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Background. Circumstantial evidence from genome-wide association and family studies of various Epstein-Barr
virus–associated diseases suggests a substantial genetic component in infectious mononucleosis (IM) etiology. How-
ever, familial aggregation of IM has scarcely been studied.

Methods. We used data from the Danish Civil Registration System and the Danish National Hospital Discharge
Register to study rate ratios of IM in a cohort of 2 823 583 Danish children born between 1971 and 2011. Specifically,
we investigated the risk of IM in twins and in first-, second-, and third-degree relatives of patients with IM. In the
analyses, IM was defined as a diagnosis of IM in a hospital contact. Effects of contagion between family members
were dealt with by excluding follow-up time the first year after the occurrence of IM in a relative.

Results. A total of 16 870 cases of IM were observed during 40.4 million person-years of follow-up from 1977 to
2011. The rate ratios and the associated 95% confidence intervals were 9.3 (3.0–29) in same-sex twins, 3.0 (2.6–3.5)
in siblings, 1.9 (1.6–2.2) in children, 1.4 (1.3–1.6) in second-degree relatives, and 1.0 (0.9–1.2) in third-degree rel-
atives of IM patients. The rate ratios were very similar for IM in children (aged 0–6 years) and older children/ado-
lescents (aged 7–19 years).

Conclusions. We found evidence of familial aggregation of IM that warrants genome-wide association studies on IM
disease etiology, especially to examine commonalities with causal pathways in other Epstein-Barr virus–related diseases.
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Epstein-Barr virus (EBV) is ubiquitous, and >90% of
the world’s adult population is chronically infected
with the virus [1]. When primary infection with EBV
occurs in childhood, it is usually asymptomatic or
only accompanied by mild symptoms. Primary infec-
tion later in life, in contrast, is often (25%–77%) accom-
panied by so-called infectious mononucleosis (IM) [2,
3]. Clinically, IM is typically characterized by fever, ton-
sillitis, lymphadenopathy, and fatigue. The median

duration is 16 days, although the fatigue may persist
considerably longer [4]. IM is common in Western
countries, where it is a leading cause of disruption of
studies [5], and the leading infectious cause of time
lost for army recruits in the United States [6].

Immunologically, IM responders differ from those
with asymptomatic infection by experiencing a massive
transient expansion of (mainly) EBV-specific cytotoxic
T lymphocytes. The IM symptoms are attributed to ex-
cessive cytokine secretion by the cytotoxic T lymphocytes
in conjunction with lysis of EBV-infected cells [7]. Inter-
estingly, IM is associated with risk of other and more se-
vere EBV-related diseases in white individuals, most
prominently Hodgkin lymphoma (HL) andmultiple scle-
rosis (MS), which are also characterized by other immu-
nological peculiarities regarding EBV [8–11].

Familial accumulation is well established for HL and
MS individually [12, 13], but HL and MS have also been
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shown to cluster with each other within families [14, 15], con-
sistent with a mutual set of risk factors for the 2 conditions. We
hypothesize that these common risk factors include constitu-
tionally determined “inadvertent” immunologic responses to
EBV, which, in addition to HL and MS, may also lead to IM.
This interpretation of the association with HL and MS suggests
that there should be a substantial genetic component and fami-
lial clustering in IM [16].

One recommendation from a National Institutes of Health
meeting on EBV vaccine research was the “prevention of infec-
tious mononucleosis and EBV-associated cancers, facilitated by
identification of disease-predictive surrogate markers.” [6].
Therefore, understanding the etiology of IM, including evidence
of genetic predisposition, could be important to efforts to pre-
vent a host of EBV-related diseases—for example, through de-
sign of vaccines and biomarker-based screening for early-stage
EBV-associated malignancies. Whereas there is an abundance
of studies on genetic influences on other EBV-related diseases
and traits [17–22], the number and scope of studies of familial
or genetic exposures on the risk of IM itself is small [23–26]. To
examine whether IM clusters in families beyond contagion, we
therefore assessed the relative risks of IM after IM diagnosis in a
twin or a first-, second-, or third-degree relative in the cohort of
all Danes born in the period 1971–2011.

