-0.60)

0.46(0.17-0.79)

0.54-0.93

0.78-0.84

0.94-1.00

0.74(0.30-0.95)

0.84(0.18-0.99)

0.21(0.07-0.49)

0.43(0.39-0.47)

0.82-0.91

0.87(0.84-0.89)

0.39-0.59

0.00-0.56

0.36(0.32-0.40)

0.24-0.64

0.24(0.11-0.43)

0.25(0.17-0.35)

0.37(0.23-0.54)

0.72(0.34-0.93)

Speciﬁcity
(95% CI)

0.86-1.86

0.64-1.54

0.57-0.94

1.32-11.40

-

0.40-1.53

0.48(0.18-1.12)

0.79(0.39-1.41)

0.85(0.45-1.51)

1.14(0.85-1.60)

1.20(0.91-1.84)

0.72-4.35

-

0.85-2.20

1.24(0.98-1.66)

1.07(0.94-1.26)

1.06(0.91-1.23)

0.85(0.49-1.32)

0.88(0.63-1.33)

0.62-1.29

0.23-0.93

0.66(0.50-0.84)

2.39(1.11-5.51)

1.39-4.13

0.78(0.48-1.10)

0.37(0.20-0.67)

1.26(1.05-1.65)
2.42(0.95-6.36)

0.65(0.25-1.28)

0.67(0.36-0.91)

1.27(0.80-1.58)

0.68(0.41-0.93)

3.05(1.85-4.70)

0.47-1.39

0.90-1.50

1.66(0.99-2.28)

3.16(1.45-5.20)

0.45-1.35

0.58-1.17

0.63(0.31-1.01)

0.99(0.67-1.48)

0.67(0.41- 1.01)

1.121.01-1.25)
1.02(0.91-1.20)

0.99(0.63-1.24)
0.72(0.50-0.98)

1.88(0.54-6.04)

LR-(95% CI)

1.19(1.01-1.45)

LR1(95% CI)

-

0.25-1.78

0.41(0.11-1.15)

0.76(0.31-1.50)

0.83(0.37-1.65)

1.50(0.64-3.15)

1.45(0.67-2.68)

0.57-5.39

1.49-17.0

1.48-155

3.63(1.38-7.77)

3.25(0.84-8.34)

3.77(1.61-7.55)

2.47(0.63-6.17)

4.97(2.05-10.5)

5.18(1.55-12.6)

0.34-2.76

0.40-1.31

0.43(0.14-1.02)

0.57-2.64

1.09(0.62-1.74)

1.78(1.00-2.98)

1.72(1.03-2.77)

2.43(0.25-9.30)

Diagnostic Odds
Ratio (95% CI)

0.22

0.56

0.65

0.63

0.81

0.57

0.52

0.59

0.40

AUC

Continued

Table 3. Diagnostic Accuracy for Individual Elements of the Clinical Symptom, Sign, and Hematologic Parameter Sort by Positive Likelihood Ratios (LR1) Within
Each Category. Where the LR1, Negative Likelihood Ratio (LR-) or Diagnostic Odds Ratio Differed Significantly from 1.0, the Value is Shown in Bold Face
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0

>10%

0

>30%

0
0

>5  109/L

Neutrophilia (>7.5  109/L neutrophils)

AUC, receiver operating characteristics curve; CI, conﬁdence interval.

0

>10  109/L

Leukocytosis

0

0

>35%

Atypical lymphocytosis (>1  109/L
atypical lymphocytes)

0

>40%

0

0

>50%

Monocytosis (>1  109/L monocytes)

0

>45%

Lymphocytosis (%)

0

0

>20%

Lymphocytosis (>4  109/L lymphocytes)

0

0

Studies (Patients)Case Series

>40%

Atypical lymphocytosis (%)

>50% lymphocytes and >10% atypical
lymphocytes

Hematologic parameters

Table 3. Continued

1 (726)9

2 (193)6,19

4 (1281)6,8,9,19

1 (38)22

2 (1088)8,9

1 (1000)27

1 (1000)27

1 (1000)27

4 (1740)6,8,20,27

1 (1000)28

3 (1235)8,9,18

5 (888)6,8,18,20,24

1 (362)8

1 (362)8

3 (1361)5,8,20

Studies (Patients)Cohort Studies

0.02(0.00-0.13)

0.93-0.94

0.43(0.37-0.49)

0.93(0.76-0.98)

0.14-0.72

0.88(0.85-0.91)

0.84(0.80-0.87)

0.74(0.70-0.78)

0.56(0.46-0.65)

0.65(0.61-0.69)

0.59(0.27-0.84)

0.55(0.38-0.70)

0.56(0.49-0.64)

0.25(0.19-0.32)

0.45(0.29-0.62)