MATERIAL AND METHODS

The nationwide Danish Civil Registration System (CRS) was
implemented on 1 April 1968. All Danish citizens have since
been assigned a unique identification number (the CRS num-
ber), by which the CRS continuously monitors individual
vital status, emigration status, identity of parents, and residence
[27]. Use of the CRS number also enables easy linkage to health
register records. Using the CRS, we established a cohort of all
Danes born between 1 January 1971 and 31 December 2011
with a mother in the CRS, n = 2823583. For each cohort mem-
ber, we identified relatives (both inside and outside the cohort)
in the Danish Family Relations Database [28]. This database is
based on the parent–child links registered in the CRS. For per-
sons born in Denmark since 1950, we can identify almost all of
their parents and nearly all of those of their siblings and half-
siblings who were born since 1950, provided these relatives
reside in Denmark. Coverage is lower for more distantly related
relatives: 94% of children born after 1990 have a known grand-
parent, compared with 64% of children born between 1977 and
1989 [28, 29]. Twins were identified as individuals having the
same mother and born on dates at most 1 day apart. To not
count the same information twice, we used the convention
that the older relative in a pair of relatives exposes the younger
relative. Thus, first-degree relatives of a cohort member were de-
fined as older opposite-sex twins, parents, and older siblings;

second-degree relatives as older half-siblings, grandparents,
and aunts/uncles; and third-degree relatives as older first cous-
ins. For twin pairs and other pairs with the same birthday, one
was randomly chosen as the (older) relative.

The Danish National Hospital Discharge Register was estab-
lished in 1977 and has since recorded 99.9% of all discharges
from Danish nonpsychiatric hospitals [30, 31]. For each hospital
contact, the register contains information on dates of admission
and discharge, and discharge diagnoses classified according to
the International Classification of Diseases, Eighth Revision
(ICD-8) from 1977 to 1993, and the tenth revision (ICD-10) there-
after. Inpatient hospitalizations have been almost completely re-
corded since 1977. The registration of other types of hospital
contacts (outpatient and emergency ward) was introduced in
1994 and similarly complete from 1995 onward [30]. In the reg-
ister, we identified all hospital contacts with IM as main, second-
ary, or underlying diagnosis, classified as 075* in ICD-8 and B27*
in ICD-10. In all analyses, we considered a person incident with
IM at the earliest occurrence of such a hospital contact.

The study was approved by the Danish Data Protection
Board (J.nr 2008-54-0472).

According to Danish law, informed consent is not required
for purely register-based studies.

Statistical Analysis
The cohort was followed for IM from 1 January 1977 or date of
birth, whichever occurred last, until the date of IM, death, em-
igration, age 20, or 31 December 2011, whichever occurred first.
Patients remain highly contagious for several months after IM
(see Odumade et al and references therein [4]). To avoid infla-
tion of the estimated rate ratios (RRs) associated with having an
affected relative, we therefore excluded follow-up during the
first year after IM in a relative in all analyses.

Log-linear Poisson regression was used to model incidence
rates and RRs and thereby assess the associations between risk
of IM and having an affected relative (ie, a relative having had
IM). The variables investigated included having an affected rel-
ative of a given type and years since the most recent occurrence
of IM in such type of relative examined as a log-linear trend. All
these variables were time-dependent, that is, potentially chang-
ing when new relatives were born or became affected. All RRs
were adjusted for birth cohort (calendar year of birth), sex-
specific age (1-year groups), sex-specific period (calendar
year), and having a relative of the type considered in the expo-
sure (eg, the RR when having an affected older sibling was
adjusted for “having an older sibling”).

Associations were assessed for all ages (0–19 years) and by
age group (0–6 and 7–19 years). All analyses were performed
using SAS statistical software version 9.3 (SAS Institute, Cary,
North Carolina). Two-sided P values and 95% confidence inter-
vals (CIs) were based onWald tests. Tests for effect modification
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were performed by inclusion of interaction terms and were all
likelihood-ratio based. To maximize power, the test for homo-
geneity by age (0–6 vs 7–19) of the RRs associated with having
affected relatives were based solely on estimates regarding the
4 major groups of affected relatives (parents, siblings, half-
siblings, and uncles/aunts) in a joint model. Similarly, all tests
for effect modification were performed without stratification by
age group.

RESULTS

Overall, 16 870 IM cases occurred during 40.4 million person-
years of follow-up in our cohort. Overall, 88% of cases had IM
as the main diagnosis in the relevant hospital contact, and 85%
were inpatient admissions. In all the following, we exclude
follow-up time during the first year since IM in any affected
relative, thereby excluding 7.4% of the outcome events among ex-
posed, corresponding to 0.38% of all outcome events in the cohort.

The table shows the RR of IM according to type of affected
relative. The RR varied from a large and statistically highly sig-
nificant, but imprecise, 9.3 for same-sex twins to 1.00 for third-
degree relatives. Mostly, the estimated RRs associated with hav-
ing an affected relative were a little larger in children aged 0–6
years than in children aged 7–19 years (P = .03). RRs associated
with having different types of affected relatives with the same
degree of relatedness could not be assumed to be homogeneous
(P < .0001). Equivalent maternal and paternal RRs could not be

assumed to be homogeneous (P = .006, data not shown). This
seemed due to different RRs associated with having affected ma-
ternal and affected paternal half-siblings. Other equivalent ma-
ternal and paternal familial associations (ie, through maternal/
paternal parents, uncles and aunts, grandparents, and cousins)
could be assumed similar (P = .06, data not shown). There was
no variation by sex of the exposed in the RR associated with
having a given type of affected relative (P = .59, data not shown).

Next we assessed variation in associations by time since IM in
the affected relative. Based on the above results, we only consid-
ered first-degree affected relatives as an input to the discussion.
The changes in RR per year since IM in a relative were RR = 1.01
(95% CI, .99–1.04; P = .34) for parents as affected relative, and
RR = 0.94 (95% CI, .91–.97; P = .0002) for siblings as affected
relative. Following on from this, we also assessed the RRs
when follow-up started at least 5 years after the relative was di-
agnosed. As expected from the above trends, this yielded slightly
higher estimates for the affected parent association than those
shown in Table 1 (data not shown), and mostly somewhat
lower estimates for the affected sibling association: 0–19 years,
RR = 2.57 (95% CI, 2.08–3.17); 7–19 years, RR = 2.46 (95% CI,
1.98–3.06); 0–6 years, RR = 4.39 (95% CI, 1.82–10.6).

DISCUSSION

This is the first study to address familial clustering of IM, apart
from a twin study [26] by Hwang et al. In the cohort of all

Table 1. Incidence Rate Ratios of Hospitalization With Infectious Mononucleosis, by Type of Relative Previously Hospitalized With
Infectious Mononucleosis, Denmark, 1977–2011

Type of Affected Relative

Age 0–19 y Age 0–6 y Age 7–19 y

Events Exposed RR (95% CI) Events Exposed RR (95% CI) Events Exposed RR (95% CI)

Same-sex twin 3 104 9.31 (2.96–29.3) 0 23 3 99 10.5 (3.31–33.2)

First-degree 359 41 125 2.30 (2.07–2.55) 78 32 355 2.30 (1.83–2.88) 281 30 500 2.30 (2.04–2.59)

Opposite-sex twin 0 50 0 7 0 50
Sibling 169 11 325 3.02 (2.59–3.51) 11 3742 3.74 (2.07–6.77) 158 10 815 2.93 (2.50–3.43)

Parent 192 29 882 1.89 (1.64–2.18) 68 28 676 2.20 (1.73–2.80) 124 19 746 1.75 (1.47–2.09)

Mother 101 14 260 2.17 (1.78–2.64) 35 13 724 2.35 (1.68–3.28) 66 9293 2.08 (1.63–2.65)
Father 94 15 788 1.65 (1.35–2.03) 33 15 109 1.98 (1.40–2.79) 61 10 568 1.52 (1.18–1.96)

Second-degree 323 58 389 1.43 (1.28–1.59) 71 51 931 1.27 (1.00–1.61) 252 41 361 1.48 (1.30–1.67)

Half-sibling 59 6348 1.81 (1.40–2.34) 12 3743 3.16 (1.78–5.59) 47 5674 1.64 (1.23–2.19)
Maternal half-sibling 36 2766 2.57 (1.85–3.57) 8 1541 5.36 (2.66–10.8) 28 2516 2.25 (1.55–3.28)

Paternal half-sibling 23 3588 1.21 (.80–1.83) 4 2208 1.71 (.64–4.58) 19 3162 1.15 (.73–1.81)