Sensitivity
(95% CI)

0.88(0.85-0.90)

0.15-0.21

0.83(0.76-0.88)

0.11(0.01-0.48)

0.89-0.95

0.5(0.46-0.55)

0.72(0.68-0.76)

0.86(0.83-0.89)

0.93(0.84-0.97)

0.93(0.90-0.95)

0.94(0.93-0.96)

0.94(0.91-0.96)

0.98(0.94-0.99)

1.00(0.98-1.00)

0.99(0.92-1.00)

Speciﬁcity
(95% CI)

0.25(0.02-1.03)

1.05-1.36

2.55(1.58-3.99)

1.11(0.82-1.78)

1.46-7.89

1.78(1.62-1.97)

3.02(2.63-3.50)

5.31(4.24-6.68)

8.52(2.86-19.9)

9.46(6.76-13.1)

10.2(4.79-16.0)

8.97(3.39-19.5)

28.1(9.68-61.4)

50.3(38.6-64.1)

50.4(8.43-162)

LR1(95% CI)

1.11(0.99-1.16)

0.15-0.70

0.68(0.56-0.82)

1.20(0.07-5.69)

0.11-0.98

0.23(0.18-0.30)

0.22(0.18-0.27)

0.30(0.26-0.35)

0.49(0.36-0.63)

0.38(0.34-0.42)

0.44(0.16-0.75)

0.48(0.31-0.65)

0.45(0.38-0.52)

0.75(0.68-0.82)

0.58(0.38- 0.76)

LR-(95% CI)

0.23(0.02-1.04)

1.51-8.73

3.85(1.93-7.01)

4.16(0.15-25.2)

1.49-55.3

7.94(5.63-10.8)

13.8(10.1-18.8)

17.7(12.8-24.3)

18.7(4.8-51.1)

25.2(16.5-36.8)

30.6(6.53-99.4)

19.30(6.48-44.4)

63.9(10.5-148)

355(7.43-622)

81.2(19.10-216)

Diagnostic Odds
Ratio (95% CI)

0.63

0.76

0.64

0.83

0.82

AUC
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to 21%. For hematologic parameters, a lymphocyte
greater than 40% is an important diagnostic ﬁnding
(LR1, 5.31) and would increase the probability of
IM to 32%. An atypical lymphocyte greater than
40% (LR1, 50.3), and the combination of lymphocytes greater than 50% and atypical

doi: 10.3122/jabfm.2021.06.210217

lymphocytes greater than 10% (LR1, 50.4) would
increase the probability of IM to 81%. We found
only 3 studies5,8,20 that assessed the accuracy of
combinations of the lymphocyte and atypical lymphocyte percentages; no other studies were found
that investigated the diagnostic accuracy of a
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Figure 2. Receiver operative characteristic curve by cutoff values for (a) lymphocyte percentage and (b) atypical
lymphocyte percentage.

combination or combinations of signs, symptoms,
and hematologic parameters.

Strength and Limitation
The strength of our study is that we included a
comprehensive literature search and used a contemporary bivariate meta-analysis in the study. We
found additional studies that addressed diagnostic
accuracy compared with a previous review and provided a more precise summary estimation.
1154 JABFM
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However, there are several limitations in this
review. First, most studies did not specify the duration or severity of symptoms. Since the clinical
ﬁndings varied by the progression of disease, it
would be useful if the accuracy of the clinical ﬁndings were stratiﬁed by the duration from the onset
of symptoms and signs. Second, some of the typical
symptoms of IM, such as sore throat or pharyngitis,
were considered as the inclusion criteria for the
study population, and this might have biased the
estimation of the individual value of these
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Figure 3. Receiver operative characteristic curve stratified by the reference standard tests for (a) lymphocytes
greater than 50% and (b) atypical lymphocytes greater than 10%.

Conclusion
In conclusion, while individual symptoms, signs, and
hematologic parameters are important for the clinical
diagnosis, only a few key signs and symptoms are signiﬁcantly associated with IM. The likelihood of IM
is appreciably increased by the presence of splenomegaly, palatal petechiae, posterior adenopathy, and
axillary or inguinal lymphadenopathy, while it is signiﬁcantly decreased by the absence of any lymphadenopathy. The most helpful hematologic parameters
for diagnosing IM include lymphocytes greater than
4  109/L and greater than 40% to 50%, atypical
lymphocytes greater than 40%, and a combination of
lymphocytes greater than 50%, and atypical lymphocytes greater than 10%. Well-designed prospective
studies are needed to investigate the role of the clinical ﬁndings and ofﬁce-based tests among patients
within a week of disease onset and evaluate the natural history of IM to help clinicians better understand
the course of the disease.
To see this article online, please go to: http://jabfm.org/content/
34/6/1141.full.
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