Grandparent 5 3303 0.61 (.25–1.47) 2 2999 0.82 (.20–3.27) 3 1656 0.52 (.17–1.62)
Uncle/aunt 262 48 888 1.40 (1.24–1.58) 57 45 366 1.14 (.87–1.48) 205 34 074 1.50 (1.30–1.72)

Third degree 138 37 482 1.00 (.85–1.19) 19 20 747 1.02 (.65–1.61) 119 31 952 1.00 (.83–1.20)

First cousin 138 37 482 1.00 (.85–1.19) 19 20 747 1.02 (.65–1.61) 119 31 952 1.00 (.83–1.20)

Events are number of infectious mononucleosis patients with an affected relative of said type. Exposed is number of children with an affected relative of said type at
some time during follow-up in the given age interval.

Abbreviations: CI, confidence interval; RR, rate ratio.
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Danes born in 1971–2011, having relatives who had been hos-
pitalized with IM was associated with an increased risk of being
hospitalized with IM before the age of 20 years. The relative risk
of IM varied by degree of relatedness, from an imprecise RR of
9.3 in same-sex twins to 1.0 for third-degree relatives. The ob-
served familial clustering is unlikely to be a chance phenome-
non, but rather points to shared environmental or genetic risk
factors for IM or a combination thereof.

Sociodemographic affluence has long been considered to be
associated with an increased risk of IM through simple post-
ponement of primary EBV infection until adolescence [32].
Therefore, the observed associations in our study could be
partly due to sociodemographic correlation between relatives.
However, the inconspicuous RR associated with affected
third-degree relatives (cousins) and also second-degree relatives
excluding maternal half-siblings suggests that this is a negligible
contribution. Also, we observed similar RRs for children (aged
0–6 years) and older children/adolescents (aged 7–19 years)
within all categories of exposed relatives, contradicting the pro-
posed “postponement of infection”mechanism. Hence, IM risk
appears to vary little by sociodemographic characteristics in an
affluent and fairly equal society such as Denmark in 1977 on-
ward. Accordingly, sociodemographic correlation between rela-
tives seems an implausible explanation for our results. Beyond
affluence, shared environmental characteristics or behavior also
seem insufficient to completely explain the familial clustering of
IM. The median time since parental IM in IM cases was 20 years
(data not shown), and the associated RR did not vary by time
since parental IM.

Because the RRs associated with affected parents, uncles, or
cousins presumably are not to any substantial degree due to
similarities in behavior or environment, the observed estimates
may be interpreted as estimates of the genetic effects of having
affected first-, second-, and third-degree relatives. Having seen
the familial clustering of IM in first- and second-degree rela-
tives, one would expect the RR in third-degree relatives of affect-
ed persons to be at least slightly elevated, and some leeway is
provided in its upper confidence limit of 1.20. Hwang et al
found the RR for monozygotic vs dizygotic twins to be 1.9
(95% CI, 1.2–5.3) [26], which fits the overall picture from the
present study of modest genetic associations with IM risk.

At the same time, as our results suggest genetic risk factors
for IM, they also indicate that these act in the context of envi-
ronmental exposures. This is evidenced by the variation in RR
within degrees of relatedness and within maternal/paternal half-
siblings, and the declining RR by time since IM in an affected
sibling. The most likely explanation for the latter trend is that
the closer in age siblings are, the more similar their environ-
ments are likely to be. Accordingly, a diagnosis of IM in an
older sibling is suggestive of an environment conducive of
IM, and the closer in age to the affected sibling, the higher

the likelihood that an exposed sibling shares this particular en-
vironment. Alternative explanations seem unconvincing. For
example, the higher the birth order of a child, the smaller the
likelihood of hospitalization upon IM, because more experi-
enced parents are more relaxed about disease in their children.
The larger the difference in birth order, the larger the likely age
differential between the siblings. Hence, a decreasing tendency
for hospital-seeking by birth order could translate into a de-
creasing relative risk of hospitalization for IM by time since hos-
pitalization for IM in an older sibling. However, when we
adjusted our analyses for birth order, the resulting changes in
estimates were inconspicuous, leaving explanations based on
sibship structure unlikely (data not shown). The relationship
between small age interval and similarity of environment may
also explain why having an affected sibling is associated with a
larger RR than having an affected parent. It would also contrib-
ute especially to elevate the RRs for twins. This point can be
illustrated by calculating RRsst, the expected RR in same-sex
twins entirely due to genetics, under assumptions regarding
the monozygotic (MZ) and dizygotic (DZ) twins in our study.
If we assume RRMZ/RRDZ = 1.9 (from [26]) and RRDZ =
1.9 (from the observed parent–offspring association), and
RRsst = (RRMZ + RRDZ)/2, then RRsst = 2.8, a small fraction of
the observed RR of 9.3. The difference in RR between having
affected maternal and paternal half-siblings may be also ex-
plained the same way: that maternal half-siblings presumably
have much more in common than paternal half-siblings regard-
ing environment and behavior.

The present study has several strengths and weaknesses to
consider. We performed a purely register-based study, thus by
design avoiding recall bias. The free access to hospitalization in
Denmark [30] limits trivial sociodemographic biases in the as-
certainment of outcomes and exposures in the study. Secular
trends were adjusted for using very detailed sex-specific infor-
mation on calendar period and birth cohort. There was no sug-
gestion that our results were confounded by birth order
characteristics. Inflation of familial RRs due to contagion by
the affected relative was dealt with by discarding follow-up dur-
ing the year following IM in a relative.

Many family studies have considered outcomes, and by im-
plication, exposures that were very rare. In that case, the fact that
the reference groups of no presumed exposure are polluted by a
minimal fraction of unrecognized exposed has no practical stat-
istical consequence. Not so in this study. The fact that we only
ascertained hospitalized cases of IM and only did so during a
limited time period, rather than from the birth of each relative,
means that most IM cases in relatives of our study cohort go
unnoticed by us. Figures from the Centers for Disease Control
and Prevention suggest the lifetime risk of IM to be at least 3%
[33]. Other estimates of IM lifetime risk can be obtained from
the prevalence of having had IM in population controls in HL
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case-control studies; for example, 4.7% in the United Kingdom
[34] and 4.1% in Denmark [35] (authors’ personal observation).
Even with this small lifetime risk of IM, the number of relatives
of various types would lead to noticeably deflated RRs in the
present analysis.

We have not been able to locate a study on the validity of the
diagnosis of IM in the Danish National Patient Register. Nor
was it possible to validate the diagnoses based on registers.
The proportion of false-negative IM diagnoses is likely to be
nonnegligible, based on the experience of the diagnostic preci-
sion within many specialties in the register [36]. Importantly,
however, misclassification of IM, which is both outcome and ex-
posure here, would normally deflate association estimates and is
therefore unlikely to explain our findings of familial aggrega-
tion. It is not obvious how our results will generalize to nonhos-
pitalized IM. However, the distribution of hospitalized IM cases
by sex and age seems no different from the distribution of self-
reported IM in the Danish Blood Donor Study [37] (personal
observation), whereas one would expect hospitalized IM pa-
tients to be older than nonhospitalized IM patients based on
the dogma that later infection means more severe disease [38].

Our study supports the notion that there is a noticeable ge-
netic component to the familial aggregation of IM—that is, that
it cannot be entirely explained by contagion and sociodemo-
graphic characteristics. Even modest RRs from family studies
may translate into substantial RRs for those with the least favor-
able genetic profile compared with those with the most favor-
able genetic profile [39]. Besides human leukocyte antigen
(HLA) loci, which determine immune responses on chromosome
6, loci on chromosomes 1, 2, 7, 12, 19, and 22 have been associ-
ated with IM risk [22–25]. Therefore, thorough genetic associa-
tion studies of IM cannot be restricted to the HLA region. At least
in white individuals, the genetic associations should be stronger
than suggested by our RRs of having an affected parent, uncle/
aunt, or first cousin. In the present context of large associations
with environmental factors or gene–environment interactions,
GWA studies would probably be statistically most efficient
using a within-family paired design, whereas access to an existing
infrastructure of genotyped controls may suggest other designs.

In conclusion, we found familial aggregation of IM, which
may be explained by a mixture of genetics, shared environmen-
tal characteristics, and shared behaviors between relatives. The
presumed genetic components are large enough to warrant
GWA studies on disease etiology, especially to examine com-
monalities with causal pathways in other EBV-related diseases
so as to provide clues to their prevention and treatment.
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